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1. Introduction
A comparison is organised for the purpose of determining the degree of equivalence of national primary standards of low-pressure gas flow measurement over range from 100 mL/min of nitrogen to 10 L/min of nitrogen (standard volumetric flow reference conditions are 101.325 kPa and 0 °C) of NMIs of Asia-Pacific region with linkage to key comparison reference value (KCRV) in CIPM key comparison CCM.FF-K6.2017[1] and providing supporting evidence for the calibration and measurement capabilities (CMCs) claimed by the participating laboratories.
 Nine laboratories will participate in the comparison and CMS volunteered to coordinate the comparison and act as a pilot. The comparison is registered as APMP.M.FF-K6.2024. 
The comparison will be carried out by using a high precision transfer standard based on four molbloc-L flow elements and a molbox1+, as shown in Figure 1. 
The data analysis will be conducted by the pilot lab following the Guidelines and the methods proposed by Cox[2]. 
The results of this comparison were linked to the CCM KC by correcting the results of linking laboratories, CMS – Chinese Taipei, KRISS – Republic of Korea, and NMIJ – Japan, which participated in CCM.FF-K6.2017.
This document serves as the technical protocol for the comparison and includes e.g. specific instructions for calibrating the transfer standard and timetables for a successful and timely completion of the comparison.
2. Administrative Information
· The transport of the equipment of the transfer standard package, which is packed in one plastic cases (see in section 4), will be handled by this company only:
Green Master Int’l Freight Services, Ltd.

                    11F., No.160, Sec 2, Nanking East Road, Taipei, Taiwan

                    Attn: Joann Sun
                    Tel:  +886 2 25067233   ext.208
                    Fax:  +886 2 25156108
All issues concerning shipment and customs will be handled directly by the above-mentioned carrier as soon as the transfer standard package has been indicated to be ready for shipment. For Green Master agent in the oversea please referred to Appendix 1.
· Transportation of transfer standard packages between some participating laboratories will be provided by the international system through ATA carnets.

· This event was sponsored by Korea and China respectively to assist in the production of ATA. In this case customs work and import taxes can be saved.

· The sequence of the participating laboratories within the time schedule of the transfer standard round robin is outlined in Appendix 2 in order to minimize the time requirements and under the aspect of customs efforts.
· Each participant should share the expense from the comparison including the transport of the transfer standard package, the insurance and customs duty, etc. The insurance should be sufficient to cover the costs of the travelling standards (about 90,000.-USD totally) and any damages that could occur. According to information from the shipment company, the estimated cost per laboratory is about 4,500.- USD. The final cost will be counted after completion of the KC and will be informed by the pilot lab. The bank information is written as below.
	Bank Name 
	Mega International Commercial Bank,

Hsinchu Branch

	Bank Address 
	1F, No.417、419, Sec 2, Gongdao 5th Rd., 
Hsinchu City 30069, Taiwan (R.O.C)

	Swift Code 
	ICBCTWTP203 

	(Beneficiary) Account Number 
	203-07-02288-0 

	(Beneficiary) Account Name 
	Industrial Technology Research Institute


· All participants shall use the electronic files provided by the pilot lab to record information of the comparison. 
3. Participants 

The details of all participants are shown in Table 1. CMS is the coordinator and pilot of the comparison and supplies the transfer standard package.
Table 1  List of the participating NMIs
	#
	NMIs
	Shipping Address
	Contact Information

	1
	CMS/ITRI

(Chinese Taipei)
	Industrial Technology Research Institute, Center for Measurement Standards, 30 Ta Hsueh Road, Hsinchu, Taiwan 30080, R.O.C.
	Chun-Lin Chiang

Phone: +886 3 574 1211

Email: C.L.Chiang@itri.org.tw

	2
	NIM

(China)
	National Institute of Metrology

No.18, Bei San Huan Dong Lu, Beijing, 100013, P.R. China.
	Cui Lishui

Phone: +86-10-64525122 (6356)
Cuils@nim.ac.cn

	3
	NIMT

(Thailand)
	National Institute of Metrology (Thailand), 3/4-5 Moo 3, Klong 5, Klong Luang, Pathumthani 12120, Thailand
	Padipat Wongthep

Phone: +66 2 026 5400 #2210

patipat@nimt.or.th

	4
	NMC/A*STAR

(Singapore)
	National Metrology Centre, A*STAR

8 Cleantech loop, Blk B, #01-21C, Gas Flow Lab, 637145, Singapore. 
	Zeng Yan

Phone: +65 67 149273

zeng_yan@nmc.a-star.edu.sg

	5
	NMIA

(Australia)
	National Measurement Institute Australia, Gas Flow Standards, 36 Bradfield Rd, Lindfield NSW 2070, Australia.
	Simon Dignan

