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ABSTRACT

This thesis presents a method of an examination in measuring diameter’s size
the orifice plate, for measuring rate of gas flowing that involve with the measuring of
selling and buying under conditions in AGA 3 which is an indicate of orifice plate’s
efficiency the micrometer and thermometer are used with the level of confidence 95%
for data collection in order to measure the diameter of the orifice, the evaluation of
uncertainty in measuring by using type A and type B are fixed at the 95% confidence
level.

In order to analyze used orifice plate for flow rate measurement of natural gas
losing more than AGA report no.3 To avoid this problem for flow rate measurement,
evaluation uncertainty and timing using orifice plate is performed to decide changing

orifice plate because of which error cause by orifice plate.
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Orifice plate outside diameter

Length of parallel bar, Dy,

'}1 Parallel bar |
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Orifice bore, dn, Perpendicular
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D.

Q‘I v 1 '3 1 1 v 1 Y] v o ¢NI
aildlunisnsivaeuidusiugudnans lagdiulngnsinuinni 4 eaazdsndlviaage

a

InalAssivgaumgiivesuwiuazgniuiintuvueningvesuiu nsinmsegnielitoulvgamall

Y

+1 OF (+5 °Q)

¥ 1 6

s ugudnansgusuesiila (d,) gnAmuaaInmMsAuIndurIALEna1981989

[ [

DUNNTD19DIAENNTT 2.1

Y

dy =dp, [1+a1(Tr—Tm)] o
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o = AdulsEaAnsveINsveeduinInAuseudmIuTanuNueeIia

d = dusinugunansgusuesiilaiinissnadgamad (T,)
d = urugudnanaguueesilad (T, )

T = onmgiiveusiuoeilafinavesnsinduriuguinans
To= N3O iveduugudnalguLHueesla

A o, T, T, desedluriesnln dmiulaemiluudidnimuald T, = 68 °F 1du

I 4 aa ° a o = [ Y 1 Yy a A
iugudnansveszesila (d,)asgnAuingunnil (T,) Idesdudurirudnaisonadei

TdlunsAnuduiiaudnats (d)

2.4.4 ANUNUNIUEURDIHE (e)

v
1Y

megluilavesgunusaIiassiiduiugudnaltvessunsenszusnwayaz lifises du

nuvsenaunasaNesldn LUl ANEIVDINTINTEUBNADAINNUIVBITUH LD HA

(¢ ,

ANUVUIFUHUBTTA (&) NaeNiganuausulainualag e > 0.01 d, w30 e >
0.005 17

] o

Annfigangansuladmsuaumnzukuesiila (e) Avuslay e<0.02D v3o

r
Ao
n

e <0.125d,, us e wlifinadmuadinrunuiiduessila (E) Fedmnunaunsula

o [ 2/ 1 6 1 aa Y PN
ﬁ’]ﬁi‘ULﬁUNWU@JUSﬂﬁNE‘U@\‘]LLN'L!EJEJiWﬁ, dm uanslanans1en 2.4

=] Ao MYe o v ¢ \ aa
M990 2.4 ﬂ'J"I?,JﬂaﬂJVﬁUVLWa']MSULﬁUNWUQUSﬂﬁWQELLNu@aﬁwa, dm

Gusinugudnang d,, @2 fgensulel
<0.250° 0.0003
0.251 - 0.375° 0.0004
0.376 - 0.500° 0.0005
0.501 - 0.625 0.0005
0.626 - 0.750 0.0005
0.751 - 0.875 0.0005
0.876- 1.000 0.0005
>1.000 0.0005 H/Hvondurinugudnans
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Podune ldusugudnanadesndt 0.45 17 ldlavihaenldudaziianaiionsdesiy,

wosinasnsluauliwduaulunsnsIvasy

dl ! U a Q‘ U U tﬂl o o 1 aa dl U ¥
A15199 2.5 AduUsyandnisvenemvesignfunanyinunuessiansensula

q

Useinnian AYDY
aupuLad 0.00000925 $13/5-Wsules
Hniiadunaung 0.00000795
AISUBU 0.00000620

A o % A

Todune dwsuanmaunginmasladmsuianduqlainisaadsly American

9

Society for Metals, Metals Handbook

dmSvanniindslya -100°F wag +300 °F 81993 ASME PTC 19.5

dmsuanmiirndslva -100° F uag +300 °F 81393 APl MPMS

lﬂl ! aa 1 ! aa, 1
dlonunuukueeiila (E) unnndimnaumungunuesiila (e) uaunseenvesguslu

1R8TILNUDDSHAABILAIINANLDEY

[ '

Jadunn whueasNanilgnuay €<0.033 Drlﬁ,iﬁmmai’wLﬂuﬁaqﬁﬂﬁlﬁﬂmmam

Y

B Liuusaglinanasgnsdulanfiegldnua1veuanuvuni €<0.033D,, liilunai

4 = 1 3, o 1o o dl'
G]@Qﬂ’ﬁuaﬂLﬂEJ‘\]’]ﬂ’J’]LU‘L!ﬂ”IiUiUUExﬂMlIﬁ’WMiUm({]f}\laﬂug]

245 anuviutwsivessid (E)

'
a1 =

AvuuNUeaIia (E) axiliuinian,Aniesigauazaininuviuiisuessila (E)

A nSuauaea304 uay 316 wanann319n 2.6 WWuAtwuniildnnivangamglilniu

| a

150 °F lnggnsrdiudunugudnans wHueesila wuinviauaddiinesuazAinumul uHueos

HalilmAuaAsnsem2-elunsindaunueesladgfesilvomnun AINUAULANGAI9E9AAT

gousulaluseninanisidvuwivessila nassaudulazliinalunisdeennlunisiuio

wiupesila Msldnnudunnneinaiigsuaa( AP /pf >0.7 in v8s H20/psia il AP #e inH20

'
P

7 68 paAsulad waz Pf Ao psia ) dnanoosAlsznauauliniueu 0.1% lun1s
Andunudmurnauruessiiadinvualiideanmnisivaaianngslunmasiinnisiai

Hananngailodnsnisivanmvindsliiuaeuusueasila

= 1

AAuAukAnATigardmatunnusingluielimesuazlidaruiugnydeogns

Je
a3
TaigusnuzAonisusziliuauiifinaduiugiulunisfiefsegiseonmaiduga

S UNIU dflu NMSaU dgiioutilasannanudy anusiluvielinesaziustiunane

Y
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a

M13199 2.6 AVUVUILKLEESTA g IuAMUAULANAINanseusuliuwTaUUAT

Aetos
v | angludu AUV LB NE, E SANARN e
. ) gousuls | sousula
(NPS) WUAUEY
ih nam . s Orifice Orifice
1NEA Uoygn wugt

