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SIM. AC-DC Voltage Transfer Difference

1. Introduction

In the Sistema Interamericano de Metrologia (SIM) there are several National Metrology Institutes (NMIs)
having calibration and measurement capabilities in the ac-dc voltage transfer difference, but only three
NMIs have participated in the CCEM Key Comparisons of ac-dc transfer difference, CCEM-KGa,
CCEM-K9 and CCEM-K11.

Three comparisons, SIM.EM-K6a, SIM.EM-K9, SIM.EM-K11, were proposed to assess the measurement
capabilities of the remaining NMIs in the SIM region, in ac-dc voltage transfer difference. The proposed
test points were selected to link the results of such comparisons with the equivalent CCEM Key
Comparisons, through the three NMIs participating in both.

Additionally, a fourth comparison, SIM.EM-Supplementary, was proposed, in support of the SIM NMIs
power/energy meter calibration capabilities.

CENAM volunteered to provide the travelling standard (TS) and to pilot and coordinate the comparison. It
was agreed that the comparison references values were to be based on the results provided by the
laboratories with participation in the key comparisons.

The comparisons started in January 2004 and the measurements were concluded in December 2004. The

Draft A was issued by the pilot laboratory and was reviewed by the participants in 2006, comments were
added and the final results are reported in this document.

2. Definition of the measurand

The measured quantity is the ac-dc voltage transfer difference of the travelling standard:

0= (Vac - Vdc) / Vdc
where:
o is the ac-dc voltage transfer difference of the travelling standard
Vac s the rms value of the ac input voltage

Vdc s the dc input voltage which when reversed produces the same mean output voltage of the
transfer standard as Vgc.

The measurement points for the different comparisons are shown in Table I.

Table I. Test points

Final Report

SIMEM-K6a | SIMEM-K9 | SIM.EM-K11 SIM.EM-Supplementary
3V/ 1 kHz 1'&”0“%2 100 mV /1 kHz
3V /20 kHz 100 mV / 20 kHz
3V /100 kHz | 1 KVI20KHZ a0 v 00 knz | 120V /93 Hz
3V/iAMHz | 1 KVIS0KHZ a0 v 1 MHz

1KV / 100 KHz
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SIM. AC-DC Voltage Transfer Difference

3. Travelling standard description

The travelling standard was an ac-dc thermal transfer standard, model Fluke 792A, fitted with accessories
for voltage measurements.

Description: AC-DC Transfer Standard Fluke (with a type-Nm/type-Nf adapter attached)
Model: 792A
Serial Number: 5685005
Accessories:
Description: 1000 V Range Resistor, Fluke
Model: 792 A-7002
Serial Number: 5685005
Description: Power Pack, Fluke
Model: 792 A-7001
Serial Number: 5370005
Description: Power Pack Cable, Fluke
Model: 792 A
Serial Number: N/A
Description: Handbook Fluke 792A
Model: N/A
Serial Number: N/A

The travelling standard belongs to the pilot laboratory, CENAM, who has maintained calibration of this
device since 1995. The stability observed is within the manufacturer’s specification and within the
uncertainty obtained by the pilot laboratory.

The following graphs show the measurements that the pilot laboratory made before the departure of the
travelling standard in 2003 and during the comparison in 2004. The graphics show that the stability
evaluated [2], shown in dashed lines, is good enough to serve as a travelling standard.

Final Report
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SIM. AC-DC Voltage Transfer Difference
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4. Participants

NRC

NIST

INMETRO

INTI

UTE

CENAM
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National Research Council, Canada
Contact: Peter Filipski, Peter.Filipski@nrc-cnrc.gc.ca

National Institute of Standard and Technology, USA
Contact: Thomas Lipe, Thomas.lipe@nist.gov
Joseph Kinard, Joseph.Kinard@nist.gov

Instituto Nacional de Metrologia, Normalizacao e Qualidade Industrial, Brazil.
Contact: Giovanna Borghi, gbalmeida@inmetro.gov.br
Edson Afonso, eafonso@inmetro.gov.br

Instituto Nacional de Tecnologia Industrial, Argentina
Contact: Lucas Di Lillo, Idili@inti.gov.ar
Héctor Laiz , laiz@inti.gov.ar

Administracién Nacional de Usinas y Transmisiones Eléctricas, Uruguay
Contact: Alfredo Spaggiari, aspaggiari@ute.com.uy
Daniel Slomovitz, d.slomovitz@ieee.org
Centro Nacional de Metrologia, México (Pilot Laboratory)
Contact: Sara Campos, scampos@cenam.mx
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SIM. AC-DC Voltage Transfer Difference

5. Circulation of the travelling standard

A measurement period of six weeks for each participant was agreed upon. This period included time for
clearing the customs, receiving, preparation, making measurements and shipping to the next laboratory.

Each laboratory, except CENAM, measured the travelling standard once. The travelling standard returned
to CENAM after measurement at NIST, NRC and the South American NMls. It was agreed upon to hand-
carry the travelling standard when sent to South America, to avoid any possible damage and delays
during the customs clearance. Flight tickets Mexico-Argentina-Mexico, Uruguay-Brazil-Uruguay and
Brazil-Mexico-Argentina were financed by the grant from the Organization of the American States.

The pilot laboratory sent the travelling standard to the first participating laboratory in January 2004. The
whole comparison was carried out without an undue delay during the 2004. After the measurements in the
five laboratories, the travelling standard returned to the pilot laboratory in November 2004. The pilot
laboratory performed the last measurements in December 2004. The schedule followed by the travelling
standard is shown on Table II.

Table Il. Schedule followed by the travelling standard.

Participant Laboratory Date of measurements tTransport of the
ravelling standard
CENAM (Mexico) December 2003
NIST (United States) January and February 2004 Courier Service
CENAM (Mexico) February 27t 2004 Courier Service
INTI (Argentina) 4t March To 16t April 2004 Hand Carried
UTE (Uruguay) 18 May to 22nd June 2004 Hand Carried
INMETRO (Brazil) June 25t 2004 Hand Carried
CENAM (Mexico) August 2004 Hand Carried
NRC (Canada) September to October 2004 Courier Service
CENAM (México) November 2004 Courier Service

In order to conduct the comparison in a timely fashion, it was helpful that the participant laboratories knew
the customs procedures for their port of entry to get the importation permission prior to the arrival of the
travelling standard, as each country had different procedures and different periods of answer.

During the circulation of the travelling standard there was a constant contact between the sending
laboratory, the receiving laboratory and the pilot laboratory, to communicate the departure and arrival
dates of the travelling standard.

Final Report
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SIM. AC-DC Voltage Transfer Difference

6. Measurement methods

The participants were requested to submit a detailed report of their measurements, which are attached as
an Appendix A of this document. The following information was extracted from the reports.

All participants used a two channel method. Three participants used a nanovoltmeter to read the output
voltage of their standards and an 8 % digits multimeter to read the output voltage of the travelling
standard. Two participants used nanovoltmeters to read both the output of their standard and the output of
the travelling standard. Five participants used two sources with an external relay to apply the AC and the
DC voltage to the instrument under test. Two participants indicated the AC-DC sequence used to minimize
the thermal drift; NRC reported using the sequence AC, DC*, DC-, AC, except for the 1 kV measurement
points, in which case NRC applied the sequence AC,DC*AC,DC-,AC. CENAM used the sequence
AC,DC*,AC,DC-,AC exclusively.

For frequencies below 1 MHz, NIST used as plane of reference the center of a type-GR874 Tee
connector, the travelling standard being connected to it by a type-GR874 —to —type-N adapter. At 1 MHz
NIST used as a plane of reference the center of a type-N tee connector. INTI, UTE, INMETRO and
CENAM used as plane of reference the center of a type-N Tee connector and NRC used the center of a
special asymmetrical tee, having as one arm a type-GR874 connector and as the other arm a type-N
connector.

To calibrate the travelling standard the participating laboratories used the standards shown in Table IlI a,
their sources of traceability are shown in Table Il b.

Only four laboratories participated in all comparisons. NIST participated in SIM.EM-K6a and SIM.EM-KO.
INTI decided to withdraw their results from the comparison SIM.EM-K6a, after discovering a systematic
error. See section 12 for corrective actions.

Table lll.a Standards used for measuring the travelling standard

Standard used for measuring the travelling standard
Laboratory
SIM.EM-K6a SIM.EM-K9 SIM.EM-K11 SIM.EM-Supplementary
NIST SJTC SJTC+ RR
PMJTC - 10:1 RVD
PMJTC + 100 kQ RR . ,
INTI Micropotentiometer PMJTC + RR
PMJTC + 200 kQ RR Rallantine
UTE 1VSJTC +RR 1VSJTC +RR 1VSJTC-10:1RVD 1VSJTC +RR
INMETRO TTS Fluke 792A TTS Fluke 792A TTS Fluke 792A TTS Fluke 792A
TTS Fluke 792A -
1V PMJTC + 1,5V PMJTC + . . .
CENAM 400 O RR 124 kO RR m|cropo:|e1r12t|ometur 1VPMJTC + 30 kQ RR
NRC MJTC + 400 Q RR 1VPMJTC +200 kQ RR 205 Q SJTC MJTC+ 6 kQ RR

SJTC: Single Junction Thermal Converter
PMJTC: Planar Multijunction Thermal Converter
TTS: Thermal Transfer Standard

RVD: Resistive Voltage Divider

RR: Range Resistor

Final Report
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SIM. AC-DC Voltage Transfer Difference

Table Ill. b Sources of traceability

Laboratory SIM.EM-K6a | SIM.EM-K9 SIM.EM-K11 SIM.EM-Supplementary
NIST Own realization
PTBat3V PTBat1V PTBat3V
INTI Step up in voltage Step down in voltage Step up in voltage
procedure procedure procedure
PTB at 100 V PTBat3V PTB at 100 V
UTE PTBat3V Step up in voltage Step down in voltage Step up in voltage
procedure procedure procedure
INMETRO PTBat3V PTB at 1 kV PTB at 100 mV PTB at 120 V
PTBat1V PTBat1V PTBat1V PTBat1V
CENAM Step up in voltage Step up in voltage Step down in voltage Step up in voltage
procedure procedure procedure procedure
NRC Own realization

NRC and NIST have their own calculable standards to provide traceability to the working standards used
during the comparison. INTI, UTE, INMETRO and CENAM used standards whose values are traceable to
the Physikalisch Technische Bundesanstalt (PTB) standards. INMETRO standards were directly
calibrated by the PTB at the comparison test points. INTI, UTE and CENAM performed voltage step up
and step down procedures to derive the values of their working standards at 3 V, 1 kV and 100 mV.

The reports show that in all laboratories the environmental conditions during the calibration of the
travelling standard were at (23 £ 1) °C and (45 £ 15) % of R.H.

7. Environmental conditions during transportation

A temperature, humidity and pressure data logger traveled with the travelling standard to monitor the
ambient conditions during the transport. There was no evidence that the environmental condition changes
had an effect on the stability of the TS and thus influenced the final measurements.

8. Measurement results

This section summarizes the results reported by the participants. They reported the expanded uncertainty
with a coverage factor of k =2, except for UTE who reported their results with a coverage factor of k=1. In
sections 9 and 10 the expanded uncertainty is evaluated, taking into account the degrees of freedom
reported by the participants, at a confidence level of 95,45 %.

Final Report
10/98




"M

SIM. AC-DC Voltage Transfer Difference

8.1 SIM.EM-K6a. results

Table IV. Results at 3 V, ac-dc voltage transfer difference & and its uncertainty Us.

Calibrati SIM.EM-K6a 3V
Laboratory i bl 5 and Uy (k=2,0) WV
1 kHz 20 kHz 100 kHz 1 MHz
o 0.0 2.0 16.0 1.0
NIST Jan to Feb, 2004 Uy 39 39 85 179
UTE 18 May to 22 June, o 3.0 6.0 18.0 3.0
2004 Uy 5.5 5.4 9.5 30
28th June to 28th July, o) 1.0 4.0 13.0 -22.0
INMETRO 2004 Uy 4 4 5 32
o 0.9 25 16.3 44
d th
CENAM 3rd to 20t August, 2004 Us 6 6 8 38
o 0.3 25 16.5 10
NRC Sept to Oct, 2004 Uy 12 98 79 17

8.2 SIM.EM-K9 results

Table V. Results at 1 kV, ac-dc voltage transfer difference & and its uncertainty Us.

