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ABSTRACT

This cooperative educational report presents a data transfer system for digital
dial gauge calibration in range 0 mm - 10 mm, 0.01 mm resolution using wireless signal
transmission with Visual Basic for Application and Microsoft Excel program. The purpose
of education is to reducing error from data records by hand written, increasing of
working efficiency and reducing calibration time. The results of developed system in
transmission ability and transmission between programs found that the data recoded
by wireless device system and that from hand written are correspondence.
Furthermore, the calibration time of wireless device system was less than i-Checker’s
calibration for 8 minutes that means the developed system was accurate, precise and
save the calibration time. Thereby, it can be applied with other tools for increasing

calibration efficiency.

Keywords: dial gauge tester, semi-automatic, wireless signal transmission
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4. ndmn 9. A5
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Outer sleeve Thimble

Measuring faces Spindle lock Ratchet stop

Output connector (for data output type only)
—— ZERO (INC)/ABS set key
~ HOLD key

——— Origin key
Heat insulator
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2.1.2.1 Asnsenuanalulasiwasaiuaziden 0.01 .

Micrometer with standard scale (graduation: 0.01mm)
(1)

(1)Sleeve scale reading 7.mm
e & (2)Thimble scale reading + 0.37mm
b "ETJ%} 2) Micrometer reading ~ 7.37mm
= (30
=]
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Micrometer with vernier scale (graduation: 0.001mm)

The vernier scale provided above the sleeve index line enables direct readings
to be made to within 0.001mm.

=" [3p (1) Sleeve scale reading 6.mm
3) =_ |55 (2) Thimble scale reading 21mm
W‘E;m(z) (3) Reading from the vernier scale marking
4 g = s and thimble graduation line + .003mm
= Micrometer reading 6.213mm
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Plain stem Stem with clamp nut
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Flat face Spherical face  Anti-rotation device
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2.2 lndawna (Dial Gauge)

2.2.1 ladaine (Dial Gauge) (HuipiosiloTaiisudrssosnansiadouiivesnnuianse
Hunmstauvuiseuiitsuiodudfnogfuniinilaesueanaunnmildainnss 15een
wnsgila 9 Winssduanudussuy anuvuu ssesfosrus wWusafomaudlununasld

AYLDUALIN

i 2.7 Tedaing

| al = @ a o ad d v oo ow o &

ATANUGLLDUAVDIUTWNTINVUAY UNLLUU 0.01 wal. Laz 0.001 1y, LQJ@W?ﬂNNﬁQﬂWUTU
o w o o A4 @ & & |
Bugmvesthlndesmpumuiuuning Wedusrimguasy 1 seu Wudussmyuld 1 desaina
= a w ¢ 2 & @ o @ =
ileupsgivihdvsivesdudurznsusiuiinduevguluiseu

2.2.2 d9uUsENaULas VN NUaIu1inIIa

Cop

Uit hared
[ S —
Bexel

Revolution Counting device

Contact dement

= ) a v o=
AN 2.8 a?utjjxﬂ@UﬁU@QuWWﬂﬂjﬂ%u@ﬂquiﬁqu



=
919N 2.

1 dudsznauuazminvesniiniinviinuinsgu

o =
Yadaulsznau Wi
1. Wi ushdudain wiensinaeuduiulagnss
2. wnuiiiou Jushdugavain diowiagndu lnefindunu unudsuiu - as
3. W UBNAIAUARIALAABUTDITUNU AENAINTFUNATUINUTD
Wi
2w ° o < h & i
4. | UUINTeU vaniuusauvesduinadaunluiluszeosniasils (ua)
5. \duawna vanAmazdun Tnswdseanidu 100 deavi q fu deduen
vyull 1 50U 2z81uAld 1 .
o g v P ' . a ad o
6. NTBUUBN wyulFulvndud (Wa 0) vewiuanansafiuline1Inafinenae
mMuuagaduaulunsaua viensaeudunuludunaussly
a aw ° ' a o o s < o i e
7. AaWAie MVUAAIYBINNANEBNTU MIaRaIALARDUIINATANIIUA
o |73 o ] 2/ '3
8. angdien dopmuniainavaantintil
9. nszanuiingd JesnugunedawdanUasunluianudemealigunsal vie

) <
drulsynauay 9

10. fLSau

L3

Jasiuvaensaugunial (nalnanelw) LilAnaudenie

11. My

o v oW e L3 &l s
dwiududagunsal (1199 Tilunisnsiaeu wisinau

2.2.3 vannsinauvadlaganaviinuinsgiu

sUSasutnaunes

{BACKLASH)

o
s ———————

WA

3

&
&
&
[~
o
o
=
£
S
=

Wir

-—w!-Tw— -
-l
wmie 1
Wi M7

Yudpy 1 o - .
e "i_.__f.w._*‘.:

adlow 2 o

BN <

A9 2.9 wamenalnnsvinnueesuininuingnsgu




nsdaiunInadeudl nialudaduen adldnalaveuileaduids anami

< < e a4 < v g w a o &
2.9 Waknu S inFaunvuad aswsa (Wasaswi) iunuasiuliiesiidouvneiay 1a dumyu
Was 1a gilunusiuduiamineiay 1b iWes 1b agyvegiuiesiidounineian 2c ainagiv

ing17 nevtntvg sragnianisiAdaunivewny LasnisiAdsufivendy amisanivumdu

o 1Y o s ]

' o o & | = ) | | o A =
ANAIT NINABIAIY dRdIUTILIUNDY wazdaiuYawsa (Wasasnwiu) Alag ey e S 1daun

U

T 1 un. wngssvpuly 1 seu ududsainasenty 100 Fasviniuaglinunitvewesaina

\u 0.01 w1, wenanfilvdurziinediuiiuilos 1b Anludiodinenyuly 1 seu Wuduazvyu

U

U 1 994 (1/10 58U) a1 mualidndiudiuiuiuseninafluiies 1b washivdoununaay 2c (Wu

= ) @ o o = a ] T
10:1 wetpaiunisasuvias (Back Lash) vasiiuiiled Wesannitause waziideutuaziltines

A

=

v (M3naeud) ag Jelifluiesdeiivuiauazduuiunewviriuiiuiesmunewy 1 Gunin

a o 2/

= 1 as = =y 15 = 1 A s et 1 a =]
WuinaauI8ay 2 Ve ueNURLLYY ¢ LLmuaﬂsanwaammagJJLwaausummawawaaﬂmﬂaa

U

vianuavilimhiudewnddudaiuienusenaeniian

2.2.4 anwazn1sIatazldauvswnavinda

- i ' ' as
a0 2.10 a'JUUiSﬂaU‘LUﬂ'ﬁB']Uﬂ']ﬂ"ITJW

nsauAuuntinsvedlasaina a1nand 2.10 auduiudadiunsaieidy

Im (1) SULAIBIUTINIUAINAELBEA 0.01 Ul Ametdueid (2) Tasuduaina (3) awnuia
a d5 ) ' @ o a = a VW o oA ol o 1)
wasundulenuaiaindave uuen (@) luianiamudnuiiing uadunuiadaupdauiiadln

Taaavauly (5) vawmhindauatludaniaiudiyuning



R IUITRTT H—
\(/’

AW 2.11 szezniswdsunvasduluianiemuduuiing

[

9 = P ' ' a a4 o @ o P Y a a
LAUIALARDUNUU BWUﬂWIHUWﬂWW\TU?ﬂLQJaLWEJUﬂ‘UF]']LLVIUQ@'NaQ A1NNINY 2.11

[

) ' Py oW o al ' ' Y, '
Wirasauguale 1.00 ui. NMduinaziden 0.01 . a1uAla 0.91 Uy, A5 1.91 L.

AMHUUAY

o o o - a a
AN 2.12 iswﬂ?iLﬂaEI‘LHn‘ZJENL‘UEJ'LuwFi‘Lﬂ'Nm‘LJL’UiJmﬁﬂ’l

Y < - ' ' a 4 a v o " Y oa )
LAUIRALAABDUNAY BWUﬂWIﬁLUWﬁWWQaULHE}LwSUﬂUm']LLVIUQQWQQQ ﬂr)ﬂﬂ']WL"ill']ﬂ

5OUBNUALE —1.00 Uy, MiuTnaziBenauAild —0.54 uy. A1573 —1.54 .



2.2.5 mAliALkazUaA1552 391 UN1S LEUNRin1In

n gnfigs

Voduign > fon
; wiTszaulA

w S S S, |
KLY BANNRYRMMEAAA RN 3 \\\'\\“‘\\,\\\“\i\s‘r}'?’f‘”‘ 3 ‘;,’x:‘-f\‘._lz"”

n in a An .
ity aiy AL
:f}‘ :i{;ﬁ{(
g & Hells
3 . é ;‘1:-
ile
]” M| |8
Wi f; -lrw-
| ' NL7 B[
Ui ‘j" 1
N
o

PRI R Ry b y
B AN R TR TRV \Wuw;z:iu\f&:\“sf’gfv

AN 2.13 M15IRRURdnRnau

NN 2.13 n lddazaesinaunt wiemudiau areglunuisiminidey

U a AU 1 1 3 st o s kY n’j A 1 IJ o v ﬂJ 4 i
Auiandn uagdnseniniuuiniin asAssduiigavitnasyila 3InaIwi 2.13 9 LNuvIay
o Il o =1 i 4 =i £ £ o I ] o/
TuwunBgwibilianunsawdouiiluiuiwnuling wiszBesmuiudhainlildaianlignsias
wiinuinazegluwwimainiuiinda udufigussnuivawviugs (Waa) sraduldfniwi 2.13
o q v V) & [y o v a a Y
A i liuniminduaziieuladiie [WumgliAeauRana1nInn1sinle
2.2.5.1 maigednwiuniiniia
) = o - = a 4 ar 4 1
1. NwsaliuninTinuenssninniaiasiioviindu wayinuuianseuly
Lo o s ”II) J a U
2. Jugmniin1ialiiuasiedesiunisnaunszunn
) ot 4 1 v 1/ =l £ 1 = at = b 1
3. wiinindldldnuudinzdosuiudidan mAniuil wsedilitiu
dhiudmaauvielveudannssnudnaginliiianstyevse
= i
deovela
2.3 Fmsdeuiiisuladainaniuuinsgiu JIS B 7503

nsARULIBY A YRYeINIsALduMSiNeMAduRUS ST RdUsuanlaeinIesile

o vioAwanslaainsesinfiutaniumauisnivesUsinaninneldtouluiinmunll



2.3.1 nsaauLiigu

2
I

nsaeuLiey wunei M5ERAY wazn1svilenatsuansaIaUei save A dU
venvaniesiiodn videmilssynasianinaindradsiivensusauiu ( Conventional True Value )
veaUTunaiignind1iisensusuiufeilifimwiveuveinms Taitmnzaniumsldands
luﬁﬁﬁaﬁwmwmgmﬁamﬁaaauna"ulﬁ@jmmgwuuﬁwwﬁ V301N IUTENINIUIBINA N15aU

Jleu Usenaudeianssumdndmeluil
. m‘sﬁﬂﬁummﬁuﬁuéiwiwﬁw%uanwmm‘%aaﬁai’mﬁ’ummigwumﬂﬁamwﬁ

Amuaay a Funaniiszy
- nseenuuuluserunanisasuliisuilssnundanndsnuunieudian
wisuiuaImlitdusuvainsin

2.3.2 anarusagaunaulsl
nan1sinaglifinnuminedildansalemsesdguinigiuwinfnuau U
fand1vesnste 1Senin “anuamnsoasunduld” Isunsdonlid “aud@vewanisind
ansladlufumasguuinAiiuiisenulasnnuisuiieutueglivindaadugnls way
agdeansnummliudueureinisinlifie” fufusnuannsageunduldvamanisinda
#¥uniseeventuasfiRinisaeuiisunatsseduaunindegldau daRarsananaamang
ga3a1uawsoasunduld agiudriitidonatvedradisfuiiagsilfiinvalduenis

wWisuwisulagblvanaula

2.3.3 anulduiusuresnisin
maliuiuouresnsin vanefls wisifiwesifiumdunaveinisiniluendnuas
3nEREYRIAn Faannsndnsldedvanmvnaunainiuvesuiinaignindusiniewdediu
anunsobinnumnegvesryliutueuvesnisialadn amaliviueureinisia fe diduan
amliauysalluauiuesudmadignia arulldwiueurasmstaiatunnadslunisdenan
mgndasresnsta liiasdufuneulweessiansosoundulddduusasseduvesnsin
azAemliuiuouresnsinavauiuiosq asmnw%‘aﬁaaﬁuag'ﬁummamﬁfﬂ,umidwmam

2

s 1 W a ua 1 1 =3 g 1 e a ﬂ'-‘.l =1 ot
ﬂ’]‘i']ﬂ‘UENLLG]a&"VIENUQUG]ﬂTi mmlmmuaua'mmm‘uumﬂ‘wmamm@} LYW IGNTII6 LAIDNHDIAN

u

'
=

UTRns wazanazwadenlunisin WWudu arsliudusuvesmsinassesduinlag 35l
gsouveruduaina uaglaeviluagdosseauseduanudedu 95 % nsfusraalsl
wiueuresn1sin lundasdunauvesnisthevenmugniesiu azfesdailifuenarniield
aunsamuasumLgniedlslaedifeades

rlatfunsBudumnuannsnasundulfeasnisin earyldiiueuresnisiaa

gnseuiuAInLeaImafeureInsin lulunenurareimsasuiiisulaevesjuRnisasuy



oy warmfingnuiesfuaiiians o narhmsaeuiivuuazanelddeulvuenisaey
i szyiniuy msldintestiotnanelideulsvosmsaeuiivuitszymindy nslindessiodn
meldfeuluduatuiunamssouifiou udlunarfisseenly wiednindudonisliindesde toly
Jeuluderfufunavasnmisaouifiouiissyiiniy nisldiedesdleTaneldideuludentutunanis
aeuiiey wilunandimedueonly viedanindufensldiedesdetaluidoulafiuanssoantuan
wamsaoulisuftsiilnrunaniadou uazarslliwiueuveimsindeiieunifundiiley
syylilusnunansaouiiioy Ssunaitormsiuniifassensuld Aaslduiueuresnisin
fszylililunenuresmansaouiiou szlaiinsveusuinfiaruduius fuunasguuvianales
ﬂ'aLﬁ@‘lﬂuﬁaqmwamiaa'uLﬁauﬁu@@ﬂ'meaﬁa-aﬂﬁﬁ(?\maﬁawmimimUsi'mﬂszmumﬁmm
puaunsalaeasinsiluivenfusninsUsana vsadslussaunanisaeuasseauay
ulunuderimuasimynanasinewessunuiignin Tunsdiwuaiitalfideosusua
LiwiuouvesmsinazdodhivesluiiunirdadiavSeinasisensuiissyuesuSuniignadin
2.4 U-WAVE
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2.4.1 AnaNURYDY U-WAVE

1. Tarunv Excel lade

+00010.549
+00009. 986

Al 2.16 UWAVE funasldanu Excel
U-WAVEPAK, U-WAVE-R Hiflsndusessudduesn vildaunsadeloudoyanin
m%qﬁai’mgﬁﬂamﬁamaﬂﬂmaéﬂU’LuIU'ﬁLmiu Excel, Notepad #308u1 fisesunisiousavsiu
Aduesa
2. aunsaangleuteyalaie 40,000 Toya FEUURLADS CR2032 Al vinlu
annsaagloudeyalan 40,000 Toya

3. Unafiunluuazaiime IP67 Model (Ingress Protection Ratings)

WA 2.17 IP67 Model

IP67-type U-WAVE-T fifleridu IP67-level Dust/water-proof Fa Model
1 @nnsalysauiv Coolant-proof Caliper, Micrometer %38 Indicator &

4. IBNUNMTFUTDYAAIY LEDS Uaw Beep Sound

B ThegreenlED [ B  The red LED
blinks when data | | blinks when data

is successfully 8 reception fails.

received - Along beep

- A short beep sounds once.

| sounds twice.