Fitting Flanges

2 1.687 0.115 0.130 0.125 1000 1000

1.939 0.115 0.130 0.125 1000 1000

2.067 0.115 0.130 0.125 1000 1000

f | 2.300 0.115 0.130 0.125 1000 1000

2.624 0.115 0.130 Q125 1000 1000

2.900 0.115 0.130 0.125 1000 1000

3.068 0.115 0.130 0.125 1000 1000

4 -5y L 0.130 0.125 1000 1000

3.438 0.115 0.130 oy ; 1000 1000

3.826 0.115 0.130 0.125 1000 1000

4.026 0.115 0.130 0.125 1000 1000

6 4.897 0.115 0.163 0.125 345 1000

o N 0.115 0.163 0.125 345 1000

5.761 0.115 0.192 0.125 345 1000

6.067 0.115 0.192 0.125 345 1000

8 7.625 0.115 0.254 0.250 1000 1000

7.981 0.115 0.319 0.250 1000 1000

8.071 0.115 0.319 0.250 1000 1000

10 9.562 0.115 0.319 0.250 570 1000

10.020 0.115 0.319 0.250 570 1000

10.136 0.115 0.319 0.250 570 1000
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M99 2.6 ANUVWILHLDES A NuguAUFuLAnmInaasausulduuva Ui

= v '
L8N (71D)

v | gl ANUVUUHLBDIE, E SANAR e
. ) gousuls | sousula
(NPS) WAL
ih nam . . Orifice Orifice
wnnge | dawgn wug
Fitting Flanges
12 11.374 0.175 0.379 0.250 285 1000
11.938 0.175 0.398 0.250 285 1000
12.090 0.175 0.398 0.250 285 1000
16 14.688 OS5 0.490 0.375 465 1000
15.000 0.175 0.500 0.375 465 1000
15.025 DDA 0.500 0.375 465 1000
20 18.812 0.240 0.505 0.375 1) 1000
19.000 0.240 0.505 0.375 235 1000
19.250 0.240 0.505 0.375 235 1000
24 22.624 0.240 0.562 0.500 360 1000
23.250 0.240 0.562 0.500 360 1000
28.750 0.240 0.562 0.500 360 1000
30 28.750 0.370 0.562 0.500 180 1000
29.000 0.370 0.578 0.500 180 1000
29.250 0.370 0.578 0.500 180 1000
HREIE)

1. Awnigaausuiuenisiionalasuniseyayialdiiu 1000 in 983 H,0 Jau

YBULUAYRIRIAUENUTEANSVRINITUdRERN dnTUuTIwavdenTiiUTUULYDULYA
VRIAUINTAAADAUAUNLANANTU AGA Report No.3
AINAgaAuiuiLana1agensulatumuinlaandnsdudusugudnans
N3LENER (B = 0.55-0.65 ) Hazuudnsdiuduiugudnarsansnsadludiniy
v A oA X

AUTLANF1NETY

' '
aa =

ANNTIAYDIANUAUTILANFAN VBN UALAURETNDUVYHTNN ARV 150 OF uae

Y 9

ANMSUANUNUIVDILEUD DS AT UL TN
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4. ANNINTIAATDIANAUTLANATIE U TULAE I NTUAIUNUI VB ILHUAILDNAT 5148
AGA Report No.3
2.4.6 ANNAUNUABULUAEAAY

ANLFuAnaMsAnInnasungydslulunisdwesraiiiuie nilsdenaieiay

Fowfetuanuduanansivioudieusnad £ dmiugnaudnanesiy viedueeiila

GLH
o
mmé’umaiﬁqﬁgﬁa ~ AP(1— f3%)
Aauandlun1319t1981
a15eil 27 A1 B ThUAsunUasdermmiusuLaneng
A Aflanasl % vos AP
0.20 95
0.30 90
0.40 85
0.50 75
0.60 65
0.70 50
0.75 45
f29819

1. fudenldluds g ¥930.30 1 AP %83 400 in 189 H,0 Aufufigayduanisaver
Uszunad 90% 99 400 in U89 H,O ﬁagjﬂizmm 360 in 989 H,O ( Useunad 13 Psi)
2. fndenldluda g 989 0.50 7 AP 83 100 in 784 H,0 mmé’uﬁqagmmﬂﬁémﬂaﬂ
wayUszanal 75% 93 100 invesH,0 Mieguszanas 75 in ¥83 H,0 (Uszanas 3 Psi)
2.4.7 3ANUBUDINE ()

o

WHUNBEH () AR JUTEnINTIBLILAUNTNTaILaUNeRNIHY ANNSUlddmsy
WHUTL By (0) Ap 45°%15°
AIn8uBNYRIMNUBEIIzt oL ulAmEn LU NTY T3 U g §1AINABINTS

Besuaign (E—e)gninnuuuiunuyesglinini 0.0625 i
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2.5  A2UAINISIUNISAANG
251 waly

o

AN mJwﬁwﬁmuaﬁﬂamaﬂmﬁﬂdaaﬁ”waaﬂ[Cd (FT) 1 lAa1nn1snaaauued

osufiRinisfiowinuasylsy Tneflugrumsnaaeusianuafoaninnslnaunfiinnunld
Tneldanuendiseiiesiure welwed, Huaumaduazuaunisesnain uusesilanse
Tneldanmmslraanuaumadiiuessiadwmesanuliwtuneuvesmdulsyansvenis
Iuasuandli AGA Report No.3
2.5.2 uiuedIa
2.5.2.1 382919 (&)
Lwiu@a‘%?\laﬁmméfmmilﬂuq@@uéﬂa’mamﬁuﬁuﬁy’qamL.Lawmm’fmaumu
ysgenmelusveusupelann 1 svervhaiivansuldasdusedl
2.5.2.1.1 mwmg@a@uﬁﬂmqszmu XY éﬁ’mam‘lugﬂﬁ R ¥ gﬁuaqaa'%?\laﬁ

<§I L4 % 1 [ 1 a1 (% Y v d‘
LEIEN?;]UEIﬂa’N"\]ZGUU’WHIUﬂULLﬂUV!E]ﬂ’NlIG]ULLG]ﬂG]’N Ingagiiareausulaneaunisy 2.2

0.0025Dp,

gx_ 4
0.1+2.345

(2.2)

Toefl &, =¥ (X-X)/2 wanasoqudl 2.7

JUN 2.7 M3inTeeenne (&)



o i a PN v vy & ¢ | aa iy
379 2.8 Anniigaiivensulsdvesszazgibosguinancvesuniueesile (£, ) i

wurugudnaaneluvieiives (43)

’Bm 2.067 3.068 4.026 6.065 7.981 10.020
0.20 0.050 0.074 0.097 0.146 0.192 0.242
0.25 0.047 0.070 0.092 0.139 0.183 0.230
0.30 0.044 0.065 0.085 0.128 0.168 0.211
0.35 0.038 0.057 0.075 0.113 0.148 0.186
0.40 0.033 0.048 0.063 0.095 0.126 0.158
0.45 0.027 0.039 0.052 0.078 0.103 0.129
0.50 0.021 0.032 0.041 0.062 0.082 0.103
0.55 0.017 0.025 0.032 0.049 0.064 0.081
0.60 0.013 0.019 0.025 0.038 0.050 0.063
0.65 0.010 0.015 0.020 0.030 0.039 0.049
0.70 0.008 0.012 0.015 0.023 0.030 0.038
0.75 0.006 0.009 0.012 0.018 0.024 0.030
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2. szpzinansanniudannuvesisuenanusuuanas (€,) dmfunisides