SIMEM-K9 1KV
Laboratory i Ca'gf‘e“"” sand Uy (k=20) uVIV
1 kHz | 10kHz | 20kHz | 50kHz | 100 kHz
5 10 2 1 18 35
NIST Jan to Feb 2004
anfore U, | 16| 17| 141| 154 234
. 5| 52 32 6.1 17 105
INTI 4 March to 161 April 2004
arch to 167 April 2004 =1~ 16 20 33 37 74
5 4 10 1
UTE 185 May to 221 June 2004
ayfo ccmJune Ug 1 12 1
5 5 0 2 9 25
th th
INMETRO 28t June to 28t July 2004 U, m m 18 m "
CENAM 7h to 241 August 2004 |9 5.7 4.2 3.9 3.3 3.9
U, 15 15 17 27 27
NRC Septto Oct 2004 g1 67 291 22| -106 oL
U, 10 10 10 13 25
Final Report
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8.3 SIM.EM-K11 results

Table VI. Results at 100 mV, ac-dc voltage transfer difference d and its uncertainty Us.

SIM. AC-DC Voltage Transfer Difference

ol SIM.EM-K11 100 mV

Laboratory i bl sand Uy (k=2,0) uV/V
1 kHz | 20kHz | 100kHz | 1MHz
INTI 4 March to 16t April | & 8.7 3.0 19.0 14.0
2004 U, | 126 13 25 75
UTE 180 May to 220 June | & 14.0 2.0 18.0 26
2004 Uy 75 7.7 18 52
281 June to 280 July | & 8.0 2.0 180 790
INMETRO 2004 Uy 8.0 8.0 130 980
CENA 26 to 30 August 5 75 6.0 216 ] 599
2004 Us 23 23 23 42
Sept to Oct 5 95 1.8 241|750

NRC

2004 Uy 95 8.5 103 230

8.4 SIM.EM-Supplementary point at 120 V / 53 Hz

Final Report

Table VII. Results at 120 V, ac-dc voltage transfer difference i and its uncertainty Us

SIM.EM-Supplementary 120 V
Laboratory i Calibration date oand Us(k=2,0) uVv/V
53 Hz
INT| 4t March to 161 d 22
April 2004 Ugs 12
18h May to 22nd 2} 2.0
UTE June 2004 Ug 7.0
- 3.0
INVETRO 28th June to 28th o

July 2004 Ugs 14
CENAM 7hto 24h August | I 2.3
2004 Ug 1
Sept to Oct o 4.3
NRC 2004 Us 27

12/98
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SIM. AC-DC Voltage Transfer Difference

9. Reference value

The reference value, dsim, was calculated as the weighted mean [3] of the reported values from the
laboratories that took part in the corresponding CCEM key comparison; these are NIST, NRC and INTI.

Yws

—_ =1
5S|M = n

with w, =—- (1)

i i
i=1

where: Ugi is the standard uncertainty associated with the reported &; values.

The standard uncertainty of the reference values, U, was evaluated as [3][4] :

SIM

Us SIM

Sw @

The measurement results of NRC, NIST and INTI were considered independent; since NRC and NIST
have their own calculable standards and INTI has traceability to the values of the uncorrelated PTB
standards.

The expanded uncertainty of the reference value was evaluated as:

U

Ssm ku5 Sim (3)

where k was estimated at a confidence level of 95,45 % taking into account the reported effective degrees
of freedom as:

4
L U g
eff — 4
Wi
oY @)
i Z=1Wi
i1 Us

where verr are the effective degrees of freedom of the Ssim and ;. are the effective degrees of freedom

associated with the o

Final Report
13/98



"M

SIM. AC-DC Voltage Transfer Difference

10. Degree of equivalence

The degree of equivalence (Di) between the i-th participant with respect to the reference value
( Osiv) was evaluated as follows:

Di = Si-Osm (5)

For the laboratories without contribution to the reference value, the expanded uncertainty of D; (UDi ) was

estimated as[4]:
— / 2 6
UDi =Kpi uéi * Ussiy ©

For the laboratories with contribution to the reference value, the expanded uncertainty of D; (U, ) was

estimated as[4]:
v 2 2 (7)
UDi =kp Us ~Usgu

where kpi, for laboratories without contribution to the reference value, was estimated at a confidence level
of 95,45 %, taking into account the effective degrees calculated as,

4
1y ff - u Di
€ 4 4
Us Uy 8
L Osm (8)
Us  Ueffagy

For laboratories that contributed to the reference value, the effective degrees of freedom were calculated
as:

u'p
Uett = 4 4
W, W,
us "(1=-—," ) Us * — (9)
4 n d n
Z=1 W n i 221 W
Us i=i+1 Us

Final Report
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10.1 Degree of equivalence SIM.EM-K6a

SIM. AC-DC Voltage Transfer Difference

At 3V, the reference values were evaluated as the weighted mean of the values from NRC and NIST.
Correlations between the results were not considered because the laboratories that did not contribute to
the reference value, had neither traceability to the values of NRC nor to the values of NIST.

Degree of equivalence D; and its uncertainty Uy, at 3V /1 kHz, in uV/V; for k=2.0

3V/1kHz
Osmenmkea= 0.3 uVIV'; U, =1.2 uv\Vv
SIM.EM-K6a
Laboratoryi |& |Us |Di | Up
NIST 00 |32 03] 30
UTE 3.0 |55 2.7 11.3
INMETRO 1.0 |4.0 0.7 4.2
CENAM 09 |6.0 0.6 6.2
NRC 03 |12 0.0 0.4

2
>
=

|D'

Degree of equivalence D; and its uncertaintyUDi at 3V /20 kHz, in pVIV; for k=2.0

3V /20 kHz

OsiMEMKea = 2.3 uVIV ; UéSIM.EM-KGa =21 uviN
Laboratoryi | & Us |Di Up,
NIST 20 (32 0.3 24
UTE 6.0 |54 3.7 11.2
INMETRO 40 1[40 17 4.6
CENAM 25 |6.0 0.2 6.4
NRC 25 |28 0.2 1.9

Degree of equivalence D; and its uncertainty UDi at 3V /100 kHz, in pVIV.

3V/100 kHz

SsiMemksa = 16.3 VIV ; UéSIM.EM-KBa =58 pv\V
Laboratory i o Us Di Upi k
NIST 160 | 85 |-03| 6.7 |21
UTE 180 | 95 [ 17| 201 |20
INMETRO 130 | 50 |-33] 75 |20
CENAM 16.3 | 80 | 0.0 98 |20
NRC 165 | 72 | 0.2 48 | 2.1
Final Report

3V/1kHz
15
10
> I b d °
0 + *
-5
10
= L
& = g = &
zZ =) — pd =z
[} L
Laboratoryi = (&)
Z
3V/ 20 kHz
5
0
S ¢ {
0 ¢ ¢
-5
0
= w
o = 2 Z &
z > = zZ z
iy L
= (@)
=z
Laboratory i—
3V/100 kHz
25
15
5 P 3 e
-5 I
-15
-25
= L
& = 2 = %
z > — pd pd
[T} LU
Laboratory i ; O
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SIM. AC-DC Voltage Transfer Difference

Degree of equivalence D; and its uncertainty Uy, at 3V /1 MHz, in uV/V.

3V/1MHz 3V/1 MHz

Ssmemwss =56 WV; Uy =124 pWN 22 T

Laboratoryi | & | Us | Di | Up k 25 T
NIST 10 | 172 | 46 | 126 | 24 % 12 ¢ ?
UTE 30 | 300 | 26 | 624 | 20 Sras 4
INMETRO 220 | 320 | 276 | 348 | 20 i
CENAM 44 | 380 | 12 | 405 | 20 75
NRC 100 | 170 | 44 | 123 | 2.1 . w o > 0

z > 5 z z
Laboratory i = o

The results at 3 V show a degree of equivalence lower than 3 uV/V at 1 kHz, 4 uV/V at 20 kHz, 4 puV/V at
100 kHz, and 5 uV/V at 1 MHz, except for one laboratory at 1 MHz. All the differences between the
reported values and the reference value are within the uncertainty reported by the participants.

10.2 Degree of equivalence SIM.EM-K9

For the points at 1 kV, the reference values were evaluated as the weighted mean of values from NRC,
NIST and INTI. As mentioned in the point 6 of this document, the values of UTE, INTI and CENAM have
traceability to the PTB standards at 100 V, 3 V and 1V, whereas INMETRO have traceable values to PTB
standards at 1 kV.

Correlation between UTE, INMETRO and CENAM may exist with respect to INTI values, at 1 V and 3 V
levels, since they are traceable to PTB standards. It should be considered, that the voltage step up
procedures that these NMIs conducted in order to scale from 1 V or 3 V up to 1 kV, ensures that the
effects of the correlation between the laboratories at 1 V and 3 V can be considered negligible at 1 kV.

Degree of equivalence D and its uncertainty UDi at 1 kV /1 kHz, in pV/V; for k=2.0

1kV /1 kHz 20 1 kV /1 kHz
Ssimenks= 7.6 uVIV ; UéSIM.EM-KQ =6.9 pv\Vv 0 T
Laboratory i o) Us Di Upi > 0 * . s It }
NIST 100 116 [24 | 95 3 10
INTI 52 |160 |-24 | 1438 & 50
UTE 40 [110 |-36 | 235 30
INVETRO 50 |180 [-26 | 195 e - w0 s o
CENAM 57 |150 |19 | 16.2 2 z 5 g £ ¢
NRC 6.7 [100 |09 | 74 < H

Laboratory i Z

Final Report
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SIM. AC-DC Voltage Transfer Difference

Degree of equivalence D; and its uncertainty Uy at 1 kV /10 kHz, in uV/V.

1 kV/ 10 kHz
1kV/10 kHz 35
- : - 25
Osimemke= 3.3 pVIV ; U(;SIM.EM-KQ 7.2 uWN § pp
Laboratory i & | Us | D | Up| k * 9 $
NIST 40 [11.7 [07 [94 |20 a 9 g .
INTI 32 (200 |01 [209] 22 -25
UTE 100 |120 |67 25520 -35
INMETRO 0.0 [180 [-3.3 [196 | 2.0 b £ E g 3z
CENAM 42 1150 [09 [163] 20 z - o oo@m
NRC 29 [100 |-04 |78 |22 Laboratoryi = ©
Degree of equivalence D and its uncertainty UDi at 1kV /20 kHz, in pVIV.
1KV / 20 kHz 1 kV/ 20 kHz
_ . _ 40
Ssmemko= -0.7 pviv ; U Sqmenye = SO LYV 30
Laboratory i § | Us | D | Uy k S ?8
NIST 10 141 |17 |[118 | 2.0 25 * t 3
INTI 61 [330 [68 [331 | 21 & -10 1
UTE 110 [11.0 [11.7 [238 | 20 -20
INMETRO 20 [180 |13 [199 | 20 -30 _
CENAM 39 [17.0 [46 [186 | 21 c & E & % €
NRC 22 [100 [-15 [62 2.0 z L & “
Laboratory i % O
Degree of equivalence D; and its uncertainty UDi at 1kV /50 kHz, in uviV
1 kV/ 50 kHz
. 1 |8// 50 kHz_ 50
Osimemko=-12.9 uVIV ; P 9.7 WV 40
Laboratory i 2 Uy Di Up; k 2 20 pe T
NIST 180 | 164 | 51 | 122 | 20 2o ] 3
INTI 47 | 370 | 112 [ 371 ] 21 9 5 t -
INMETRO 90 | 180 | 39 | 206 | 20 40
CENAM 3.3 27.0 16.2 | 280 | 2.2 = = le) s O
NRC 106 | 130 | 23 | 89 | 20 2 Z B < Z
L
Laboratory i ; o
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Degree of equivalence D; and its uncertainty UDi at 1kV /100 kHz, in uVIV

1 kV/ 100 kHz

1 kV /100 kHz o
Ssmemke= -25.2 pVIV ; U =16.8 pV/V 90
SIM.EM-K9 70
Laboratoryi | & | Us | D | Uy | k g 50 \
NIST 350 | 234 | -98 | 166 | 20 S0 -
INTI 105 | 740 | 357 | 791 | 22 10 *
INVETRO 250 | 420 | 02 | 460 | 20 50 1
CENAM 39 | 270 | 291 | 305 | 21 - = o s o
NRC 180 | 250 | 72 | 189 | 20 > Z = I z
Laboratory i "'§J %)
Z

The results at 1 kV show a degree of equivalence smaller than 4 uV/V at 1 kHz; 7 uV/V at 10 kHz;
12 VIV at 20 kHz; 17 uV/IV at 50 kHz and 36 pV/V at 100 kHz. All the differences between the reported
values and the reference value are within the uncertainty reported by the participants.

