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1. Introduction and Executive Summary 

This key comparison, APMP.M.FF-K6 has been undertaken by APMP/TCFF, which is Technical 
Committee for Fluid Flow, and was piloted by National Metrology Institute of Japan (NMIJ/AIST). 
The objective of this key comparison is to demonstrate the degree of equivalence of the low-pressure 
gas flow standards held at the participating laboratories to the CCM.FF-K6 key comparison reference 
value (KCRV) and to provide supporting evidence for the calibration and measurement capabilities 
(CMCs) claimed by the participating laboratories in the Asia-Pacific regions. 

This Draft B report was prepared in accordance with the Guidelines for CIPM Key Comparisons(1) 
and the Guidelines on conducting comparisons (APMP-G2)(2). 
 

Table 1. Schedule and facilities used during the KC. 

Participant Date Type of primary standard Standard uncertainty 
(%) 

NMIJ (Japan) #1 Jan. 2007 Gravimetric 0.05 
Piston provers 0.050 CMS (Chinese Taipei) Mar. 2007 Bell prover 0.070 

KRISS (Korea) Apr. 2007 12 L piston prover 0.065 
Piston provers 0.25 A*STAR (Singapore) June 2007 Bell prover 0.20 

NMIJ #2 Aug. 2007 Gravimetric 0.05 
NMIJ #3 Jan. 2008 Gravimetric 0.05 
VMI (Vietnam) Mar. 2008 Bell provers 0.140 to 0.145 
NIMT (Thailand) June 2008 Critical nozzles 0.10 to 0.11 
NMIJ #4 Aug. 2008 Gravimetric 0.05 
 

The participants, the test schedule, the types of primary standards used, and the uncertainty of the 
facilities are listed in Table 1. Among them, NMIJ and KRISS are the laboratories that had taken a 
part in the relevant global key comparison (CCM.FF-K6). 

A set of 4 critical flow Venturis (CFV) with dedicated, redundant pressure and temperature sensors 
was the transfer standard (TS). The TS was borrowed from NIST, and was used in the KC of 
CCM.FF-K6(3). The TS was used at twelve mass flows of dry air: 4.4 g/min to 12.2 g/min and 62.5 
g/min to 183.3 g/min. All participants submitted mesurements at the lower flow region, but due to 
pressure or flow range limitations, only two labs made calibration at all six higher flows. 
 
2. Transfer Standard 

A schematic of the TS is shown in Figure 1. There are a total of 4 CFVs and each test condition is 
listed in Table 2. 

There are redundant sensors for measuring the CFV pressures and temperatures (2 upstream CFV 
pressures and temperatures). The pressure, temperature, and flow measurements allowed us to assess 
the TS calibration stability throughout the KC. Two additional temperature sensors measured the room 
and inlet gas temperature in order to assess the magnitude of temperature effects on the TS. 
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The 4 CFVs are called Small Aup, Small Adwn, Large Aup, and Large Adwn (see Table 2).  A lab 
that is able to perform all of the measurements in the test sequence makes 60 individual flow 
measurements (12 flow set points 

€ 

× 5 repeats). 
 

 

Figure 1. Schematic of the APMP.M.FF-K6 transfer standard. 
 

Table 2. Testing sequence for the comparison: test flow rates and pressure conditions. 

Test # CFV Flow set point sequence (g/min) and pressure condition (kPa) 
1 Small Aup 4.4 (510 kPa), 5.0 (580 kPa), 5.6 (650 kPa) 
2 Small Adwn 9.4 (500 kPa), 10.9 (580  kPa), 12.2 (650 kPa) 
3 Large Aup 62.5 (100 kPa), 129.3 (205 kPa), 177.3 (280 kPa) 
4 Large Adwn 88.6 (100 kPa) , 133.8 (150 kPa), 183.3 (205 kPa)  

 
3. Participants 

The participants’ information is listed in Table 3. Seven NMIs from APMP planned to participate. 
After the circulation of the transfer standard started, NIM (China) and NMIA (Australia) withdrew 
their participation and VMI (Vietnam) participated. As a result, the final number of the participants 
was six. 

 
Table 3. Participants shipping addresses and contact information. 

Participant Shipping address Contact information 

NMIJ/AIST 
(Pilot) 

National Metrology Institute of Japan 
AIST Tsukuba Central 3, Umezono 1-1-1, 
Tsukuba, 305-8563, Japan 

Toshihiro Morioka 
tssj.morioka@aist.go.jp 
81 29 861 4060 

CMS/ITRI 
Center of Measurement Standards 
G200, CMS/ITRI, 30 Ta Shueh Road, 
Hsinchu, Taiwan 300, R.O.C. 

