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Figure 2. A measurement schematic diagram of the
ultrasonic interferometer manometer, show—
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Table 1. Type B uncertainty contribution of the UIM (k=1, confidence level =
standard uncertainty, sensitivity coefficient, and uncertainty contribution at 1.3125 kPa.

system. The measuring chambers consist of
three different size chambers. Key abbrevi—
ations; TMP: turbomolecular pump, RP: rota—
ry vane pump, QBG: quartz bourdon gauge,
DG: capacitance diaphragm gauge, IG:

zation gauge, SRG: spinning rotor gauge.

ioni—

95%), such as source of uncertainty,
The combined

standard uncertainty was determined from the quadratic addition of the individual sources.

Source of Value Standard uncertainty Sensitivity coefficient Uncertainty contribution
uncertainty X, z; u(z,) ¢ lc(g) | ¥ulq)
or 13548.1969 kg/m’ 6.8<10 kg/m’ 9.6867x107* Pa/(kg/m’) 6.587x10"
B 1.8115x107* /K 33107 /K -1.232325x10° PK —3.69698%107°
B 7.7552x107° /K 1x107" /K 1.157154x10° PK 1.15715x107°
At 19.061°C 5X107° °C 2.377215%107* P/°C 1.18861x107°
g 9.79831 m/s” 2x107° m/s” 1.33910x10° Pa/(m/s”) 2.67820x107"
L -2.32789x107" m 1X107" m —6.637464x10" Pa/m —6.63746x107°
Ls —2.34886x10"" m 1X107" m —6.637464x10" Pa/m —6.63746x10°
Ls 9.65063x10™° m 1X107" m 1.32749x10° Pa/m 1.32749x107
Py 1.51352x107% kg/m’ 1X107% kg/m® —4.33314 Pa/(kg/m’) —6.55830x10 7"
oz 4.65815%10°° kg/m® 1X107% kg/m® 4.23629 Pa/(kg/m’) 1.97333x1077
R 4.46x107" mm 5%107" mm —1.48254x10"" Pa/mm —7.4126x107°
Prack 4.0397x10" Pa 1x10~° Pa 1 4.03966x10~"
Combined uncertainty, u- (Pa) 1.4908%10 "%
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Table 2. Type B uncertainty contribution of the SVES (k=1, confidence level = 95%), such as source of uncertainty,
standard uncertainty, sensitivity coefficient, and uncertainty contribution at 10 Pa.

Source of Value Standard uncertainty Sensitivity coefficient Uncertainty contribution

uncertainty X; :ri u(z;) G | e (g | Xulq)
P 10.6192 kPa 6.9223 Pa 8.0501x107° 5.5725%107°
Py 66.7973 kPa 0.0288 Pa 1.4955x107* 4.2996x107°
Pyoz 0.5716 kPa 47.3814 Pa -1.2797x107° —6.0638%10°
Pri 113.5958 Pa 0.1568 Pa -8.0625x107 -1.2638x107
Pu» 112.5310 Pa 0.1568 Pa 7.9870x107° 1.2520%107
Pra 113.4886 Pa 0.1568 Pa 7.5325%x107* 1.1807x10~*
Pros 113.4889 Pa 0.1568 Pa ~7.5325%107* -1.1807x107*
7, 294.58 K 0.05 K 2.9019x107" (Pa/K) 1.451x10°"

Te 294.77 K 0.05 K —2.9001x107" (Pa/K) —1.450x10"°
Combined uncertainty, u- (Pa) 1.779%x10 2
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Table 3. Type B uncertainty contribution of the ODES (4=1, confidence level=95%), such as source of uncertainty,
standard uncertainty, sensitivity coefficient, and uncertainty contribution for ultra—high vacuum standards
at 7.3678x107" Pa.