10.3 Degree of equivalence SIM.EM-K11

At 100 mV, the reference values were evaluated as the weighted mean of values from NRC and INTI. As
mentioned in section 6, the values of UTE, INTI and CENAM have traceability to the PTB standards at 3 V
and 1V, whereas INMETRO have traceable values to PTB standards at 100 mV.

Correlation between UTE, INMETRO and CENAM may exist with respect to the INTI values at 1 V and
3 V, but the measurement process, associated with the step down procedures, ensures that the
uncertainty at 1 V and 3 V is very low compared with the uncertainty at 100 mV. The effects of the
correlation between the laboratories can be considered negligible at 100 mV.

At the CCEM K-11 errors were considered due to the power supply voltage and to the temperature and
the humidity coefficients of the travelling standard, but they have been considered insignificant [9].

Degree of equivalence D; and its uncertainty Uy at 100 mV /1 kHz, in pVIV; for k=2.0

100 mV/ 1 kHz
100 mV /1 kHz 25 :
= . = 2 15
Ssimemkir=9.2uVV ; U Smens, 18 WYV S 5 .
Laboratory i 5§ |Us |Di |Up g -5 L
INTI 87 [126 |05 [102 g
UTE 140 |75 |48 1741 .35
INMETRO 80 [80 |12 [11.1 = l o s O
CENAM 75 1230 |17 |245 = = E s <
L
NRC 95 |95 |03 |58 i
Laboratory i E O
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Degree of equivalence D; and its uncertainty Uy at 100 mV /20 kHz, in pVIV; for k=2.0

100 mV / 20 kHz
Ssim-emk11=-0.4 uVIV ; U(SSIM.EM-KH =7.3 uVVv
Laboratory i e} Us Di Upi
INTI 30 [13.0 |34 11.1
UTE 20 |77 16 |17.2
INMETRO 20 |8.0 -16 (108
CENAM 6.0 |23.0 |-56 |244
NRC -18 |85 14 |47

100 mV / 20 kHz

Degree of equivalence D; and its uncertainty UDi at 100 mV /100 kHz, in uVIV; for k=2.0

100 mV /100 kHz

Osimemk11= 23.4 pVIV ; U‘SSIM.EM-KH =9.9uVviv
Laboratoryi | o Uy Di | Upi
INTI 19.0 1250 |44 235
UTE 180 |18.0 |-54 /379
INMETRO 180 |13.0 |-54 /163
CENAM 216 [23.0 |-18[25.2
NRC 241 (103 |07 |40

Degree of equivalence D; and its uncertainty Uy at 100 mV /1 MHz, in pV/V; for k=2.0

100 mV /1 MHz
Osim-emk11=69.8 uV/IV ; U‘SSIM,EM-KH =231 vV
Laboratoryi |6 |Uy Di Upi
INTI 14.0 | 750 | -55.8 |73.2
UTE 26.0 |52.0 | -43.8 | 1084
INMETRO 79.0 | 98.0 9.2 [102.7
CENAM 59.9 [42.0 | 9.9 |47.9
NRC 75.0 1 23.0 52 |69
Final Report

25
15
2 5 B
2 5 :
Q .15
-25
-35
o L [©]
g E 2 Z 4
= 2 = P z
Laboratory i "'EJ 3
Z
100 mV / 100 kHz
35
> 15
= -5 s
g -25
-45
-65
= L @) b @)
'__
z 5 = = g
w L
Laboratoryi = O
Z
100 mV /1 MHz
150
100
50
g 0  E—
3. -50 4 +
8-100
-150
-200
= L o) = )
= x
2 > E <zt pa
Laboratoryi = '{'ﬂ
zZ
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The results at 100 mV show a degree of equivalence smaller than 5 uV/V at 1 kHz, 6 pV/V at 20 kHz
6 uV/V at 100 kHz, and smaller than 55 uV/V at 1 MHz. All the differences between the reported values
and the reference value are within the uncertainty reported by the participants.

10.4 Degree of equivalence at 120 V/ 53 Hz

At 120 V and 53 Hz, the reference value was evaluated as the weighted mean of values from NRC and
INTI. The values of INTI and CENAM are traceable to the PTB standards at 1 V, whereas INMETRO and
UTE have traceable values to PTB standards at 100 V and 120 V, respectively.

Correlation between UTE, INMETRO and CENAM may exist with respect to INTI values at 1 V, but the
long measurement process, associated with the voltage step up procedures, makes the uncertainty at 1V
low compared with the uncertainty at 120 V. The effects of the correlation between the laboratories at 1 V
level can be considered negligible at 120 V.

Degree of equivalence D; and its uncertainty Uy at 120 V /53 Hz, in uVIV

120V /53 Hz
120 V / 53Hz 15 T

Osmem-1.9= 4.2 nVIV U5S|M e =2.8 uV\V 12

Laboratory i 6 | Us | D | Uy k % _g ¢ ¢+ * ¢ *
INTI 22 [ 120 [ 20 | 123 | 21 5-10

UTE 20 | 70 |22 145 | 20 15

INMETRO 30 | 140 | 12 | 145 | 20 -20

CENAM 23 [ 110 [ 19| 115 | 20 = = < 2 g
NRC 43 | 27 | 04 | 06 | 21 = - m 2 z

Laboratory i % o

The results at 120 V show for all participants a degree of equivalence smaller than 3 uV/V. All the
differences between the reported values and the reference value are within the uncertainty declared by
the participants.

11. Link with the CCEM Key Comparison

The results of CCEM-K6a, CCEM-K9 and CCEM-K11 key comparisons are available. Rather than
evaluating the differences between the pairs of laboratories, only the differences between the results of
participants in the SIM comparison, not participating in the CCEM comparisons, and the CCEM key
comparison reference value (KCRV) were calculated.

The link between a result of an i-th laboratory participating in the SIM comparison with respect to the
reference value of the corresponding CCEM key comparison is estimated using (10) [5].

Dlinki =0, Okcrv = (6 g~ OsM ) * (Ssm- Skcrv ) (10)

Final Report
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where:

Oy am is the reported value of the i-th laboratory participating in the SIM comparison,
OKcry is the reference value of the corresponding CCEM comparison,

J; sm~ Osim is the degree of equivalence of the i-th laboratory participating in SIM

comparison with respect to the reference value of SIM comparison, evaluated
in the section 10 of this document (D)),
Ogm = O Kery is the difference between the references values of both comparisons. This

term will be evaluated using the weighted mean of the differences between
reference values of the laboratories participating in both comparisons, [5].

The last term of (10) can be evaluated using the values of the laboratories participating in the
determination of the reference values of SIM and CCEM:

(53|M - 5KCRV )i = (5iCCEM - 5KCRV )- (5iS‘M - 5S|M ) (11)
Equation (11) is equivalent to:

(Osm - Okerv )i = DiCCEM B DiS‘M (12)

The weighted mean of the differences between the reference values equals
. (13)

2
_ ig‘(D‘CCEM i DiSIM )/U(DiCCEM' Dism)
SIM- KCRV - 21/ 9
=1 u(DiCCEM'DiSIM)

,uD

Each difference D; has its own uncertainty, Up , » then the expanded uncertainty of the difference

isIM iccE

between reference values was estimated as the root of the sum square of the u, as follows:

— 2 2 14)
u = Ui _+u (
Oiccem~Disim), \/ Disim Diccem

The uncertainty of the weighted mean of the differences between reference values is then:
1 (15)

u((ssum —0kcrv) = n 1
X

= U )

. -D.
I'sim T ccem

Finally the uncertainty of D ik is equal to:

2 2
UDlink i° k\/u Digm +u (Ogim-Jkcrv)
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21/98



"M

SIM. AC-DC Voltage Transfer Difference

with k=2, because the participants reported results at k =2.0 and the references values at SIM and CCEM
comparisons were reported at k =2.0.

11.1  Link SIM.EM-K6a - CCEM-K6a

Link with the CCEM-K®6a, D; iin and its uncertainty U piink, at 3 V /1 kHz, in pVIV

14 3V/1kHz
3V/1kHz >
Laboratory i | Diink Ubi ink E_ 4
UTE 2.6 111 £ 1 b d
INMETRO 0.6 4.2 5'6
CENAM 05 6.1 _1' 1
w (@) =
E x <
> Laboratory i u'__, 5
= (@)
z
3 V l 1 kHZ 5 KCRV U Fcry i SIM UD‘SIM icoem D ccen
SIM.EM-K6a 0.3 1.2
CCEM-K6a 0.0 0.4
NIST -0.3 3.0 -0.2 1.0
NRC 0.0 0.4 -0.1 0.6
Link with the CCEM-K6a, D; jink and its uncertainty U p;in, at 3 V / 20 kHz, in pVIV
3V /20 kHz
> 16
3V /20 kHz z -
Laboratoryi | Diink Ubi ink E 1 b t
UTE 4.2 11.1 a -4
INVETRO | 2.2 48 4
CENAM 0.7 6.6 w o s
= 14 <
= Laboratory i | e
= (@)
z
3 V / 20 kHZ 5 KCRV 5KCRV i SIM UDIs|M iccem D ccen
SIM.EM-K6a 2.3 2.1
CCEM-K6a 0.9 0.5
NIST -0.3 24 0.4 1.2
NRC 0.2 1.9 0.5 1.1
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Link with the CCEM-K®6a, D; jink and its uncertainty U pijink, at 3 V /100 kHz, in uVIV

3V /100 kHz

3V /100 kHz 20
, 2 10
Laboratoryi | Diiink Ubi ink 2. 0 *
UTE 3.0 20.2 : 10
INMETRO -2.0 8.4 a -
CENAM 13 | 105 -20
. : 2
o E zZ
Laboratoryi = 'd)J
P
3V/100 kHz | OJerv Us i i Us,, iocem Uoa
KCRV
SIM.EM-K6a 16.3 5.8
CCEM-K6a 7.2 1.0
NIST 0.3 6.7 1.2 1.7
NRC 0.2 4.8 14 1.7
Link with the CCEM-K6a, D; jink and its uncertainty U piink, at 3 V /1 MHz, expressed in uVIV
3V/1MHz
55
3V/1MHz > 35
Laboratoryi | Diiink Ubi iink =1 1_2
UTE -8.2 62.6 £ 25 <
INMETRO -33.2 36.7 0 45
CENAM 6.8 42.1 -65
-85
L o =
5 = >
L i
Laboratory i = O
Z
3 V l 1 MHZ 5 KCRV U 5KCRV i SIM UD‘S\M iccem Di g
SIM.EM-K6a 5,6 12,4
CCEM-K6a 121 6,7
NIST -4,6 12,6 8,0 20
NRC 4,4 12,3 -10,0 11
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SIM. AC-DC Voltage Transfer Difference

