SIM Comparison of AC-DC Current Transfer Difference, SIM.EM-K 12
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ABSTRACT — A Kkey comparison of the AC-DC current transfer
difference has been carried out by the Inter-American Metrology
System (SIM) Regional Metrology Organization (RMO). Its
purpose was to establish an equivalence of AC-DC current
transfer difference at 10 mA and S A between the national
metrology institutes (NMIs), in support of the International
Committee for Weights and Measures (CIPM) Mutual
Recognition Agreement (MRA). The comparison artifact was a
Planar Multijunction Thermal Converter (PMJTC) at 10 mA and
a 5 A shunt at 5 A measurements. Six SIM NMIs participated in
the comparison as well as NIS, National Institute of Standard of

Egypt.
Results linking the SIM.EM-K12 to CCEM-K12 show agreement

of SIM NMls to other RMOs.

Index Terms — Measurement, measurement standards,
measurement techniques, AC-DC, current transfer difference,
measurement uncertainty, precision measurements, uncertainty.

1. INTRODUCTION

In the Inter-American Metrology System (SIM) there are
several National Metrology Institutes (NMIs). From them only
three participated in the CCEM key Comparisons of the ac-dc
current transfer difference CCEM-K12. In accordance with the
CIPM-MRA objectives, the NMIs establish an equivalence
between their national measurement standards by performing
regional comparisons.

The SIM.EM-K12 comparison was proposed to assess the
measurement capabilities of the remaining SIM NMIs, in the
ac-dc current transfer difference. The test points were selected
to facilitate link of the results of this comparison with the
equivalent CCEM K12 Key Comparison, through the three
NMIs participating in both. INTI, Argentina provided the
travelling standard, and piloted and coordinated the
comparison. It was agreed that the comparison reference
values were to be based on the results provided by the
participating laboratories with participation in the CCEM-K12
key comparison.

II. TRAVELING STANDARD, MEASUREMENT POINTS AND
PARTICIPANTS

The travelling standard for current of 10 mA was a Planar
Multijunction Thermal Converter (PMJTC), identified as
“PMIJTC-90-2”. The travelling standard for current of 5 A
comprises the same 10 mA/1V PNJTC as well as a 0.2 Q
coaxial shunt, identified as “SHUNT 5 A”.

978-1-4799-2479-0/14/$31.00 ©2014 IEEE

The ac-dc difference of each travelling standard was to be
measured at its nominal current and the following frequencies:
10 Hz, 55 Hz, 1 kHz, 10 kHz, 20 kHz, 50 kHz and 100 kHz.

The traveling standards were measured at INTI at the
beginning and the end of the comparison schedule. The
traveling standards travelled regionally between participant
laboratories, with two intermediate stops at INTL.

Table I shows the participants of the comparison

Table I. SIM.EM-K12 Participants

Country NMI
Argentina INTI
Uruguay UTE
Canada NRC
USA NIST
Mexico CENAM
Brazil INMETRO
Egypt NIS

III. METHOD OF COMPUTATION OF THE CRV

The comparison reference values (CRV) for each of the
measured points was calculated as the weighted mean of the
reported values from laboratories in SIM who have taken part
in the CCEM-K12 key comparison and whose reported values
had been taken in consideration to calculate the reference
values in such comparison (i.e. NRC, NIST and INTI)

The reference value was determined as:

> (1)

CRV =L %
1
2
where Uy is the expanded uncertainty associated with O,

values, used to calculate the reference value, and reported with
a confidence level of 95 %.

The expanded uncertainty of the reference value was
calculated,

2
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IV. REPORTED RESULTS

The reported results for each participant at 10 mA and 5 A
are shown in Tables II and III.