Phone: +61 2 8467 3514

Simon.Dignan@measurement.gov.au

	6
	NMIJ/AIST

(Japan)
	National Metrology Institute of Japan

Tsukuba Central 3, Umezono 1-1-1, Tsukuba, 305-8563, Japan.
	Toshihiro Morioka

Phone: +81 29 8616831

tssj.morioka@aist.go.jp 

	7
	NPLI

(India)
	CSIR-National Physical Laboratory

Dr. K.S. Krishnan Road, New Delhi-110012 INDIA.
	Shiv Kumar Jaiswal
Phone: +91 11 45608579 # 8583

skjaiswal@nplindia.org

	8
	KRISS

(Korea)
	Korea Research Institute of Standards and Science, Yusong, Taejon, 305-600, Korea.
	Woong Kang

Phone: +82 42 8695319

woong.kang@kriss.re.kr

	9
	VMI

(Vietnam)
	Vietnam Metrology Institute

N08 Hoang Quoc Viet Road, Cau Giay Dictrict, Hanoi, Vietnam
	Nguyen Xuan Thai

Phone: +84975736998
thainx@vmi.gov.vn


4. Description of the transfer standard

The transfer standard includes two molbloc-L flow elements with full scale flows in N2 of 
· 1000 mL/min for serial number 8603
· 10000 mL/min for serial number 8604
Instrumentation for pressure and temperature measurement and flow calculation of the transfer standard elements (a molbox1+, S/N: 2808) was shipped as part of the transfer standard to reduce uncertainties that would be introduced by using different instrumentation in each laboratory. In addition, all accessories that are necessary for installing and operating the transfer standard, e.g. pressure regulator, shut-off valves, mass flow controllers, and part of equipment provided by the pilot laboratory, have been assembled completely with the molbloc-L flow elements as shown in Figure 1. 
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Figure 1 – Complete set of molbloc-L_A transfer standard
Figure 2 is a photograph of the transfer standard package for the comparison. Technical specifications of the transfer standard are listed in Table 2. The measurement principle follows established laminar flow theory. In accordance with well-known laws of gas behaviour, the flow of a known gas in the laminar flow regime can be calculated from the flow path geometry and the gas pressure and temperature. Schematic of a molbloc-L flow element and the transfer standard package can be seen in Figure 3 and Figure 4, respectively.
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Figure 2 – Photograph of the transfer standard package
Table 2 – Technical specifications of transfer standard
	
	molbloc-L_A
	molbloc-L_B

	Manufacturer
	Fluke
	Fluke

	Model 
	1E4-VCR-V-Q
	1E3-VCR-V-Q

	Serial number
	8604
	8603

	Qmin (mL/min)
	1000
	100

	Qmax (mL/min)
	10000
	1000
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Figure 3– Schematic of a molbloc-L flow element

[image: image5]
Figure 4 – Schematic of the transfer standard package
The transfer standard package will be packaged in one plastic containers, as shown in Figure 5. The dimension of box is (900 mm x 720 mm x 500 mm). The contents inside the container are listed as below. The gross weight of the container with all contents inside is approximately 50 kg.
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Figure 5 – Picture of shipping containers with transfer standard package inside
· Box -upper floor
Three molbloc-L flow elements together with the required accessories are packed in box-upper floor, as shown in Figure 6. Detailed parts include
1) 
molbloc-L_A, 1E4-VCR-V-Q, S/N: 8604
2)
molbloc-L_B, 1E3-VCR-V-Q, S/N: 8603
3) 
molbloc-L_C, 1E2-VCR-V-Q, S/N: 8602
4) 
mass flow controller ( 3 pcs
5) 
pressure regulator ( 1 pc

6) 
Swagelok filter ( 1 pc
7)
shut-off valve ( 6 pcs
8)   Swagelok VCR Connectors ( 1 pc

[image: image7]
Figure 6 – Contents inside box-upper floor
· Box-lower floor
The contents packed inside box-lower floor are listed as below in Figure 7. 
1) Molbox1+, Mass Flow Terminal, S/N: 2808( 1 pc
2) MFC cable with connector ( 1 pc
3) Molbox1+ to molbloc-L pressure connecting tubes ( 2 sets

4) Molbox1+ to molbloc-L electrical/data connection cable ( 1 pc
5) Power Cord ( 1 pc