X

AWA 2.18 LEDs vl U-WAVE



U-WAVE-T il LEDs §1uau 2 &1 uay Buzzer (109 Beep finb Buzzer) Lite

Tinsraaouinteyalaiuauysel
lj el 1 o/ A 1 ol @t =i
5. insesiiednannndt 100 # asnsaiiondaiu U-WAVE daifien
i l

Up to 16 U-WAVE-R units
<an be connected to one
PC

r—-l ' Up to 100'tools can transmit
% to each U-WAVE-R

) , g-— , -
&f W 1D=00 ID=01 -+ -vvvv-ovo. |D=09

MUX-10F U-WAVE
(up to 4 wired channels)  (up to 100 wireless channels)

A d. L]
AN 2.19 sguuaunavod U-WAVE
U-WAVE-T 111071 100 §7 @a1saiiauaonny U-WAVE-R %967 uay
U-WAVE- R 110071 16 §7 @350t 8ausastniuaauiiine il e

6. svezn133Udyeyulnaia 20 s

Different frequencies ensure no radio interference

Frequency:
2.405 GHz : i 57991

-
Because different frequencies are O A 4-digit value in [ix23]
used, radio interference does not 1D=00 indicates a U-WAVE-T ID.
occur even when multiple devices
are used in the same communication

frange
AW 2.20 spoznnsTuduainmes U-WAVE

anusnsudygiadlalnads 20 wes wallyd U-WAVE-R narads Taelais
Avsuniuinduly U-WAVER usaesh wasannsoudnidesdssuniuainaduinglasiunaaad
unnsaiu
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2.5 gunsalidn3va (Encoder)
¢ v o ow & ¢ < a = v ) o ¢
gunsalliaviadniugunsalisueesiBenanausalinavasdyaalvinisdiueidne
TuzUvasluuns Aimea wazevunaen Wasldnunuivaunsaiiwugeimaias nslauddyyio
ArueIAnAtue fendnNIARAadkaITENI R ITULAEAdaIINLa U uULadasgUnTal
hsiia aenunsaudsUszinnved Encoder sanilu 2 viln fio
(n) gunsaltsVaLUULANAT (Increment Encoder)

(v) gunsaldrsauuuduysal (Absolute Encoder)

Wiy,

W,

S %Z
DT T

W
%,

NN

(n) (2)

AT 2.21 dnwaiz3Usaves Increment Encoder
(n) Increment Encoder atinwgaidu

(¥) Increment Encoder viaLau

wanINNIThUIUsziantesaUnsalitsiaud deanusawdadnuvaenisldanueanaiy
o i < v v o o < ) o = a v a o
Auniskazniseaeunlalu 2 dnwugAo N13IANITIARBUNKUUITIAULAZLUULTN 99y
%) ¢ v  w da @ = a  aw ad 2w P T (B[ )
Uszneulumegunsaliinsa naeswazdasaduunulunsdindudnvasiiudunisdafaiuinan
wyulunsalidudnuwasdagu Tusumlasewinmiuazidines Photo Sensor WUUA LAY
< v ) @ 1o = a < o o« = o '
AanAlNe MLAUTULEIUDY Encoderdinsaaiiaslusneniinsiadounnisiasusiiunus
lneUniuda Absolute Encoder axiigusnuagdnuaizvassvianuaInvale eniieg1au
BCD Code, Binary Code Wa¥ Gray Code amsidenldanutiusziuedivasrusznounaleagi
WU AINAINITOIUNITATUIITBINAT ANWULVDIIBUAAINEA TTUIUATTINYDINTUHUARBATU
seavvesANULdeie Wudu widwiusWanianunsedunaslundenldiuinnag idudnwaue
u = K o <4 o = [ P [
98393%d Binary Code Decimal (BCD Code) 9¥1im BCD ﬂamam‘%aumaunmamgma‘uum

WUgINEU 1 vian (Digit) avwiniulaugIuaes 4 Un W 8527);, = 1000 0101 0010 011 1)acpgazy



NS UL DT TWALINITLARBUNUDILAUN

Hfamemyanand nszvouinfimranssi:

= [ =4 &
HUszazluuin(+) wazau-) nIon15WwULYsNg
H

- o 1 A a a A w aly v
Wﬂ!u‘UE]QLW@’]LW@VHW’WLL%U\?Q@?HW‘E@V]WVHQHFITW um']ﬂJL’ﬁlJLLﬁSMQUL%Nu']Wﬂ']Lwaa\jamuﬁyﬂmmlm

NI UesMnuIRIinszdutauluvesdgravinisusulnsdyaalivunsaudy via

A3mea MLNI9951U (Counter) %35U Increment Encoder 193508n3%a (Decoder) Lag1495

wlasswia (Gray / Binary /BCD-Display) &45U Absolute Encoder v3aglinaunaan bakn 3935

srunazveredyyin (Summing Amplifier) 81150 Absolute Encoder tHudu Tasaiuise

AsanddnualAsEarANNduR SIS suisuiusening Absolute Encoder Waazuiials

ANANSNAINTS (Truth Table) Tumnseii 2.2

Binary (Natural)

Gray (Binary)

Binary Coded Decimal (BCD)

Digital Digital Number Code Pattern
Arabic Number Code Pattern Digital Code Pattern Tens Units Tens Units
Number | 8421 [2' 2° 2' 2°| Number | G, G, G, G, | 8421 | 8421 2|2 28 2 3z 72
0 0000 0000 0000 0000
I 0001 0001 1 0001
2 0010 0011 0010
3 0011 0010 0011
4 0100 0110 0100
5 0101 0111 0101
6 0110 0101 0110
7 0111 0100 0111
8 1000 1100 W 1000
9 1001 1101 0000 1001
10 1010 1.0 11 0001 | 0000
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2.6 ZigBee

Ziggee Wuwmsgiulusinasanisieaisliansdmiuiniotalineanissnsinisiuds
% o ¢ . . = & o ) o a = Y
Joyags nmualagasAns ZigBee Alliance Fianuuuiudmiunisdeaislumioniaidugesls

a1 (Wireless Sensor Network) g ZigBee l#81989mua1As§1uYeq IEE 802.15.4 fiLtiuns

i
o

doansuvuuseudandaay fidnsnisiudidoyarii diudavas Ziggee duldunannnginasy
doansvosia nsisasdunuudnudn iesslidoyatnarsseniniadeiudsafuiimmnuar
ismsmwaqawmiﬁmﬂﬂuﬁwé’amag’

ZigBee fimun rummdldiumunsgIuly 3 guaud fe g1y 2.4 GHz, g 915
MHz Wage1u 868 MHz lapumazdiuasiivesdygin 16 vo9, 10 904 uag 1 dosnudinudlu
é’mﬁ’uﬁa%’agaﬂsagﬁ 250 Kbps, 40 Kbps, 20 Kbps asdduiui Tneauiieu 868 MHz v
THlunAdglsy mwdeiu 915 MHz 1ldlulssinmanigessnuazesainie wazanud 2.4 GHz
annsoldldilansuisamalnonungnsznes GosimunliieTedigauunauuazaniing
auuanusssimlasusniiuldaeslasuluaygn wa. 2547

2.6.1 IEEE 802.15.4

WM IEEE 802.15.4 1unnasgrudmsuinistiawuulianssreglnaninunga

i Tnefidnsnssudetoyadnimieniniu 250 Kops ldmdsines unaluladiléumsgiui
Tutlagiufe ZigBee uazumaluladnisdeansuuulfansfignifmuilidaasuninmaluladly
auuusug ludessaan lindnulios aunsofiedslilduty wavanunsoaiandadi old d
wngdmiumsldnumewugesifaredmivasivaeuduniivesing asraaniniindau
m13197 2.3 wansnisiiouiiisumaluladliarsuuusieg inldidudeddeidsotiatu
GSM/CDMA Huaursndsdoyalduinnin Zigeee uasszaynislunisddlnania widaidefe
Battery Yuilangnisldianush wasfunugs fadu 1msgiu Zigee Fullumadenitimunzan

dmiunisldaunaeanisauyuaiasiatiole

A19199 2.3 WSeuisuwaluladlsans

ZigBee wag Bluetooth Wi-Fi GSM/CDMA
802.15.4 802.11
Application Monitoring, & Cable Web, Video, WAN,
Focus Control Replacement E-mail Voice/DATA
System Resource | 4KB-32KB 250KB+ IMB 16MB+
Battery Life 1% 1 dUavi 1 dUasi 1 dUanvt
(Days)




A157199 2.3 Wigueuwmalulaglsas (sa)

ZigBee Uaz Bluetooth Wi-Fi GSM/CDMA
802.15.4 802.11
Node Per 255/65k+ 7 30 1,000
Network
Bandwidth 250 Kbps 720 Kbps Up to 54 Mbps | Up to 2
Mbps
Range 100+ wns 10-100 wums 50-100 lu#g naneAlawng
Key Attributes Reliable Cost, Speed, Reach,
Low Power Convenience Flexibility Quality
Cost Efficient

Tnommsgrudimuatudniunisivdoyaidosiu lursesiadesudeing
(Physical Layer) Wagn13AIUANNITTUAS (Link Layer) len1suandygyia (Modulation) wuu
Offset Quadrature Phase Shift Keying (Offset-QPSK) wasldnisundynidyaiasuniuiuy
Direct Sequence Spread Spectrum (DSSS) Aifigns1n15aUsARY 2 47U Chip/sec Feazauny
n13iudateya laaldluslameawuu Carrier Sense Multiple Access/Collision Avoidance
(CSMA/CA)

ANNIANTIINYEA [EEE 802.15.4 lanmunpnandfivenniedrgliaediuynna
" wuUSmIIFUAe LR-WPAN (Low Rate Wireless Personal Area Network) 13 2 4u fio funsnm
(Physical Layer) LazduseIvBILUA (Medium Access Control Sub Layers) fin15A 11 undu
atfuayu vegunsalluuing 2 vila Ao gunsalitimiitldiud FFD (Full Function Device)
wazgunsafilihmiildiuredau RFD (Reduced Function Device) amuanssgiu gunsaiiuy FFD
QAuUARUMIIIURLGIUNINIEATN T3 49 g wAgUnIalluy RFD datiuayuue 38 ot
nsAnsedearsuesgunsal FFD asfinsiafugunsal FFD Mdus wazgunsal RFD I¥lasgunsal
FFD agvinaula 3 dnuaie fs

1) fuszanunuaIetiediuynna (PAN Coordinator)

2) fszanuau (Coordinator)

3) gunsnd (Device)

mswdeudedoyaseninlnuad 3 dnwue fo
1) 3ngunsailugasiussaniau (Device to a Coordinator)

2) anddszanianullaunsal (Coordinator to Device)
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3) sewinsgunsalfieglussduiieniu (Peer to Peen)

wmaluladyaunioiny LR-WPAN (Low Rate Wireless Personal Area Network) i
2 §nway Ao

1) huuma (Star Topology) WazWuUSEAULREIAY (Peer to Peer Topology) 14
JUuvuRAmasiimsiindedearssewing PAN Coordinator fugunsel fegunsaifemusluedete
efldumiauuvens (Extended Address) uaganananiuAsusunisdunuudu (Short Address)
1ae PAN Coordinator ’Luﬂum::ﬁﬁ'lm‘iL%aﬂmmmﬁmﬁuﬁ‘ﬁ’mwﬁqwmai (Device Associate)

2) LY Peer to Peer §i PAN Coordinator tileuuuud 1 unguniaiudazsn
annsofndessnineiuld lussoznsindovesudargunsal nluladianunsatanatadu
iseneidanududausnntuls
-

-

o
0,

o 9 0.
6 :"o" .: / . ‘O

. ZagBee-Coordunator-(FFD) A 7 b (s ]
© zieronerom) / \

© ZuBecEsdDerce o .o —

(RFIrorFFDY

e Sta o’- \ ]
- Mok o o .
i 2.22 Medumsaianietisvasgunsal Zigbee

2.6.2 ZigBee Device Types

gunsadluaIatielianeues ZigBee amnsnviiauld 3 wuu Ao Coordinator End
Device Wa¢ Router Jausazuuuiinisynausai

1. Coordinator 1Jugunsaiuszian FFD (Full Function Device) fintindiasanis
doms \WoulvueTetnesewing End Device fu Router %38 Coordinator U Coordinator G
w30 Coordinator U Router fuum Address 19y Device flagfluraindovng Ty qua
$AN1513997715 Routing LM

2. End Device 1 ugunsg 2dUsLan FFD (Full Function Device) %38 RFD

@

(Reduced Function Device) ilugunsalvatenisgn Fealdfudyyrunndueeifivaisms
WAEAIUANNISVINUGIGS)
¥ . 5 v do [
3. Router tUugunsaiussian FFD (Full Function Device) fnhisudedoyaly

WUN9ANeY Liussesne anunsansIvaUlazauaNnsYnauaneg Tdmwileuiu End Device
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2.7 TUsunsu Microsoft Excel
Tdsunsu Microsoft Excel 1{ulusunsumilsitagluga Microsoft Office fiaaulusunis
Aurmiierduiias TnanisvieuvedusunsuazldnisamuuuIuey (Row) Laguuifg
(Column) 1undn Fagenlusunsuludnumziinnis1aiings (Spread Sheet) Induas Excel
Wisuiaileutenanswilide 1 e fuszneulusmentimaisqui Fendauasm (Workbook) Tag
Tuudazutiniondt wiua (Worksheet) lundazusiusuazuteanifiuniss euszneulude
dosnnsndaduduiifaturesuniuazaeduiiGonia wad (Cel) luusuaunilsgasiiuaaianun
1,048,576 W07 way 16,384 maduu Ima’l.%’%amaé’uﬂtﬁuﬁ’;é’ﬂmmmé’anqw Faus A 9uSs Z uaz
#oA78 AA U AZ, BA aufis BZ Tuaufls XFD
2.7.1 ﬁ’ugﬂuﬁtﬁmﬁu Microsoft Excel
1. 407 (Row) MEfewauIueuSIAUSIIULIRIN 1 81 1,048,576
2. pedud (Column) yanedawauuakiasi3uiuann A uils Z uasdesy AA i
AZ, BA §i3 BZ i3 XFD
3. wad (Cell) Wugadnsswiaumiuaed (WeldiEZsndumisvesdeya) iy
A1, A2, B1 (Jusiu
4. fanuaunsalunissiuaanate ) waaideieiy
5. wdsmsAdelwaduans wadannsathietulusualaee
6. mirmmaninsalidoaduiudslunsdinnls
2.7.2 NN591489
nseduriasgas sadumsidiatulunsAuan n1sanetesunueyes
Excel dmfuthdayamdiun ulseondu 3 wuudeil
1. MTINBMUUAUAUS (Relative Referencing)
2. migndanuuanysal (Absolute Referencing)
3. MIDNBIMUUNAL (Mixed Referencing)
2.7.2.1 n38n98eimuriaaduuuduius (Relative Referencing)
mssnedasumisdeyalaafumiwesdeyailevinisdiunlulivaddu
udragiimandsuulasiumidlugelaeiigeslaifinseuuas wu wadduatuiitignsaunsd
i 5 -

24 o o IAJ o i &l s v d‘ 1
RBINTTMIANUIBYNA AU B6 mH'Lulﬁuaauqm'imiﬂmumaa‘uaaﬂawmmﬂu 5 1988 Ao 939 AL:AS

wligns fig =Sum(AL:A5)
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Al v i X  fc | =SUM(A1:AS5)

>
m
o
Q

E

i
i
i
N
bo]

a8 ]

~N e 0 BoWw

e — e e e
[=1]
a8 &

w
(=]

|=sum(a1:as)
‘SUM(numberl, [number2], ..)