Link with the CCEM-K9, D; i and its uncertainty U piin at 1 kV /1 kHz, in pVIV

30 1kV /1 kHz
20
1kV/1kHz > 10
Laboratoryi | Diiink Ubi iink 2 0 3
UTE -2.3 24.8 f;8
INMETRO -1.3 21.3 d'_30
CENAM 06 | 183 N o <
E X <
) E zZ
Laboratory i W Ll
s O
Z
1 kV/1 kHZ 5KCRV UéKCR\/ iSIM UDIsm iccem UD‘CCEM
SIM.EM-K9 7.6 6.9
CCEM-K9 0.2 3.1
NIST 2.4 9.5 7.2 16.8
NRC -0.9 74 0.3 9.6
INTI 2.4 14.8 4.7 13.8
Link with the CCEM-K9, D; iin and its uncertainty U piini, at 1 kV /10 kHz, in pVIV
1 kV /10 kHz
1k V/10 kHz ®
Laboratoryi | Diink | Ubi iink 2 25
UTE 9.7 26.7 =1 15 <
INMETRO -0.3 215 £ 5
CENAM 3.9 18.5 g -15
-25
L o s
5 = S
Laboratory i < 3
Z
1KV/10kHz | Oiory b, o U
SIM.EM-K9 3.3 7.2
CCEM-K9 2.3 34
NIST 0.7 9.4 3.9 16.8
NRC 0.4 7.8 3.7 9.5
INTI -0.1 20.9 -2.3 15.7
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Link with the CCEM-K9, D; iink and its uncertainty U piink, at 1 kV / 20 kHz, in pVIV

1 kV /20 kHz
48
1k V/20 kHz 2 38
Laboratoryi | Diink Ubi iin = ?8
UTE 172 | 252 £ 18
INVETRO | 42 | 218 g -2 i t
CENAM 10.1 20.3 -12
-22
L O =
5 = =
Laboratory i £ o)
Z
1 kv l 20 kHZ 5 KCRV Ocry i SIM UDiSlM iccem D coem
SIM.EM-K9 -0.7 8.0
CCEM-K9 -5.2 3.7
NIST 1.7 11.8 5.7 15.9
NRC -1.5 6.2 6.0 9.4
INTI 6.8 33.1 -5.0 19.7

Link with the CCEM-K9, D; iink and its uncertainty U piin, at 1 kV/ 50 kHz, in pVIV

1 kV /50 kHz

55
1k V /50 kHz 45
Laboratoryi | Diink Ubi iink % gg
INMETRO 7.0 23.5 <15 h 4
CENAM 19.3 294 QE g
-15
-25
@) =
& Laboratory i =
w w
= (@)
Z
1 kv / 50 kHz 5 KCRV ISKCR\/ i SIM UD'S|M iccem Di ceen
SIM.EM-K9 -12.9 9.7
CCEM-K9 -19.9 5.0
NIST -5.1 12.2 -3.3 20.9
NRC 2.3 8.9 7.9 11.0
INTI 11.2 37.1 -4.1 23.6
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Link with the CCEM-K9, D; iink and its uncertainty U piiink, at 1 kV/ 100 kHz, in pV/IV
1kV /100 kHz

> 60
3 8 i |
1kV /100 kHz x 28
Laboratory i | Di ik Ubi iink & 20
INMETRO -2.5 50.0 -40
CENAM 26.4 35.8 -60
8 Laboratory i <§E
= pd
L i
= (@)
Z
1 kv / 100 kHz 5 KCRV [ i SIM UD'S|M iccem D geem
SIM.EM-K9 -25.2 16.8
CCEM-K9 -53.1 10.0
NIST 9.8 16.6 -6.1 27.4
NRC 7.2 18.9 -0.7 21.8
INTI 35.7 79.1 -2.7 38.7
11.3 Link SIM.EM-K11- CCEM-K11
Link with the CCEM-K11, D; iink and its uncertainty U piin, at 100 mV /1 kHz, in pVIV
100 mV /1 kHz
100 mV /1 kHz 22
Laboratoryi | Diink Ui ink 12
UTE 5.2 18.1 > 5 ®
INMETRO -0.8 12.8 =
CENAM 13 | 251 s 8
d.—18
-28
. : 2
Laboratory i [ &
% (@}

100 mv / 1 kHz 5 KCRV U(SKCR\/ i S UD‘S\M iccem UD'CCEM
SIM.EM-K11 9.2 7.8

CCEM- K11 05 2.3

INTI 05 10.2 0.1 9.9
NRC 0.3 5.8 0.7 4.8
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Link with the CCEM-K11, D; jink and its uncertainty U pj jink, at 100 mV / 20 kHz, in uVIV
100 m V /20 kHz

100 mV / 20 kHz 25
. 15
Laboratoryi | Diiink Upi iin > 5
UTE -1.1 18.2 2 5
INMETRO -1.1 12.5 £-15
CENAM -5.1 24.9 c'n: -25
-35
u o 2
Laboratory i | Z
= O
Zz
100mV/20kHz | Owerv | Us o Us,, U,
SIM.EM-K11 -0.4 7.3
CCEM- K11 -0.3 2.9
INTI 34 1.1 0.9 9.8
NRC -14 4.7 -0.2 5.6

Link with the CCEM-K11, D; jink and its uncertainty U pj jink, at 100 mV / 100 kHz, in uV/V
100 mV /100 kHz

45
100 mV /100 kHz > 30
Laboratoryi | Diiink Upi iink S 15
UTE 25 | 380 0
INMETRO 2.5 17.8 &5 -15
CENAM 1.1 26.0 -30
-45
Laboratory i I Z
= @]
Z
100 mV /100 kHz Y KCRV 5 i o UD‘S‘M iccem D goem
KCRV
SIM.EM-K11 234 9.9
CCEM- K11 1.6 4.5
INTI 4.4 23.5 -0.2 20.8
NRC 0.7 4.0 35 6.6
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Link with the CCEM-K11, D; iink and its uncertainty U piiin, at 100 mV /1 MHz, in pVIV
100 mV /1 MHz

100 mV /1 MHz > 9
Laboratoryi | Diiink Ui ink 2 40 ¢ I
UTE -34.1 110.7 £ -10 5y i
INMETRO 18.9 105.1 g -60
CENAM 0.2 56.6 -110
-160
L o =
5 £ .
w L
Laboratoryi = O
P
100mV/1MHz | Jkery S i Up, D
SIM.EM-K11 69.8 23.1
CCEM- K11 -7 27
INTI -55.8 73.2 -30.0 62
NRC 5.2 6.9 13.0 32

12. Corrective actions:

Concerning the INTI results at 3 V, last July 2007, the ac-dc transfer laboratory of INTI was audited by Dr.
Klonz from PTB, at that time INTI compared their measurement at 3 V against the PTB values. The results
are shown in the following table, they are in agreement with the PTB results, within the uncertainties
declared.

ac-dc voltage transfer difference at 3V
Laboratory o and Us (k=2,0) pVV
1 kHz 20 kHz 100 kHz 1 MHz
NTI OINTI 0.1 0.3 2.8 -27.4
Us 2.0 3.0 12.0 40.0
PTB Jpr8 0.1 0.5 3.7 -19.7
Us g 1.0 1.0 3.0 10.0
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AC-DC VOLTAGE TRANSFER DIFFERENCE SIM EM.KG a.

REPORT OF RESULTS
SIM.EM-KS a.

Participating laboratory: Institute for National Measurement Standards, NRC, Canada

Date of measuremants: September 2004 - October 2004

Description of the measuring method:

The Traveling Slandan was companed to an NRC working standand :IEEi;-'EII:EEI WA-GMT0-03N, 3 MUTC [10maA, 400 0
healer resistance ) Bofh artsacts were connecied in parsllel using an NRC Spedal Tee SPT2 (one am fype GRATY
conneciar, second am fype N connector, ..f. reference [5].) The 1est vollage was apphed smulanecusiy to both anmifacts
inaseguence AC - DC M- DC R - AC. The l:'.l‘!Fl.t '.-IIEGR_:ES of both arlifacts wene measured afer 45 s slabilzation time.
The cutput volage of the traveling slandand was measured using a 7 or 82 digit vohmeter. The oulput voRage of the
'.'.':lﬁiing standard was measured Using a nanovolimeter. The NRC AC-DC Transfer Comparator used is descrbed in
oetall in references [1] -[3).

Connection diagrams: See Appendix 11,
Environmantal conditions of the measurement: (22.5 + 1) °C, (40 + 10) % RH

Results of measuraments:

AC-DC voltage | Expanded Uncertzinty of
Mzzzurement | francfer difierence the AC-DC voliage Coverage
point () fransfer differsnce (Ug) factor
L uvy

AV/1kHz 0.3 12 2
IVI20kHz 25 28 2
IV 7100 kHz 16.5 7.2 2
IV MHz 10 17 2

Tha reference standard, and its traceability to 51
NRC maint@ins an independent realization of prmary standards of AC-DC Fansfer diference

NRC primary standard of AC-DC voRage transfer diference is a group of four 1-v Musjuncion Themal Comverers.
AuErage of the group &= assumed Ko nave a negligitie AC-DC vollage transser diference in the 20 Hz -5 kHz frequency
band. The frequency band of MRC working slandands = exiended to 100 MHz by usng a set of NRC-designed
Calatimetnc Themal Vollage Converers. NRC has parfcipa®d in a Key Companison CCEM-KG3. Resulis of Tis
COmpanson have shown a very good agreement between the NRC primary standards AC-DE fransser difierence and the
Key Comparison Reference Value in the 1 kHz - 1 MHE frequency range

The AC-DC difference of the NRC working standard Vd-GMI10-03N was determined by comparison 0 a 2-V MUTC W2-
GM20493-1, Which in fum was calbeated using a converter designated MUTC W1-GM20-66, 3 member of the primary
slandards group, and a “cakulabie” calonmelnc vollage comeerier designated CTWCRIT.

The delgiled descrption of NRC prmary slandards &5 cescrioed in references [1}{3].

Wovember 22, 2004 Page 2 of 11 TNMKS NEC Canada



AC-DC VOLTAGE TRANSFER DIFFEREMCE SIM EMLKS a.

A detailed uncertainty budget, the uncertainty calculation must comply with the requirements of the 150 Guide to the Expression of
Uncertainty in Measurements 1995

SIM.EMKEa. [3V)

. Refatve standard Prabailty Sensitivity Uncertainty Degrees of
Incertainly companent Estimate uncertainty Dizzribubior coesfiient convisutian freagom
e : x \ ! Method of evaluation . _
Xy —. Q of &) ]
[A B
Sraquences (kHz) 1 | 2o [twof1oo0f 1 | 20 [ 100 |1000] 1 [ 20 [toof 1000 | 1 [ 2o 400 Jwoo] t | Zo | 100 [twoo | 1 [ =0 [400| 1000
Fleferance Standard:
VA-GA 03N
= Reference Standard 05| 06 |82 -2 |04 2 |13 | 6.6 |A=E | A=E |A+B| A+B 1 1 1 1 04| 1.2 15 66 |22 381 |152] 92
calbration
« Reference standand
stability
Ll
L
Difference measurement: | 0.3 | 28 165 10
« Standard deviation of 01|02 |02 |02 |nA | nA |RA] nR 1 1 1 1 0.1 | 0.2 0.2 oz T [ 7 T
measuEmeants
« Klagnitude 01| 07 | 04 | 0.7 fectB|rectBpect] recl@ | 1 1 1 1 0 0T 0.4 07 J 43 49 |45 49
dependentexponent 2 B
# CloSUre unoensins 05| 058 | 30 1 pectB{rectB pect| ecl® | 1 1 1 1 0.5 | 08 3.0 E] 43 49 |48 439
« TE® Conneciar
Ll
Ll
b 03| 25 |18 | 100 111 14 47 10 14
5

Participating laboratories are required to include also the uncertainty budget of the calibration of its standard in order to evaluate the
correlation term in case of two laboratories have traceability to a commaon national laboratory.
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AC-DCVOLTAGE TRANSFER DIFFERENCGE 5IM EM.K11

REPORT OF RESULTS
SIM.EM-K11

Parlicipating laboratony: Insliils for Balivnal Messursment Slandards, NRC, Canada
[rate of measurements: September 2004 — October 2004

Description of the massuring methad

The Traweing Standard wascomparsd to an MAC working standand designated WIS, 3 SJTC (2.5 mA, 205 03 heatsr
resEEnce. ) Both arfifacls wene connected in patalel l..EiI'Ig an NAC Special Tee SPT2 ‘one arm Spe GRETL Connestor,
second am fype M connecidr, of. referencs [5]) The 52 wokage was applied simultarsously 1o both anizcts ina
sequence AC -DC MW - DC R - AC. The outpul vallages of Both an<icts were measune: afer sl 5 stabilizaion tme. The
culput volage of he travelng stancard was measured u5i'1; a THz or 832 :Iigi‘!'n.':l'.TEtE:. The oulput valtags of the
'.'.':-niing Fandard was measured usng a ranovoimeter. The NRC AC-DC Transfer Comparalor used 15 descnbed in
detail in rzferences [1]-3].