[image: image8]
Figure 7 – Contents inside box -lower floor
5. Handling and transport 
The transfer standard package is shipped in one container, which are sufficiently robust to ensure safe transportation. The containers should be opened by laboratory trained professional personnel upon receiving at the laboratory. 
Transportation of the transfer standard package among the participating laboratories is provided by an international system through an ATA Carnet. In order to prevent problems in the whole transport process of the transfer standard package among the participating laboratories it is required to follow and check the process of confirming of relevant points in an ATA Carnet form by the customs authorities.

a)
On receipt
· Verify if the confirmation of ATA Carnet form is on the appropriate place (a white form in the part signed as “import”). If “import” confirmation is missing, the responsible person of laboratory should perform this confirmation by the customs authorities in his country.
· Check the package casing for damage and then check the contents against the Receiving Checklist Excel spreadsheet (“Form1_Receiving Checklist”, see Appendix 4). Note any damage or missing items on the Receiving Checklist and report to the pilot laboratory and the previous laboratory.
· Inform the sending laboratory, next laboratory in the chain and the pilot laboratory to confirm receipt. Inform the pilot laboratory and the next laboratory of your expected measurement schedule to confirm planned dispatch time.
b)
On completion
· Pack all items into the shipping containers in a similar way as received.
· Check the contents against the Shipping Checklist Excel spreadsheet (“Form2_ Shpng_ChkLst”, see Appendix 5).
· Ensure all paperwork especially the ATA Carnet form (a white form in the part signed as "re-export") is available to the carrier.

· Inform the next laboratory and the pilot laboratory on the day of dispatch.
c)
For shipment
· The sending laboratory should provide correct shipping address and contact information of the recipient to the carrier.
· The sending laboratory should mark the shipping box with “FRAGILE SCIENTIFIC INSTRUMENTS", “TO BE OPENED ONLY BY LABORATORY STAFF”.

d)
Timing
· It is recommended to spend 1 month for measurements and the following 1 week for transport to the next laboratory.
e)
Report

· Send calibration results to the pilot laboratory within 1 month after completion of the measurement.
f)
In the case of failure of the transfer standard
· If a participant suspects failure of the transfer standard it shall be reported immediately to the pilot laboratory. The pilot laboratory shall decide if repair is required and make arrangement for any repairs. The total costs for repairing (including shipping) will be shared equally among all participants.
g)
In the case of an unexpected delay
· Pilot lab preserves the right to adjust the schedule for KC if

· a delay caused by transport/custom declaration/repairment of the transfer standard occurs; or
· a laboratory is unable to keep to the schedule
· Inform the pilot laboratory immediately if a problem or delay occurs.

6. Measurement procedure 

All participating laboratories will use their standard calibration procedure to perform measurements. Only some instructions mentioned below should be noted and complied with. In case of an unexpected instrument failure, the coordinator should be informed as soon as possible.
· Allow the entire transfer standard package to soak in the room temperature conditions overnight prior to collecting data.

· The flow through the molbloc-L must be in the direction of the arrow engraved on the molbloc-L.
· Never connect a pressure source to the molbloc-L that is greater than 650 kPa absolute, which is the overpressure limit of the molbox1+ A700K.
· Nitrogen (at least grade 4.5 with purity 99.995 %) should be used as the calibration gas.
· Ambient temperature: (20 to 25) °C
· Upstream pressure range: (420 to 430) kPa(a)
· Connecting the AC Power Cord; connecting the tested molbloc-L, pressure tubes and the MFC to the molbox1+, as shown in Figure 8.
[image: image9.png]