NN 2.23 NsoNedesursaaLuUFuNuS

2.7.2.2 ﬂ"l'sﬁ"lx‘lﬁaLLUUﬁan‘mj (Absolute Referencing)

mMsg1sBauvuanysnl (Absolute Referencing) Wumsenadaiumialaed
G’Taﬁmsﬁmumiﬁﬁmmﬂaﬁﬁmmiﬁﬂ&ﬁ&lﬁ@@ﬂﬁmaLU%‘EJuLLUaﬂﬁﬁLmﬁa"L‘LJLﬂuﬁwLmﬁ\a%’mﬁaﬁn
msdiwrlunadadumialalu Work Sheet fiagdansansfissumuafuaus dan15enedasiuma
WUU Absolute fagdaaiinsldindosmny s sndmunlidmduuents Excel n31udn daladis
w3oavne § Mdliuthumiain (Row) wie 1alimisumisaedut (Column) u&a uanain
womSerednituarlifimswdsuuasiums Wy desmsimuald dundwenvadiiunodu
A taolitzdunlunsdaadlag winnamnsandsuwdadls @wnsafmusls fde A1
dosnistmualisumbwossad dunediudlag flauduadosnistmualdidunnid 2 waue Ll
Tagdnulunedaeadlog anunsanivunld Ao AS2

soamsnmualimundiveavadiduredud A uazunlfeensiuus i
e 1 e linvdhunlvndagadlag amisafmualdde SAst

Usslemilvasnisansdaiumisuuy Absolute 19y faansqurinsiifiog
Tushumis B1 Widuiwad C1 fadfuagldgnafio =SUMAL*BS1) lovidiunlgasvenead 1y
Hawad 2 gasillglusiumis C2 fo =SUMAZ*BS 1) Funalugmsiumisitliifinsldniomne
$ Mfumhiuvtsmoduiviouorasiinsiudsunyasiumisly uadisumis B1 Aigedaduwuy

o 4 o 1 =Y 1 d
Absolute Afamalusumiaiulifnisideuulas

SUM Y| X W A& =A1%BSI
A B I & | D E

1| 10 200f=a1Bs1 |

2 | 24

3 | 45

4 | 30

5 | 65

Al 2.24 nsensdanuvanysed
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2.7.2.3 N5919BMUUREYN (Mixed Referencing)
n15FLINAN Work Sheet aedidnwsiansnnmsswimuniely Work
Sheet afauniarindu iWodesmsshetoyaioglu Work Sheet lwy Aagsossimssnaiedo Work
Sheet fioziirdayaundan Ineawdiguuuluniséna Work Sheet fai)
o Work Sheet #8198 | Range voedoyalu Sheet Aig1sfiufintun
AU
aee foen1senedeteyanasinludovad D6 vea Sheetl lUnanad
Powaa Al U3 Sheet2
1. AANLNERTe Sheet2 T4 Active
2. adnilad AL w83 Sheet2 ilotlougns Tnofisnigns =Sheet1!D6
3. nadly Enter (fesumstiougns fovlduadwiuansiides Al voq
Sheet1 wiondnTilwnd Al ¥04 Sheet2 i = asludoawad A1 wes
Sheet2 vmniulsihandlundn sheet 1 uazihluadn 1wad D6 19
uanenly Enter 9zUsngdeyadufeniusewing D6 Sheetl fiu Al

Sheet2 fhilmsiasudeyalu D6 Sheetl Yoya Al Sheet2 flazdou

[MBN
B EH S - Bookl - Excel
HOME TNSERT PAGE LAYOUT FORMULAS DaTA
V BH® ¢ - Bookl - Excel
e e B M- AN HOME  INSERT  PAGELAYOUT  FORMULAS  DATA
F r- A = % 1 ST = dwwl EHEH S O s Bookd - Excel
Lkpb a Font > r 2 = = & ),
Tpood = Paete r:. B 2 IU A s "‘l r- HOME  INSERT  PAGELAYOUT  FORMULAS  DATA
e ve P = & e i ; — <
SUM i X v A g s 2 X Calibri u - == [enecal < I
Chppboard e Fort Alignment Number A B B 1 u iy ;f”’: = G‘ w ’ [
R s c 3 - AN EEEE B
4 R S S S—_— Past
T1d 06 . X « & | =sheet1ios T e A = e U I
1 :
2 A B ¢ o ) E Cipboard 7 Font mn Algnment G Number &
g 1| wwom | S A1 | mHTIRY | unioieg i < £ | asheeruins
c AT B 20 200
5 3 lhuan 1 1000 1000 [ A 3 _c B_ E :
é s [ihnm I - 5 1 112
K : = -5 [héu 1 7i 7 ?
Sheelt | Sheet? | 4 s - 1217 3
Sheetl | Sheet? 5
6
7

| sneett | sheez [ @

AW 2.25 N15DNBIUUREL

2.7.3 Hendunuguigaelunisaiuau

B304)
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=AVERAGE(... : ..) l¥miAadslutieasdayaiifivun 1y AVERAGE(AZ : A50)

A50)

A50)
2.8 TUsunsy w97 wia (Visual Basic (VB))
[ o o e cd o @ & aa LT a :
Dulvsunsudwiufaunlusunsudssgnanmanluntenldeglutlagdu Wsunsy Visual
Basic \Uuldsunsuiilaildsugluuunsdsulusunsulg lngfyndrdsnatuayunisviiau &
o A o a YR v o YRR 1
\n5asilanne q MTeniuIn Asulvsa (Controls) Lidmiutisluniseanwuulusunsy Taawiunns
2NLUUMINIBLUUNTIHN 3eTun31 Graphic User Interface (GUI) Y AN159R ULUUWENTD
uldlade warlunisifisuldsunsuduasiiauluu Event - Driven Programming fie lUswnsuae
o @ 1 dl' L3 = é’ at 1 v 1 v q' 4 2 1
vinnuiseliiawnnisal (Event) iiadu Medrveavanisallaun dlddeuand gldnaduuy
Aduada dlinaduund Jusu
2.8.1 Visual Basic for Application (VBA)
-l o A v . . a o .
WunsiBeusidaseniw Visual Basic inadssnulwlusunsy Microsoft Office
viauaNAeInTuUER R Fedrevinbildnuannuidideuatld Snvisnuniusyananasae
- 2 1 o @
VBA 2£5IAL32Ua2NA81INNTINISIUIEAY
2.8.1.1 1598 519%NAGIVBA
) YAAIFINTBYATHA VBA 4191nA111 Procedure FagmA1daniazyn
USENBUMILAIEINANYUTING WAAZUIIVIALSWA VBA Liadsld Excel vmaudiazdu Taanaluisn
v I o ° o o W YR o w = &
msuanluyadmilan Wldauaunsvihauideivesiudmau gads VBA 1 2 Usean fe

1. Sub Procedure \ugadwihmihfiniuaunisvieuiallues

Excel
. o a o v o o | o &

2. Function Procedure Lﬂuﬂ;mmmmwmwmmmﬁummaawa
waglddmivasegasivalunldiuauanzaiy venwmilasin
gnsdn5gun Excel dawnsoalili

anwarlaaniluvesadidusazgn 410y Sub Procedure dzagluy

SWAALULAT Sub AUAeATT1 End Sub d3u Function Procedure aianileq avaylug 1 Tianwsdn
Function 9ug14A141 End Function (#49nA1d39 Macro Recorder @519y zfugam Ay

Sub Procedure (¥11u)
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2.8.1.2 w3asdielulusunsy VBA IDE

2.8.1.2.1 LSJH‘U’]'% (Menu Bar)
File Edit View Inset Format Debug Run Tools Add-Ins Window Help
AW 2.26 Menu Bar
1. File ngudaieafunisadie Project Iml @ Project Yufin

Un Project

]
= 1

2. Edit nquideiitasarsuasudlunisvheuves Project T4
e 1wy Copy, Paste waz Undo

3. View nguidaifieafunisuanaviinsnseing 4 ves VBA IDE

4. Insert nguArdaiipafunisiiuesuind Excel unly

Project

' '
0 w o

Format nguAdaLigun1sdnguLuunIsuwaninaeas Form

Bo  a
o @ ol

Debug ngufdieafunismderanainuodlusiing

g '
e

Run nguedaieariunmsadlilusidndvhnuniongaiey

Tools nauAduAgIuMITIMILAsasilonnse

o B =k oo

Add-ins ngufdasatunisdiudh aueanmdsnedagld
10. Window ngufdafuaiuguuuunisudassavas Form #1139
11. Help Addlimnutiemdaiiontu VBA
2.8.1.2.2 ¥au1s (Toolbar)
ME-d 4 04 H 90 » na ¥ - @ B

1 2 3 4 r 5
NN 2.27 Toolbar

'
1 o at

L. nguddasenlusunsy Excel \uapULEnd Excel waztiufin
Wsana

2. nduendsluiay Edit Wumsda (Cut), msfioud (Copy), nns
114 (Paste) UazAUMIAMI DAY

3. nguAId Undo (uniBnAndsanan) uag Redo (iednddsdt
gnLaniy)

a, ﬂ@juﬁwﬁ"qLﬁ'mﬁ’umsé"a’LﬁIUimeﬁ'muuawqcﬂﬁmu

5. nauddsluiy View uddsuanamitdng she 9 ves VBA
IDE

6. MdlveuBmEDLAEI U VBA

" '
o al

7. MdafgItunIsIanismdang 9 Tu Toolbar
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2.8.1.2.3 Project Explorer
Wunidhenawanisianisuaslawiy (tem) nileglulusiinddiaun

WU Worksheet, Module wag Class 1ugu

= %% VBAProject (100Dial.xlsm) -
= =3 Microsoft Excel Objects I
. ) sheet1 (Cal Rec) =
" B Sheet2 (Measurement Result 1) |
i B Sheet3 (Uncertainty Budget) L3
Sheet4 (Source of Uncertainty)
Sheet5 (Cer P.1)
.- @] Sheet6 (Cer P.2)
i BH) Sheet7 (Cer P.3)
" B Sheet8 (Cer P.4) =

o e

Properties ﬂ

AN 2.28 Project Explorer

Properties Window t¥unt1snuansuassivunani@nie
a g b & 1 o d g o
dnwuzLipsiuresreulvsauazosuling \Wu fmuade, & uazauin Wudy wieanunsaiuun

Tnunsilsulfaiafuniandanla

Sheetl Worksheet -

Alphabetic

‘ EnableOutlining

EnablePivotTable

EnableSelection 0 - xINoRestrictions
Name CalRec

Scrollarea

StandardWidth 8

(|Visble -1 - xISheetVisible

ANl 2.29 Properties Window



2.8.1.2.4 wii1¢i1e Code Editor
Code Editor \umiasilddmiudsulfnmiuaumsiaues

< 2 ) aly v o a ° va & w
IU?LLﬂiQJf"]']ﬂJV]Liqﬂa\jﬂqiﬁa@ﬂqﬂ‘lﬂlﬂaaﬂLLUUWUWWWLLBWWﬁLﬂ'ﬂu A=W UAAENUANID aNnWale

Javiuvasnaulnsaniee wad

{General) + (Declarations)

I

A1mil 2.30 Code Editor
2.8.1.3 fuus uazviindayalu VBA
ALl fe mirgarmdndmsuiivtoyaviiai o laelddydnwaliy
Fadnusamdifiuuatu Wy X, Y, Price, Sales, cost mM5iduulAn VBA Tu Excel dpsfinnsdaaly
gaaania 9 ludsntn vsenisiiamainwaluidsndaumuinvisdssiana 3insAuaA1an
waneulumwuniediludugad msesinifivlusauds swililda VBA fadsduiininy

tavgunazazaIntumsianldnuiiniy
AN59N 2.4 fuUs uazvlindayalu VBA

Usziam | viladaya YBULUA miagAuI Al
Aa Byte UL 0 fl 255 1 byte
Integer LAY -32,768 T 32,767 2 byte
Long TIUUAY -2,1347,483,648 B 4 byte
-2,1347,483,648
Double nAtey 99AUBEN11 0 8 byte
nAtiEY 9AIWINATY 0
MIING Boolean True %38 False TdMiuRTIAdOUAID3 2 byte
ERIRE
LT PR String giadIumISnys iy 10 byte+A211877
AIENYT
Fufivaan Date 1 January 0100 4 31 December 9999 8 byte
waztIa 00.00.00 13 23:59:59
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uni 3

N1SIASIZRLAETIAADY

3.1 unin

losaeuiieulndainatausnasuiieuladanaluide (Range) 0 mm. - 10 mm.
Twieajifinsaeuiiivuvesuidv gfina resvsisiu i 1 3 wia fe ladainamaned
(Dial Gauge Tester) in3osfunvuladainamained uaziades i-Checker Tasstuivniie
Anwuaziannssuunisiaiudayalunisduiinnanisasuifisvlasainameiddsdyaya
wuul¥ane TnadeulsunsufiothuUszondldfuiriosdusuulndanamainesliianunse

aouivisuladainalanuuieonlud® (Semi-automatic)

3.1.1 ledanamanos
nstwlulasiiwmesien (Micrometer Head) uwuvainadafatuuviudaiugn

=~ A oA 2 i A o ¢
H@aULNEU 'WS'BL'iEJﬂ‘UaLQW']S?WLﬂiaﬁlm@aLﬂﬂLWﬁLﬂﬂi

[

' R R = ¢ o ) o a &
msmummmlmmnamamaﬂﬂmmmai IATTUNANAIANENATVUINNATT

8 Ve

surdouillenafiafugs soldifivsyaunisaiuasinnudngdusgannluniserud

Y
o =

lagnAesuazwiud Tumeunisiniirouinedesndudou uarnisindaladainadaiv

v

sunsosiiilomaiiagiianarnannislismaudiussnindlulasinosuasladainags

AN 3.1 Dial gauge tester

3.1.2 in3psnunuuladanamanas
nseenuuULAsaesuLuUladanamamD: IMIRENA1SNISYILTDIAS B
= v ar a . qf L3 = @ 1 =l o n’
gouiiguladainanvuiininld WesnngegunsalseuiioufsnaninsiaunUaeuninnis

o o aa 0 § vaal a o ) - < o Y
1’UﬁlﬂﬁLLUULWNL@ULLUUWQW@aLLmu LLaSWq‘LW?ﬁﬂqimmmﬂiﬂaﬁLﬂ"UQTUEUU ‘UQLﬂi@Q@]ULLUUiﬂE)a
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namamesiianvuznserulunuuiinea (Digital) W&y 0-25 mm Tauaziden 0.001
mm 310y Certificate No. DGT 14-A0940 fananalduiusuviadu + 0.002 mm fisesu