AudnandluszuIu XY waneeaguin 2.7 Sadudiulseneuvedseeysunneniiladosmudnans

| 1Y |

kAN SNV IviakenAUTULAnNF1aA I lalag (Y=Y )/2 Tua1siaaiauLEiog

& | aa Aa 5 ¥ o M v
AugnaveweesTianAnnaliazyilile
= | an o =
51882L98AVBINTTATIVADULN U NAR ANl U199 2.9

A15197 2.9 NInTIRARULHeesNalnY AGA Report No.3

N15ATINUDD I
YUINVDILNUDDTNE (Orifice plate outside diameter) 16 i
ﬂjﬁﬂi’ﬁ@ﬁi%’a%fmwiuaa%% (Stainless steel) 316 ss
A3UKUN (Orifice plate bore thickness) E 0.3800
ﬂ’J’lﬁ,mu’lﬁanaJLg‘EN (Crifice plate bore thickness) e 0.189
AUNUBEN (Orifice plate Bevel agle ) 0.069
Safifitdes (Orifice plate Bevel agle) 45.0
MIAUV3UE (Roughness)A 20
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N15ATUNURD TN
MINAIUVIUTE(Roughness)A' 12
AUV §UTE(Roughness)B 14
AUV §UTE(Roughness)B 20
mﬁmﬁumuquéﬂawqmﬁqﬁﬁ (Orifice plate bore diameter 7.3745
calcalated at reference temperature T. ) 68 °F (dr)
msimduihugudnarsgaumgiifl (Orifice plate bore diameter 7.3750
calcalated at reference temperature T_ ) 74 °F(dr)
3883043 (Eccentricity) X 4.3170
Je8Ue43 (Eccentricity) X' 4.3170
Jeb¥Ya3g (Eccentricity) X-X' -0.001
T8993 (Eccentricity) Y 4.3160
388043 (Eccentricity) Y' 4.3160
3882843 (Eccentricity) Y-Y' 0.001

2.6

#sd

9

Tuunillandafisruinuguieadunisasiaaeuinduriuaudna19veIguHuoes lal

Tad113uN19 7995175 aY 9IRS ST UV IANLNEINUNTIATDUILVDINBLALTEUUYIDAILAY

AN IALITUNIATIvER UL UBa S uTEULa defing aeldderivunvesauiay

BLUSAUNIY 3



uni 3

UZLUNIANRAYVILNUDD SN L AedU1ANBLNSNUAY 3

3.1 A1

Tuwnilifunsienu$iuguanildndnuudluond 2 delfiduuunandmiy
mMsnaseuinvadusihgudnatsuesgusiueeiilailesu Tulddmiuindnnisinaves
fesssuitldgninnuantsrsadeusuereaduiguinatsuesgiuoeiiia (d, ) tngld

iwsesiloinUssanlulasiinesuazgumgiin(T, ) IneldinTeslaaussinninesiuiines

3.2 AUNRUIYINI3ATIVEU

MUV srInINTIdBUATTIN TasuInYeT U ugudnan se s UL B3 Tia
(d,,)wae (T,) wandlugudt 3.1 n1sTntifunsiansasaeugedwiaidoniiomeiaioves
urugudnasususeIianeluvesisuessiadmsunsdn 4 9a(AB,C,D) lugudl 3.1 Lite
yAedslnglfaumsf(3.1) Wumsdasnatededuiaudnans(d, ) aunsi (3.2) u
MsfuaANadsgungil (T, ) 1Wumsesaasumaiadadusigudnaniusiuosslauay
aun1sfi3.3nsmAnade (dn).(T) ﬁﬁwaqﬁ(dr), (Tr)ﬁﬁﬂé’wiz%w‘ﬁgmmqmmﬁm%
Jdewdsuilasmihevesganpiifumheinlvegluniederfuduiiugudnans dmsy
mInsnduduinugugnausuesTlalagAtadeliinafiuntt + 0.0005 Haeivendu

HUAUENaNd [2]

5UM 3.1 9AY89NINTIVADULNUDET A
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Aaden1sin 4 Yveudurigudnas (d,)

x(dp)=) —+ (3.1)
i=1 n
Aadsmsin 4 yovesgunni (T,)
n
X
X(Tm)=) — (3.2)
i=1 N

ARAgdMSY (dy).(T,

m

m [+ (T =T,)] (3.3)

M13197 3.1 Ueyalafeved 1 ey

Yoyaindeves 1 oy
!/ = L AUVUIUD4N1IATIAEOY AUNUEUDINTS
Fuvanyinngin 4
gaungd A3I9dOU
(Wusuled) Gushaudnats ()

A 73.8 7.3751
B 74.0 7.3749
C 74.0 7.3749
D 75.0 7.3749
ALedsT 74.2 7.3750

15999 3.1 wanaayan sinduuaudnanaveswiuestladmiunisinaiuend
4 du msinuazAedefilduansAinisnsinaeudwigudnans (d,) was (T,)vesusas
Fourtevimaiiuteyaandedeililuisanieuiodunisussidudeniliuiueuly
mﬁmmmimaauLé’ush@uéﬂmﬂLLcJuaa%Waﬁwlé’mw5@%@@%@%@%@%% atier)
Snmnislvavesfrsiulussezinanionun 12 Wewdielfidugruteyaftazinluldlunns
Ussiliumaranyldudueulunsiandsannilduiueeilatuiinnnsdnu sensedoniely
wndesiisdlanazaunisiiozyiinisildsusdulnduield. dwsuaedsvesduniy
Audnans(d, uaz (T, )ves 12 woutuazuandunsedl 3 mamAadeves 12 Weudils

Ansiuiiemaranyldiuueulunisin(2] 4]
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WALadYed 12 e
_ X.
_ N4
X=27 (3.0

A1319% 3.2 YoyaradevrenTin 1 U

foyaruadvvesnsin 1 9
o foyaduadsuasnisin 1 9( i) IO
: ( Wusuled)

January 7.3749 72.10
February 7.3750 70.95
March 7.3749 69.60
April 7.3752 70.90
May 7.3751 75.10
June W9 75.05
July 7.3754 72.05
August 7.3750 72.00
September 7.3748 74.20
October YA 73.70
November 7.3749 66.95
December 7.3748 74.90

menlgLuuinsgu S.D. = o, , =Ur

(3.5)

A A —
Mﬂﬂ’]LQa‘EJLU‘ENLUUZJW]iﬁ’m SX= r

r=5 =—
X \/ﬁ (3.6)

3.3 msussiiuniAauliutueu
dwsunisussdiumeainuliutueuType B Falunisusefiumainulinuueou
vouaselenldlunsinnladunldlunsinduiugudnarvesunuesiilalaglulasiines

71 95% A1 K= 2 Larmnuazdunuodase9iiadin 0.0019A1Anultwuueulun15in+0.0013
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AT aLUULUY Rectangular= 2 wazweslufinesfldlunisingumgivesunusesilad