Figure 8 – Connections to the molbox1+ terminal.
· Before starting actual measurements, the pressure and temperature sensor readings on the molbox1+ should be checked against ambient conditions of the laboratory (no flow through transfer standard). This allows considering any drifts in temperature and pressure sensors when evaluating the comparison results.
· Before starting actual comparison measurements, it is necessary to give a flow rate of qmax through the molbloc-L flow element for at least one hour to achieve temperature stabilization (temperature difference between the gas flowing through the molbloc-L and the ambient shall be less than 0.5 °C).
· Participating laboratories shall confirm the settings on the MAIN run screen with (1) Operating channel: MOLBLOC A; (2) Gas type: N2; (3) Unit: sccm; (4) Display function: average, as shown in Figure 9. Detailed information for operation of the molbox1+ please refer to “MOLBOX1+™/MOLBOX1+S, MOLBLOC® TERMINAL OPERATION AND MAINTENANCE MANUAL”.
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Figure 9 – Settings on the MAIN run screen of molbox1+
· Zeros the differential reading between the two reference pressure transducers at each calibration point by using the molbox1+ TARE function. To access the TARE function press [TARE] button on the molbox1+ and select <1tare>. For detailed operating procedure please refer to “MOLBOX1+™/MOLBOX1+S, MOLBLOC® TERMINAL OPERATION AND MAINTENANCE MANUAL” in section 3.4.4.1).
· Before starting actual measurements, a leak test should be conducted via “LEAK CHECK function” which is a built-in function of the molbox1+. Press [TARE] button on the molbox1+ and select <3leak check> to access the LEAK CHECK function. Then select <1molbox> or <2system>. <1molbox> is designed to leak check the internal molbox1+ pneumatic circuit. <2system> is designed to leak check the system to which the molbloc-L/molbox1+ is connected. For detailed operating procedure please refer to “MOLBOX1+™/MOLBOX1+S, MOLBLOC® TERMINAL OPERATION AND MAINTENANCE MANUAL” in section 3.4.4.3).
· The calibration points of the comparison and the associated transfer standard to be used are shown in Table 3. Participants are only presumed to measure at points included in their CMCs. However, measurements at other points are strongly encouraged to support future CMCs entries. The flow reading indicated by the transfer standard should be matched as exactly as possible (at least within ± 2 %) to the nominal flows in Table 3 to allow good comparability between participants results. The flow ranges of the transfer standard are partially overlapping, which allows checking the consistency of the calibration results obtained from different flow elements at the same nominal flow. Any drift in a transfer standard can therefore be detected and considered when evaluating the final comparison results.
Table 3 – Test flow rates for each molbloc-L
	molbloc-L_A
	molbloc-L_B
	molbloc-L_C

	Flow Rate (mL/min)
	MFC Setting (Volt)
	Flow Rate (mL/min)
	MFC Setting (Volt)
	Flow Rate (mL/min)
	MFC Setting (Volt)

	10000
	5.015
	1000
	4.950
	100
	4.955

	7500
	3.762
	750
	3.715
	75
	3.720

	5000
	2.506
	500
	2.474
	50
	2.477

	2500
	1.251
	250
	1.231
	25
	1.237

	1000
	0.502
	100
	0.485
	10
	0.495


· After changing the flow rate to the next calibration point, wait for at least 20 min then start the measurement.
· Each participant must record the data according to the provided Excel spreadsheet (“Form3_Report”). An example of the data record form is given in Appendix 6. The data shall include (1) Upstream pressure of the transfer standard; (2) Temperature of the transfer standard; and (3) Relative error of the transfer standard.
· Each calibration point should be conducted with 3 repeated measurements. 
· Determination of Relative error of the transfer standard
· Relative error of the transfer standard E is the value which shows the relationship in percentage terms of the difference between the flow rate indicated by the transfer standard and the flow rate which is rated by the primary (national) standard
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where qt   is the indicated flow rate of the transfer standard at reference conditions; qs is the flow rate of the primary (national) standard at reference conditions.
7. Reporting measurement results

It is strongly recommended to pre-test each molbloc-L flow element at high flow rate (above 50 % qmax) and email data with the provided Excel spreadsheet “Form3_Report” to the pilot lab (emi_​lin@itri.org.tw) for preliminary review. We will review the spreadsheet and look for obvious problems or missing data and then reply to you whether additional information or testing is necessary.
Send final calibration results to the pilot laboratory within 1 month after completion of the measurement.
Other information required from the participating labs includes:
· a description of the flow standard used and its traceability statement;
· For preparing the report on KC, the participating laboratories are asked to deliver a short description of their primary flow standards used during the comparison and their traceability. 
· an uncertainty analysis for the flow measurements made by the flow standard used during the comparison. The uncertainty statement should exclude the uncertainty components introduced by the transfer standard (i.e. reproducibility and uncertainty due to instrumentation needed for the transfer standard); 
· instruments used by the laboratory in the comparison measurements; and
· photographs and labelled sketches of the test set up(s) used during the comparison.
· An example of Process and Flow Diagram of the test set up at CMS is given in Appendix 7.
8. Data Analysis
A.  Laboratory uncertainty

The uncertainties are calculated according to the following formulas (see Guide to Expression of Uncertainty in Measurement [3]).