4 J
ANULYBIY 95 %

= =] os
AN 3.2 esassunuuladanamanas

3.1.3 1AS04 i-Checker

\384 i-Checker gnosnuuuiiialdaeuiiouladaina lnsamadufiamasuas

Y e o 1

UD3LNY USEMEERimuafAILgnies (Accuracy) ogf £(0.2+4L/100) pm funuipdewd

-

d“ fJ 5 -7 at -] ] L) v A ol o
VUAINTEEY 100 mm FauNedsanIsavsumwmialunisIaladne Weeaniinisyiiaunuy
semi -automatic UBNNT GeAMNsAS 1A ALWLUSUSDINSABUT DY wastuiinnanis

apuiirueenuluguuuy CSV File pldlumsiasigisuiu Software

= = .
NN 3.3 LAY i-Checker
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3.2 nMseanwuulusunsy
3.2.1 mafvundiudeuderugldou
msimsduienseiudldnudliinmannduwineluwunguiuins
douuavdeuliiourauiv giinwa aesUaisdu d1im wudinsiauvesndnauas
Usznanansiasisiedesnonimesilusunsulalasvenyi andiga (Microsoft Excel)
ilessnalusunsu Microsoft Excel tfuldsunsuiifiauannsaluieeinsianisuas
Tinseinateyaldifuedied widewnnddoyaiiudnunndseragnifuliludouled
uwananfunsedeyadetadoarudunganzmidunsiiasest Feinldnisldaudud
Augagnuazldinatuin wivinldalinaiuisaveslusunsy VBA (Visual Basic for

Application) avirnusiuiulusunsu Microsoft Excel Tailuagsinazlaidasaslusunsudu

o

wutufazgglvnisidanulunsimssivasUssuanadeaingetuy
- ' v 9 e 5
Tun1s@eulusunsy VBA dazidunisdaelinisidrdslusunsy Microsoft
Excel $188u lnensuwansmhdndunisnsandeyanazatsieg ieldlunisinsiziainim

Tainduauannsasuiisulaanluda

3.2.2 mydwmszidgmiazniseenuuulusunsy
Funsuusnaainzfesirauitazasiiodoulusunsutuiie msianesitioun
fAatutaranwaumizudly Tneuirlgwiiuiessls $32udletiamodaels iielwls
HadwSTnsInLAIRBINTT Ssnsieseidamisdesdiiatiody fai
n1sszydayaidn (input Specification) Auuniriideyalathaiidesldraslu
Tusunsu elilusunsuuszananauazianioonundunadng

n338Ytayanean (Output Specification) Anuainuiideswiilithwunels
wazsaanslanuazedwls Ingluduiasfosidadldrulusunsudundn
n1TiMuAIaN19UTENRaNa (Process Specification) Auuaisnisusvanana

o v v o v
wWalilanadwsnunaens
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dogamluvadladaine @ Annmdenusasalunts e luSusesnamsaeu

w

Q_!} [} o =)
nsATIARUANTNI A LU gl Weu
Han1sIaa7n U-Wave ®  HNTNUARNINITATUIEUAT ® N3 LEARINTT
o Ay lindusuvene WeiUUYIAIAIY
& e e & ; & s NAWAR
Foihinnsasuidivy ATUIUAIAIURANAI AT LA
FINATIN
Input - Process W sigele
VBA VBA+Excel Excel

N 3.4 Turpunsieszilogun
3.3 N15NN9UVRUTUNTY
Woalglusunsuduiinuasyssananmsasuiiisuladamnatuan Tunthd 1 shuesidy

nsnsendeyailasiuvadledainaiivesntsaeudiey fud

Job No. WNBIAUTEYMTTUNLIINANEUDN
Work No. nglawssymMsuURu
Equipment Ww3DIlloazinsaRUIiny
el v ool = L3 ) o a as < =1
Brand Do lneveuien aiiwa aosUaistu d1in azsuiATesile

€

[
[

aoudviadiglale (Mitutoyo) Wumdn visllildmuaunse

YU
[

\dondvia Mitutoyo vievnlallddvetlwiden?l Other uay

nsendvetiug
Type / model U
Serial No. winulaYsEyRLAIesle
ID No. ‘wmaLamé’waﬁm‘%aaﬁama’iwmgﬂﬁw

. » a/ l:: (-3 =
Date of calibration  Juvvinsdoulieu

Date of Issue Juiisueu

Temperature gaunpilluvinsaeuiiisy w 1At

Humidity muBuduiusludosaouiioy e

Time nanfitdwhmsaouliio

Calibrated by Fivihnsseuiioy Savsadenansiefeminauitanuisa
aouisuladainale
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i Userforml 1 PR
Job No.
Work No. :
Equipment :

Manufacturer : " Mitutoyo " Other !
Model :

" Resolution ™ Graduation

Serial No. ¢ ’—'—__

DHo. : l—_

Date of Calibration : W—L,

Date of issue : ’W—ﬂ

Temperature : I—— Degres Calskss
e d l__— “%RH

AN 3.5 NN VRILUSHASUALNA 1

mnnsentieyalunind 1 asufuudaliindndy ok Wetufindeyaiinsenduasly
Excel Sheet

dleuhgwind 2 vedusunsuduszmuiy 2 wy wywsnazndunsesiedouanin
vhlvadladains eud MIATINADUANTUBINERIUTIY MsUFuURsauS nsiadaufivesunu
n naluatiuvesmihduds uazunsaliadusineg Tusydmnasndudessuiinuanising
Tnefammaninsalunsviuszana 20% vesiidonisinnniignvesmsiedouivuuin

(Slow) 4aElUUL3? (Rapidly) vasladaine uwarUseannd 80% wuuduazsa mud ey
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UserForm2 BT 'm o m‘mg{m

1. msanazavanniall:

™ msududaaud

™ miswadouiiuas spindle

™ msdusdusanhauda

[™ Accessories I

2. Repeatability
Read 1 Read 2 Read 3

20% of full scale slowly

80% of full scale slowly

20% of full scale rapidly

80% of full scale rapidly

Next Clear l Cancel l

AR 3.6 N159197UVRITUSHASURLNG 2

d vy v o ) YY) a = )
iawihgyini 3 veslusunsuagwuiugainns 32 niavesmsasuliisulada

\n9 #de (Range) 0 mm - 10 mm. Fudunisaeuifisurugniesvesainavesladaing lns

'
@ el

zApUIBUMNIAIATIR MUALINNINTEIUY IS B7503 ndsanasuiilsuiaiaudalvinsen

[

a1 guniiunasAINTURING
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Forward Backward
Read1 Read2 Read3 Readl Read2 Read3

0.00 [
0.10
0.20
0.30
0.40
0.50
0.60
0.70
0.80
0.90 |
1.00 _J
1.10
120
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00

— —l
NN 3.7 N15N9TRRlUSIASURTNT 3 dauUY

1.60
1.70
1.80
1.90
2.00
2.50
3.00
3.50
4.00
4.50
5.00
6.00
7.00
8.00
9.00

10.00

Temperature :
Humidity :

< ° = '
MWN 3.8 NMSNNNULALUSHNTUNLNT 3 daudng
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3.4 nMsgauisuladananilndanamanas
3.4.1 nswasedladana
1. ¥NANUALDIALADALNNELDANETDE, NTEATY LasWIYTs

W : gadlewanadn, gadlesn leludunounisviauazenn

nwii 3.9 gunsalvinanuazenladainamaines

3.4.2 asadaUANYElauNIlU
1. a59dUUSIIARedNdasesuan1InIe L]

5 %mﬂuawﬁwﬁm&'m%L%ﬂlﬂgﬂﬁﬁﬁ%ﬁi@ﬂ%ﬂﬂ;

3.4.3 mMswmsenlusunsutuiinNanisaaulieu

1. @enuuunasuduiinnanisasulivulasaing
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3.4.4 N15A38UlADRLNNELNDS

=l o
N 3.10 ledanamanas, U-Wave-T uas U-Wave-R

1. asaadeUTuvuneny (Due date) vadlpdainamaines

2. MANUALDIALADALNANANDIMELDANDEDE, NTEAY Lavwug
e Qailowanadn, nallern Iluduneunsiaueazenn

3. Juinswazidenvetladainamamesadluwuunesy

4. ¥AINTIIU Lag/M30 MsEeuisy arfainavazaaladalnam

(K]

ALRDSAILLEANDTOA NTLAY WazAARUMENTY Lamsiiulunaosseluifmunya

3.5 madautiisuladana
3.5.1 nsaeuiisuladaing
msgouiisuladainalagldladainamanes wleenidy 2 funeuie
1. ASASINEBUAINENSEIUNSYE (Repeatability)

2. msdeuiisuAugNdBUDIanavasladalng
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3.5.2 A5739daUANUaINITATUNISNIT

Dial gauge
——

Supporting

stand
e ——

@) Measuring

” : stand
-
A7

AT 3.11 N1sRsIvEUAUENNTnIUNSHITNveladang

1. \WendagUnsalU-WaveR uaz U-Wave-T wazfinasladainaidrfuladainam

aweiUSuRsmuinladainadl 12 wiin

=)

29 3.12 fnnaladamnaitnuladatnamainas

2. imsesuladanalasyiinisuivlasainamamesegeti q valudrmids uas

founds audvainauazUSuRsgudladainadt 12 wrim
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oo

el
s

NN 3.13 N1529350lA AN

4'-‘] ﬁ' s ; v I L4 l
3. leuunuidouvesladainalulszuna 20% vawmtntnodsdn o uazUdesunu
A o) 1 w 0'1 o ar o a ] 1 1 IJ o Ll
Gouvealadanaaetnet q aunseieiindudaiuiu orumvladanauaznmty

U-Wave-T etuiinua

il 3.14 BeuunuiasuvasladanaTulsranm 20% veswithdaginasgnedh o

4. yneee 3 90 2 ASe
o r_d v o & o ' v '
5. ipuunuiiowvestlndainatiuussunn 80% vowmintaainastedn q wavddes
GJ a L] Lo Q:l al sl at ot dkl 1 U EJ al 1
wnuiiouvedlndainaated et « sunsevsgaindudaiuiiu snuanladains uagnady U-

Wave-T ot uiinua
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N 3.15 deuunuideuvasladainatu Ussann 80% wihdnainasgiedi o
6. Ng1UD 5 N 2 A5
A IA at wr 1] 1
7. oulnuliouvadladainaussunn 20% wasutntlndainangesiads was

i < s [ O v ow v ow ow A 4 |l L]
ﬁaaameaammlmaamaamamm%a PUATENIVNIRFUNANUNU mum’wlmaamﬁ]

uaznavy U-Wave-T inevuiinua

A 3.16 L@ouunuAuvaslasanaUszuIn 20% YosntintamnasgnesiniEa
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8. Y99 7 8n 2 ATe
9. lapuLNUdauYaladaInaUsTIM 80% vamintndinastsInuay

Uassunuideuwvsaladanangiesinisraunseaiadudaiuiiy sruaiilasaina

waznaly U-Wave-T iieduiinua

AN 3.17 L@aunnuiaauvasladanauszunn 80% vasntintnainastiesinisna

10. 91U 9 BN 2 A5
11. Muaumedasiign (Minimum)
2, ﬁmom‘mﬁhumﬁqﬂ (Maximum)

13 AMwiamAIAMNENNIIa g weslasanasiannsn (3.1)

Repeatability = Max — Min (3.1)

dlo Max ﬁwﬁumﬁqm (slowly, rapidly)

Min = ﬂ"i‘ﬁ'ﬁaﬂﬁqm (slowly, rapidly)
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A19799 3.1 (A28819) As1eTuRnEaNIIATIRdaUAMNENsaluNISNgvadlasaine

Measuring Readout from dial gauge (mm) Min Max Repeatability

Read 1 Read 2 Read 3 (mm) (mm) {mm)

position (mm)
slowly | Rapidly | slowly | Rapidly | slowly [ Rapidly | slowly | Rapidly | slowly Rapidly | slowly | Rapidly

20
0.01 0.00 0.00 0.00 0.01 0.00 0.000 0.000 0.000 0.000 0.000 0.000
{<20% of full scale
80
0.01 0.00 0.01 0.00 0.01 0.00 0.010 0.000 p.o1e 0.000 0.000 0.000

>80% of full scale

3.6 Somsaouisuladainanlglasanamainas
3.6.1 Ainnaladamnadnnuladanamainas

1. Andaladainainduledanamanas

N 3.18 Annalasainadnnuladainatnanas

v & caM  w ¢ v @ ¢ ol ) ' oy o
2. Vivdsmudiladainamanesiazdsungudilasainasaiiladains

NELHDS
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AW 3.19 YSuasaudnlaganameaines
@ ¢ ot i a ad e [l
3. wpululasieavesladainamanesdulaoduvedladainadfisumini

dereInsin sAmladainamames uavnady U-Wave-T iiletuiinua

= a ¢ 5 W X
nwii 3.20 nyulalasiivesisnvedladainamaineiau

[T
=

4. wyululpsiiwesisavedladainamamesasineuvadladainadimums

MeganuidvueIntsin erurfiladanamamesiaznay U-Wave-T Wetufinua
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nwit 3.21 vululasiiinesionvasladanamainesas

5. vhonaded 2 fs 4 8n 2 A

maneing : Wsunsuasdsdeyail U-Waveldtufinlig Excel ionisduon
wuudaludRlienaude 6 89 9 fuamanade (X)

6. AUIMIAIAITUAANATA (Error, E,)

& ﬁﬂmmmﬁ%ﬁmmummgm (Standard Deviation, G, )

8. AnwmAInllldueu (Uncertainty)

9. AMUIUMIAN Indication Error
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A15°90 3.2 (FeE149) UulinuanisdeuliisusasnsAuliiAIAuiawain (Error, )

9@4Dial Indicator W&y Omm -10 mm

BRI N : ffiszy (mm)
£ . ATLNUeY Dial gauge tester
T . rfignifeses Dial Indicator X+,
Xay : ﬁhmﬁaﬁém‘lﬁmﬂ Standard
E, : AIAURANAIABY Dial Indicator
G & f»i'uﬁ'amummgm (mm) )

3.6.2 NMIATUIUNIALAAY

° ' - o v P
1. NSAMINWIANREY dU150AUIMLeRIaNNIST (3.2)

X = o Xi (3.2)
2
Wa X ; Aialansala 9
n : TIUIUATIVDINTIA

2. $798 1N 1 NRaNISEBULTIEUAIN Inspection Calibration #a15047015
AuIuARdY (X) al mMundinsian 10 mm lanansil

_ 10.008 + 10.007 + 10.007
X = mm
3

10.00733 mm
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3.6.3 M3AIUIUNIAIANUTLIULLNIATEIU (Standard Deviation)