Cheng-Tsair Yang 
ctyang@itri.org.tw 
886 3 5741206 

KRISS 
(Link lab.) 

Korea Research Institute of Standards and 
Science 
Yusong, Taejon, 305-600, Korea 

Hae Man Choi 
hmchoi@kriss.re.kr 
82 42 868 5310 

A*STAR 
National Metrology Center 
A*STAR 
1 Science Park Drive, Singapore 118221 

Wu Jian 
wu_jian@nmc.a-star.edu.sg 
65 6279 1961 

VMI 
Volume and Flow Laboratory 
Vietnam Metrology Institute 
8 Hoang Quoc Viet Hanoi, Vietnam 

Nguyen Hong Thai 
thaingh@gmail.com 
84 4 8362030 

NIMT 
National Institute of Metrology Thailand 
3/4-5 Moo 3, Klong 5, Klong-Luang, 
Pathumthani 12120, Thailand 

Sutham Masri 
sutham@nimt.or.th 
66 2577 5100 Ext. 2101 

 
 



APMP.M.FF-K6 Final.docx 3 

4. Calibration results 
(1) Calibration result to be reported 

At each participant, the laboratory's flowrate (

€ 

Qm ) were obtained at each test condition and reported 
along with their uncertainty. The theoretical flowrate (

€ 

Qmth ) were calculated from the upstream 
conditions of transfer standard. In this report, the calibration results are represented by 

 

€ 

Xi =Qm, i Qmth     

€ 

=Cdi( )                                             (1) 
 
where subscript i denotes the participant. 
 
(2) Reproducibility of the TS observed at NMIJ 

Figure 2 shows a calibration data set for the Large Adwn collected at NMIJ to illustrate the stability 
of the TS during the comparison. The drift of the values of 

€ 

XNMIJ  was 

€ 

±0.10 %. This value was 
substantially higher than that of the CCM.FF-K6 comparison, having standard uncertainty due to 
calibration changes of less than 0.02 %. During the APMP.M.FF-K6 comparison, it was confirmed 
that the drift of the TS was small in NIST every year for update of the ATA Carnet. Therefore, we 
think that the large drift was caused by the improvement of the NMIJ calibration facility. Then, the 
mean of four NMIJ data sets was used in later presentations of KC results. 

 

  
Figure 2. Results of reproducibility test of the transfer standard. 

 
(3) Calibration results of the participants 

The calibration results reported by the participants are listed in Table 4. The 

€ 

Xi  values shown in 
this table were normalized by the key comparison reference values (KCRVs) derived from 
CCM.FF-K6 (CCM KC) as represented in following equation. 

 

€ 

Xi = Xi XKCRV     
 
                                                                                                                      (2) 

 
The values 

€ 

XKCRV  were derived by using the approximate curve of CCM KC results. Therefore, the 
standard deviation of the residual with the approximate curve value was involved to the uncertainty. 
The 

€ 

U(Xi )  also includes the uncertainties of the TS which values were 0.026 % for Small series and 
0.019 % for Large series, respectively. 
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Table 4. Calibration results reported by the participants. 

€ 

U(Xi )  is an expanded uncertainty with coverage factor (

€ 

k ) of 2. 

(a) Small Aup and Adwn 

 
 

(b) Large Aup and Adwn 

 
 
5. Linkage to the global key comparison 

The mass flowrates for all of Small Aup and for 129.4 g/min and 177.3 g/min of Large Aup are the 
same as the conditions of CCM KC (3). Therefore, the APMP.M.FF-K6 (APMP KC) can be linked to 
the CCM KC by correcting the results of two link laboratories at those conditions with the following 
procedure. These results are plotted in Figure 3 with the KCRV. These KCRV are used as the 
reference values after the results from APMP KC are corrected by the procedure described by 
Delahaye and Witt (4,5). 

 
A correction, which should be applied to the result from APMP KC, was obtained by Equation (2): 
 

€ 

D = wiDi∑                                                                                                                                (2) 
 
where 

€ 

Di  is the difference between the results from CCM KC and APMP KC at a same link 
laboratory (NMIJ or KRISS) as presented by Equation (3), and 

€ 

wi  is the weighing coefficient obtained 
from the uncertainty at each link lab as presented by Equation (4). 