Type A uncertainty based on statistical methods of measurement results is calculated using following equations:
[image: image12.png]


                                                                       (2)                               
Type B uncertainty is determined on the basis of non-statistical methods. It consists the root-sum-of squares of the relevant sources of uncertainty from the mathematical model:
                        [image: image13.png]


                                                                 (3)
Combined standard uncertainty is calculated according to the following formula:
[image: image15.png]U, = Uz + us



                                                                                   (4)
The expanded uncertainty U is obtained by multiplying the combined standard uncertainty uc by coverage factor according to the formula:
[image: image16.png]


                                                                                        (5)
Where the coverage factor k=2 is usually used in the flow community.
B. Uncertainty corrections and stability of the transfer standard
The standard uncertainties of the error in different laboratories u(x1), u(x2) …, u(xn) include the uncertainty contributed by the transfer standard. This uncertainty was calculated according to the following formula
[image: image17.png]


                                                                    (6)
where Ubase(xi) is the expanded uncertainty(k=2) determined by participating laboratory i and presented in results of laboratory i
        uTS is estimated standard uncertainty caused by the stability (reproducibility) of the transfer standard which measured by the pilot laboratory
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                (7)

where  xTS is the relative error of the transfer standard;

the subscript 1,2,3 represents the order of the sequence of the measurement of the pilot lab;

the subscript i represents the calibration point corresponding to each flow rate;
C. Evaluation

C.1 Linkage to the CCM.FF-K6.2017

APMP.M.FF-K6.2024 is linked to the CCM.FF-K6.2017 by correcting the results of linking laboratories (CMS – Chinese Taipei, KRISS – Republic of Korea, and NMIJ – Japan ).

The results from APMP.M.FF-K6.2024 are corrected by procedure described by Delahaye and Witt [4]. The calculation was determined for each flow separately.

A correction D, which should be applied to the result from KCRV,
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                                                                                 (8)

where Di is the difference between the results from CCM KC and APMP KC at a linking laboratory (CMS, KRISS, NMIJ) and wi is the weighing coefficient obtained from the uncertainty at each linking laboratory.
[image: image29.png]Xiccm — XiapMp



                                                                          (9)

where xi,CCM are relative errors of the transfer standard in the linking laboratories in the CCM KC

xi,APMP are relative errors of the transfer standard in the linking laboratories in the APMP KC

The weighing coefficient wi was calculated.
[image: image30.png]


                                                           (10)

where   u(x1), u(x2), u(x3) are standard uncertainty of the relative error in linking laboratories i=1, 2, 3 by the CCM KC including the uncertainty caused by stability of the transfer standard.
The KCRV (Key comparison reference value) and uncertainty of CCM.FF-K6.2017 in the flow range from 100 to 10000 mL/min shown in Table 7.
Table 7 The KCRV (Relative errors (%)) and uncertainty in the CCM.FF-K6.2017
	
	Molbloc-L_A
	Molbloc-L_B

	Flow Rate

(mL/min)
	10000
	7500
	5000
	2500
	1000
	1000
	750
	500
	250
	100

	xKCRV(%)
	-0.149
	-0.111
	-0.093
	-0.103
	-0.062
	-0.129
	-0.118
	-0.131
	-0.136
	-0.136

	u(xKCRV)(%)
	0.011
	0.011
	0.011
	0.012
	0.012
	0.012
	0.012
	0.012
	0.012
	0.013


These KCRV are used as the reference value after the results from APMP KC are corrected by Delahaye and Witt.

Table 8 shows the results of CCM.FF-K6.2017 for three linking laboratories (CMS –Chinese Taipei, KRISS – Republic of Korea, and NMIJ – Japan). 
Table 8 Relative errors (%) of three linking laboratories of APMP in CCM.FF-K6.2017
	Flow rate
	CMS
	KRISS
	NMIJ

	(mL/min)
	Relative error 
(%)
	Expanded

Uncertainty (%)
	Relative error 
(%)
	Expanded

Uncertainty (%)
	Relative error
(%)
	Expanded

Uncertainty (%)

	10000
	-0.062
	0.10
	-0.111
	0.13
	-0.251
	0.12

	7500
	-0.019
	0.10
	-0.093
	0.13
	-0.212
	0.12

	5000
	-0.008
	0.10
	-0.061
	0.13
	-0.176
	0.12

	2500
	-0.017
	0.10
	-0.050
	0.13
	-0.128
	0.12

	1000
	0.010
	0.11
	-0.039
	0.13
	-0.047
	0.12

	1000
	-0.059
	0.10
	-0.037
	0.13
	-0.106
	0.12

	750
	-0.052
	0.10
	-0.032
	0.13
	-0.089
	0.11

	500
	-0.065
	0.10
	-0.045
	0.13
	-0.117
	0.12

	250
	-0.060
	0.11
	-0.058
	0.13
	-0.140
	0.12

	100
	-0.076
	0.11
	-0.059
	0.13
	-0.092
	0.12


For the correction between APMP.M.FF-K6.2024 and CCM.FF-K6.2017, the correction D were calculated by equation(8), (9) and (10). 
The corrected value   for each flow and each participant of APMP was calculated as
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                                                                                (11)