1. MIAnamIAIAUTENULNIATEIY @1unsafuIlafEunisi (3.3)

Z

é o 1 s €$ 2 )
AMTEUUUIATEIU (G, ) U SUNLINTIAN 10.00 mm leiansil

o;,_] = {33)
W  x ; Andalansila 9

X : ALRAYUBINTT IR

n : IUIUASIVAINITIA

F98197 2 IINNANISABULMEUMNAITNT 3.2 RI1TUINITAIUINIAT

3
=l

\/(10.008 -10.00733) © + (10.007 - 10.00733) © + (10.007 - 10.00733)

Opn1 = mm
3-1
= 0.00058 mm
3.6.4 MIAUIURIAIANURANATA (Error; E,)
1. MIAIMIAT £, @mnsarunuldfaunisd (3.4)
E, = Unknown Value - Standard Value (3.4)

Wamas)

\lla Standard Value : X +C; : Fi'lﬁgﬂﬁawad Standard (lagaina

X evieuldwes Standard (ladanamawnas)
C, : AN (Correction) ¥4 Standard (ladalnawmaines)

Unknown Value : A915¢Y (Nominal Value) vadladaina

at 1 A o 1 =Y = o/
2. 6n8g1N 3 NMFAIUMIAIRIINRANATR (£,) URan1sdauifisuladaina,

Wde: 0 mm -10 mm AMNaEea 0.001 mm &d. AWrUINTTIa7 10 mm meladaina

sal 1 < = ' v Y] ¢ g .
walnaiiiaads (X) = 10.00733 mm lagauivesladainamainas 910 Calibration

Certificate No.DGT 14-A0819 a #iunus 10 mm dAun (Correction, C) = 0.0019 mm

Ex

= Unknown Value - Standard Value
10.000 - (10.00733+ (0.0019)mm
-0.00923 mm
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3.7 msaeuisuladainalaeldiaios i-Checker

NNY 3.22 wERINsAnReladanany Stand Y991A304 i-Checker

3.7.1 enwiuBniidonAnegiudadns i-Checker Tuilaaindindos i-Checker 58
103uiATes 1 Uil

3.7.2 \UnlUsuunsy i-Pak

3.7.3 ¥in1saesuiain (Spindle) ¥aa1A304 i-Checker TneUSuTi Operation Box (u
Jog Dial) Lé’iauiﬁﬁﬁm?ﬁuulﬂﬁmqmmmmmasawuﬁmmmtm 2 a¥simsfnduados i
Checker fushBaveuines i-Checker Fa3Uit 3.23 USuieumiBeli Contact Point wedlada
inaduiiaiuviavesaies i-Checker UsuReaudiiladainaiuinias i-Checker uda¥innas
m%u"lmﬁaLnﬁyu'lﬂwfjﬂmmmL.Lazawuqmmmma 2 efilurnsieamilddanaindy
veslasanalurzyhnmmeiuiunudsvliinsazaavesdutazifudonduin o sumis

ALOLAUTIYIINNTEDY
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AN 3.23 N15105uInvauA3ed i-Checker

374 U909 =) wifee ne

Fiiiniiiiiiii

iia : " =3
AN 3.24 TUsunsy i-Pak

3.7.5 Us1nui1#19 General Information on Inspection T#ldsieasidunvues

\winadlendaugaumpiinudunardedaouiiou na OK
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AW 3.25 MNE9 General Information on Inspection

3.7.6 U‘i’mgﬂfi’lﬁhd Inspection of Function and Appearance #539d0US19aLDEN

NdvanshiimIosiiornig Inspection na OK

) iiiv - -
AW 3.26 w161 Inspection of Function and Appearance

3.7.7 Usnguineg Inspection of Measuring Force Afin OK

-ii. — =
= v o1 : i
MANA 3.27 BN Inspection of Measuring Force
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3.7.8 Us1nguilnsing Setting of Reference Point Tidagaisudulifugudvislada
\nafuLATeY -Checker nA Job Shuttle WUUHT nA DATA i Key Paid w@at5un153anna

TUsunsw

AN 3.28 AN Setting of Reference Point

P & w o o v v
3.7.9 LuﬂLagﬂﬂJumauﬂﬁ’m%ﬂi’] ﬂﬂ“u’?"“@ LLE‘imNaw?ﬂlm

AR ||

P S S

AN 3.29 wienakanadlaEsatunsunsIn

3.7.10 Usinguiei1a Setting of Reference Point natjs DATA (Reaen

Repeatability lnunatu DATA TuiSaeauaudunounsin Repeatability
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,,i' ™ — =
AT 3.30 69 Setting of Reference Point

3.7.11 1olaadunaunisyin Repeatability 92UsIn U619 Conformation of

Inspection navu DATA

LB BT

AW 3.319U069 Conformation of Inspection

3.7.12 ¥hdde 3.7.4 f93.7.11 8n 2 A

3.7.13 fwanaiade (X )

3.7.14 AMUIMMIAIANIIAAIAAADY

3.7.15 AuimALDduun g

3.7.16 AuaAtaulaiiuey

3.7.17 AUIUMAANSIGT = ANALANANYDIAT Error ﬁmnﬁ?jmﬁaﬁwmﬁm%ﬁ
fyaudeniu

3.7.18 A1uIUNIAN Indication Error = ﬁ'wmmLmnﬁi'mﬁ'mﬂﬁqmaqﬁ’m Forward
WAz Backward

3.7.19 AUrMIAT Retract Error= A1ANUANA1STNTdR duniantsTa
LAENAUUDIA1Y Forward wagd U Backward

3.7.20 fMurmmIAn Adjacent Error= @A mLANAN9YDIA Error fisnnfianseuing

yneoIgARaiuAIY Forward wazAu Backward lugesseuweanisia (Two Revolutions)
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A154H 3.3 (Aegne) TuiinwanisaauiiisunasnisaulnmiAnuianwane (Error, E,)

94 lndana Nay Omm -80 mm

T Rewding hum lndicoter Tester (- Retraze | Adjarent Indirmhen errer
! min) Hewd Howd 2 Reat 3 mm) e} Iman) e ernar tima)
um F B ¥ B F ¥ F B F B F ] F ] F 1] frum) tman) [0 revelution) 112 revolition | ooe revolution | twu ey ulutions el mesiiriog 1ang
ok foDesbo | e oeule | 0uboud | 060069 | o oen v o 80 " [ ! vovoen | oenesd | voster | obbeds | vousen | eeves | worrrr | weeiie KA B usiot 600403 [T Buouts?

0.8 1000600 [0 000 063930 [ 02040 | a0 | b L pionin | owogere | oot | ooowser | aeoed | eonsre | v
2 |0 00wo0 | 000000 | 01945 | 0.20063 | 0 j9u 195 es | o 016948 o | nuseds | pov0s2 | eupug
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| 0.7 |eowene | & aeeon | n.6seal | o 7o ’ o 1 prsiig | a 069sd) | ovonet | wowes | 0us0s | wevnse | 0 onee?
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AMSEY mm

: AWNYY Indicator Tester

ANPigNAB4UDs Indicator Tester X +C,

Anadefienulaain Standard

: AAuEananwadlagang

ANDEAUULNASEIU mm
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6. NISATUIUNIALDEE

o 1 ‘=‘ o U s d.
A1SAILIMMALRAE auisaAuIMlAGIENN1ST (3.2)

n x
X = = (3.2)
i=1 1
o | AW v o
W  x : Aialansila 9
n : FIUIUATIVBINTITIA

s 1 4 = -:J =y o 1 -:1 —
FI8E 1 PINNANITADULNLUAIUAITIN 3.3 NITUINITAIUIUMIANREE (X)) U
FIUUINTIAN 80 mm lAnamail

5 80.00033 +80.00042 -+ 80.00038
- 3

=80.00038 mm

7. MIAUUMAIANUTENUNNIATEIY (Standard Deviation)

° ' o o o o
ﬂ'ﬁ@']u:]quﬂqﬂ?qﬂLUH%UUNqﬁiﬂqu aqﬂquQWUQMIQQQﬁNﬂWEW (3.3)

On, = (3.3)
We  x : A ialdnsdla 9

X ANRAEVRINITIA

n : TIUIUATIVBINITIA

A8879% 2 91NNANISABULALUATLAISIIN 3.3 RIITUINTITAIUIUNIAIAIY

a

14 o ] o A:] v du
LDeauunnggu (O, ) a fuvteni1sIai 80.00 mm lanansil

(80.00033-80.00038 + (80.00042- 80000392 + (80.00038-80.0003%?
O, = 31 mm
= 0.000045 mm
= 0.00005 mm
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8. N3ANUIUMIAIANNRANAIA (Error; E,)
o U o 2 s A
MIAMIUMAE, A N15aAIULARIauN15T (4)
E = Unknown value- Standard value (4)
e  Standard value = X +C, : fAfignAeIved Standard (Dial Gage Tester

/Calibration Tester /Indicator Tester)

X ‘ : Avfigruldves Standard (Dial Gage Tester
/Calibration Tester /Indicator Tester)

Cs : AUA (Correction) 984 Standard (Dial Gage Tester
/Calibration Tester /Indicator Tester)

1A

Unknown value ; Mizy (Nominal value) va4 Dial Indicator

Mae M 3 N13AwIMMmIAIALRANAR (E,) YeIn1saauLfisuDial Indicator, Adw:
0 mm -80 mm Amazdea 0.001 mm . HUNUINITIAT 80 mmene Indicator Tester 3

A1LadY (X) = 80.00038 mm TmeAufvas Indicator Tester 390 Calibration Certificate

No.DF-0052-14 @ siwmila 80 mm didun (Correction, C,) = -0.1 .um

Es Unknown value - Standard value
80.000- (80.00038+(-0.00010))mm
-0.00028 mm

1

3.8 nsuszifiuaranuliniusuvasnisdauiisuladaing
1. nsdszifiuamanuliuwdusudmiunisasuidisulasainaaiuisaldeuaunis
AudLRUSUDIAIANAANAIAY8T Dial Indicator wazanwaiiilinanisiainainull

] s c}
LUUBY Reaun1s (3.5)
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I, (@ x At)

= [l 1 . .
AN 3.32 uansavgvasnnlintueuvasnsauLiisy Dial Indicator
Error = Unknown Value - Standard Value
Ex = lx - ls'i'[ I~><(1-><t;’< = lsa«sts ] (3.5
wiee) « Llindvswavesnisiudsuuwlasvosgaumniilumend 3 unfinnsanlunsel

QGIJ?I dJ v @ e = Vv 1 o o i
URnIY L‘LJENE)']ﬂﬂ@ﬁﬂﬂﬁﬁﬂ?ﬁﬂ@ULﬁUU”} amwmmuquqmwgwa@ixmwmmsﬁaum‘auag{

#1(2022) °C wide Fenigamgiiviealianuaiios vlinasiavesanuensewing Dial Gage

Tester M Dial Indicator Wasun

E;; = e - g
2. wvnvesnabivdueuvesnisaeulfioy Dial Indicator UARIRIALNANT (3.6)
Ee = L= l-8ly + 8l 8l + 8l +( LX & XAD + 8L, (3.6)
do L AN MITRalAdang
L. L ANEMIvRIlABAINWEAS
Bl . manuliudueuiiosninanunsivesasanamanes
Bl - aenuliudueuiisennewandonvesladaing
Walmos
B, - aaruldudueuiionnanuasBeavedladans
Bl - anaylduiveudiosaineuisvve s dudaes
ladanamnanes
o : mmma'ﬁlﬁaﬂy
@ = E—:—a . AuefpvesdulsrAninisusnes (o) vetlanesening

ladanamawmss wazladang
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At : AAnueamasungansuldvasaugiivies = 2 °C

U

e - Aranulinduswilosnnszuulaseadratu anuan
(Squareness) vaamsinsaladanaidniu Holder vaa (Dial Gage Tester) 1{usu
3.8.1 nsUsziiuaranulduduausia A, ul) [6]
1. msusaifluAaranulinuueudmiunisasudisuladainaids (Range) 0
mm -10 mm ANazdea 0.001 mm o, fundenisiai 10 mm Taeld ledainamanas
#&8 (Range) 0 mm - 25 mm AmNazLEEA 0.001mm AnNan1sasuisuladananIneisis

1 3 ausaauanaauliliuaueia A lasmaunisn (3.7)

ully) = G (3.7)
~/ F1
Wlan : TIUIUASIVDINITIA (N=3)
'y P : A1 T8IV UNIATFIY (Maximum Standard

iy = P i ey v W
Deviation) VHINVEATENINNANIAIU Forward ey a1U Backward
wnuA luaunis
0.00058

= — {fifh
V3

0.000334863 mm
= 0.00033 mm

3.8.2 msuszdiuaianuldutueu Type B [6]

1. msUssiuAnaliniveuiiAnandunsgiu (Standard); ully)
fnsandianalduiuoutasnisaeuiisusainaings 0 mm -10 mm lagld Indicator
Tester 4u1a 10.00 mm 9101y Certificate No. DGT 14-A0819 §iA1 Correction = 0.0019
mm wagAnulaitueuindu + 0.002 mm fissduaiuiiasiu 95 % uagiid Coverage
k factor = 2.00 FeuArauldudusuidissnnladanamamedie

o 1 I:J 2 LY
2. MImuIumAgnaessdlndainamanes

T = X + C (3.8)
= 10.00733 + 0.0019 mm
= 10.00923 mm
doT :  Aigndesesladainumaned
I Auadsfienldvedladanamanes
G, : AN (Correction) w84 ladawnawmainas
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3.8.3 nMaAuamiataulindueuvesladanamainas; u (1)

ull) = Expanded i]ncerraimy (3.9)
0.002

= - mm
2

= 0.001 mm
= 0.001 mm

3.8.4 nsUsziiiuArAulduiveuliasnnsidoud1vasianasgIu; udly,)
a Lo o < ' g a o
nsusediuAaMyldwduesuiiasainnisiaaua (Drift) vesladainamaines

Ieanmsdumiasileluaauiisy damisaduulasad

=

e s = v V2 o ' el s : %
1, 'LuﬂSmwu‘dimGWﬂ’]iE‘IE]‘UL‘VIEJUﬁ‘NLL?ﬂhJEﬂﬂﬂ’l‘iLaaumﬁ]:ﬁu Distribution
Y

WUU Rectangular @4aziiA1n1351aaulnaves Standard 11U Imported Uncertainty wag

Divisor = /3

E ded Ul taint
LY = xpande ncertainty (3.10)
V3

0.002

\/5 mm
= 0.0011547 mm

2. nsqiniivseifnisaeuliisuninndt 3 asadl Distribution UL Rectangular
.:1'7 Y dll U 1 at d L U A 1 =1 U o
HavglaAnisiieuA1ved Standard whiunisideumidarge - nsideurmestnouni uag

Divisor = /3

u(dly,) = Alax (3.11)

4

3. nsailuseiRnisasuisuaas Standard waziiA1nsiaeuA1ved Standard

firdesmnnifieulugudainisidieudves Standard 819 musan Imported Uncertainty

il 16 warivuamInsEaIELUY Triangular Divisor = V6 AIULBNETTENIBS M3003
3.8.5 Fi’lm'mhiu,ijuautﬁmmnﬁfnuazgﬁamam‘éaaﬁammgm; u(dL,)