Connection diagrams: See Appendix 1.

Environmental conditions of the measurement: (22.5 + 1) *C (40 + 10) % RH

Result: of measuraments:

AC-DC votage | Expanded Uncertainty of
Measuremeni | transfer diference the AC-OC voltage Coverage
paoint (@l transfer differance (U;) factor
LN LV

100 mV /1 kHz 95 95 2
100mV /20 k Hz -18 6.3 2
100 mv' /100 kHz 24.1 10.3 2
100 mv /1 M-z 75 23 2

Tha refaranco standard, and its traceability to 51

Shioet dascriptian of MRC |:ri11;|r:.' sandards of BC-DC volRage ransfer aifference IS gvan abowve,

The AC-OC difierence of the MRC '.'.':-r-:ing smandard V305b was celemmined by compat=on 1o a 1-V SJTC based f.'l:l'th;
slandard designated V31N 2.5 mA, 400 2 ingut "E‘EiFEII'IGE.] I w3z ¢albrated by comparson o V2-GM20-23-1, and a
*akculabie” calonmetnc wollzge convarer desgnaled CTWCETT [at above)

NRC has paricipated in @ Key Comparison CCEM-E11. Prelmimary resulis of this comparnsan, to be pablished shorly
hawe snown a very good agreement belwsen m2 NRC low wolage slandards AC-DC fransfer difference and T2 Hey
Comparizan Reference Vale.

A detaied descripdon of NRC approach to calbrating low woltzge AC-DC diference woliage standads = given in
reference [4].
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AC-DC VOLTAGE TRANSFER DIFFERENCE SIM EM.ET1
SIM.EM ET1.0 100 mV )
Estimate Raiatve smndard EIT':"I;E::IEF Unzertainty Cegrees of
| PR - . - - : _- : I E
Uncertainty component ¥ uncedainty P ——— can |:|HIJ n "eadom
= o ) 1]
[A B
Frequencies (kHz) 0 100 1000) | 20 00103 1000 ooy 20| 100 1 0| 100 | 100
Feference Standard:
VEIEE
= Reference SErdard .1 40.2 206505 11 A+5 | A=E |A+3| A+B 1 BE | 17| 20 g2l ™ |188| 98
calbration
= Reference standand
stabilty
"
"
Differerce measurament: -7 [-16.1 1319
= Stancard deviaion of 45| 29 nA | A [ne| neA 1 5|38 24 13 H 15 | 15
measarements
= Magmiude g4 03 'ECUB|echB fedi| reclE 1 B4 | 0.2 [ OF 13 4% |48 43
depeardentiexponent o i
« FTA2input el dzpendent gz 03 rectBleckB fedi| recl® 1 I R 13 4% |45 43
#® F797 femperahee N&al aR rrClAeChA pecdi] rectif 1 ER | NE N & i3 a4 44| 419
gependent B
® Tee nla 'ectB|eckB fedi| reclE 1 0 0 0 19 4% |48 449
connecixiadapia: B
® Clozune uncaranty 1212 rectBleckB fedi| recl® 1 2 te) T 13 4% |45 43
- F7o2 drit o4 o recbBlreckB fod| roctE 1 H o. o 43 40 |40 49
5 g5(-8 241 TE3 Vel 18 | 2T | 23
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AC-DC VOLTAGE TRANSFER DIFFERENCE SIM.EM.KS

REFCRT OF RESULTS
SIM.EM-KS

Pamicipating latoratory: Insitute for National Measursment Standards, NRC, Canada

Dale of measurements: S=ptember 2004 — October 2004

Description of the measuring method:

The Traveling Standard was compared to an MRC wo'kng standand designated TER4, a PRUTC (10 mA, 50 02 heater
ressiEnce] Wit a resiEIve range exlender designatec FRIT (200 & £} Both ariifacts ere conmecied in paralel using an
WA Special Tes SFT2 [one arm fype GRETE cornedor, second arm ype N connector, of. reference [5].) The fest
Ll.’!lllglﬂl'.hﬁi annlad srniEnens }'I‘l‘l hnth amfRcss na SROlIEnTR Ar-NN-AC-M R - A The Cirpes al‘ﬂ‘.ﬁ-]ﬂﬂ nF
boir ariifacts were measured afer 45 5 stabilzation fme. The oulput vatage of ne raveling slandard wis measured
wsing @ T¥zor %2 digit volimeter. The output voRage of the working siandard was measaned using a namvolimetar. The
WRC AC-DC Transfer Comparator wsed i described v detail innefereaces [1] - [3]

Connection diacrams: Seo Appandix 1.
Envircnmental conditions ofthe measurement: (23 1) °C, (40 +10) % RH

Results of measuramants:

4C-DCvoltlage | Expanded Uncertainty of
Measwement | transfer diffierenze | the AC-DC woltage Coveragz
paint () transfer difference U factor
T TR

10001 kHz 8.7 10 2
1000 10 kHz 28 10 2
1000V 20 kHz 22 10 2
1000V 50 kHz -10.6 13 2
1000 W /100 kHz -18 25 2

120V 53 Hz 4.3 27 2

The reference standard, and its traceability to 1.

Short description of MRS primary siandards of AC-DC volage ransferdifference is given above.

The AC-DC difference of the MRC woriing standard TFM4-FRIT was delermined ty 3 usual s92p-Ip ROCEdUReE. We
wsed an MRC-desigrad se designated 51, consisting of tao TVES, gesignated WS1n (0 W, 400 £2) and ¢52e {2 v 200 )
and four range exiending resistoes, F151 (3 'V and §v), RZS3 (10, 20W), R351 (30 ¥, 60 V), K451 (100 W, 200 V). The
\W522 wilh R451 range exfender was used fo calbrae TFME with FRIT. The TWCs VS1n, WE2e werz caibrated either
girecty or ingirecty, dsing V2-3M2093-1, using MRC prmary standarts.

HRE has porticipated in & Hey Comparisen SCCM-3. Preliminary results of this conparizon have shown a very good
agresment between the NRC high Jollage standarcs AC-DC irans#r difference and the Key Comparison Referene
Value.
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AC-DC VOLT

GE TRANGFER DIFFERENCE

SIM EM.KS

SIM.EM-ES (1000 V)
. Fetatie standard f.":_'"f:'t_l ! SEnsIviy Uncertaingy DEqQrees of
Uncertainty companeni EsI]Lr..'.E' unce 'I.i_int',- ; '-.1E||'-IF::§-:EI;:'§1 tion coeficient :-l:I"Il.r.tl-J'_ ol freedom
X = G N & 8
[A. B :
Frequencies (kHZ 1| 10|20 (50 100l 1 [10 |20 |50 |00 10|20 (50| 1m0 | (102050 00| 1 |eofzo)so (o] [ 10| 20 | 50 |00
Feference Standard:
TFM4+FR2T
= Rieference Standard 0923 -7 [R3as| 2939 £ | 5 |67 |h-E|a-E| A= |A+B| A=E 1 1 1 39 |39 4 ) 5 |&T 05113 oI I A
calbraien E
= Rederence standard
stakilisy
-
-
Difference measurement:  |58] 5753|1817
= Standard deviation of 0505|0505 |15 InA|na | nd |nis | i 1 1 1 05 |os| s jos|1s) 2| 2 F 2 2
MEasUrements A
» Magnitude 04|02 (84 02|57 pectfrect] e pect|rect® 1 HERER S EE R e
gEpEndentiERponent 7 BB [ct|B
=]
= TFM HV cormecion a (08 - |38 (R4|o2|o2| 0211 |24 pecrect| re pect|rectB 1 1 1 Do |oz|ie |1 |za )L Lm ) 4% | 25 (49
0. B o | B
5 B
= Closure uncertanty 2|2 | 2|3 |55 pecirect re peclrectB 1 1 1 2 2|23 |SA)L8|(L8| 49 | L5 |49
B cli | B
B
- TWC lewes 232333 (29|29 pecrect| re pect|rectB 1 1 1 25 |23|2¥ |ag |z e Lm ) 4% | 25 (43
dependent BE|B |clf | B
o
*
] srlae] - - |- Vil 53| 568 | 57 | 38 | @
23|10 |18
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AC-DC VOLTAGLE TRANGICR DIFTCRENCE SIM.IMSUPFLCMCNTARY

RCPORT OF RESULTS
SIM.EM-SUPFLEMENTARY

Participating laboratory: hstitute for Mational Measurenent Standards, NRC, Canadz
[rate of measuremants: September 2004 — October 2004

Description of the measuring methaod:

The Tref.Eér-; Slandard was companed to an NRC working standand designated V120-GR2093-2, a MJTC (20 mA, 100
02 heegher emiance) Wit a resetee range tll‘.!nl:E"l:S Hﬂ:l MGTTET I & :-r-;e:n-:l:-:.me. Doth arufact: wene conneched
in paralizlusng an MRC Special Tee SPTZ (one am type GRETY conneclor, semnd am lype M Connecion, ¢.f ressence
[5].} The festwoRage was appled mutanecisly to both srtifacts in a sequence & - DCM - DC 7 - AC. The oulut
vollages of bod an#acts were measured afier d5 s stabilzation fime. The cutput éo lage of he travelng standard was
measureausing a «#: of erz Qg eoRmEenEr. INe OUIPUT WNL3Je Cf 1NE WIrEing SEndard was measured using 2
nangyolimeter. The NRC AC-DC Transfer Comparator used is descroed in getai in references [1-[3E-

Connaction diagrams: See Appsend (1
Environmental conditions of the measurament: (23 +1) *C, (40100 %RH

Results of measeremeants

AC-DCvoltlage | Expandzd Uncertainty of
Measursment | transfer difference | the AC-DC volizge Coverage
poit () tramsfer differsnce (U;) | factor
L Wy
120 W IR3 He 43 27 2

The reference standard, and its traceability to 51
Shiort desription of NRC |:ri'|1:|r,.' siandards of AC-DC wolage transfer difference|s geen abies.
The AC-DC differancs of the MRS working standard V120-3M20-03-2 was deternined by comganson o the MJTE & kow

voliage 10 3 membcr of Tve prrary standards group. Adddonal rducnee of 3 range cxlcadng reoshr was csiraicd
expeimentally.
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AC-DC VOLTAGE TRAMSFER DIFFERENCE

B el

SIM.EM.SUPPLEMENTARY

SIM.EM-Supplementary (120 V)

Movember 22, 2004

Estimate Relatve standard f:::;f';_l Sensavity Ungertaingy Degrees of
URCErainty companent JG" uncerizinty  Mthod of evalation coeficient coniributon freedom
) A B] il & w
Frequencies (kHz) 53 55 53 53 53 53
Reference Standard: 0.8 A+B 17.
V120-GM20-03-1
= Rederence Standard
calioration
= Rederence standard
slakilzy
L]
L]
Diferenice measurement: 3.2
« Standard deviation of 0z A 1 0.2 &
MEasUrements
= Magnitude 05 rectB 0.5 49
gEQENdEnlERpOnEnt 7
= CIOSUME UNCEMandy 07 recte 0.7 45
L]
L]
-
5 43 108 26
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AC-DCAVOLTAGE TRANSFER DIFFERENCE

Appendx |
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ACDCWOLTAGE TRANSFER DIFFEREMCE

Appendix ||

IEEE 438 bus

Ao Source

W SOUrce

T Auxiliary DC
ACDC VI O=d  VISOURCE
SOUERCE -+
SIEP:Jlﬂ.E Manovoltmeter
jai s llu )
Shd I Electromie ; 1%
Controlier ! Transfer T'T_ﬁ;,: t_:al:age
Standard

Yolimeter

Optloinsulators
Digital 13

Serial Port

COMPUTER

IEEE 453 bus

Fig. 1. Sumplified circuit diagram of NRC AC-DC voltage transfer comparator,

Movember 22, 2004
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ReEPORT OF SPEcCIAL TEST

THERMAL TRANSFER STANDARD

Fluke Corporation
Model 792A. Serial Number 5685003

Submitted by

Centro Nacional de Metrologia (CENAM)
Querétaro C.P. 76241 Mexico

This thermal transfer standard was tested in January and February 2004 to determine its ac-dc
differences, in accordance with NIST Calibration Test Numbers 53350C, 53351C, and 53352C.
The instmument was recetved in a condition switable for calibration. These calibrations were
performed using Fluke 702A battery pack, serial number 5370003, supplied by CENAM.