where x1, x2, … xn are relative errors of the transfer standard in one flow in different laboratories i=1, 2, … n
This correction D provide an estimate of what would have been the results from the APMP.M.FF-K6.2024 participants, if they had actually participated in CCM.FF-K6.2017.
C.2 Degree of Equivalence to KCRV
For each participating laboratory, the degree of equivalence (DoE) to KCRV, di was calculated using a following equation.
                                               [image: image34.png]X! — Xgcry = Xiapmp + D — Xgcry
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where xKCRV is the relative error from KCRV of the CCM.FF-K6.2017

The expanded uncertainty was obtained using following equations
[image: image36.png]U(d;) = 2u(d,)



                                                                    (13)
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                                               (14)

where u(x1), u(x2), … u(xn) are the standard uncertainties of the relative error in different laboratories i=1, 2, … n including the uncertainty caused by the stability of the transfer standard.

 u(D) is the standard uncertainty of the correction D including the uncertainty caused by linking laboratories i=1, 2, 3.
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u(xKCRV) is the standard uncertainty of the KCRV.

Based on these differences the Degree of Equivalence (DoE) to KCRV was calculated according to
[image: image43.png]
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The Degree of equivalence (DoE) to KCRV is a measure for the equivalence of the results of any laboratory with the KCRV, respectively:

· the results of a laboratory were equivalent (passed) if Eni ≤ 1.0

· the laboratory was determined as not equivalent (failed) if Eni > 1.2

for the value of DoE in the range 1< Eni ≤1.2 the “warning level” was defined. In this case some actions to check are recommended to the laboratory
The calculation of the DoE requires information about the uncertainty of the difference di. To make statements about this, it is necessary to consider first the general problem of the difference of two vale x1 and x2. If we look to the pure propagation of standard uncertainty we find:
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           (18)

The standard uncertainty of the difference is the quadratic sum of the uncertainties of the input [image: image47.png]ul(xy)
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 subtracting twice the covariance(cov) between the two input values.

Therefore, it is possible to handle the difference cases in this comparison.

a) Independent laboratories with contribution to the KCRV

The covariance between the results of a laboratory (with contribution to the KCRV) and the KCRV is the variance of the KCRV itself. Therefore, the uncertainty of that laboratory’s degree of equivalence with the KCRV is 
      [image: image50.png]u(d,) = Ju(x,) + u2(D) + 2 (xpery) — 2 - U2 (xXpepy )



                                                  (19)

b) Independent laboratories without contribution to the KCRV

There is no covariance between the results of a laboratory without contribution and the KCRV and the uncertainty of its degree of equivalence is
[image: image53.png]u(d,) = Ju?(x;) + u2(D) + u>(Xxcay)



                                                              (20)

The expanded uncertainty U(di) is determined by equation (13). Degree of Equivalence (DoE) to KCRV of each participating laboratory was calculated according to equation (17).
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Appendix 1  Green Master agent in the oversea contact person & address 

· Korea
 (KEVIN) //  BRANCH MANAGER 

PAC MARINE EXPRESS (SEOUL BRANCH)
Tel.:
+82 2 779-6689
Fax.:     +82 2 779-6685

Email:
spme@pme-korea.co.kr
Office:
RM NO.1604, YUWON BLDG, 116, SEOSOMUN-RO, JUNG-GU, SEOUL, KOREA
· Japan

Changik Shin(Mr.) – Operations / Air Import

SANKYU AIR LOGISTICS Co.,Ltd.

Tel.:
+ 81 3 6627 0161
Fax.:
+ 81 3 6220 0571
Email:
c.shin@sankyuair.co.jp
Office:
Hokusui bldg. No.2, 7F 5-11-11, Kachidoki,  Chuo-ku, Tokyo 104-0054 Japan
Keiko Ueki – Operations / Air Export

SANKYU AIR LOGISTICS Co.,Ltd.

