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Abstract

A new medium vacuum primary standard using the static expansion method was developed in KRISS. In
order to evaluate the performance of the equipment, we compared the medium vacuum standard with an
ultrasonic interferometer manometer using two capacitance diaphragm gauges, the measuring ranges of which
were 133 Pa and 1,333 Pa respectively. The result, Error normalized values, showed that the two standards are

coincident each other within the range of combined uncertainty at calibrated pressure of 3 Pa~ 100 Pa.
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Fig. 1. Block diagram of new static expansion system in KRISS. Measuring chambers are consisted

to three different size chambers.
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Table 1. Results for volume ratios and standard
deviations of 1/X; for AXA+B+C) and 1/%;
for A/(A+B).

24 1/Xa /X,
1 116.776830 1,061.457957
2 116.751197 1,062.998493
3 116.829929 1,060.714721
4 116.815475 1,061.270371
ot 116.793358 1,061.610386
TFAR 0.035950 0.977736

83 67liter2 FRFHJLH, YR TAL @7}
28 £0|7] 95t et Astdn. £ 49
o 97171 A 7 11*%71 £ I E (ulti-
mate pressure)= 10° Pa ]‘6}0121‘3}. CDG I F 9|
So7b7] Ao 871 (A% (A+B+C)9] F3 & X;=
A/(A+B+C) 2 &7 (A% (A+B)Y FI& Xp=
A/(A+B)E ZA3IY Y. Table 1L 43 uvhE =4
st A& %k—% AL A=A, B8 X3 X,
T A7 1061.613% 11679013 ©| 89 EFHA}
= 0.0359¢} 0.9777°11H.

2.3 MEEZETJ| (Transfer Standard Gauge)
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7} 1,333 Pa (CDG2)S! CDG7F AHEE 401 seri-
al number= %7 7471853 531679°1th. CDG
7 AGREINE AEHE ol f e 295G AT
FAH oA BEE9 AT} v F& A
oF @eld 7] wEelr [9].
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Table 2. Results for B type combined standard uncertainty by using input parameters, estimated values,
standard uncertainties, and sensitivity coefficients.

= B8y slofg
Qla gk =7} ZEAF ¢ =%4% 3
U TR gzaes ) elq)] - ulg)
% K AT A At 3 (Pa)
Ps 10 Pa 1.779x10” Pa - - 1.779x10°
oF, 5 s
P, 10.6192 kPa 6.9223 Pa e ="p 8.0501x10 5.5725%10
ary ” 5
P 66.7973 kPa 0.0288 Pa Cran = 5p 1.4955%10 4.2996x10
A21
ofy 5 5
Pz 0.5716 kPa 473814 Pa Cpagy = =y -1.2797x10 -6.0638x10°
BP,\‘ZZ
6‘PS 2 -2
Py 1135958 Pa 0.1568 Pa ey = 5p -8.0625x10* -1.2638x10°
Iy
BPQ B 9
P2 | 1125310 Pa 0.1568 Pa Sy = 5P 7.9870x10° 1.2520%107
Y12
oF, " 4
Pr 113.4886 Pa 0.1568 Pa Crn = 5p 7.5325%10 1.1807x10
¥21
oF, " 4
Pr 113.4889 Pa 0.1568 Pa Crm =55 -7.5325%10 -1.1807x10
ILy99
ok, g 3
Ty 29458 K 005 K o =57 2.9019x107 (Pa/K) 1.451x10
A
oF, g 5
T, 29477 K 0.05 K e = 57 -2.9001x10”7 (PaK) -1.450x10
Combined standard uncertainty (u,) 1.779x10°
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Fig. 2. Plot of average and standard deviations with
error bars according to generated pressures
for 133 Pa CDGH.
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Fig. 3. Plot of average and standard deviations with
error bars according to generated pressures
for 1,333 Pa CDG2.

Table 3. Results for CDG1: r as defind in Eq. (1)
and s is the experimental standard de-
viation of repeat measurements.