1. finrsanaayliuduswiosinauazidsneslasainamainesil
anvaznisedunuuiineaiianuasiden 0.001 mm fvualidnsuzaoinisnszanedy
WUUAWAEY (Semi-range) MatiuArruldutusuiiesninauasenaunsadual s
dunns (3.12)

uldly) = Resolution |2 (3.12)

o]
0.001/2

A

2

= 0.000288675 mm

mm
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2. nsaiAtAuliuiusuiioiinanyasideavadladanamaines danuvae
n1serudunuvalna (Graduation) far1uazidan 0.001 mm wag 0.0005 mm Aauuale

o
@ e '

anwazuainsnszaelunuudmaen (Rectangular) AstiuAiaiulduwiuewiiesainalny
azluaaNIsamuIUlARIANNTS

U(Slis) & Readability (3.13)

33

3.8.6 AAnuldudueswiasainaiuazideavasladamna; u(dl,)
1. AnrsanAtrulindusuvesnsaauiisuladainanfidnuusn1seudu
aa = a o W < o o
wuuAdnaalnuaziden 0.0005 mm ATUUALHANWMLUBINISNTEAELTULUUFMAEY
(Semi-range) AatuAIAMN LBl NANAsIBaRa oA UILAGIALNST (3.14)

uldly) = Resolution/2 (3.14)
3

2. Mrsanatanulisuusurasnisasuiisuladanandanwuen1se ULty

wuuanailauaziden 0.01 mm ginausaduaiainavasladainaliuszanm 0.005 mm

2/
as 1

Anualidnyuzveinisnssareduluudinis (Rectangular) fetuAtauliwldusy

o | o s o
Wasanadanunsalunisenuy auinlaesaunisi (3.15)

Readabilty (3.15)
5

= 0005

V3
= 0.002886751 mm

u (& ,’x)

1. Press of data button
At Inputs the current position data and

[’:1 %{ 7 mowes spind just before the next
T Hhtomatic

> IREREMENT POSIUON aUomaUcaly
A / wsier
i s ,// \ = s 2. Positioning by Jog-dial

e _':- ik
Zutomatic ~

e 3. Press of data button
':: C\ff//’ tranisfer -

* Inputs the currant position deta
and rmaies spindie st before
hee next measurement postion

At 3-25 wanansudsatnaluniseiuainavediadaing
3.8.7 msUssiliuAanuliviueuilesannisasuulasasgumnd; u@@ x At
1. lunisaeuiisuladanameladainamanesladinsuiulvgaungiives
lefainaiuladanamamesegluannzauna lnafuliludesiiniugugungd (202)°c il

=l

a at He v oo L ot 8" v k4 o 2
Nsandagliitladains wagladainamamedlasialuudiiain Stainless Steel fien
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FussAvinisvenasvedlany (Coefficient of thermal expansion, o) WU (11.5+1)X 10"

¢ LaginIINTEILMILUUAMABL FITU

_ LoX (@ X At)
u@ X At) - = (3.16)
o <
Wa D ANNYINTBY
=ara, o ARdvdUsEAvEMTeedvedanssewinsladaing
2
wamasiay Dial Indicator = 11.5 x 10 °C*!
At L Aeueaandeuiseiulivesgamaiivies =2 °C
o : duusgAnanisvensdivesladana
a, : dulszAvsmsvengivedladalnawanes
wnuAluaunIs

10mm x (11.5%107%)x(2)
V3
0.0001328 mm

u@ X At)

11

3.8.8 n1sUszifiuAarauldwivsuiiosainanuldisavsssiianindudavas Dial
Gage Tester; u(dl,)
= 1 1 1 df (=t = ¥ e s as

1. warsanAtaylivduaudiosnnanuldiSsuvesinntndudaves lnsa
Inamamaian Calibration of Certificate (DGT 14-A0819) vasriasUfuRnsaauiiauuem

a o w a1 a ) ] a ' ' P
giwa 91ie AA1A1seu (Flatness) Uoeni1 0.32 um wasiliamaalidwiuouiiiadninnig
IAWNAU 0.21 pm NT2AUAMULITELIUT 95% LagAl Coverage k-factor = 2 fatuAtAulal
' | ' a I T Y) W ¢ o Y s o
wdueullasainanuliBsuvestimihdudavedasainawanesaiuisaruialasaaunisa

(3.18)

Expanded Uncertainty (3.18)

(&)
u f r

= g pm
2

= 0.105 um
= 0.000105 mm

3.8.9 mauszdiudrauldudusuiissainnsiinnsuas Dial Indicator; u(dl,,,)
1. lun1saauiieuladainafids 0 mm -10 mm #1e Standard lasainawm

awosiAmnuraiaeiaudasainnisinndlasainadntu Holder vasladanamanss Wy
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A1URN (Squareness) fAMAURAANAIAWNTU 1 Resolution/Graduation Sin1snszanaiiy

‘:ll d L7 5 1 1 1 o Vot l:ll
wuudwmaey (Rectangular, 43 ) setumanuliiuuauaiunsamuinlasiaunisa (3.19)
Resolution/Graduation

V3

W) = (3.19)

-
V3
= 0.005773503 mm

mm

3.8.10 Anranulduduausiy; u,
ArA1u LU UsIY; (Combine Uncertainty; ug) LunisdaAraaulal
wiusuilsndirgae q Asnandrsiuansuiuiuunnfidgessniidsaes (Root Mean

v o o ° [y ol
Square) slstuAAUltiluuauTIN U @saANAlaRIENNIST (3.20)

Hy = \/uz(l,)+u2(1~)+u2(é?(t‘)+u2(é?,‘\.)+uz(é‘l'u,)-i-uz(ExAI)-i-uz(cS?ﬁ)+u2(él"mx)2 (3.20)

2 2 2 2 2 2 2
= (0.0003333 +(U,OOWODOQ +(0‘001154a +(D‘0002853 +(0.00288675) +(0.000105) +(0.0057?39

= 0.0066511 mm

3.8.11 A13ATUIURIAINIUTENOU (Coverage factor; k) N1SATUINUIAIAD
Usznausau k
1. 31naun13 Welch-Satterwaite Equation 81484 EA-4/02, Appendix E,

a1n15 E.1 awnsosuuls asaunisi (3.21)

4
U

Vu.’f = ”

b (3.21)

=] V,

4
-

= 4 4 4 4, 4 4 Sl 4
u (."x)+zr (:’.i.)+ u (5/,,.?)_’_ u (axAt)+t: (&”")Jr” ( ,_¢)+u ()

n—1 o0 e} o0 © %) 0

u

0.006511"
0.0010000"
J=
-0
. " W o = P
Joannsouszunanailsznou kanaunisi (3.24) §9 Veg=00iila
WIBUBUAUAT Veglum1314 Effective Degree of Freedom wuinafiduiadldiianiy

00 1NM151 E1 astuAdiUsEnau k = 2.00
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A5 3-4 UaeaAN Factors k dmun1smAInes Vg (4]

Vet 1 2 3 4 5 6 7 8 10 20 50 0

k 1397 453 | 3.31 | 287 | 265 | 252 | 243 | 237 | 228 | 213 | 205 2

3.8.12 Aranulsiuuuauveny (Uyss,) [4]
ArA1uldutduoueny (Expanded Uncertainty; Usse) WARISIaNN5T
(3.22)

Uos9) = k Xuc (3.22)

= 2 X 0.0066511 mm
= 0.0133 mm

+"+ Urepotoss ~ 0.013 mm

AN597 3-5 wanadioens Budget Uncertainty %84 Dial Indicator #Wd® 0 mm -10 mm [4]

. X . A Anvmzns 5 . Awamibinduey | sapnau
Uluasdn unda/anwgveanIlindusy AmIs Amanila w
Taodszuin NIy woan1TIA Wudasz
Standard
(Quantity), ) Uncerain®y | probability Sensitivity Uncertainty
Source of uncertainty Estimate Divisor " Of n,
X, distribution coefficient, ¢, Contribution x 5
1, Frruliviunuinaninnisiad (Repeatabilig) | s 306023 mm| Unf (Normal) Il 0000333 mm 2
Fpauliviunueas Standard wn Calibration | " -
s 7345949 mm| 000260  mm| Un# (Normal) 2 0001000 mm o
Certificate
dnuliviunuiaieand Dal/stability 1 wuniiwdvy
o, ~ ” i O mm| Gouren mm| 1.732 0001155  mm @
Stanclare W39 TAveanmae iy (Rectangular)
Ararulivdusudlosaind s uaziiinaan wnididoy
dl ¢ mmj GoUs2 mm - L1732 CUCH2EY  mm L
Standard (Rectangular)
Arrmbiviusudasemd s mosdionuns wuuimion
dt, D] mml 0204 mm)| 1.732 i O 002BE6850  mm)| «©
Unknow (Rectangular)
" e 4 ey g
Awrrrubluuguidosiniiniwoveanis & = wuuiudiuy .
At " . 9 C 200 C 1732 wog L] 0000132800 mm| o
wivuwdausaguwiil (Rectangular)
Wimaibiwiunudas i Flatness waa =
o, o mm| oocozl mm| Uni (Nermal) 2 00001 mm ©
Standard
Anrubiuvduauilaseinssuulasaaiirona Dial wuudmdu
- 3 mm| GGICh mm| 1732 i D.005772500 mmy ©
Indicator (Rectangular)
u Airrnbiwduouia (Combined Uncertainty) Unii (Narmal) DOESE501  mm| @
Armrmliudupunnan (Fxpanded Uneartainty) _ :
L i ‘ 31 mm Uné (Normal) A Z00 0013 mm @
wnanTadauin Dial Indicator
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of
Unv 4

WaN1INngaay

nnmsfmulusunsudmiulssgnaldiueasiuuuulndainamanessinninoane
Bnsddygrauwuuliangieaneuiiawaaszwitemsieloutoya dswaliimstufinuants
aouifisunuuiSealnideuthdeyaluirssiuasiuisuiiouna unilenandmaildainnis
naaoulsEANSAMITUUTIRAILNTY lngvinsneaesualugnAvILazaINaINIsalunIsas
dyanavesyagunsalifandauuulimg awannselunisdeleudayasewinadusunsa waznns
WisuisuszezgnatlunisasuiieuladainadmeiBdsdyananuu Eaefivauiuiunie i

Checker MiiTviunelunamang

4.1 mswagauaNunTalunsdedyainvesyaaunsalioudewuuliae
wisliwdladinisdeedayasieisnsdsdygranuuliangvesnsasuiisuladanail

AMugNABY Feinsnaasulag 1) aaduiinuanisaeuiiisuladainanisilaatuunszaiuniy

d Ce =) a e 3 4 = s
WIASFIU IS B7503 muiiwdnauvesuievufiRegilulszduas 2) dwamsasuiiieuladaing

U

meddnsdsdygranuuliany vitwewisuifisuaugniesweseyarsaesyaitnsatuvioly
o ﬂl 1 ﬂlf’ A 1 c.!: =f 1 ﬂ; i :!; 5
msnadaulznssLuuiuAmuluEesqnasgadergean natfiuAiduaseas 0.1 mm lu

WEuN133R 0.00 mm §9 2.00 mm As9aE 0.50 mm TuRdun153a 2.00 mm 89 5.00 mm wagAsa

YY)

ay 1.00 mm Tufiden1s3m 5.00 mm 84 10.00 mm L558n77 Forward (F) waglunmeanduiiuain

"o ) )

AngaluiiAfigs 1Fundn Backward (B) Ingazeud1iinle 3 sou dwiunisdedoyasy
aa | e 1Y I < , v < - |

ABnsdsdyaanuuliaeaznaui U-Wave-T iianisdedayaunitnenfiameslagsiiumig U-
Wave-R wazgnduiin UseForm3 lagdnludd nanisiaviawuudufindrsiiouasuuudiiugn

gUnsaliausie U-Wave uandluguil 4.1, 4.2 waw 4.3
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o m—mnmﬁ'ﬁumwueﬁi’mmmmw Dini Indticate

Reubing oo Disk Gouge Testor ! calbration Tester lnm) Reaiting froen Dit Gouge Tester / calraion Tewiw {mm}
Y Haad 1 Read 2 Rand 3 i Fead Road 2 Head 3
{menj ¥ 8 B [ 3 8 {murn} F 8 3 Y £ 8
SRR TSRS 5.5] [WEae,«) Aol B ol e de y wny| LNy
O0E- < e Ll % Sy Orid - % . g
) o A h] 20 EPUN T sl T ™ i o e | e s 6 i ot b

o ST 611 ik SR S}
{3 va Mo kel
L4y G0 -0y Sy
. G0 E O A0
o SRV LES N L o1 b
3 Gode 0y Tt b ey rorede o §o o aes b G
ey o b 08 O] - 0 G e Ay SR - A0
L L 000 = 1 nods i1
RIS WIn 1ol A BT Tel o]
£ > =4 200
L3 le ] 26ty 2O 1

B O3 b DE e g 8 A L TR L R ]

I s e | el iR i oy WL

ol el
AR

on e &y BTV £ PO LL L Ovey - F Oy -

ook raaat. 7 aan-& nent-7 e

G opd. & ganle o anal. 9 ooed.y o

G Lot ST - et A

wherdeliiin i)

e

Lipy ] a1 399 Lo

| Brabei S0 j-1 B i BLAN
AN L I N e 2101 L)

Fompemy e b gy b1 e 4 L9l 1L vas

LRC |- j ool | 7o w8 i i ot OO i o
Eepey fa] ST fad Gy

s pyralg povenl s 2]

nAg

LRAE-
ol A
. : i X ‘;‘ l"Q’l

3 - s epapt. s ool soaanl. s amal. e aagl. D seo

o ] 9 g o Lyl

4 o 2/ v 2
NN 4.1 ‘U‘LWIﬂﬁﬂi&auuﬂixﬂ’]‘lﬂiﬂﬂﬂ'Iiﬂ‘éaﬂ“ﬂ’e]gﬁil'\mﬁuqﬂﬁ]LLﬂﬁNNa

Userform3 o ]
Forward Backward
Read1 Read2 Read3 Read1 Read2 Read3
g.00 | 0000 0,000 0.000 0.000 | 0.0 0.000
0.10 -0.100 0,101 0,101 4,100 ; -0.101 0101
0.20 -0.200 -0.201 0.201 0,199 -0.201 2.201
0.30 0.301 -0.301 -0.301 0,301 0,302 -0.302
0.40 -0.403 -0.403 0,403 0,401 0,402 -0.403
0.50 0,501 -0.501 -0.501 .0.502 0,502 -0.502
0.60 0,601 0,501 -0.601 | -0.602 0,602 0,602
0.70 0,701 -0.701 0.701 0,701 -0.701 0.702
0.80 0,801 -0.801 -0.801 0.799 0,801 -0.801
0.90 -0.900 0,901 0,500 | 0897 0.901 0.901
1.00 -1.000 -1.001 -1.001 -1.000 -1.000 -1.001 N
1.10 -1.100 1101 -1,101 -1,100 1101 -1.100
1.20 1138 -1.199 -1.159 -1.200 -1.200 -1.200
156 -1.299 1299 -1.300 -1.298 -1.300 -1.300
140 -1.400 -1.400 1400 -1.399 -1,400 1401
150 -1.501 -1.500 -1.501 -1.500 1501 -1.501
1,60 -1.601 -1.501 “L601 -1.500 1601 -1.602
1.8 -1.700 -1.69¢ -1.699 -1.700 1,700 -1,700
1.80 -1.798 -L799 -1.799 -1.799 -1.793 -1.799
1.00 -1.899 -1.895 -1,858 -1.397 -1.899 -1,398
200 | -9se -L9% | -1993 1999 [ o199 [ -1.998
A 22,290 -2.:499 2,500 -2,398...... 280|250 >

A 4.2 enduninldanngeaunsaleusalians (Faeuw)
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Userform3 A i v <) Y i .