Tel.:
+ 81 3 6627 0161

Fax.:
+ 81 3 6220 0571

Email:
k1.ueki@sankyuair.co.jp

Office:
Hokusui bldg. No.2, 7F 5-11-11, Kachidoki,  Chuo-ku, Tokyo 104-0054 Japan

· Singapore
Jasmin Lim –Operation Manager (Import)
CBG Logistics (S) Pte Ltd

Tel.:  
  + 65 6634 8998 (Ext: 106)
Mobile:
+ 65 9129 6811
Email:
jasmin@cbg.com.sg
Office:
12 Changi North Way #03-04,Singapore 498791
Noor Khairunnizan Asmat (Ms Izan) –Customer Service Executive 
Tel.:
+ 65 6634 8998 (Ext: 115)

Direct:
+ 65 6812 2191

Email:
izan@cbg.com.sg

Office:
12 Changi North Way #03-04,Singapore 498791

· Australia
Maria Repici –Director
Ideal Logistics

Tel.:
+61-3-9335 3370     
Mobile.:    +61(0)438 658800
Email:       maria@ideallogistics.com.au  
Office:
       25 SAMARA GROVE GLADSTONE PARK VIC 3043, AUSTRALIA
· China
MaMin –Operation Manager
Shanghai Lucky Shipping co.,ltd.

Tel.:
+ 86-21-61471001*1017  

Direct.:     + 86-21-61471017
Email:
      op1@lucky-shipping.com
Office:
      Unit A2, 8th Floor, No.1111 Liyang Road, Shanghai 200081
· Vietnam

Ms. Flora Huong –Document & CS Executive

Amerasian Shipping Logistics Corporation (ASL Logistics)

Tel.:
+ 84 225 326 0906  ext. 101
Fax   .:      + 84 225 326 0905
Email:
      aslhp@asl-corp.com.vn
Office:
      Room 220, Thanh Dat 1 Building, No.3 Le Thanh Tong Str., May To Ward, Ngo Quyen Dist., Hai Phong City, Vietnam
· Thailand

Prawadee Wongsrida (Pla) l Overseas Development

LIGHTHOUSE LOGISTICS SOLUTIONS COMPANY LIMITED

Tel.:
+66 (0)2 439 6808 ext. 202

Fax   .:     +66 (0)2 439 6807

Email:
      overseas@lls-th.com
Office:
      126/25,27 Krungthonburi Rd.,

Banglamphulang, Klongsan, Bangkok 10600, Thailand

· India

Dattatray Pawar (Mr.)    

SARR LOGISTIC PRIVATE LIMITED
Tel.:
+ 91 022 40130227
Mobile.:    +91 91672 10102
Email:
      fwd@sarrlogistic.com
Office:
      218, 2nd floor Atlanta Estate, near Virwani Industrial Estate, Goregaon East Mumbai 400063
Appendix 2  Tentative schedule for comparison measurements
	#
	Participating NMI

(Economy)
	Beginning of Test
	End of Test
	Remark

	1
	CMS (Chinese Taipei)
	2024/07/22
	2024/08/23
	1st test

	2024/08/24  Shipping, CMS to KRISS 

	2
	KRISS (Korea)
	2024/09/02
	2024/10/04
	

	2024/10/05  Shipping, KRISS to NMIJ 

	3
	NMIJ (Japan)
	2024/10/14
	2024/11/15
	

	2024/11/16  Shipping, NMIJ to NMC/A*STAR

	4
	NMC/A*STAR (Singapore)
	2024/11/25
	2024/12/27
	

	2024/12/28  Shipping, NMC/A*STAR  to NMIA

	5
	NMIA (Australia)
	2025/01/13
	2025/02/14
	

	2025/02/15  Shipping, NMIA to KRISS 

	2025/03/01   Shipping, KRISS to CMS

	6
	CMS (Chinese Taipei)
	2025/03/17
	2025/04/18
	2nd test

	2025/04/19  Shipping, CMS to NIM 

	7
	NIM (China)
	2025/04/28
	2025/05/30
	

	2025/05/31  Shipping, NIM to VMI

	8
	VMI (Vietnam) 
	2025/06/09
	2025/07/11
	

	2025/07/12 Shipping, VMI to NIMT

	9
	NIMT (Thailand)
	2025/07/21
	2025/08/22
	

	2025/08/23  Shipping, NIMT to NIM；Shipping, NIM to CMS 

	2025/09/06   Shipping, NIM to CMS

	10
	CMS (Chinese Taipei)
	2025/09/22
	2025/10/24
	3rd test

	2025/10/25  Shipping, CMS to NPLI 

	11
	NPLI (India)
	2025/11/03
	2025/12/05
	

	2025/12/06  Shipping, NPLI to CMS 

	12
	CMS (Chinese Taipei)
	2025/12/15
	2026/01/16
	4th test 


Appendix 3  Electronic files used in the KC
	
	Title
	File name

	Form 1
	Receiving Checklist
	Form1_Rcv_ChkLst.xlsx

	Form 2
	Shipping Checklist
	Form2_Shpng_ChkLst.xlsx

	Form 3
	Report of measurement result
	Form3_Report.xlsx


Appendix 4  Receiving Checklist (Form1)
[image: image54.emf]Form 1

Rev. 1.0

Name of participant:

Contact person:

Date:

Section in Protocol

OK

Damaged

4

2 padlock

4Contents check

Box -upper floornumberdescriptionQ'tyOKDamagedMissing

1molbloc-L_A, 1E4-VCR-V-Q, S/N: 86041

2molbloc-L_B, 1E3-VCR-V-Q, S/N: 86031

3molbloc-L_C, 1E2-VCR-V-Q, S/N: 86021

4

mass flow controller

3

5

pressure regulator

1

6

Swagelok filter

1

7

shut-off valve

6

8

Swagelok VCR Connectors

1



             

Box-lower floor

numberdescription

Q'ty

OKDamagedMissing

1

Molbox1+, Mass Flow Terminal, S/N: 2808

1

Box  side

2

MFC cable with connectors

1

3

Molbox1+ to molbloc-L pressure connecting tubes

2

4

Molbox1+ to molbloc-L electrical/data connection cable

1

5

Power Cord

1

descriptionNormalActivated

top

side

Receiving check list for APMP.M.FF-K6.2024 (Low-pressure Gas Flow)

When completed, please e-mail this sheet to emi_lin@itri.org.tw

External examination of Transportation Box 







SHOCKWATCHBox 


Appendix 5  Shipping Checklist (Form2)
[image: image55.emf]Form 2

Rev. 1.0

Name of participant:

Contact person:

Date:

Section in Protocol

OK

Damaged

4

2 padlock

4Contents check

Box -upper floornumberdescriptionQ'tyOKDamagedMissing

1molbloc-L_A, 1E4-VCR-V-Q, S/N: 86041

2molbloc-L_B, 1E3-VCR-V-Q, S/N: 86031

3molbloc-L_C, 1E2-VCR-V-Q, S/N: 86021

4

mass flow controller

3

5

pressure regulator

1

6

Swagelok filter

1

7

shut-off valve

6

8

Swagelok VCR Connectors

1



             

Box-lower floor

numberdescription

Q'ty

OKDamagedMissing

1

Molbox1+, Mass Flow Terminal, S/N: 2808

1

2

MFC cable with connectors

1

3

Molbox1+ to molbloc-L pressure connecting tubes

2

4

Molbox1+ to molbloc-L electrical/data connection cable

1

5

Power Cord

1

descriptionNormalActivated

top

side

SHOCKWATCHBox 

When completed, please e-mail this sheet to emi_lin@itri.org.tw

Shipping checklist for APMP.M.FF-K6.2024 (Low-pressure Gas Flow)

External examination of Box 








Appendix 6  EXCEL spreadsheet for primary acquisition of KC calibration data
―  Example of the reporting data tested with molbloc-L_A (Form3)
[image: image56.emf]Transfer Standard Stability%

Date

Leak flowmL/min

RunMolbloc-L

Nominal Flow

Rate

Indicated Flow

Rate

Molbloc

Pressure (Up)

Molbloc Mean

Temp

Collected

Gas Mass

TimeIndicated Flow Rate

Indicated Flow

Rate

Relative

Error

Lab Stated

Uncertainty

(k=2)

Reported Value

Uncertainty

(k=2)

(mL/min)(mL/min)(kPa)(

o

C)(g)(sec)(mg/s)(mL/min)(%)(%)(%)

11E410000#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

Average=#DIV/0!#DIV/0!#DIV/0!

Average=

#DIV/0!#DIV/0!#DIV/0!#DIV/0!

Flow change 

11E47500#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

Average=#DIV/0!#DIV/0!#DIV/0!

Average=

#DIV/0!#DIV/0!#DIV/0!#DIV/0!

Flow change 

11E45000#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

Average=#DIV/0!#DIV/0!#DIV/0!

Average=

#DIV/0!#DIV/0!#DIV/0!#DIV/0!

Flow change 

11E42500#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

Average=#DIV/0!#DIV/0!#DIV/0!

Average=

#DIV/0!#DIV/0!#DIV/0!#DIV/0!

Flow change 

11E41000#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

#DIV/0!#DIV/0!

Average=#DIV/0!#DIV/0!#DIV/0!

Average=

#DIV/0!#DIV/0!#DIV/0!#DIV/0!

CALCULATION

Molbloc 1E4 n° 8604 + Molbox1+ n°2808

PARAMETERS RELATED TO TRANSFER STANDARD

PARAMETERS RELATED TO REFERENCE STANDARD


Appendix 7  Example of process and flow diagram
CMS-1
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CMS-3
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