95% £i1 K=2 A1N13N38318KUU Rectangular = 24/3 Tayavinnisaeutiisuinsesiiodn

aanangnldlunismenanuliviveulunisinanugndesiugrveesedienldlunsinde

aunsit (3.7)3.8) gnuanlflunisdnnnszaneuuy Rectangular aunsi (3.9) fu (3.11)

agltlun1sAuamaaullviueu AduUsEaNSLaznnisnsEatevasnuliwiueu U 7

AMULTDLU 95%

AINNSNTEIBLUU Rectangular

- Resolution

urg \/5

AINNSNTEIULUU Rectangular WUV Digital

_ Resolution

Ur. =
ry Z«E

Uszilumeanulliuueusiy

Ur, = Ur? +Ur? +ur® +Ur° +Ur?
A B B, Bs B4

ANUIEANTNINNTZAUANLIITUS 1asigus K=2

u4

C

L3t

P G

Vert

! " ) ~ ) A o s & &
mmmlmmuausumam, U 7N5aUMNBNY 95 lWasigun

U =Kxu,

3.4 @3

(3.7)

(3.8)

(3.9)

(3.10)

(3.11)

luuniilanantenuiiiuguiesiun1sinninsiaaeuuiuesiila Tunsasisiou

waglavinisiiudeyavesnisasiaaeulidmsuihunldlunmsussiiumeaanuliuiuouly

Type B 3a.fun1sussifiumaranulidudusuveaaiosdionldlunisindladiuilalunns

nTIRdeU iR AUSNaNUBLH BRI
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HavaIN1sUTzanamAIAN bikduauTunisiaLdurugudnans

4.1 a1
Tuuninuanlana 1AM u) IugIuYBINITATINEULK WRB I HANT AN

(%
a

M58eU8 ANssTHTAlUSTU Yo fes5suTR NsasavEeuLH uaesTlatayldZusesann
AGA Report No.3 Aeuflasiillélunisiadefnesssund
Fauluuniloznanielnseadnen1snsivdoULN ueesila LazNaveIn1sIAnIg
ATIVARUIUINVBUFAUNIUANENA 1 VBIUN LD lagdtldloyaras 1 oulazloyaves
12 Woulumsusgdiumanadsuandusuil 4.1 dmsunisianamseaeuluusazedsduay
IaenaasliwhfuudlinsuAedseiunuessila Aldauluudriuianisdeneainns

Jaonsn1sinavestaluwinlsvinlinisinomnsini1siravresi 1w inNSRANAIR L A18raS

4.2 1A598519999N1505298UNUDS Wa

N15ASIVADULNUBDINAUTZNOUNIY 7 dIU A9l

—_

L AR Y 993U 4.2 (n)

a

L ANAINYSUSE A3UN 4.2 (1)

Y

. ANANUANVDIS PISUN 4.2 (2)

Y Y

2
3
4. Eurhaudnatauagengumall faguil 4.2 (5)
5
6
T

Y

9 Y
| o a
. ANAIURUIVDY (e) AITUN

_A1AITURUIVDY (E) mg‘d‘ﬁ

'
Y]

. ANANULDEIYRYY AgUN 2.7

U
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Global Automation, Ltd.
ORIFICE PLATE Inspection Report (for FAT. or SAT. only)

Serial Number : Running testing 1 Material : 316SS
Nominal Pipe Size :  16.0000 inch. Orifice Plate Thickness: 0.3750 inch.
Nominal Bore Size : 7.3750 inch. Bore size at 68 °F: 7.3745 inch.

Markings : Daniel 16" 316/316L OUTLET HT608035-4A 7.3750 dr=7.3745 Running testing 1

The following information shall permanently stamp into downstream side of the plate where the orifice plate seal

will not cover the information: Manufacturer, nominal pipe size, orifice bore at 68°F, Serial number, Outlet and Material
1. Plate Flatness

A-A | B-B' Max. allowed Pass / Fail
0.0082 0.0120 Pass
Measuring Tool: Mfg. SIN. Cert.Date:
RS-5 CMM G&L D-0072-0293 4/1/09 - 4/1/11

2. Surface Roughness:

A A B B' Max. allow. | Max. found |Pass / Fail
Upstream 20.0 | 12.0 | 14.0 | 20.0 50.0 20.0 Pass
Downstream | 19.0 13.0 16.0 14.0 50.0 19.0 Pass
Measuring Tool: Mfg. SIN. Cert.Date:
SJ-201P MITUTOYO 411135 9/30/09 - 2/28/10
3. Orifice Plate Bore Edge (AGA3 —2.4.2)
Orifice plate bore edge Pass / Fail

Sharp Pass

4. Orifice Plate Bore Diameter and Roundness (AGA3 - 2.4.3)

A B C. D Awerage
Dimension 7.3751 7.3749 7.3749 7.3749 7.3750
Measuring Temp. 74.90 74.80 73.90 73.80 74.35
Measuring Tool: Mfg. SI/N. Cert.Date:
4" - 40" STARRETT MI-114 9/23/09 - 1/30/10
51-11 FLUKE 84920059 2/11/09 - 2/11/10
5. Orifice Plate Bore Thickness (e) (AGA3 -2.4.4) (0.02 Dm > e > 1/16" )
A A B B} Pass / Fail
0.2150 0.2120 0.2140 0.2160 Pass
Measuring Tool: Mfg. S/N. Cert.Date:
RS-5 CMM G&L D-0072-0293 4/1/09 - 4/1/11
6. Orifice Plate Thickness (E) (AGA3 - 2.4.5)
A A B B' Max. allowed Pass / Fall
0.3690 0.3670 0.3690 0.3690 0.3800 Pass
Measuring Tool: Mfg. SIN. Cert.Date:
RS-5 CMM G&L D-0072-0293 4/1/09 - 4/1/11
7. Orifice Plate Bevel (AGA3 -2.4.7) (45° + 15°)
A A B B' Pass / Fail
45.0 45.0 45.0 45.0 Pass
Measuring Tool: Mfg. SIN. Cert.Date:
RS-5 CMM G&L D-0072-0293 4/1/09 - 4/1/11
8. Orifice Plate Eccentricity (AGA3-2.5.2.1)
A A' B B' Max. allowed Pass / Fall
4.3170 4.3170 4.3160 4.3160 0.0050 Pass
Measuring Tool: Mfg. S/N. Cert.Date:
RS-5 CMM G&L D-0072-0293 4/1/09 - 4/1/11
Inspected By: Rungrat C. Global Date: June 10,201
Witnessed By: ~ Sorana_Y DMF Date: June 10,2011
Witnessed By: Orawan S PTT Date: June 10,2011
Witnessed By: Samark S Chewron Date: June 10,2011
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gﬂﬁ 4.2 (n) = (%) LAMINITATIVADULNUDBI W