Source of Value Standard uncertainty Sensitivity coefficient Uncertainty contribution

uncertainty X, % u(z,) ¢ | c(g) | ¥ulq)
D 532.59 Pa 5.326x107" Pa 1.392x107" 7.417x107%°
A 7.06195 cm’ 1.65%107 cm’ 1.050%10" Pa/em’ 1.731x107%
dL 6.02x107" cm 1.204x107% cm 1.232x107° Pa/em 1.483x107°
dr 173.32 s 7.541x107" s —4.28x107" Pa/s -3.227x107°
T 296.0 K 5.0x107* K 2.506x107" Pa/K 1.253x107"°

Ty 296.8 K 5.0x107* K —2.499x1077 Pa/K -1.249x107"°
G 9.8159 //s 5.0x107° /s 7.557x107° Pa/(//5) 3.778%107"
R 7.625%1072 5.0x107* 8.031x107" Pa 4.015x107%°
G 5.559%x107% /s 4.73%107° Ifs 1.334x10~" Pa/(1/6) 6.312x10~"
C 11.202 /5 5.0x107 /s —6.622x10"" Pa -3.311x107"
R 3.8889%107° 5.0x107* —7.719x107" Pa/(//s) —3.859x107""
Combined uncertainty, u. (Pa) 7.324x107°
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Table 4. A summary of the expanded uncertainties (k=1, confidence level=95%) of the standard apparatus.

UIM

Generated pressure (Pa) Expanded uncertainty (Pa) Relative expanded uncertainty
2.4907x10° 2.933x107 1.178%107°
5.0258%10° 3.199x107° 6.365x107°
1.0010x10" 3.192x107* 3.189x10~*
3.0355%10" 3.458x107 1.139x10°°
1.0055x10 3.528x107 3.509x107"
3.0298%10" 4.174x107 1.378%107"
1.0044x10° 5.173x1072 5.150x107°
3.0131x10° 1.237x107" 4.104x107°
1.0044x10* 3.989x107} 3.972x107°
1.3466x10* 1.024x10° 7.605x107°
2.7016x10" 2.088x10" 7.729x107°
5.4044x10" 4.216x10" 7.801x107°
8.0435%10" 6.30410" 7.838x107°
1.0043x10° 7.874%x10° 7.840x107°

SVES

Generated pressure (Pa) Expanded uncertainty (Pa) Relative expanded uncertainty
3 5.33x107° 1.78x107"
6 1.08x107* 1.81x107"
10 1.77x107 1.78x107"
30 5.33x107 1.78x107
100 1.77x107" 1.78x107°

ODES (high vacuum)

Generated pressure (Pa)

Expanded uncertainty (Pa)

Relative expanded uncertainty

4.570x107" 1.91x107° 4.18%x107°
4.600x10~" 1.92x107° 4.19x107°
7.280x107° 3.01x107° 4.14x107°
7.340x107° 3.04x107° 4.14x107°
1.002x1072 4.14x107° 4.13%107°
1.010x107° 4.17x107° 4.13x107°
1.252x1072 5.15x107° 4.14x107°
1.262x107° 5.20x107° 4.14x107°

ODES (high vacuum)

Generated pressure (Pa)

Expanded uncertainty (Pa)

Relative expanded uncertainty

3.011x107° 4.11x107° 1.37x107*
8.952x107° 8.40x107° 9.39x107°
2.953x10° 3.15x1077 1.07x107
8.864x107° 1.20%107° 1.36x107*
2.933x107* 3.19x107° 1.09x107*
9.024x107* 8.21x107° 9.10x107°
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The Korea Research Institute of Standards and Science (KRISS) has three major vacuum
systems: an ultrasonic interferometer manometer (UIM), a static volume expansion system
(SVES), and an orifice-type dynamic expansion system (ODES). For each system explict
measurement model equations with multiple variables are respectively given. According to

ISO standards, all these system variables errors were used to calculate the expanded

uncertainty (U).

Keywords : Vacuum measurement standards, Ultrasonic interferometer manometer, Static

volume expansion system, Dynamic expansion system, Uncertainty
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