Pressure UM SES d
Pa r K r s !
3 1.02029 | 0.00635 | 1.02188 | 0.00278 | -0.15545
6 1.01708 | 0.00347 | 1.00890 | 0.00227 | 0.81069
10 | 1.01329 | 0.00074 | 1.00440 | 0.00224 | 0.88554
30 1.00645 { 0.00032 | 0.99957 | 0.00131 | 0.68869
100 1.00391 | 0.00006 | 0.99820 | 0.00129 | 0.57218
Table 4. Results for CDG2: r as defind in Eg. (1)
and s is the experimental standard de-
viation of repeat measurements.
Pressure UM SES
d;
Pa r N r N
3 1.01850 | 0.00412 | 1.02693 | 0.00275 | -0.82089
6 1.01506 | 0.00257 | 1.01593 { 0.00162 | -0.08514
10 1.01090 | 0.00070 | 1.01231 | 0.00209 | -0.13953
30 1.00356 | 0.00014 | 1.00564 | 0.00154 |-0.20683
100 | 1.00157 | 0.00004 | 1.00425 | 0.00131 | -0.26687
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ey FFgold =13 2& CDG13# ChG2oltt.
Table 5+ BY 3% & wad UM SESY
FAEST 7 NERFH MY BES ATEG
Sojth. CDG o] 5L g AAAL EetAAH L
B8] dte] CDG1# CDG2Y d, H7FE 4
(5% Zo] AAtstsln

d= ®

oA g9 Bdr =
At [10].

4 ©% 2ol ALY

g = udptulet0.25 ubpg +0.25 ulpg +
\/0‘25(5?U/M+522U1M) +0.25 (5] g+ S5z5)
©

AN wyE UMY ZE2EBIEE o=
SESS) EZEEHE, ugpn& UM SESOIA 9
& gl Aol, u et UIMI SESO|A 9
& ¢=v) Aol 5,2 UIMAAM 249 CDGI
9 W EEUA, 5,2 UIMIA 2339
CDG29 ¢t EFHUA, 5,5 SESOIA 4"

Table 5. Standard uncertainties at the coverage
factor k=1 due to systematic effects at
the generated pressures for both UM an
SES. The last two columns represent
refative standard uncertainties in percent.
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8 - Hys|

CDG19 &¥ul EEHA, IT s,y SESO
A Z4E CDG29 ¢ EZ#Ajo|n}, whehA
UIM# SESOlA 2 A3} XA & By 9%
error normalized Z & E.(p)= 4 (D3 7o) A4

g + A [10].

d
E,(p)= Mff(};) @
Fig. 4t 952 7E¢H2Z $£32L dp)
3 S Y2E 3 2xylp)E BFEE g
2 ste] I Zojth A2 T2 A9 A4S
Hashe she dyeg o adxxy 3
A7t #4359 ol FAA Qlod BEE H9Y
Weld dAdT & 4 o [10]. Table 6& 2
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Fig. 4. Plot of d(p) with 2xu,(p) as uncertainty bars

to show the degree of equivalence between
UIM and SES.

Table 6. d, &, d, us, and £, values as defined in
Eas. @) to (7).

P“fa“re UM | SES U;M S;s Pr&;sa“’e 4 d d a E,
3 001465 | 000533 | 048830 | 0.17767 3 |-0.15545 | -0.82089 | -0.48817 | 0.41805 | -0.58386
6 001518 | 001083 | 025298 | 0.18050 6 | 081069 |-0.08514 | 036277 | 0.40800 | 0.44456
10 | 001769 | 001779 | 0.17688 | 0.1779 10 | 0.88554 |-0.13953 | 0.37300 | 0.44893 | 0.41542
30 | 004194 | 005338 | 013980 | 0.17793 30 | 068869 | -0.20683 | 0.24083 | 0.36589 | 0.32923
100 | 014456 | 017794 | 0.14456 | 0.17794 100 | 057218 | -0.26687 | 0.15266 | 0.39014 | 0.19564
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