4.3 wamaams"'a’ﬂmsmwaawmmmt,é’umugménmwaqLLNuaa'%‘Wau'ﬂu

a1 1oy

dwiudeyaildlunsmatadsanulduiueuvesnmsinnisasadeuns usasila
wazgUnssivoatasdoflilunsinduiandiiiuldunnduringudnanausueoiiaby
fnisdsunadlduagidonienss iesnnisiasnimsivavesfeuazainnisinnis
3 ULdURIuAUEN AU T A tuRavestoya 1 Woufiiilulslunisvnaraanul
wineulunsiansesaseudurinuguinisvesukueoiila Tiuandunised 4.1- 4.2 du
Junsuanenisuszdliumeananuliviueuveinisinnisnsisaeuiduriugudnaidlagen
aruiliudususnlunisusyfivmanadsaealiviueulunisialddiade + 0002 &
(1],[2],[4],[5],[6]

A19199 4.1 WAaWS 1 lAouvedType A

HaaWsuas Type A

wiay | Nominal 1 7 3 aq Mean. Sx S.D.
Weu | 7.3745” | 7.37517 | 7.3749” | 7.3749” | 7.3749” | 7.3749” | 0.0000” | 0.0000”
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A19199 4.2 HaaNS 1 Lhouves Type B

Result Of Type B
Result
Type B of Micrometer Type B of TherTl @ 74.97 F *
Type
Drif 0.23 | 0.1
A 0.0013 | 0.0000 | 0.001 0.85F
Tem F F
Ur Ur Ur | Ur
Ur A UrB1l | UrB2 | UrB3 | UrB4 Uc | UrTotal
B5 B6 | B7 | B8
0.0000 | 0.0007 | 0.000 | 0.0006 | 0.0004 - - - - 10.001 | 0.002
1 Month 12 months
0.0012 0.0012
0.001 0.001
0.0008 0.0008
Bl 0.0006
9. 0.0004
0.0002
0.0002 | - . I
0
OIII Aa<a R IEE
X O < d N on S O RSSO E B o3
wn dy 5 g g g g 5 E DD D) D 8

() ()
UM 4.3 (n) uag (¥) wansdman1sagundasnisussiivananalidiueu

Wonawuly 1 15U way 12 1heu

4.4 wa°uaami"i’ﬂmimfmaawmﬂmmLéi’umugménmwaaLLNuaa'%‘l'?\laLi‘]u
1987 12 LHaU

dwsudoyaildlunsmenadonuliuiueuwesnisinnisasiaaeunn usasila
wargunnivonsdosiloflilunstatuuandiidiuldiunmduinumudnanusuooiflabud
mMswdsuuvadly Snsdemelase esnanmsindnsinisinavesfnauazainnisin
nemsraaeuduinugudnanuiueeifladeiunavesteyaildufmun 12 doudmiu
ldldlunsussdiumeanuliuivenlunisnsaasuinvunaveaduriugudnaldusuee-
Flauandlumsnad 4.3- 4.dldinsusziiumaealiuduousiuiusililddiadsni
lsiutiuey + 0.0013 [3],[41,[5]
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NaaNsYee Type A

tnau Nominal 1

2 3 4 Mean. Sx S.D.
g e g 7 g 7 g 7
UNIAY 7.3789 | 7.3790 | 7.3789 | 7.3791 | 7.3789 | 7.3790 | 0.0001 | 0.0001
qumﬁ'uﬁ‘ 7.3789 | 7.3788 | 7.3788 | 7.3789 | 7.3784 | 7.3787 | -0.0002 | 0.0002
Ay 7.3789 | 7.3790 | 7.3788 | 7.3788 | 7.3788 | 7.3789 | 0.0000 | 0.0001
LYIEU 7.3789 | 7.3789 | 73789 | 7.3788 | 7.3792 | 7.3790 | 0.0000 | 0.0002
NENIAU 7.3789 | 7.3788 | 7.3788 | 7.3788 | 7.3790 | 7.3789 | 0.0000 | 0.0001
ﬁquwu 7.3789 | 7.3790 | 7.3790 | 7.3790 | 7.3789 | 7.3790 | 0.0001 | 0.0000
AREARIEEY 7.3789 | 7.3784 | 73787 | 7.3789 | 7.3790 | 7.3788 | -0.0001 | 0.0002
danau 7.3789 | 7.3790 | 7.3790 | 7.3790 | 7.3789 | 7.3790 | 0.0001 | 0.0000
Augngu 7.3789 | 7.3790 | 7.3790 | 7.3790 | 7.3789 | 7.3789 | 0.0001 | 0.0000
ARIAY 7.3789 | 7.3787 | 7.3788 | 7.3788 | 7.2486 | 7.3788 | -0.0002 | 0.0001
qu‘i%mau 7.3789 | 7.3784 | 7.3788 | 7.3788 | 7.3784 | 7.3787 | -0.0002 | 0.0002
5127AY 7.3789 | 7.3790 | 7.3789 | 7.3789 | 7.3790 | 7.3790 | 0.0001 | 0.0001
NATIU 7.3789 | 0.0000 | 0.0001
a1519Tt 4.4 nadnSusazsiauTes Type B
Result Of Type B
Result
Type B of Micrometer Type B of TherTl @ 74.97 F *
Type
Drif 0.85 ] 0.23 | 0.1
A 0.0013 | 0.0000 | 0.001
Tem F F F
Ur Ur | Ur | Ur
Ur A UrBl | UrB2 | UrB3 | UrB4d Uc UrTotal
B5 | B6 | B7 | B8
0.0001 | 0.0007 | 0.000 | 0.0001 | 0.0003 | - - - - 1 0.001 | 0.002
0.0000 | 0.0002 | 0.000 | 0.0006 | 0.0004 - - - - | 0.001 0.002
0.0001 | 0.0007 | 0.000 | 0.0006 | 0.0004 - - - - | 0.001 0.002
0.0001 | 0.0007 | 0.000 | 0.0006 | 0.0004 | - - - - 1 0.001 | 0.002
0.0000 | 0.0007 | 0.000 | 0.0006 | 0.0004 - - - - | 0.001 0.002
0.0000 | 0.0007 | 0.000 | 0.0006 | 0.0004 | - - - - 1 0.001 | 0.002
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A19199 4.4 HAANSUAAELADUVEY Type B (79)

Result Of Type B

Result Type B of Micrometer Type B of TherTl @ 74.97 F *

Type A Drif | 0.85 | 0.23 | 0.1
0.0013 | 0.0000 | 0.001
Tem F F F

Ur Ur Ur | Ur
Ur A UrBl | UrB2 | UrB3 | UrB4 Uc UrTotal
B5 B6 | BT | B8

0.0001 | 0.0007 | 0.000 | 0.0006 | 0.0004 - - - - 0.001 0.002
0.0000 | 0.0007 | 0.000 | 0.0006 | 0.0004 - - - - 0.001 0.002
0.0000 | 0.0007 | 0.000 | 0.0006 | 0.0004 - - - - 0.001 0.002
0.0000 | 0.0007 | 0.000 | 0.0006 | 0.0004 - - - - 0.001 0.002
0.0001 | 0.0007 | 0.000 | 0.0006 | 0.0004 = - - - 0.001 0.002
0.0000 | 0.0007 | 0.000 | 0.0006 | 0.0004 - - - - 0.001 0.002