To calibrate tlus mstrument, ac and dc voltages were applied in a timed sequence to the Type N
input connector, and the output emf was taken from the output banana plug terminals and
measured using an appropriate thermoelement. This procedure facilitates the calibration process
and is not intended to snggest that the instmment should not he nsed according to its instrmetion
manual. The plane of reference for measurements below 1| MHz was the center of a Type 874
Tee. The vt under test was connected to the plane of reference by a Type 874-to-Tvpe N
adapter. For measurements at 1 MHz, the plane of reference was at the center of a Type N Tee.
The mput low banana plug connector was joined to system ground. The guard, ground. and low
banana plug terminals were joined together at the front panel.

811/260940-04
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REPORT OF SPECIAL TEST
Fluke Model 792A, Serial Number 5685003
Centro Nacional de Metrologia (CENADM)

Quersétaro C.P. 76241. Mexico

Determinations were made of the difference between the sinusoidal alternating voltage (less than
1% total harmonic distortion') required for a given output emf and the average of both polarities
of direct voltage required for the same emf The observed differences are given to the nearest
microvolt-per-volt (uV/V) in the following tables. where a positive sign indicates that more
alternating voltage was required fo produce the same emf.

1";:;32?; i;l;llj:;;: Ac-dc Difference (WV/V)
v v 1kHz | 10kHz | 20kHz | 50kHz | 100kHz | 1MHz
7 3 |:| __-} _1 Ij _1
1000 1000 +10 +4 <1 18 35

Because this calibration is part of an international intercomparison
the table below have been reduced from the uncertainties routinely

This is therefore classified as a Special Test.

The figures in the table below are the expanded uncertainties (k

. the uncertainties quoted in
" quoted for this instmment.

= 2) of the reported values given
above, and include both the Type A and Tyvpe B components of the uncertainty. Information
regarding the calculations of the WIST uncertainties can be found in the in the attached tables.

WVoltage Applied e TTAT .
Rance Voltage Uncertainty (p'V/V of applied veoltage)
W V 1 kHz 10 kHz 20 kHz 50 kHz 100 kHz 1 MHz
7 3 3.2 32 8.5 7.2
1000 1000 11.6 117 14.1 154 234

For the Director

Wational Institute of Standards and Technology

Michael H. Eelley, Leader

Fundamental Electrical Measurements Group
Quantum Electrical Metrology Division

Technical Contact:

Thomas E. Lipe, Physicist
Quantum Electrical Metrology Division
(301) 975-4251

! Owing to their square-law response, thermal converters are inherently insensitive to distortion in the inpur ac
waveform [1,2]. For the ac signals applied to the thermal converters in these tests, the components at frequencies
other than the fundamental make negligible contributions to the reported results.

811/269940-04
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REPORT OF SPECIAL TEST

Fluke Model 7924, Serial Wumber 5685005
Centro Nacional de Metrologia (CENAM)
Queretaro C.P. 76241. Mexico

Ambient Temperature: 220°C £ 1.5°C
Relative Humidity: 40 % = 10 %

Reference: CENAM-WE74-310-643-2

Date: Tune 14, 2004

Feferences:

[1] F L. Hermach, “An investigation of the uncertainties of the WBS thermal voltage and current
comverfers,” INatl. Bur. Stand. (U.S.), Report NBSIE 84-2903, Apnl, 1985, Appendix 2. Tlis
document 15 reprinted. for convenience. in the publication cited below.

[2] TE. Kinard, TR Hastings, T.E. Lipe, and CB. Childers, "AC-DC Difference Calibrations,”
Natl. Inst. Stand. Tech., Special Pub. 250-27, (May, 1989)

[3] F L. Hermach, J.R. Kmard, and J.E. Hastings, “Multijunction thermal converters as the MBS
primary ac-dc standards for ac current and voltage measurements,” IEEE Trans. Instrum. Meas_ |
IM-36. pp. 300-306, June 1087,

[4] 1.E.. Kinard and T.X. Cai, “Determination of ac-dc difference in the 0.1-100 MHz frequency
range,” [EEE Trans. Instrum. Meas. | IM-38, pp. 360-367, Aprl 1989,

[5] TE. Lipe, “A reevaluation of the NIST low-frequency standards for Ac-de difference in the
voltage range 0.6 — 100 V,” IEEE Trans. Instrum. Meas. | IV[-45, pp. 913-917, December 1994,

[6] BM. Taylor and CE. Kuyatt, “Guidelines for evaluating and expressing the uncertainty of
NIST measurement results,” NIST Technical Note 1297, September 1994,
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REPORT OF SPECIAL TEST

Fluke Model 792A Serial Number 5685005
Centro Nacional de Metrologia (CENAM)
Querétaro C.P. 76241, Mexico

Table 1. Uncertamnty Analysis for Fluke 792A S/ 5685005 at 3V

Conftribution from NIST Standards

Tvpe

Primary standards MITCs

Comparison of reference TVC to primary
standard

NIST comparator system

Frequency extension from 1 kHz reference
VC

1 e

Thermoelement model

Transimpedance of resistor

Current standing wave

Tee and connector contributions

Skin effect

oo | o | | e

Total contribution from NIST standard TVC
(=1

0.84

Measurement of Fluke 7924 to NIST
standards.

Type A component (pooled standard
deviation) and number of points measured

N=0§

0.29
0.89

N=T2

240

N=72

N=72

NIST comparator svstem

B .68

Contribution of Fluke 792A S/ 3635005

0.68

1.31

2.13

Level coefficient B 0.50 0.50 1.00 2.00
Self-heating B 025 0.25 0.75 1.00
Ac effects 1.00 1.00 3.00 8.00
Total contribution of measurement of Fluke 1.36 1.36 351 858
TJO2A
Standard vncertamty (k= 1) 1.60 1.63 4.235 §.50
Expanded uncertainty (k=12) 3.20 3.26 8.50 17.17
Degrees of freedom 03 71 71 70

311/269949-04
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REPORT OF SPECIAL TEST

Fluke Model 792A, Serial Number 5685005
Centro Nactonal de Metrologia (CEMAM)

Querdtaro C.P. 76241, Mexico

Table 2. Uncertamnty Analysis for Fluke 7924 S/N 5685005 at 1000 W
Contribution from NIST Standards Type 1 kHz 10 kHz 20kHz | 50kHz | 100kH=
Primary standards MITCs B 033 0.23
Compatizon of reference TVC to E 42 042
primary standard
INIST comparator system B (.68 0.68 0.68 0.94 1.31
Fregumency extensien from 1 kHz g (| 014 0.29 0.72 113
reference TWVC -
Pooled standard deviation for budld-up A 047 047 0.52 0.57 060
from 10 V to 100V
MIST comparator system B 58 0.68 0.68 0.94 1.31
Contribution from TVCs B 0.12 0.12 0.17 0.23 4
Uncertamty for each step in NIST 1.18 1.19 1.24 1.70 235
reference buld-up
W Vte20W 1.25 1.26 1.31 1.83 2.35
WVtie30W 1.72 1.73 1.80 251 j.32
WVt 50W 208 2.10 218 270 407
50 Vite 100V 2.39 241 250 3.19 4.70
Pooled standard dewiation for build-up A .50 0.50 0.53 0.62 0.68
from 100 W te 500V
WIST comparater system B .94 0.94 0.94 1.21 1.57
Centribution from TV s B .52 0.52 0.72 1.15 1.67
Uneestainty fog each stap in NIST 1.45 148 1.56 219 3.00
reference build-up
100 ¥V g0 200V 2.79 2.82 294 3.87 3.38
200V #0300 V 314 317 333 4.43 6.33
300V to 500 V 346 3.49 3.68 5.00 7.00
Pooled standard deviation for transfer A 070 0.70 75 0.82 1.00
from 300 Ve 600V
MIST comparator system B .94 0.94 0.94 1.21 1.37
Centribution from TV s B .52 0.52 0.72 1.15 1.67
Feference TVC at 600 W 3.69 72 394 5.33 743
Pooled standard deviation for bodld-up A 070 0.70 0.73 0.82 1.00
from 600 WV to 1000 V
WIST comparator system B .94 0.94 0.94 1.21 1.57
Centribution from TV s B .52 0.52 0.72 1.15 1.67
Uncestainty for 1000V reference in 393 4.18 5.65 7.84
Pooled standard deviation of A 0.8 0.39 0.89 0.63 1.19
comparison of Fluke 792 to reference =438 =48 N=48 N=48 N=72
NIST comparator system E (.94 0.94 0.94 1.21 1.37
Contribution of Fluke 792A 5/ 3683003
Level coefficient B 2.00 2.00 250 3.00 5.00
Self-heating B 3.00 3.00 3.00 3.00 5.00
Ac effects B 200 2.00 3.00 3.00 300

811/269949-04
Page 5 of §




REPORT OF SPECIAL TEST

Fluke Model 7924, Seral Number 5685003
Centro MNacional de Metrologia (CENAM)
Queretaro C.P. 76241, Mexico

Total contribution of measurement of 430 432 509 519 5.66

Fluke 792 A

Standard vncertamnty (k= 1) 5.81 5.84 7.04 7.68 11.68

Expanded uncertainty (k= 1) 11.62 11.68 14.10 15.35 13,36
47 46 47 46 69

Degrees of freedom

811/260040-04
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REPORT OF RESULTS
SIM.EM-K11
100 mV

Participating laboratory: INTI, Instituto Nacional de Tecnologia Industrial
Date of measurements: 4™ March 2004 fo 16% April 2004
Description of the measuring method:

At 130 mV the travelling standard was cal:brated against two Planar Multijnnction
Thermal Converter toghether with a Resistive Volrage Divider, ratio 10/1. It was also
calibrated using a 15 mA micropotentiometer manufactured by Ballentine Laboratories

with a dasc resistor of 6,84 02 |1.2.3).

The differences zmong the two methods are within their incertanties.

FL 7924 WEF230-90 with resistive
divider

PMITC-90 with resistive ; :
divider micropotentiometer

‘These comparisons yield to the following system of equations:

-1 0 0 17- . a
0 -1 0 1 b
0 0 -1 1 J."a'F!JE—S':Iu chvider c
| PARC -5 0w divider {?:I
i 0 0 01 E;«‘ TC-80w dividie J.\'.FZS-:-—?:IW e
0 1 0 0 -'m..'rr.g,m:ln:uul.mr.'r Jpj;’j]‘.'_‘—sﬂv vtder
i_ﬂ 0 1 C'_l - f}_nr b - |~ mioropotemtimeter |



ie.

[A] [5]-[B] ®
and, using the least square method

F=(A"-A)"-A7.B=C-B (@)
According to the method described in [1] the associated uncertainties of [J] are calculated
as the square root of the diagonal terms of the covariance matrix

cov(d)=C-cov(B)-C* (10

and cov(B) 1s the covartance matrix of B. The diagonal terms of cov(B) are:
var(f) = w5 (1) +ul (i) + 1, () 1=ab.c (11
where

1 4(7) is the Type A standard uncertainty
(7)) 1s the standard uncertainty of the comparison of two standards

1,,(7) 1s the standard uncertainty of the scheme of the comparison

Table IT presents the components of the covariance of B matrix at 100 mV. The correlation
between the thermal converters and the micropotentiometer 15 equal to 1.