Table II. Reported results at 10 mA
Measured AC-DC difference §; and expanded uncertainty U; in pA/A
10 Hz 55 Hz 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
5 | U 5 | U 5 | U 5 | U 5 | U 5 | U 5 | U
INTI 80| 60 06| 4001 ]30]01]30]04]30]10][100]20]200
NRC |83 [ 1603 f[10fo0ofo9fo2]18]o1]19]09]19]32]20
INTI_J102f 60 o6 4000 30]13]30]-07]30]33]100]03]200

UTE | -~ L 40]120] 40[120] 30140 | —] — | ] —]—
INMETRO| 82 [ 33 J o5 | 33 oo [ 32]-01]33]-01]33]-02[32]08]32
CENAM | — | 1 06 [ 220] 04 [220] 05 | 220 1,1 [220] 38 [ 220 1.7 | 240

NiST [ 90 ] 90 oofe0]-10] 40 10[40]20]40]60] 70]110]100
INTI_ 101 [ 60] 07 ] 40f-02]30]12]30]17]30] 15[100] 08]200
NIS 28 |31 ]ool27 10552764 ] —f | — ] ] 11—
INTI 98 | 60 ] -02] 40 -02]30]-01]30]-03]30]15]100]41]200

Table III. Reported results at 5 A

Measured AC-DC difference §; and expanded uncertainty U; in pA/A

10 Hz 55 Hz 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz

5 | U 5 | U 5 | U 5 [ U 5 | U 5 | U 5 | U
INTI_ | 48] 80fo0o]s0]20f50]02f70]26]100]98]130]294]220
NRC | 49| 147] 12]140] -09 [ 140] 16 [147] 13| 146] 68 | 196] 14,0 307
INTI_ | 52 80 ) 10] 5024 50] 11]70]17]100] 95]130]327]220
UTE — | — 1 10]240] 20 240] 140 300 — | ] —| ] —]—
INVETRO| -04 | 97 ] -05] 90 ] 02| 59| 02| 69 ] 20] 80| 99 [103]190] 160
CENAM | — [ — | 20]420] 00 |360]170]400] — | — ] — [ ] — | —
NIST | 00 [190] 20]180] 20 | 170] 20 | 170] 00 [ 210] 60 | 270] 40| 330
INTI | 57| 80)o6]50]27f50]-01]70]11]100] 65]130]284]220
NIS — | — | -04]168]200]173]2880]200] — [ — — | -] -
INTI | 57| 80f-03]50]11[50]-18[70]21]100]100]130]322]220

Table IV. DoE of all NMIs with respect to the CRV at

Degree of equivalence DoE and expanded uncertainty U; at 10 mA in pA/A
10 Hz 55 Hz 1kHz 10 kHz 20 kHz 50 kHz 100 kHz

DoE|] Ui | DoEJ] U JDoE| U |DoE| U |DoE] U | DoE| U | DoE} U

INTI 04]158103]39]01]29]-03]26]00]26]-03]98]-15]199
NRC 01]05)00)03jJo0}03)-02f11]-03]|12]-04[06]-03] 04
INTI 181581 03]39]101]29)09]|26])-11]26]20](98]-32]199

UtE | — [ — 432040 2o]sa]tat] =] =1 -] —1-—1—
INMETRO] -02 [ 36 | 02 [ 34 oo [ 33|05 36| 05[36|-15]37]-27]37
CENAM | —— | =T 03 [ 220] 0.0 [ 220] 01 [220] o7 [221] 25 [22,1] 1.8 24,1

NsT Jos[8o]-03]59 1039 o637 163747 ]6s]75]0s
NTL [ 17 ] 58] 04 [39]-02] 29008 26] 13]26]02]08]-27]199
Ns 5635 12] 291068166 —[ 1 —]—1-—1-—
NTl 14| 58] -05[39]-02]29]-05[26]-07]26]02]98]06]199