0.001 % 5

0.0009 é é

0.0008 é é

&

0.0007 2 %’ é

0.0006 é ? é g

0.0005 ?‘ é é g

0.0004 Z e 1

0.0003 g ? % g é

: 7 7 0 ‘B 7

7 7 0 B

0.0002 Z 7 % Z %

/ - B

7 7 R R 7

0.0001 - . . Z Z Z 7 7

. % NN 7 1me B

Sx ) UrA UrB1 - UrB2 UrB3 UrB4 UrC  Total

# 1 Month H 12 months

(n)
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Evaluation of Uncertainty in Measuring
the Orifice Plate

Rungrat Chartthai

Department of Instrumentation and Control Engineering
Faculty of Engineering
King Mongkut’s Institute of Technology Ladkrabang
Bangkok 10520 THAILAND
rungrutm@hotmail.com

Abstract—This article has been presented a method of an
examination in measuring diameter’s size the orifice plate, using
for measuring rate of gas flowing that involve with the measuring
of selling and buying under conditions in AGA3 which is an
indication of orifice plate’s efficiency [1], [2] using inside
micrometer an examination in measuring orifice plate’s
diameter, an examination in measuring at the level of confidence
95% and thermometer at the level of confidence 95%, by
collecting data from an examination in measuring diameter’s size
the orifice plate, for evaluation of uncertainty in measuring by
using type A and type B at the level confidence 95% [4], [5] and

[6].

For the analysis of performing work orifice plate in
measuring rate of gas flowing that to be damaged over the
conditioned standard in AGA3 or not, to avoid the problem of
mistaken in measuring rate of gas flowing, by using the
evaluation of uncertainty in measuring and it is also
determination of orifice plate’s time usage which when is
appropriately changed a new orifice plate, to avoid the problem
of mistaken in measuring rate of gas flowing caused from orifice
plate.

Keywords-uncertainty of measurement; orifice plate; orifice
metering.

|. INTRODUCTION

The present industry in petroleum natural gas has variety
method of measuring rate of gas flowing that involve with
selling and buying which is accepted from AGA
standardization, but measuring rate of gas flowing is usage
orifice place given higher precise result, easier after care,
convenience and quick, which is verified standardization of
AGA3 [1], [2] orifice plate is usage widespread and to be
delicately examined before taking orifice plate measures rate
of gas flowing. orifice plate has the method to examine the
efficiency under condition of AGA3 and measuring diameter
size inside by without any difficulty, convenience and quick
more than other type accessories. For an examination in
measuring diameter orifice plate by usages inside micrometer
and thermometer, an examination in measuring of finding
mean value from measuring orifice’s diameter size. It is an
examination orifice plate’s diameter to be damaged occurrence
over +0.0005 or not, but for data received from measuring in
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each month is not equal. Caused of temperature (T, ) is

measured room of examination orifice plate’s diameter is
difference and may be caused of measuring performed person,
or measured instrument, all there are salient factors, given the
examination orifice plate is usage measured rate of gas
flowing incorrect. This analysis has been collected data of an
examination in measuring orifice plate’s diameter is usage for
measuring rate of gas flowing so as to evaluation of
uncertainty due to measuring orifice plate’s diameter. For an
old examination in measuring do not have a research or
making any analysis to find out of uncertainly in measuring
orifice plate’s diameter for usage of measuring rate of gas
flowing that when will be appropriated time to change a news
orifice plate, for measuring rate of gas flowing, and it will be
followed up only the mistaken which is determination. Later
on, the problem occur that is the mistaken of measuring rate of
gas flowing. For new solving the problem, it will be indicated
that the measuring rate of gas flowing by usage orifice plate
must be appropriated to change the new one which uses time
interval determination. For making the measuring rate of gas
flowing is precisely, and our objective, that is an examination
likely old method for data collection that value receivable take
to analyses uncertainty’s value in examination in measuring
orifice plate’s diameter of 12 months data, so as to evaluation
of uncertainty in measuring the orifice plate. To indicate
clearly time interval usage of orifice plate is appropriated time
to change instantly, to avoid the mistaken problem in
measuring rate of gas flowing and decreasing problem of
manufacturer’s loss in measuring rate of gas flowing by orifice
plate.

I1. THE ORIFICE PLATE BY AGA 3 [1], [2]

For calculating the diameter of the orifice plate (d) the
internal diameter of the holes to the orifice plate of the

reference temperature (T, ) As pointed out in [1] The diameter
bore orifice plate(d) is used in the flow equation for the sum of
the flow rate. Measuring the diameter bore orifice plate (d, )
is measured by the diameter of bore orifice plate at temperature
orifice plate (T, ) at the time of the diameter to be determined,



|( ast
2ole W \J

as indicated in [2] a reference diameter bore orifice plate (d, )
is the internal diameter of bore the orifice plate measure the
reference temperature (T, ) To calculate the points In [2] a

reference diameter bore orifice plate that has been certified or
have the pump diameter bore at the orifice plate.

A.  The temperature measurement (T, T,)

In flow measurement, the temperature sensing device is
inserted in the flowing stream to obtain the flowing
temperature. However, if the fluid velocity is higher than 25%
of the fluid sound speed at the point of measurement,
corrections for the increase in temperature due to dynamic
effects will have to be applied. Care should be taken to ensure
that the temperature sensing elements are coupled to the
flowing steam and not to the steel in the meter tube. This
practice is recommended for all orifice meter installation. The
sensed temperature is assumed to the static temperature of the

flowing fluid. The temperature ( T, ) is the measured
temperature of orifice plate at the time of diameter meter
measurement, as specified in [2].The temperature (T, ) is the
reference temperature used to determine the reference orifice
plate bore diameter (d, ) and as specified in [2].

B. The orifice plate bore diameter (d, ,d,)

The measurement orifice plate diameter (d,, ) is defined as

the mean (arithmetic average) of four or more evenly spaced
diameter measurement at the inlet edge. None of the four or
more diameter measurements may vary from the mean value
by more than the tolerances given in Table 2 The orifice plate
temperature shall be recorded at the time the bore diameter
measurements are made. These measurements shall be made
under thermally stable condition; ie., during the measurement,
the temperature should be constant within =1 °F. The orifice

plate bore diameter (d, ) is defined as the calculated reference
diameter at temperature (T, ) and can be determined using the
following equation 3. The orifice plate T_and T, must be in

consistent units. For the purpose of this standard, T, is

assumed to be 68 °F. The orifice plate bore diameter (d, )

calculated at T, is the reference diameter used to calculate the

bore diameter (d) at flowing condition, as specified in [1]. Area
of the orifice plate for measurements flow rate of gas have
diameter (D) 12 inch and diameter in bore (d) 7.2500 inch the
diameter is measured from the manufacturer and the average
diameter is 7.2489 inch which do not of stainless steel 316 and
for measuring the flow rate of gas, the orifice plate is a
thorough examination before it is used for measuring the flow
rate of gas for the orifice plate is the procedure check the
conditions of AGA3 [2] with a is monitoring procedure [1], [2]
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Before the sheet used is, 1. The orifice plate bore diameter (d ,
d,.d,), 2. plate thickness (E), 3. bore thickness (e), 4. bevel