Table IT — Uncertainty components at 100 mV

ua) |usla)| wuy,la) Ui Shdcropor)
1 kHz 0.6 1.0 15 6,0
20kH=z 0.4 1.0 1.1 6,0
100kH=z | 04 20 23 12.0
1 MHz 0.4 7.0 28 36,0

For example, at 1 MHz we get



44,16 0 ] ] ] 0

0 4427 0 ] ] 0
0 0 4408 0 ] 0
cov(E) - -
0 a 0 141202 11886 107L2
0 a 0 IIES.6 156482 112734
] q 0 107L,2 112734 1268.92]
and
14203 18463 13723 14130
1463 14854 14084 1450,0
cow(d)={_ __ f i e {].2}
13723 14084 1347.4 13760

1413,0 1450,0 13760 14277

Connection diagram tor the calibration of the F792 against the PMJTC:

- HP 3458. | [ K182 |

!r- T BD i [y 5] [+

|

i 4 -

i 1

Fluke 5440B = DC Calibrator Fluke 54408
Fluke 5200 = AC Calibrator Fluke 3200
EM-1 =Eelay.

Chl, Ch2 = Choke

F 792 =Fluke 792 Transfer (unknovwm)

TCn = Thermal converter {Standard)

K182 =Keithley 182 Digital Voltmeter

HP 3458 = Hewlett Packard 3458 multimeter
OpteC = Opto coupler

T
@)
g

SF
R

Fluka
5440




ED = Eesistive divider
*  The guards of the calibrators are extemally grounded

®  The digital filter of the nanoveltimeter Keithley 182 15 settled to MEDIUM and the analogue filter is
seftled to ON.

Connection diagram for the calibration of the F792 against the micropotentiometer:

Ch1

(+]

K152
[&]
ke HP3458
792

Ch2

™ Fluke

= | 5200
=)\

Fluke
5440

TN

L

=

Fluke 5440B = DC calibrator Fluke 54408
Fluke 5200 = AC calibrator Fluke 3200
EM-1=TRelays
B = Resistance
B, = Radial resistor of ppot.
OpteC = Opto coupler
K182 =EKeithley 182 Digital Voltmeter
HP 3458 = Hewlett Packard 3458 multimeter
Fluke 792 = Fluke 792 Tranzfer (unknown)
ppot = Micropotentiometer

*  The guards of the calibrators are extemally grounded

+  The digital filter of the nanoveltimeter Keithley 182 1s settled to MEDIUM and the analogue filter is
seftled to ON.



Environmental conditions of the measurement:

Temperature: (23=1)°C
Humidity: {30+£3)%

Measurements Results:

AC-DC voltage | Uncertainty of the AC-DC
Measurement | transfer difference valtage transfer Goverage
point (@) difference (Ug) factor
uViv UV

100 mV /1 kHz 8,7 12,6 2
100 mV /20 k Hz 3 13 2
100 mY /100 kHz 19 25 2
100 mV / 1 MHz 14 75 2

The reterence standard, and its traceability to de 51

See Apendix 1




REPORT OF RESULTS
SIM.EM-K9

1000 V

Participating laboratory: INTI, Instituto Nacional de Tecnologia Industrial
Date of measurements: 4* March 2004 to 16% April 2004
Description of the measuring method:

At 1000 WV the travelling standard was calibrated against two Planar Multijunction
Thermal Converters with two range resistors using INTT s regular set up.

FL792A — PRI100k+180-2

R200k+TVC2

These comparisons vield to the following svstem of equations:

-1 1 0]
0 -1 1 _‘f"mmct-wc-:
-1 0 1} Spopopericn |= ¢ { (13)
1 00 l_ S.vr.r.?g: 5:"1'-!]551:—]35—2
o 1 0 | Faragperics |
ie.
[A][s]=[B] (14

and, using the least square method

S=(A"-A)yl A1 B-CB (13)



According to the method described in [1] the associated uncertainties of [J] are calculated
as the square root of the diagonal terms of the covariance matrix

cov(d)=C-cov(B)-C' i(1a4)

and cov(B) is the covariance matrix of B. The diagonal terms of cov(B) are:
var(f) = w5 (1) +ul (i) + 1, () 1=ab.c (17

where
1 (i) 1s the Type A standard uncertainty

1(f) 1s the standard uncertainty of the comparison of two standards

1,,(7) 1s the standard uncertainty of the scheme of the comparison

Table ITI presents the components of the covariance of B matrix at 1000 V. The correlation
between the thermal converters is equal to 1.

Table IIT — Uncertainty components at 1000 V

uyla) o (a) iy (a) u{ Sr1ook+180-2)
1kH=z 09 1] 2.6 7
10 kHz 0.9 0.8 5.8 g
20 kHz 0.8 0.8 6,9 15
50 kHz 1.0 0.8 7.1 17.0
100 kHz 1.1 1] 270 250

For example, at 1 kHz we get

Do&7T 0 0 0 56,8 35,2 559

cov(E=| 0 0 79 0 0 |andeow(d=[352 363 3561 (18)
0 0 0 560 560 555 361 59,7
0 0 0 560 560



At 120 'V the travelling standard was calibrated against two Planar Multijunction
Thermal Converters with two range resistors using INTT' s regular set up.

PRIOK + PMITC-90-2 FL792A

IR120+TVC2

F Y

R72K + NF230-383

Table IV presents the compomnents of the covariance of B matrix at 120 V. The correlation
between the thermal converters 15 equal to 1.

Table IV - Uncertainty components at 130V

i) up(a) 1y (1) U( CPR10k+1 PMITC-90-2)
33Hz 0.3 1.6 2.8 5
Ar 53 Hz we get
i o o o0 o 0 0 0 0]
o 1,1 o 0O © 0 0 0 0
B 0 124 0 © 0 0 0 0 T
o 0 0 107 © 0 0 0 0 e —
co(BY=| 0 0 0 o 110 0 0 0 0 aud:m'[é:l:-;?l- ;"_ ;‘-'.El __'_':;- (109
¢ 0 0 0 O 192 0 0 0 D
32,3 323 3 35,
@ 0 0 0 o 0 351 351 303 132.3 31 8l
¢ 0 0 0 0 0 351 351 303
o o 0o 0 © 0 303 303 26]]




Connection diagrams:

PC

- OptoC

HP 3458 K182
RM-1 Ch3 |_ | | |
. I 1= - 1=
mmCh2 -
[ o —
- =

Fluke 54408 = DC Calibrator Fluke 54408
Fluke 5200 = AC Calibrator Fhuke 3200
EM-1 =TFelay.

Ch2, Ch3 = Choke

F 792 = Fluke 792 Transfer (unkown)

TCn = Thermal converter {Standard)

K182 =Keithley 182 Digital Voltmeter

HP 3458 = Hewlett Packard 3458 mmltimeter
OptoC = Opto coupler

VA =Voltage amphifier

Environmental conditions of the measurement;
Temperature: (23=1)°C
Humidity: (50£3)%

-



Measurements Results:

AC-DC voltage

Uncertainty of the AC-DC

Measurement | transfer difference voltags transfer Coverage
point () difference (Ug) factor
L Wi I"I'.I"II i

1000V 71 kHz 5.2 16 2
1000V 710 kHz 3.2 20 2
1000V /20 kHz 6,1 33 2
1000V 150 kHz 1,7 37 2
1000V 7 100 kHz 10,5 74 2

120V /53 Hz 2.2 12 2

The reterence standard, and its traceability to de Sl

See Apendix 1
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APENDIX 1

AC-DC Voltage Transfer Standards at INTI {(Argentina)

1. INTRODUCTION

The AC-DC voltage transfer at INTI 1s based on the scheme shown in Figure 1. At 1.5
V four PTB Thin-film multijunction thermal converters (PMITCs) [1.2], are the basis of the
system. In this step-up procedure the only assumption made is that the ac-dc ftransfer
difference of each standard remains constant along its voltage range, from the reduced
voltage at which it is calibrated against the neighbouring standard to its higher rated
voltage. At low frequencies, a LF-design 1s compensated for level independence and fulfils
this requirement [3]. At higher voltages and frequencies, this assumption needs a careful
analysis. The high sensitivity of the PMITC allows big steps in the step-up calibration amd
many steps in-between which leads to an overdetermined system to check the validity of
the assumptions used in the step-up and diminishes its uncertainty.
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2. STEP-UP PROCESS

a. Voltages up to 250V

At each other voltage level the same idea as at 1.5 'V 15 used. At frequencies below 100
Hz, the thermal converters are calibrated against the improved LF-PMITC with appropriate
range resistors. For higher frequencies a system 1s built in which the same converters are
compared and more than one of them which were calibrated at a lower voltage are taken as
reference. Using the least squares method the values for the new converters are assigned.
For instance, at § V we get (see the comparison scheme in Figure 17

1 -1 10 a

0 -11 b

0 0 1 -1 S wev-mc1 ¢

-1 0 1 _ O psso-Paurme—so _ d (3.1)
-1 10 G provpe v £

0 -10 1 s - f

1 0 0 0 G mevsmci-iv

|01 0 0] i_EREEIHPMJTc—Fn—!.I’_

where a,b,c,d e, and fare the results of the comparisons and & __pv are the values obtained
for these thermal converters at lower voltages.

b. U250V

A planar thin-film resistor of 100 kO together with a PMITC with Re=180 €2 15 used as
standard up to 1000 V. It is calibrated at 250 V and no veltage dependence is assumed. A
study of the influence of the shield in the voltage dependence was carried out, in order to
checkout this hypothesis [4]. Two other standards, R1000Vs2+ITVC] and R200k+TVC2,
are used to calculate the comparisons uncertainty at these voltage levels, according to the
method described above.
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AC-DC VOLTAGE TRANSFER DIFFERENCE SIM.EM-K6a

REPORT OF RESULTS
SIM.EM-K6a.

Participating laboratory: _ UTE (Uruguay)

Date of measurements: 18/05/2004 — 22/02/2004

Description of the measuring methiod:

Measuring with 2 channels (nanoveltmeter and voltmeter) and switching with relay

Connection diagrams:
ny ™C T COMEC, 792 3458
DC SOURCE RELAY AC SOURCE

Environmental conditions of the measurement: (temperature and humidity with limits of
variation
23°C £ 1°C, 45% + 10%




AC-0C VOLTAGE TRANSFER DIFFERENCE SIMEM-K5a
Results of measurements:
AC-DC woltage | Uncertamty of the AC-DC
Mzazurement | transfer difference voliage transfier Coverage
point (@) dfference (Ug) factor
Y LV

IVI1kHz 3 5.3 1

IVI20kHz i 5.4 1

3V /100 kHz 18 8.5 1

IV MHz 3 30 1

The reference standard, and its traceability o de 5l
TVC THTR LABUTE (SJTC) 1V, MODEL TUB, M* 55268/004

3V RANGE RESISTOR LABUTE, MODEL TUB, W® 552881005

TRACEABILITY TO PTE [GERMANY)




AC-DC VOLTAGE TRANSFER DIFFERENCE

SIM.EM-K&a

A detailed uncertainty budgat, the uncertainty calculation must comply with the requirements of the 150 Guide to the Expression of
Uncertainty in Measuremants 1995 .( All participating laboratories must fill the following table with its own uncertainty contribution,

specific for their own measurements system |

SIM.EM-KGa (3 V)

Prababiliy

. Re@tve sandard it Senstivity uncerging Degres of
Uncerainty companens Eslimate uncestainty . Diswibution coesficient conyibuticn -'re-;adn:r"
X ) { Bizthod of evaluaton -
D) - g o & N
A_E
Srequencies (KHz) 1 20100 1000] 1 |20 100 1000 | 1 | 20 | t00 | 1000 20 (100 1000 | 1 | 20| 100 |qooo| 1 | 20 | 100 1000
Reference Standard:
« REferEnce Standars s |6 22 [am0 [az [a® Jes Jan KE [He [wE [nE E 1 22 [t [z -30
calibration
« FEferErnce sandard (B E 15 1E a [a - E A5 [0 [z ] ] 3
stalility
]
]
Difference measurement:
» Siandard deviation of D EEREGE TR EEREEREE & |a |a a E 1 e [on fos 18 ICENE P 4
mEasurements
» Manowolmaters snan
tme stabilty
« 2 asurament 52l uo N EEE 30 |30 [0 [3f ME [HWE |[HE [|ME K 1 B EN EX E
« TE& Connector B E 10 [ 1o Jzz e [z [e E E 1 w0 1o [t 2
]
b 3 [ 18 |3 {1

Participating laboratories are required to include also the uncertainty budget of the calibration of its standard in order to evaluate the
correlation term in case of two laboratories have traceability to a common national laboratary.