 

€ 

Di = X i, CCM − X i, APMP                                                                                                                  (3) 

€ 

wi =

1
ui
2

1
uNMIJ
2 +

1
uKRISS
2

                                                                                                                    (4) 

 
With this procedure, the correction was calculated as: 
 

€ 

D = 0.0018  at 4.4 g/min  

€ 

= 0.0018  at 5.0 g/min  

€ 

= 0.0018  at 5.6 g/min  

€ 

= 0.0003 at 129.4 g/min  

€ 

= 0.0006  at 177.3 g/min                                                                                                       (5) 
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Finally, corrected value 

€ 

X ' i  for each participant of APMP KC was calculated as: 
 

€ 

X ' i = X i, APMP +D                                                                                                                       (6) 
 

This correction provides an estimate of what would have been the result from the APMP KC 
participants, if they had actually participated in CCM KC. The results at all CFVs are plotted in 
Figures 4 to 7. 

 

 
(a) 4.4 g/min 

 
 (b) 5.0 g/min 

 
(c) 5.6 g/min 
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(d) 129.4 g/min 

 
(e) 177.3 g/min 

Figure 3. Results from the link laboratories at CCM KC and APMP KC. 
 

 
Figure 4. Results for Small Aup. 
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Figure 5. Results for Small Adwn. 

 
(a) all data 

 
(b) enlarged around 

€ 

X ' i ,X i =1.000  

Figure 6. Results for Large Aup. 
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Figure 7. Results for Large Adwn. 

 
6. Degree of Equivalence 
(1) Degree of Equivalence to KCRV 

For each participating laboratory, the degree of equivalence (DoE) was calculated using a following 
equation. 

 

€ 

di = X ' i − X KCRV                                                                                                                         (7) 
 
From Equations (2) and (6), 

 

€ 

di =
Xi

XKCRV
+D −

XKCRV
XKCRV

=
Xi

XKCRV
+D −1 

 
The expanded uncertainty was obtained using following equations. 
 

€ 

U(di ) = 2u(di )                                                                                                                      (8) 

€ 

u 2(di ) =
1

XKCRV

 

 
 

 

 
 

2

u 2(Xi ) +
Xi

XKCRV
2

 

 
 

 

 
 

2

u 2(XKCRV) + u 2(D)                                                           (9) 

 
where we assumed that 

€ 

u(D)  is negligible since 

€ 

D  is a differenece between two parameters that has a 
strong mutual dependence from Equation (3). 

The results are listed in Table 5. The expanded uncertainty of the KCRV (

€ 

U(XKCRV)) is 0.05 % with 

€ 

k = 2 . 
 

Table 5. Degree of equivalence of each lab to KCRV. 
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(2) Degree of Equivalence between participants 
For each combination of two participating laboratories, the DoE was calculating using following 

equations (6). 
 

€ 

dij = X ' i − X 'j    at 4.4 g/min, 5.0 g/min, 5.6 g/min, 129.4 g/min and 177.3 g/min                (10) 

€ 

dij = X i − X j       at other flowrates                                                                                          (11) 
 

The expanded uncertainty was obtained using following equations. 
 

€ 

U(dij) = 2u(dij)                                                                                                                      (12) 

€ 

u 2(dij) = u 2(X i ) + u 2(X j)                                                                                                       (13) 
 

The results are listed in Table 6 to 9. 
 

Table 6. Degree of equivalence between participants and its expanded uncertainty for Small Aup. 

(a) 4.4 g/min. 

 
(b) 5.0 g/min. 

 
(c) 5.6 g/min. 
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Table 7. Degree of equivalence between participants and its expanded uncertainty for Small Adwn. 

(a) 9.4 g/min. 

 
(b) 10.9 g/min. 

 
(c) 12.2 g/min. 

 
 

Table 8. Degree of equivalence between participants and its expanded uncertainty for Large Aup. 

(a) 62.5 g/min. 

 
(b) 129.4 g/min. 

 
(c) 177.3 g/min. 
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Table 9. Degree of equivalence between participants and its expanded uncertainty for Large Adwn. 

(a) 88.6 g/min. 

 
(b) 133.8 g/min. 

 
(c) 183.3 g/min. 

 
 
7. Conclusion 

The transfer standard had been circulated among the six participants for nineteen months starting in 
January 2007. The linkage to the global key comparison (CCM.FF-K6) was established by applying 
correction to the participants results based on the results from the link laboratories. 
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