thickness,5. bevel angle, 6. Plate Roughness, micro-inch (<50
micro-inch), downstream A and A’, upstream B and B’, 7
eccentricity (&), The measurement values to determine the

diameter (d, ) at 7.2489 inch at 68 °F. This is the standard

AGAZ3 the production orifice plate studies that have examined
it to pump the size of the line through the center plate orifice
them. an international standard for measuring the flow rate of

gas. Check again for the diameter (d, ) at average temperature
(Tyy,) for a reference (T.) Because the diameter measurements

for each temperature are not equal. In setp the reference (T, ) at

68 °F. The temperature effect on the expansion of the material
is made of stainless steel 316 for the reference temperature at
68 °F. while the average temperature of diameter orifice plate
must not exceed the error +0.0005. In process of validation
before they can be used to measure the flow rate of the gas. For
implementation to take approximately 1 month to the plate
orifice plate measure used the flow rate of gas to make sure the
diameter of the orifice plate again to be sure that the damaged.

or not by measuring the diameter of the aperture size (d, ) by

used inside micrometer at temperature ( T, ) by used
thermometer to average of the actual check that too according
to the error £0.0005 at reference does not exceed the term (d_ )

at (T.) 68 °F [1], [2]-

11 EVALUATION VALUE OF MEAN ORIFICE PLATE[1],[2]

For the evaluation diameter figure orifice plate which
received to use for measuring rate of gas flowing, this is

determined an examination diameter size (d,,) by inside
micrometer and at temperature (T_) by thermometer point is

shown to perform in measuring hole size at diameter (T, )

shown in figure 2, this measuring is an examination in
measuring regular timely to find mean value of orifice plate’s
diameter inside of orifice plate. For 4 points measuring is to
find mean value by usage of equation I, that is calculation to

find mean value diameter (d,) equation Il, is calculation to

find mean value temperature (T ) is an examination to find
mean value diameter orifice plate by equation Il to find mean
value (dp,) and (T ) with reference at (d ), (T,) coefficient

of temperature to use for changing unit of temperature is inch
unit to be changed with the same unit of diameter. For an
examination orifice plate’s diameter in which mean value to
be worth not over = 0.005 inch per inch of diameter [2].
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Orifice plate bore diameter caculated

Orifice plate bore diameter caculated at temperature , Tr

Orifice plate bore diameter caculated at flowing temperature, Tm

Orifice plate thickness
Orifice plate bore thickness
Orifice plate bore eccentricity

Temperature of fluid at flowing condition

Reference temperature (68 °F)

Orifice plate bevel angle
Eccentricity -Downstream (Vertical)
Eccentricity -Upstream (Horizontal)
Value

Value average

Number

Standard Deviation

Standard Deviation of the mean
Factor

Combined Uncertainty

Expeanded Uncertainty

Uncertainty Type A

Uncertainty Type B1 of Calibration

Uncertainty Type B2 of Drift of error

Uncertainty Type B3 of Resolution of micrometer
Uncertainty Type B4 temperature Effect

Uncertainty
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Table 1 Inspection orifice plate.

Inspection Orifice plate

153

Orifice Plate Size 12
Material of Construcion 316 SS
Plate Thickness (E) 0.253
Bevel Thickness (e) 0.189
Bevel Thaness 0.069
Bevel Angle 449
Plate Roughness A 21
Plate Roughness A’ 26
Plate Roughness B 31
Plate Roughness B’ 28
Measured Bore Diameter @68 °F ( d,) 7.2489
Measured Bore Diameter @74 °F (dy, ) 7.2492
Eccentricity A 2.674
Eccentricity A 2.674
Eccentricity A-A’ -0.001
Eccentricity B 2.676
Eccentricity B’ 2.674
Eccentricity B-B’ 0.001
/
/
L
>1///I</ Bevel angle
%0 45+-15
/,
ok
dr
a
/ \
4\
\
\
\\§y AN
N N
d S
< ~
- ~
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Figure 1 Symbols for orifice plate dimension




Downstream
roughness 21
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Figure 2 Eccentricity ~ Figure 3 Roughness downstream.

find mean value in 4 points measuring of diameter (d, )

n ..
X(dy) = 3 24 (1)

X@M=Z% @)

find mean value for (d, ), (T, ) with reference at (d, , T,)

d. =d_ [Lro1(Tr—T)] 3)

Table 2 The data average of a month

The data of a month
Point of Tﬁmperatur_e of
measurement | e measuring Measured value
it (inches)
(°F)
A 73.8 7.2490
B 74.0 7.2489
C 74.0 7.2490
D 75.0 7.2489
Average 74.2 7.2490

Table 2 data in measuring diameter orifice plate of 4
measuring and mean value which is shown value of an

examination diameter (d,,) and (T,,) of each month for data

collection from received mean value of each month, for
evaluation of uncertainty an examination in measuring orifice
plate’s diameter in order to know data at orifice plate which
usage measuring rate of flowing that time interval together 12
months to be data—base taking to use in evaluation of
uncertainty in measuring afterwards of usage orifice plate, it is
how much eroded or damaged occurrence and to be worth to

change a new plate for mean value of diameter (d,) and

(Ty) of 12 months is shown in the Table Il finding mean

value of 12 months which is kept for finding uncertainty value
in measuring [2], [4].
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Upstream
roughness 22

Figure 4 Roughness upstream. Figure 5 Point of measurement

Table 3 The average of the measured orifice bore each month
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The average of the measured orifice plate bore
each month
Month The average of the
Average temperature
measurements each month.
; (°F)
(inches)
January 7.2490 72.10
February 7.2487 70.95
March 7.2489 69.60
April 7.2490 70.90
May 7.2489 75.10
June 7.2490 75.05
July 7.2488 72.05
August 7.2490 72.00
September 7.2489 74.20
October 7.2488 73.70
November 7.2487 66.95
December 7.2490 74.90
To find mean value of 12 month
nY.
o Xi
Xog- > L, 4)
i=1 N
To find standard deviation value S.D=0c__, =U_
N (x-X)?
- - - MTA)
Ur =S.D= Ohq = _Z ) (5)
i=1
To find mean value standard deviation S,=0=U,
on-1 (6)

W:%ZVF
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and for evaluation of uncertainty value in type B which is the
evaluation of uncertainty of instruments usage in measuring
that to use in an examination in measuring orifice plate’s by
inside micrometer at 95%, K = 2 and details of measuring
instrument + 0.001 at uncertainty value in measuring + 0.0013

dispersion value type rectangular =\@ and thermometer at

95%, K = 2, dispersion value type rectangular is digital = Zx@
by received this details from result of comparative instrument
examination aforesaid to use in finding value of uncertainty in
measuring due to details in ready value of measuring
instrument to take value of instrument details usage in
measuring to replace in equation 7-8 to find value of
dispersion type rectangular equation 9 for evaluation to find
uncertainty value total measuring equation 10 to find
efficiency at level of confidence 95% , K = 2 equation I, to
find uncertainty expansion value, U at level of confidence
95%

