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Figure 3. References (left)
and samples (right).
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= 1 kg¥} 2 kg S| SHTS WRIh wEpA AE BAE7100 ME871 el 71AE B3 olsAXITh 71Al
o Z4RuE BYst] SYE PuelH AR Z1ERY JF ABAHY $712 ol5E 1) BangoR e &
B g Zsto] T, =7} s Bow eEwdoel | iy vtk F
SR 2] whet ABETIZ, NEESA,  WE Lok e S
HME5HY ez sk HA A gAY ME8719 1719 Bl WE87154 ol 2979l 7IeES48E
S ME8719 HAE719 E21/(flushing) S = E Itk 7]EE2 Table 19] (C1kg+C 2 kg+C 5 kg)=
AR, 2 S M AME 2713l (medium gas)<= esto] ARSI 7IEES4S AEE7] ol 7=
EEA7IAR dEHe) 224 BES 8719 AL 2H| = 3 19419 AE87I154T Zo] SARith odA 9
7ER2450] Ul ABEAS SuEth MBS
S AEE7IAM 71EES AW ST AES S8
Table 1. Reference volume by a hydrostatic weighing Hell gL 1A ek o] S ettt AE2 Table 1, 29} 7
ZE23 MZO(S1kg+C 2 kg+C 5 kg), (C1kg+S 2
Reference Hydrostatic Uncertainty Relative Lo zsto
weighing/cm’ e ancertainty/% kg+C 5 kg), (C1kg+C 2 kg+S 5 kg)e} & %3]
C1kg 126,478 0.008 0.006 B2A| 247} 2sto] SAgt
C 2 kg 252.772 0.012 0.005 ZA A= Table 30| et AMEZ9] Huj=A o
Chke | 632622 0.017 0.003 gt ©xHerron) = W] 7RG A AN A B2
Table 2. Sample volume by a hydrostatic weighing Table 3. Sample volume by a gas pycnometer
Sample H}fdr'ostatlc3 Uncertainty Relat'ive Sample Errosr Uncertilnty Relat.ive
weighing/cm cm uncertainty/% cm cm uncertainty/%
S1kg 126,714 0,009 0,007 S 1kg —-0.09 0.25 0.200
S 2 kg 252,759 0,010 0.004 S 2 kg -0.18 0,52 0,205
S 5 kg 632,155 0.014 0,002 S 5 kg -0.54 1,35 0,213
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Table 4. Uncertainty budget for 5 kg sample by a gas
pycnometer,

Influence quantity Symbol | Uncertainty/ cm’
7|EE Fu V¢ 0.0391
194 MES7) 27] 4" Do 0.0076
15t #3871 27] 4™ 121 0.0066
1A S HE oY Do 0.0129
194 MEL7) 27) _% to 0.0115
1A BAE7] 27] 2% t 0.0019
1A S HY 2= ty 0.0163
29A AE87] 27 o™ Do 0.1256
oA BAE7] 27] 4E Py 0.1338
oA BT B 4 D5 0.2371
2T &Y 7] 2= t6 0.1904
oA WAL 27 2% 1 0.0019
2T BT HY 2= t5 0.2691
3eHA MEE7] 27] 4™ Do 0.1258
3 B8 27 o™ Pi 0.1340
3 WS BE g D5 0.2373
3HA AE87 27 £ to 0.1910
3GA WAL 27| 2 t5 0.0019
3THA BAS WP t5 0.2701
ZAulE e m, 0.2279
PR ELE u, 0.6725
S Eate Uys 1.3450

kol A Table 29 gh& eE FLo=A ME 1 kg, 2 kg,
5 kgol| tigto] Z+2F —0.09 em®, —0.18 em®’, —0.54 cm®

B3I 025 cm’, 0,52 em®, 1,35 cm® 24 H71E]
o} o5 AdES e 0.213% OMEH 71%0*24741
daggdoll tigh A=) ol S