Table V. DoE of all NMIs with respect to the CRV at 5 A

Degree of equivalence DoE and expanded uncertainty U at 10 mA in pA/A

10 Hz 55 Hz 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
pbJuJoJuloJuloJuloJuloJulo]Ju
INTI |02 4504|2103 21]-02]37]18[64]19]82]109]154
NRC | -03]131]-08]132] -26]132] 1,7 |135] 20[124] -12] 168] -44 | 26,4
INTI | -06] 45]-06]21)o7]21]-10]37]10[64]15]82]143]154
UTE | [ ] 14236 03|236]141]204] — | —] — ] -] —]—
INVETRO] 42 | 71| 01| 78 | -15] 38 03[ 35] 13 ] 22] 19] 22] 06] 30
CENAM | — | — | 16 [418] 17357171396 — | — ] — [ — ] — | —
NiST | 46 [178] 16| 174] 03 | 164 ] 21 [ 159] -07 | 195] -2.0 [ 25,1]-22.4] 29,0
INTI |11 ] a5 10211021 ]o00]37]o04[64]-15]82]99]154
NIS — | — ] 00 [162]183] 1672881 191 ] — | — | — | — ] — [ —
INTI |11 a5 01| 210621 ]47]37]14]64]20] 82]138]154

V. LINKAGE WITH CCEM-K 12

INTI, NRC and NIST participated in the CCEM-KI12
comparison. The results of statistically linking the other
SIM.EM.K-12 participants to the CCEM-K12 participants
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were calculated based on approach described in [1] by using
the measurement results from the linking laboratories. Tables
VI and VII list the degree of equivalence (DoE) of the four
other NMIs with respect to the CCEM-K12 [2] key
comparison reference value (KCRV) and the corresponding
expanded uncertainties of the DoE’s. Units are in tables.

Table VI. DoE of all NMIs with respect to the KCRV at
10 mA

[Degree of equivalence DoE w ith the KCRV and expanded uncertainty U; at 10 mA in nA/A
10 Hz 55 Hz 1 kHz 10 kHz | 20kHz | 50 kHz | 100 kHz
DoE| U | DoE| U | DoE| U | DoE| U | DoE| U | DoE| U | DoE| U

UTE_ | — | — |4.2[12,1]-4.1[12,0[ 34142 — | — | — | — | — | —
INMETRO |-0,2] 3,9] 0,3 3,5|-0,1] 3,4|-0,56| 3,9|-0,5] 4,0 |-1,1] 4,0|2.2] 4.0
CENAM | — | — | 0,4 [22,0[-0,1[22,0] 0,1 [22,1] 0.7 [22,1] 2.9 [22,1]-1,3] 24,1

NS |-56]38]|-1.1]29]-1,1]56]-31]67] = | | — | —| — | —

Table VII. DoE of all NMIs with respect to the KCRV at

5A
egree of equivalence DoE with the KCRV and expanded uncertainty U; at 5 A in pA/j
10 Hz 55 Hz 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz
DoE U DoE U DoE U DoE U DoE | U DoE U DoE U
UTE | — | —]18][253]22[249] 148313 —] —] —[ —[ —[ —
INMETRO] 2,8 [14,1] 0,3 [12,0] 4,0 89| 1,0 [ 11.4] 0,9 [13,9] -0,1[18.9] 9.7 [29,9
CENAM| — [ —[-1,2]42,7] 42]366] 178|410 — [ —| —] —] —] —
NS | — ] -—TJo4[186]158[185][2888] 220 —[ — [ —[ —| —] —

VI. CONCLUSION

The AC-DC transfer differences of the travelling standards
have been measured at 10 mA and 5 A at frequencies 10 Hz,
55 Hz, 1 kHz, 10 kHz, 20 kHz, 50 kHz and 100 kHz. The
comparison reference values were calculated as the weighted
mean of the results of the NMIs with independent realizations
of their primary standards and low reported uncertainties. The
degrees of equivalence with the CRV and the degree of
equivalence with the KCRV of CCEM-K12 show very good
agreement. In the case of NIS, the NMI is going to evaluate
the results at 5 A 1 kHz and 5 A 10 kHz and will perform a
bilateral comparison in these points at a later date.
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