To find dispersion value type rectangular

Resolution

B 3 )
To find dispersion value type rectangular type digital
Resolution
B 23 ®)
Evaluation to find total uncertainty value
Ure =\/ rA+Ur2 +Ur252+ur2|33+ur254 9)

To find efficiency at level of confidence 95% K=2
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ug

Veff =

(10)
gui
i=1"i
To find uncertainty expansion value U at the level of
confidence 95%

U =K><uC (112)

V. RESULT OF EVALUATION TO FIND UNCERTAINTY

VALUE IN MEASURING DIAMETER

In this part is shown of evaluation mean value uncertainty an
examination in measuring orifice plate’s diameter size, by
usage data of 1 month and data of 12 months on evaluation to
find mean value an examination in measuring in each time that
will be give mean value unequal then unknown mean value of
orifice plate which is already used, to be how much damaged
due to measuring rate of gas flowing and making in mistaken
measuring rate of gas flowing afterwards. For data used in
finding mean value uncertainty an examination in measuring
orifice plate and accessories of usage instruments is shown
that orifice plate’s diameter size has been truely changed and
damaged, due to measuring, rate of gas flowing, and an
examination in measuring orifice plate’s diameter. So then
result of data 1 month taking to use finding uncertainty value
an examination in measuring orifice plate’s diameter is shown
in table 4-5, that is shown evaluation uncertainty value an
examination in measuring diameter by total uncertainty value,
so the evaluation to find mean value uncertainty in measuring
to give mean value + 0.002 inch [1], [2], [4], [5], [6] and [7].

Table 4 Result type A of a month

Result of Type A

Nominal 1 2 3 4 Mean. SX S.D.
Ofa inch inch inch inch inch inch inch inch
month
7.2489 7.2490 | 7.2489 | 7.2491 | 7.2489 | 7.2490 | 0.0001 | 0.0001

Table 5 Result type B of a month

Result Of Type B
Result Type B of Micrometer Type B of TherT1 @ 74.97 °F *
Type A 0.0013 | 0.0000 0001 | DriftTem | 0.85F 0.23F 01F

Repeatability - - —
Ur of Drift of Re Drift of Re Tem. Unit :
Cal. Err Micro Tem. EF Ur of Cal Err Thermo Ef Urc inch
urA Ur B1 Ur B2 Ur B3 Ur B4 Ur B5 Ur B6 Ur B7 Ur B8 Uc Tt)JtraI
0.0001 0.0007 0.000 0.0006 0.0004 0.001 0.002
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1 Month

0.0012

0.001

0.0008

0.0006

= 1 Month

0.0004

0.0002

ST o @m@m o = &

U
Tota

0.0012

0.001

0.0008

0.0006 -

0.0004

0.0002 -

12 months

m 12 months

Sx
S.D
UrA
UrB1
UrB2
UrB3
UrB4

urC
total

In table 6 — 7 are data all received 12 month for usage on
evaluation of uncertainty an examination in measuring
orifice plate’s diameter size, to perform evaluation on finding
total uncertainty value then making to have mean value
uncertainty + 0.001 inch [3], [4]and [5].

V.CONCLUSION

The method is presented in this article given result
an examination in measuring orifice plate’s diameter size is
precisely and higher efficiency because we will take
evaluation of uncertainty in measuring in part of type A and
type B altogether, so as to find value at the level of
confidence at 95% and for taking data to evaluate value of
uncertainty an examination in measuring size of orifice plate
will indicate to problem occur due to an examination in
measuring plate to be how much damaged and will make us
can be able to evaluate when is appropriated changed orifice
plate instantly, in order to decrease problem of mistaken
measuring rate of gas flowing but the data only 1 month is
not sufficiency to conclude that when it is time of changing
a new plate because of standard deviation in measuring of
each month is unequally. Therefore we take data of 12
months to evaluate value of uncertainty an examination in

156

measuring size of orifice plate for conclusion that when it
could be appropriated time for us to change new plate so as
to avoid mistaken in measuring rate of gas flowing.
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Table 6 Result type A of each month.

Result of Type A

Month Nominal 1 2 3 4 Mean. Sx S.D.

inch inch inch inch inch inch inch inch
January 7.2489 7.2490 7.2489 7.2491 7.2489 7.2490 0.0001 0.0001
February 7.2489 7.2488 7.2488 7.2489 7.2484 7.2487 -0.0002 0.0002
March 7.2489 7.2490 7.2488 7.2488 7.2488 7.2489 0.0000 0.0001
April 7.2489 7.2489 7.2489 7.2488 7.2492 7.2490 0.0000 0.0002
May 7.2489 7.2488 7.2488 7.2488 7.2490 7.2489 0.0000 0.0001
June 7.2489 7.2490 7.2490 7.2490 7.2489 7.2490 0.0001 0.0000
July 7.2489 7.2485 7.2487 7.2489 7.2490 7.2488 -0.0001 0.0002
August 7.2489 7.2490 7.2490 7.2490 7.2489 7.2490 0.0001 0.0000
September 7.2489 7.2490 7.2490 7.2490 7.2489 7.2489 0.0001 0.0000
October 7.2489 7.2487 7.2488 7.2488 7.2486 7.2488 -0.0002 0.0001
November 7.2489 7.2485 7.2488 7.2488 7.2486 7.2487 -0.0002 0.0002
December 7.2489 7.2491 7.2489 7.2489 7.2490 7.2490 0.0001 0.0001
Total 7.2489 0.0000 0.0001

Table 7 Result type B of each month

Result 0f Type B
Result Type B of Micrometer Type B of Thermometer T1 @ 74.97 F *
Type A 0.0013 0.0000 0.001 ?:r;t 0.85F 0.23F 0.1F
Repeatability
L(J:ra?f Driftof Err | Re Micro | Tem. Ef Uéa?f Driftof Err | Re Thermo TeErfn. Ur c LIJ:;L
urA Ur B1 Ur B2 Ur B3 Ur B4 Ur B5 Ur B6 Ur B7 Ur B8 Uc thtral
0.0000 0.0007 0.000 0.0001 0.0003 0.001 | 0.002
0.0000 0.0002 0.000 0.0006 0.0004 0.001 | 0.002
0.0001 0.0007 0.000 0.0006 0.0004 0.001 0.002
0.0001 0.0007 0.000 0.0006 0.0004 0.001 | 0.002
0.0000 0.0007 0.000 0.0006 0.0004 0.001 | 0.002
0.0000 0.0007 0.000 0.0006 0.0004 0.001 | 0.002
0.0001 0.0007 0.000 0.0006 0.0004 0.001 | 0.002
0.0000 0.0007 0.000 0.0006 0.0004 0.001 | 0.002
0.0000 0.0007 0.000 0.0006 0.0004 0.001 | 0.002
0.0000 0.0007 0.000 0.0006 0.0004 0.001 0.002
0.0001 0.0007 0.000 0.0006 0.0004 0.001 | 0.002
0.0000 0.0007 0.000 0.0006 0.0004 0.001 | 0.002
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