1.50 -1.501 i”‘-.l.suu | -1.501 -1.500 -1.501 E -1.501 -

1.60 1601 | -1601 | -1601 -1.600 1601 | 1602
1.70 1,700 ] -1.699 -1.659 -1.700 1,700 -1.700
180 | 178 -1,759 1759 1,799 -1.759 -1,799
100 | 189 1399 | -1.8%0 1,897 -1.859 -1,898
2.00 -1.999 -1.998 -1,958 1999 -1.958 -1,398
2,50 -2,499 -2.499 -2.500 -2.498 -2.500 -2,500
3.00 -2,993 ; 2,999 -2.999 -2.933 -2.999 2,999
3.50 -3,500 3 -3,500 -3.500 3.4 -3.500 -3,500
4.0 -3.995 43,597 -3.998 3,997 -3.958 3,898
4.50 3,48 4,499 -3.499 ) 3,48 4,459
5.00 4,957 4997 4,987 4,997 4,957 I 4,998
6.00 -5.999 5,999 -5.959 -5.999 6000 | -59%
700 | 689 5998 5,999 -6.592 -7.000 6,999
8.00 ; -7.999 4,000 7,99 | 7om -7.999 6,000
2.00 8.999 6,000 9,000 i 8,999 5.000 5,000
1000 | 998 £.599 9,958
Time : 10.25
Temperature : __23'16_____
Homidity : 54.3

Finish ] Clear | Cancel f

=

A 4.3 Andituiinldaingeaunsalideuselsane (dieans)
mnwaﬂﬁwﬂaaqLLamlﬁLﬁu'ﬁwmﬁa'mlﬁmmmﬁ'uﬁﬂ%’a;éaﬁwﬁa wazAaulannIg
v = v ) ¢ o ' v - v @ o o @ a & v =
Uuiindeyalaaldyngunsaiivendaliasiidoyansatuyngaiiviinisia Anduiesasz 100 3

annsaaglliinsduiindeyalaeldaunsalitonsalSaefinnugniouaziaiudy fusvavsnm

) - W s < 2 Y %
zlszendlisuiuinsewiunuuladanamanesis

4.2 msvadauanudnialunisleudiedayaszuinlusunsy

mwmaauiﬂunmnﬂaaummmmsa‘iumﬂaudw%’agamaaiﬂmmu VBA (Visual
Basic for Application) luglusunsululaseenyi londiva (Microsoft Excel) Tasnsthanittuiinlg
nnyrgunsalifonsiolians Tuninil 4.2 uar 4.3 siieudteusu nmil 6.4 inlunsuindeya
viaoatiunsatumdolal iiesusesideyaiuniignlaudiasndaudtuneuusniinagniasieu
azgnsenululuivsewanisaeuiieuligndsialy Tunisimurismsduiinnaannmsasuiiey
ladaina gamvinlaasramiteng UseForm3 aanlusunsu VBA iitesudayanisasuiiiauain U-

wave gailevimsaeuifisuasuiiuynanin daeuiisuiesnaly ‘oK dwaliiAanisdialoy

Tayaa1n UseForm3 Tudalusunsulalassaviv wonduad laosalusi
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Source Code fifsuduiiialidioyaan Userform3 Teudredeyaluiilusunsalalasvams
ndigad

Private Sub CommandButton1 Click()

Worksheets("Measurement Result 1").Range("F30").Value = -1 * TextBox1.Value

Worksheets("Measurement Result 1").Range("F31").Value = -1 * TextBox2.Value

Worksheets("Measurement Result 1").Range("F32").Value = -1 * TextBox3.Value

Worksheets("Measurement Result 1").Range("F33").Value = -1 * TextBox4.Value

Worksheets("Measurement Result 1").Range("F34").Value = -1 * TextBox5.Value

Worksheets("Measurement Result 1").Range("F35").Value = -1 * TextBox6.Value

Worksheets("Measurement Result 1").Range("F36").Value = -1 * TextBox7.Value

1

Worksheets("Measurement Result 1").Range("F37").Value = -1 * TextBox8.Value

Worksheets("Measurement Result 1").Range("F38").Value = -1 * TextBox9.Value

Worksheets("Measurement Result 1").Range("F39").Value = -1 * TextBox10.Value

Worksheets("Measurement Result 1").Range("F40").Value = -1 * TextBox11.Value
Worksheets("Measurement Result 1").Range("F41").Value = -1 * TextBox12.Value
Worksheets("Measurement Result 1").Range("F42").Value = -1 * TextBox13.Value

-1 * TextBox14.Value

I

Worksheets("Measurement Result 1").Range("F43").Value

Worksheets("Measurement Result 1").Range("F44").Value = -1 * TextBox15.Value

Worksheets("Measurement Result 1").Range("F45").Value

-1 * TextBox16.Value

Worksheets("Measurement Result 1").Range("F46").Value = -1 * TextBox17.Value

1

Worksheets("Measurement Result 1").Range("F47").Value = -1 * TextBox18.Value

Worksheets("Measurement Result 1").Range("F48").Value = -1 * TextBox19.Value

Worksheets("Measurement Result 1").Range("F49").Value = -1 * TextBox20.Value

-1 * TextBox21.Value

Worksheets("Measurement Result 1").Range("F50").Value

Worksheets("Measurement Result 1").Range("F51").Value = -1 * TextBox22.Value

Worksheets("Measurement Result 1").Range("F52").Value = -1 * TextBox23.Value

Worksheets("Measurement Result 1").Range("F53").Value = -1 * TextBox24.Value

Worksheets("Measurement Result 1").Range("F54").Value = -1 * TextBox25.Value
Worksheets("Measurement Result 1").Range("F55").Value = -1 * TextBox26.Value

Worksheets("Measurement Result 1").Range("F56").Value = -1 * TextBox27.Value
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Worksheets("Measurement Result 1").Range("F57").Value = -1 * TextBox28.Value
Worksheets("Measurement Result 1").Range('F58").Value = -1 * TextBox29.Value
Worksheets("Measurement Result 1").Range('F59").Value = -1 * TextBox30.Value
Worksheets("Measurement Result 1").Range("F60").Value = -1 * TextBox31.Value
Worksheets("Measurement Result 1").Range("F61").Value = -1 * TextBox32.Value
Worksheets("Measurement Result 1").Range("G60").Value = -1 * TextBox33.Value
Worksheets("Measurement Result 1").Range("G59").Value = -1 * TextBox34.Value
Worksheets("Measurement Result 1").Range('G58").Value = -1 * TextBox35.Value
Worksheets("Measurement Result 1").Range("G57").Value = -1 * TextBox36.Value
Worksheets("Measurement Result 1").Range("G56").Value = -1 * TextBox37.Value

Worksheets("Measurement Result 1").Range("G55").Value = -1 * TextBox38.Value

Worksheets("Measurement Result 1").Range("G54").Value = -1 * TextBox39.Value
Worksheets("Measurement Result 1").Range("G53").Value = -1 * TextBox40.Value
Worksheets("Measurement Result 1").Range("G52").Value = -1 * TextBox41.Value
Worksheets("Measurement Result 1").Range("G51").Value = -1 * TextBox42.Value
Worksheets("Measurement Result 1").Range("G50").Value = -1 * TextBox43.Value
Worksheets("Measurement Result 1").Range("G49").Value = -1 * TextBoxd4d.Value

Worksheets("Measurement Result 1").Range("G48").Value = -1 * TextBox45.Value

11

Worksheets("Measurement Result 1").Range("G47").Value = -1 * TextBox46.Value

Worksheets("Measurement Result 1").Range("Gd6").Value = -1 * TextBox47.Value
Worksheets("Measurement Result 1").Range("G45").Value = -1 * TextBox48.Value
Worksheets("Measurement Result 1").Range("G44").Value = -1 * TextBox49.Value

Worksheets("Measurement Result 1").Range("G43").Value = -1 * TextBox50.Value

Worksheets("Measurement Result 1").Range("G42").Value = -1 * TextBox51.Value

Worksheets("Measurement Result 1").Range("G41").Value = -1 * TextBox52.Value
Worksheets("Measurement Result 1").Range("G40").Value = -1 * TextBox53.Value

Worksheets("Measurement Result 1").Range("G39").Value = -1 * TextBox54.Value

Worksheets("Measurement Result 1").Range("G38").Value = -1 * TextBox55.Value

Worksheets("Measurement Result 1").Range("G37").Value = -1 * TextBox56.Value
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Worksheets("Measurement Result 1").Range("G36").Value = -1 * TextBox57.Value
Worksheets("Measurement Result 1").Range("G35").Value = -1 * TextBox58.Value
Worksheets("Measurement Result 1").Range('G34").Value = -1 * TextBox59.Value
Worksheets("Measurement Result 1").Range("G33").Value = -1 * TextBox60.Value
Worksheets("Measurement Result 1").Range('G32").Value = -1 * TextBox61.Value
Worksheets("Measurement Result 1").Range("G31").Value = -1 * TextBox62.Value
Worksheets("Measurement Result 1").Range("G30").Value = -1 * TextBox63.Value
Worksheets("Measurement Result 1").Range("H30").Value = -1 * TextBox64.Value
Worksheets("Measurement Result 1").Range("H31").Value = -1 * TextBox65.Value
Worksheets("Measurement Result 1").Range("H32").Value = -1 * TextBox66.Value
Worksheets("Measurement Result 1").Range("H33").Value = -1 * TextBox67.Value
Worksheets("Measurement Result 1").Range("H34").Value = -1 * TextBox68.Value
Worksheets("Measurement Result 1').Range("H35").Value = -1 * TextBox69.Value
Worksheets("Measurement Result 1").Range("H36").Value = -1 * TextBox70.Value
Worksheets("Measurement Result 1").Range("H37").Value = -1 * TextBox71.Value
Worksheets("Measurement Result 1").Range("H38").Value = -1 * TextBox72.Value
Worksheets("Measurement Result 1").Range("H39").Value = -1 * TextBox73.Value
Worksheets("Measurement Result 1").Range("H40").Value = -1 * TextBox74.Value
Worksheets("Measurement Result 1").Range("H41").Value = -1 * TextBox75.Value
Worksheets("Measurement Result 1").Range("H42").Value = -1 * TextBox76.Value
Worksheets("Measurement Result 1").Range("H43").Value = -1 * TextBox77.Value
Worksheets("Measurement Result 1").Range("H44") Value = -1 * TextBox78.Value
Worksheets("Measurement Result 1").Range("H45").Value = -1 * TextBox79.Value
Worksheets("Measurement Result 1").Range("H46").Value = -1 * TextBox80.Value
Worksheets("Measurement Result 1").Range("H47").Value = -1 * TextBox81.Value
Worksheets("Measurement Result 1").Range("H48").Value = -1 * TextBox82.Value
Worksheets("Measurement Result 1").Range("H49").Value = -1 * TextBox83.Value
Worksheets("Measurement Result 1").Range("H50").Value = -1 * TextBox84.Value

Worksheets("Measurement Result 1").Range("H51").Value = -1 * TextBox85.Value

66



Worksheets("Measurement Result 1").Range("H52").Value = -1 * TextBox86.Value
Worksheets("Measurement Result 1").Range("H53").Value = -1 * TextBox87.Value
Worksheets("Measurement Result 1").Range("H54").Value = -1 * TextBox88.Value
Worksheets("Measurement Result 1").Range("H55").Value = -1 * TextBox89.Value
Worksheets("Measurement Result 1").Range("H56").Value = -1 * TextBox90.Value
Worksheets("Measurement Result 1").Range("H57").Value = -1 * TextBox91.Value
Worksheets("Measurement Result 1").Range("H58").Value = -1 * TextBox92 Value
Worksheets("Measurement Result 1").Range("H59").Value = -1 * TextBox93.Value
Worksheets("Measurement Result 1").Range("H60").Value = -1 * TextBox94.Value
Worksheets("Measurement Result 1").Range("H61").Value = -1 * TextBox95.Value
Worksheets("Measurement Result 1").Range("l60").Value = -1 * TextBox96.Value

Worksheets("Measurement Result 1").Range('159").Value = -1 * TextBox97.Value

Worksheets("Measurement Result 1").Range("158").Value = -1 * TextBox98.Value

Worksheets("Measurement Result 1").Range("157").Value = -1 * TextBox99.Value

Worksheets("Measurement Result 1").Range("156").Value = -1 * TextBox100.Value
Worksheets("Measurement Result 1").Range("155").Value = -1 * TextBox101.Value
Worksheets("Measurement Result 1").Range("154").Value = -1 * TextBox102.Value
Worksheets("Measurement Result 1").Range("153").Value = -1 * TextBox103.Value
Worksheets("Measurement Result 1").Range("152").Value = -1 * TextBox104.Value
Worksheets("Measurement Result 1").Range("I51").Value = -1 * TextBox105.Value
Worksheets("Measurement Result 1").Range("150").Value = -1 * TextBox106.Value
Worksheets("Measurement Result 1").Range("149").Value = -1 * TextBox107.Value
Worksheets("Measurement Result 1").Range("l48").Value = -1 * TextBox108.Value
Worksheets("Measurement Result 1").Range("l47").Value = -1 * TextBox109.Value
Worksheets("Measurement Result 1").Range("146").Value = -1 * TextBox110.Value
Worksheets("Measurement Result 1").Range("145").Value = -1 * TextBox111.Value
Worksheets("Measurement Result 1").Range("144").Value = -1 * TextBox112.Value
Worksheets("Measurement Result 1").Range("143").Value = -1 * TextBox113.Value

Worksheets("Measurement Result 1").Range("142").Value = -1 * TextBox114.Value
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Worksheets("Measurement Result 1").Range("l41").Value = -1 * TextBox115.Value
Worksheets("Measurement Result 1").Range("140").Value = -1 * TextBox116.Value
Worksheets("Measurement Result 1").Range("139").Value = -1 * TextBox117.Value
Worksheets("Measurement Result 1").Range("138").Value = -1 * TextBox118.Value
Worksheets("Measurement Result 1").Range("137").Value = -1 * TextBox119.Value
Worksheets("Measurement Result 1").Range("I36").Value = -1 * TextBox120.Value
Worksheets("Measurement Result 1").Range('135").Value = -1 * TextBox121.Value
Worksheets("Measurement Result 1").Range("134").Value = -1 * TextBox122.Value
Worksheets("Measurement Result 1").Range("133").Value = -1 * TextBox123.Value
Worksheets("Measurement Result 1").Range("132").Value = -1 * TextBox124.Value
Worksheets("Measurement Result 1").Range("131").Value = -1 * TextBox125.Value