1:}_ Table 4+= A& 5 kgof tigt FJE QLJ
= H7Is Aoltt, 2 BEEEA 1, 2, 3
of WAL ey} =2 YEH oA &
oS} 29 miujollA 7]QIFkE & 4 Uit

=
Table 49 YHEEET == 4 (8)9] 8= AL

I

52 _IIN'

lo X e #1032
ﬁ%‘

r}oL

=TI 22(5), 2013

24 ZF 8% Qo1 FEIITof gt Aol gt
AlFH(square root of sum of squares) &Z2A] H7F=|SIT},

2(0)+u? (py) +u? (py )+ (py )+ (£ + i (t))
(2)+u (py)+u ( $)+u (py)+u® () +u® (£)
u? (t5)+u” () +4 () + (p3) + (85 +u® (£])
+u? (t5) +u(m, )} ®)

SAES I (expanded uncertainty, U)= 2] (8)9] M4
EFE8 % (combined standard uncertainty, u,)%} g+
¢1&}(coverage factor, k)] FOZEA & (9)Q} Zro| AAL
Hoitt, ol7A] k=224 Asz
oF 95%0|t} [5],

Z(confidence level)-2

U=kXu,
= 2x0.6725=1,345 cm’ 9)

Iv.2 8

B TEEAL FIEES HalE S AR
> ‘ﬂo]"ﬂ‘?l 7IASAA S-S Ajkstlet, o] WS
5 o] & hydrostsic weighing®] Huj&%
B o] Hlﬁ}c’% SAESE oF 0.2924 w2 A= Ug

N
f
iy
1 o
4
Ob

6 H ] o e
71 A 9] 7wl didt FuEd AF3AE Al
of| golrt,

References

[1] K. H. Chang and Y. J. Lee, Metrologia 41, S95,
(2004).

[2] S. Y. Woo, Y. J. Lee, and 1. M. Choi, J. Korean
Vac. Soc. 157, (2003).

[3] Bengt-Olov Marinder, Meas. Sci. Technol. 7, 1569,

235



Ol - 0122 - 5= - stel - 2

Ho

(1996). [5] BIPM, IEC, IFCC, ISO, IUPAP, and OIML, GUIDE
[4] S. Tamari and A. Aguilar-Chavez, Meas. Sci. 98-3 Uncertainty of Measurement, (ISO, Geneva,
Technol. 15, 1146, (2004). 2008), p. 23.

236 Journal of the Korean Vacuum Society 22(5], 2013



< Research Paper> Journal of the Korean Vacuum Society Vol.22 No.5, September 2013, pp.231~237
http://dx.doi.org/10.5757/JKVS,2013.22 5231

New Method of Volume Measurement for Reference Weights of

a Pressure Balance Using a Gas Pycnometer

Yong Jae Lee®, Woo Gab Lee®, Mohammed Abdurahman Mohammed®®,
Yon-Kyu Park®, and Chae Yoon Oh°

“Korea Research Institute of Standards and Science, Daejeon 303-340
"University of Science and Technology, Daejeon 305-333
‘Chonbuk National University, Jeonju 570-752

(Received September 9, 2013, Revised September 13, 2013, Accepted September 13, 2013)

New method of volume measurement for reference weights of a pressure balance using
a gas pycnometer is proposed. The result of volume measurement of proposed method shows
the uncertainties of approximately 0.2% at the level of confidence of 95% for reference
weights in the ranges of 1 kg, 2 kg, and 5 kg. This measuring system consists of a sample
chamber, an expansion chamber, a precision pressure gage, a precison thermometer, a vacuum
pump, and helium as a medium gas. The measurement principle of this proposed method
is based on Boyle's law. This method will contribute a reliability of the volume measurements

of reference weights for a pressure balance to the national measurement standard.
Keywords : Pressure balance, Reference weight, Gas pycnometer, Volume, Density, Uncertainty
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