Worksheets("Measurement Result 1").Range("130").Value = -1 * TextBox126.Value

Worksheets("Measurement Result 1").Range("J30").Value = -1 * TextBox127.Value

Il

Worksheets("Measurement Result 1").Range("J31").Value = -1 * TextBox128.Value
Worksheets("Measurement Result 1").Range("J32").Value = -1 * TextBox129.Value
Worksheets("Measurement Result 1").Range(")33").Value = -1 * TextBox130.Value
Worksheets("Measurement Result 1").Range(")34").Value = -1 * TextBox131.Value

Worksheets("Measurement Result 1").Range(")J35").Value = -1 * TextBox132.Value

Worksheets("Measurement Result 1").Range("J36").Value = -1 * TextBox133.Value
Worksheets("Measurement Result 1").Range("J37").Value = -1 * TextBox134.Value

Worksheets("Measurement Result 1").Range("J38").Value = -1 * TextBox135.Value

Worksheets("Measurement Result 1").Range("J39").Value = -1 * TextBox136.Value

Worksheets("Measurement Result 1").Range("J40").Value = -1 * TextBox137.Value

Worksheets("Measurement Result 1").Range("J41").Value = -1 * TextBox138.Value

Worksheets("Measurement Result 1").Range("Jd2").Value = -1 * TextBox139.Value
Worksheets("Measurement Result 1").Range("J43").Value = -1 * TextBox140.Value
Worksheets("Measurement Result 1").Range("J44").Value = -1 * TextBox141.Value
Worksheets("Measurement Result 1").Range("J45").Value = -1 * TextBox142.Value

Worksheets("Measurement Result 1").Range("J46").Value = -1 * TextBox143.Value
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Worksheets("Measurement Result 1").Range("J47").Value = -1 * TextBox144.Value
Worksheets("Measurement Result 1").Range("J48").Value = -1 * TextBox145.Value
Worksheets("Measurement Result 1").Range("J49").Value = -1 * TextBox146.Value
Worksheets("Measurement Result 1").Range("J50").Value = -1 * TextBox147.Value
Worksheets("Measurement Result 1").Range("J51").Value = -1 * TextBox148.Value
Worksheets("Measurement Result 1").Range("J52").Value = -1 * TextBox149.Value
Worksheets("Measurement Result 1").Range(")53").Value = -1 * TextBox150.Value
Worksheets("Measurement Result 1").Range("J54").Value = -1 * TextBox151.Value
Worksheets("Measurement Result 1").Range("J55").Value = -1 * TextBox152.Value
Worksheets("Measurement Result 1").Range("J56").Value = -1 * TextBox153.Value
Worksheets("Measurement Result 1").Range(")57").Value = -1 * TextBox154.Value
Worksheets("Measurement Result 1").Range("J58").Value = -1 * TextBox155.Value
Worksheets("Measurement Result 1").Range("59").Value = -1 * TextBox156.Value
Worksheets("Measurement Result 1").Range("J60").Value = -1 * TextBox157.Value
Worksheets("Measurement Result 1").Range("J61").Value = -1 * TextBox158.Value
Worksheets("Measurement Result 1").Range("K60").Value = -1 * TextBox159.Value
Worksheets("Measurement Result 1").Range("K59").Value = -1 * TextBox160.Value
Worksheets("Measurement Result 1").Range("K58").Value = -1 * TextBox161.Value

-1 * TextBox162.Value

I

Worksheets("Measurement Result 1").Range("K57").Value

Worksheets("Measurement Result 1").Range("K56").Value = -1 * TextBox163.Value

I

Worksheets("Measurement Result 1").Range("K55").Value = -1 * TextBox164.Value

1

Worksheets("Measurement Result 1").Range("K54").Value = -1 * TextBox165.Value
Worksheets("Measurement Result 1").Range("K53").Value = -1 * TextBox166.Value
Worksheets("Measurement Result 1").Range("K52").Value = -1 * TextBox167.Value

Worksheets("Measurement Result 1").Range("K51").Value = -1 * TextBox168.Value

1

Worksheets("Measurement Result 1").Range("K50").Value = -1 * TextBox169.Value

Worksheets("Measurement Result 1").Range("K49").Value = -1 * TextBox170.Value
Worksheets("Measurement Result 1").Range("K48").Value = -1 * TextBox171.Value

Worksheets("Measurement Result 1").Range("K47").Value = -1 * TextBox172.Value
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Worksheets("Measurement Result 1").Range("Kd6").Value = -1 * TextBox173.Value
Worksheets("Measurement Result 1").Range("K45").Value = -1 * TextBox174.Value
Worksheets("Measurement Result 1").Range("K44").Value = -1 * TextBox175.Value
Worksheets("Measurement Result 1").Range("K43").Value = -1 * TextBox176.Value
Worksheets("Measurement Result 1").Range("K42").Value = -1 * TextBox177.Value
Worksheets("Measurement Result 1").Range("K41").Value = -1 * TextBox178.Value
Worksheets("Measurement Result 1").Range("K40").Value = -1 * TextBox179.Value
Worksheets("Measurement Result 1").Range("K39").Value = -1 * TextBox180.Value
Worksheets("Measurement Result 1").Range("K38").Value = -1 * TextBox181.Value
Worksheets("Measurement Result 1").Range("K37").Value = -1 * TextBox182.Value
Worksheets("Measurement Result 1").Range("K36").Value = -1 * TextBox183.Value

Worksheets("Measurement Result 1").Range("K35").Value = -1 * TextBox184.Value

Worksheets("Measurement Result 1").Range("'K34").Value = -1 * TextBox185.Value

Worksheets("Measurement Result 1").Range("K33").Value = -1 * TextBox186.Value

Worksheets("Measurement Result 1").Range("K32").Value = -1 * TextBox187.Value

Worksheets("Measurement Result 1").Range("K31").Value = -1 * TextBox188.Value

Worksheets("Measurement Result 1").Range("K30").Value = -1 * TextBox189.Value

Worksheets("Measurement Result 1").Range('G8").Value = TextBox191.Value
Worksheets("Measurement Result 1").Range('G9").Value = TextBox192.Value

Unload Me

End Sub

Private Sub CommandButton2_Click()

Dim x As Integer

For¥% =71 To 192
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Me.Controls("textbox" & x).Value = "
Next x

End Sub

Private Sub CommandButton3_Click()
Unload Me
End Sub
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U-WAVE system communication specifications
* Wireless communication

Gonniy ARIB STD-T66 (lapar)*
Zmﬂeafas Conform to IEEE802.15.4
Wireless SR
communication|  Approx. 20m (within visible range)
distance
Wireless
communication 250 kbps
speed
Transmission ,
output 1mW (0dBm) or less
Modulation DS-5S (Direct Sequence - Spread Spectrum)
method Resistant to interfering signals and noise
Communication 2.4GHz band
frequency (ISM band: Universal frequency)

15 channels
Used band (2.405 to 2.475GHz at intervals of 5MHz)

The noise search function avoids interference
with other communication devices.

* According to the Radio Regulations, the use of this product is
permitted in Japan, Europe (a total of 32 countries including
27 EU members, 4 EFTA members and Turkey), the USA and
Canada, Thailand, Indonesia, Vietnam, and Malaysia. This
product must not be used in other countries or areas.
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TYPE A EVALUATION OF STANDARD UNCERTAINTY

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

If an uncertainty is evaluated by statistical analysis of a series of observations, it is known as a
Type A evaluation.

AType A evaluation will normally be used to obtain a value for the repeatability or randomness of a
measurement process. For some measurements, the random component of uncertainty may not be
significant in relation to other contributions to uncertainty. It is nevertheless desirable for any
measurement process that the relative importance of random effects be established. When there is a2
significant spread in a sample of measurement results, the arithmetic mean or average of the results
should be calculated. If there are n independent repeated values for a quantity Q then the mean
value q is given by

i
o GG, ddy
- g

The spread in the results gives an indication of the repeatability of the measurement process, which
depends on various factors, including the apparatus used, the method, and secmetimes on the person
making the measurement. A good description of this spread of values is the standard deviation o of
the n values that comprise the sample, which is given by

=
G=J~Zlq, -4 @)
n s

This expression yields the standard deviation o of the particular set of values sampled. However,
these are not the only values that could have been sampled. If the process is repeated, another set
of values, with different values of g and o, will be obtained.

For large values of n, these mean values approach the central limit of a distribution of all possible
values. This probability distribution can often be assumed to have the normal form.

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

Equation {4) gives the standard deviation for the samples actually selected, rather than of the whole
population of possible samples. However, from the results of a single sample of measurements, an
eslimate, s(q), can be made of the standard deviation ¢ of the whole population of possible values of
the measurand from the relation

slg, )= |3 (g, -4 (5)

The mean value § will have been derived from a finite number n of samples and therefore its value
will not be the exact mean that wouid have been obtained if an infinite number of samples could have
been taken. The mean value itself therefore has uncertainty. This uncertainty is referred to as the
experimental standard deviation of the mean. It is obtained from the estimated standard deviation of
the population by the expression:

slg; )

slG)= —=£
Jn

{6)
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THE EXPRESSION OF UNCERTAINTY AND CONFIDENCE iN MEASUREMENT

4.9

4.1

4.12

JANUARY 1337

Example: Four measurements were made to determine the repeatability of a measurement system.
The results obtained were 3.42, 3.88, 2.99 and 3.17.

342+388+299+317

The mean value g = er'qf, = =3.365

5 2
The estimated standard deviationsg, )= \I%Z{q -g) =0.386
o n- /

i=

The experimental standard deviation of the mean s(g )= ilﬂ’) =038 4103
o V4

For information on the use of calculators to calculate s(q), see Paragraph P4.

It may not always be practical or possible to repeat the measurement many times during a test or a
calibration. In these cases a more reliable estimate of the standard deviation of a measurement
system may be obtained from data obtained previously, based on a larger number of readings.

Whenever possible at least two measurements should be made as part of the procedure; however, it
is acceptable for a single measurement to be made even though it is known that the system has
imperfect repeatability, and to rely on a previous assessment of the repeatability of similar devices.
This procedure must be treated with caution because the reliability of a previous assessment will
depend on the number of devices sampled and how well this sample represents all devices. It is also
recommended that data obtained from prior assessment should be regularly reviewed. Of course,
when only one measurement is made on the device being calibrated a value of s(q) must have been
obtained from prior measurements, and n in Equation (6} is then 1,

In such cases, the estimated standard deviation s{qg,) is given by

m 2
d 1R

sl )= v—‘"[a;q_ )

=
m-1,3

where m is the number of readings considered in the previous evaluation. The standard deviation

. Slg, ;
of the mean s(G) = —i,—q_*l n being the number of measurements contributing to the reported mean
n

value.

NOTE

Tha degrees of freadom under such circumstarces are m — 1, whare mis the number of measurements in tha prior
evaluation, Indeed, this is the reason that a large number of readings in a prior evaluatior: can give a more reliable estimate
when only a few measurements can be made during the routine procedure. Degrees of freedom are discussed further in

The standard uncertainty is then the standard deviation of the mean. i.e. u,(x) = s(g). (8)

A previous estimate of standard deviation can only be used If there has been no subsequent
change in the measurement system or procedure that could have an effect on tife repeatability. If
an apparently excessive spread in measurement values is found, which is not typical of the
measurement system, the cause should be investigated and resolved before proceeding further.
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TYPE B EVALUATION OF STANDARD UNCERTAINTY

5.1

5.2

53

54

5.5

(a)

(b)

(c)

Itis probable that systematic components of uncertainty, i.e. those that account for errors that remain
constant while the measurement is made, will be estimated from Type B evaluations. The most
important of these systematic components, for a reference instrument, will often be the imported
uncertainties associated with its own calibration. However, there can be, and usually are, other
important contributions to systematic errors in measurement that arise in the equipment user's own
lahoratory.

The successful identification and evaluation of these contributions depends on a detailed knowledge
of the measurement process and the experience of the person making the measurements. The need
for the utmest vigilance in preventing mistakes cannot be overemphasised. Common examples are
errors in the corrections applied to values, transcription errors, and faults in software designed to
control or report on a measurement process. The effects of such mistakes cannot readily be included
in the evaluation of uncertainty.

In evaluating the components of uncertainty it is necessary to consider and include at least the
following possible sources:

The reported calibration uncertainty assigned to reference standards and any drift or instability in their
values or readings.

The calibration of measuring equipment, including ancillaries such as connecting leads etc., and any
drift or instability in their values or readings.

The equipment or item being measured, for example its resolution and any instability during the
measurement. It should be noted that the anticipated long-term performance of the item being
calibrated is not normally included in the uncertainty evaluation for that calibration,

The operational procedure.
Variability between different staff carrying out the same type of measurement.
The effects of environmental conditions on any or all of the above.

Whenever possible, corrections should be made for errors revealed by calibration or other sources;
the convention is that an error is given a positive sign if the measured value is greater than the
conventional true value. The correction for error invelves subtracting the error fram the measured
value. On occasions, to simplify the measurement process it may be convenient to treat such an
error, when it is small compared with other uncertainties, as if it were a systemalic uncertainty equal
to () the uncorrected error magnitude.

Having identified all the possible systematic components of uncertainty based as far as possible on
experimental data or on theoretical grounds, they should be characterised in terms of standard
uncertainties based on the assessed probability distributions. The probability distribution of an
uncertainty obtained from a Type B evaluation can take a variety ef forms but it is generally
acceptable to assign well-defined geometric shapes for which the standard uncertainty can be
obtained from a simple calculation. These distributions and sample calculations are presented in

detail in paragraphs 3.15 10 3.22.
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Work Sheet

Work No.
Dial Indicator
Equipment DRc:oluwn Dcracuawn
Brand. Readability
Type/Model : Environmen Defore c / %
Serial No. After : T 7 %
Range Time Refore Atler
widpaiavrm g uiild :
No. Description Serial No. / 1D No. Certificate Mo Due Date Traceable Nole
1 |Calibration Tester B01005
2 |indicator Tester 0471810
3 |Dial Gauge Tester 200132
4 |Data Logger H11040426
5 |Data Logger HI1010115
nsavapuanmialy 1 Repeatab ity
AnInuaINdB vy Measuring Readout from Dial Indicator (mm)
naUiuetsgut position Read | Reac 2 Read 3
anwrasdmiAudavoniain (mm) Slowly|Rapidly] Slowdy|Rapidiy] Slowly |Rapidly
Aeeesiien (20% of full scale)
Y (80% of full scale)
2. MIauIfvuURTILgNADIYBIANAYDA Dial Indicator
i Reading from Dial Gauge Tester / calibration Tester (mm) i Readirg from Dial Gauge Tester / calibration Tester (mm)
Read 1 Read 2 Read 3 Read 1 Read 2 Reac 3
(mm) F B F B F 3 (mm) F B F 3]
0.0 35
0.1 4.0
0.2 4.5
0.3 5.0
0.4 6.0
0.5 7.0
0.6 80
o7 9.0
0.8 10.0
09 150
10 20.0
1.1 25.0
12 300
13 350
1.4 0.0
1.5 45.0
1.6 50.0
1.7 55.0
1.8 60.0
19 65.0
20 700
25 75.0
3.0 80.0
Technical Note :
Cai By Cal Date :
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