AC-DC YOLTAGE TRANSFER DIFFERENZE SIM.EM-KT1

REPCRT OF RESULTS
SINLEM-K11

Famiclpating laboratory: UTE (UrJigdayl

Date of measuramants: 1ENDER2004 — 220062004

Description of the maasuring methad:

Measuring with 2 channsls (nanovolimeter and volimeter) and switching with relay

Connection diagrams:

nv/ TVC | TCONEC, | 1o 792 || 34se
-
v
DC 230URCE RELAY AC BOURCE

Erwvirsnmental conditions of the measurement: (temperature and humidity with limis of
variation

ZFPCE1°C, 45% + 10%




AC-DC WOLTAGE TRANSFE

R DIFFERENCE

SIMEM-E11

Results of measurements:

AC-DC woliage | Uncertanty of the AC-DC
Measurement | trancfer difference voliage transfer Coverage
point i) dfference (Ug) factor
uv uy

100 v £ 1 kHz 14 7.5 1
100 m\' /20 k Hz -2 7.7 1
100 m\ /100 kHz 18 18 1
100 my /1 MHz 26 52 1

The reference standard, and its traceability to de 5l
TWC THTR LABUTE [SJTC) 1V, MODEL TUB, N® 55268004

10:1 RESISTIVE DIVIDER: LABUTE, MODEL TUB, N® 55288052

TRACEABILITY TO PTE [GERMANY)




AC-DC VOLTAGE TRANSFER DIFFEREMCE

SIM.EM-K11

SIMEM-KT1T (100 W )

Prodabiliy

. Re@tve sandard i Senztiviy unicergingy Degres of
Uncerainly componens Sstimate uncerainty , Disvibuton coesicient consibution -'re;ad-:r"
X el { Method of evaluation g o L
! [A, E]
Srequences (kH) 1 |20 (100 |1000] 1 |20 (100 | 1000 20 | 100 1000 20 |100) 1000 | 1 | 20 | 100 [1000 | 1 | 20 | 100 | 1000
Eelwenue Saodand:
» FEFETENCE Standand 1[4 [ze ez fra [ =2 RE [HE [wE [m= R EE T ECNEE -52
calibration
s Fefererce sandard
stability
1 ]
1 ]
Differenca measurement
» S2ancard devaton of N EEE B EREREE A A L & N E 1 e o7 [az T T KB T [H
mEasurements
» Manovolimelers shom
Tme siabiliy
» Measurement sel uo B EE I ip 33 [0 [z HE [HE [xE [u= N E 1 ip (2o [an 3
» TES COnnEchor B EE I 10 [13 [zo [ax E E FEE N E 1 1.0 B LD
1 ]
5 MEERE et

Participating laboratories are required to include also the uncertainty budget of the calibration of its standard in order to evaluate the
correlation term n case of two laboratories hawe traceability to a common national laboratory.




AC-DCVOLTAGE TRANSFER DIFFERENCE SIM.EM-K9

REPORT OF RESULTS
SIMLEM-KS
Participating laboratory: UTE {Uruguay) —_
Date of measuremearnts: 181052004 — Z2008/2004

Description of the measuring method:

Measuring with 2 channsls [nanovolimeter and volimsier) and swilching with relay

Connaction diagrams:

419 ™G T COMEC, o2 3458
DC 2OURCE RELAY AC BOURCE

Enwironmental conditions of the measurement: [temperature and humidity with limits of
viar iation
23GE1°C, 45% £ 10%




AG-OG YOLTAGE TRANSFER DIFFERENGE

aIMEM-KS

Results of measurameasnts:

AC-DC voltage | Uncertanty of the AC-DC
Measurement | transfer difference voltane transfer Cowerage
paint (@) difference (Us) facior
T I
10000V /1 kHz 4 11 1
1000V F 10 kHz 10 12 1
1000 v F 20 kHz 1" 1 1
1000 v 7 50 kHz
1000 W/ 100 kHz
120 W/ 53 Hz 2 7.0 1

The references standard. and its traceability to da S
TWEG THTR LABUTE [SJTC} 1V, MODEL TUB, N° 55268/004

100 W RANGE RESISTCR LAEUTE, MODEL TUB, W™ 55286/008

1000V RANGE RESISTOR LABUTE, MODEL TUB, N° 55283/016.

TRAGCEABILITY TO PTE [GERMANY)




AC-DC VOLTAGE TRANSFER DIFFERENCE SIMLEM-K9

SIM.EM-ES (1000 )
. Probability . . ;
E—— Estimat Rizlative standand 0 lrE' , Senzitivity unceriainty Degree of
meertainty Fmas uncertanty sirbuon coesticient Cominbuton freedom
component X : ! Memod of evaluation oo
] X . ; N & [T
|.*..§- L
Frequsnciss MkHz vl 1|20 | so [ 1 | 1o | 2o [soften] 1 || 2| s (1] o 20 [saftmo] s 0 F I I BE T/ T T - I
Referance Standard:
» Beferance Standard It |22 |07 w [ |as TEHEEREE ] EREE ET
calibradon
» Referance standard
stability
L]
L]
Difference
mieasLrement;
» Standard deviation IF |2 | © IFEE ] L |E |2 i 1 N ] E [5 |f
of measurements
» Nanouolimessrs
short time stabdity
» Measursment set ] 1] b 38 i KiE |HE |MNE i f 1 13|30 14
up
« Tep conmecior o] D L CR I P a 3 E i 1 10110 i}
L]
L]
5 £ (10 [11 Vi

Participating laboratories are requred to include also the uncertainty budget of the calibration of its standard in order to evaluate the
correlation term in case of two laboratories have traceability to a common national laboratory.



AC-DC VOLTAGE TRANSFER DIFFERENCE SIM.EM-K11

REPORT OF RESULTS
SIM.EM-KT1

Participating laboratory: __Inmetro
Date of measurements: __28/june to 28uly/2004_____
Description of the measuring method:

Direct comparison with Inmetro ‘s transfer standard Fluke 792A (serial number 6635003)
An ac and dc source Fluke 5700A (serial number 6625602} was used to derive the voltage
signals to both standards using a "T" connector type N.

Connection diagrams:

System 1 voltage: 100 mV
frequency: from TkHz up to 1 MHz;

GPIB conaction

E-182 Tleten e 5700 A K82

O M § GO gna

Environmental conditions of the measurement: (temperature and humidity with limits of
variation
Temperature: (22,5 +1,0)°C

Humidity: (55 £ 5)%




AC.DC WOLTAGE TRAKNEFER DIFFEREMCE SIMLEM-E11

Rasults of measurameants

AC-DCvoltlage | Uncerigmiy of the ACDC

Weasuremant | transfer diferencs voltage ransfer Coverage

poln: 8 atterene (Ug) ‘acior
u l..u'.."hl L lll‘ll r..l'

100 mW /1 kHz 2 2 2,02
100 mY /20 kHz -2 ) 202
100 mi F 100 kHz 18 13 202
110 m H MHz L) a8 2,05

The reference standard, and its treceability to da 2
Fluke 7928 {serial number 6635003 tracesble to PTE with calibration certificate

mumber 008/ 3005PTR issued in 2002,




AC-DCWOLTAGLE TRANGICR DIFTCRENGE SIMLCM-K11

A detaled uncerminty budcet, the uncertainty calculation must comply with tha requirements of tha 150 Guide to the Expression of
Uncartainty in Measuremanis 1985 .( All participating laboratories must fill the following table with its own uncertainty contribution,

specific for their cwm measurements system )

Distribution: N - normal T - trianquiar R - ractangular
SIMEM-K1T (100 m\ )
. = i ..
Estimate Felative siandard 3:::35:15’; Sensitivity unicetanty Degree of
UNCEMAITTY CHMpanens = kg kbt oF et e coeHclEn varituliue fressidum
.li."u'.q . § Method of evalleton A
LRX G 5 Ei g TR ] H
Frequencies (kHz) 1 20 (ma| 1000 |1 200 | 100 | t000) 1 200 | 100 1000 1 20 | 100 odn| 20 100 | 1000 1 20 100 | 1000

Relerence Stardand.
« REference Stangan 2| -15 6| 1385 | 3 3 o S0 |ME |NB|NEB HNE 1 1 1 1 3 3 3 a0 20 30 o a0

caliration
s AEference sandard i 0 0 | 5 5 5 5 FE|RE|RB ®RE|S5e-|55 |552]|55e | 168~ 16e-| 16e-6 | 1825 | 50 50 o 50
ri o Micer G -G -G -G @ 5
= Referends sandard 4] & & H S| 0S| 4505 RE RS | REB RE L 1 1 i 3,25 022 228 ) 42% | 32 2 =H o0
audc iemperatre differ.
¥
MiFferancs memursmisrt
s Siandard devaton of & 3 I |-13L 3 1 2 RA | KA | MR Mia 1 1 1 1 080 0IT| D55 [ 027 14 14 14 14

MEaSUrSMENs
» Manguoimelers shor il [ [ 0 WM(TR| 0| 0 \RE|RE|(REBE RE|55e-|55 |55 |55e |22 228 22e- [ Z2e-| 30| 5D =H 50

ime stabiliby f -6 A | B 4 -4 4
»i2asuramen 5l up i] [ [ 0 3 3 3 3 RE |RB | RB REB 1 1 1 1 1480 180 150 | 1,50 | 30 30 ol ol
« TEE COonnechr ] 0 [ ] L 4 7 T RE |REB | RiB RB 1 1 1 1 23 23 i 410 =] <] ol <]
»
L]

B vey | 1435 | 135 0 |51

Participating laboratories are reguired to include also the uncertainty budget of the calibration of its standard in order to evaluate the
correlation term in case of two laboratories hawe traceability 'o a common national laboratory.




AC-0C VOLTAGE TRANSFER DIFFERENCE 5IM.EM-KEa

REFORT OF RESULTS
SIM.EM-K6a.

Participating laboratory: __Inmetro

Date of measurements: __28/june to 28/july/2004

Description of the measuring method:

Direct comparison with Inmetro s transfer standard Fluke 792A model {serial number
6635003,

An ac and dc source Fluke 5T00A (serial number 6625602) was usad to derive the voltage
signals to both standards using a “T" connector type N.

Connection diagrams:

System 1 voltage: 3V - frequency: from TkHz up to 1 MHz.

I Fluks
HelE2 A = o0 A K182
S g a
. 1
i i |
- 1 1
! ! ! Commen |
. ; e
i 1
' i : ;
TO% ek | & |Fske H- i
Lo Odima o - -
----------- Ous oA I[EII TH2A [ j---—------------‘i
= [0 I rd T Tl 1 [T i [T TSP |
|
1
i LerErem
""""" |

Environmental conditions of the measurement: (temperature and humidity with limits of
variation

Temperature: (22,5 £ 1.0)°C

Humidity: (55 £ 5)%




AC-OC VOLTAGE TRANSFER DIFFERENCE SIMEM-KE6a
Results of measurements:
ACDC voltage | Uncertanty of the AC-DC
Mezurement | transfer diference voltage transfer Coverage
paint (&) difference (Ug) factor
LL I'u'l "Ill. ! |_'-,lI -r'.'-
IVI1kHz i 4 202
IVI20kHz 4 4 2,02
3V /100 kHz 13 5 2,02
IV MHz -2 32 2,04

The referance standard, and its traceability to de 5l
Fluke T924 (serial number 6635003) traceable to PTE with calibration certificate

number 303&3089PTBON issuad in 2002,




&C-0C VOLTAGE TRANSFER DIFFERENCE SIM.EM-KBa

A detailed uncertainty budget, the uncertainty calculation must comply with the requirements of the 150 Guide to the Expression of
Uncertainty in Measurements 1895 .{ All participating laboratories must fill the following table with its own uncertainty contribution,
specific for their own measurements system |

SIMEM-KGa (3 V)

Eslimate Relative sandan I:-czlrtgi:;:l; Sensithily _Jn-:En:ni'uI:.' JFg'EE of
Unicertansy component unceriaimy i coeficet Comin bt freedam
’ X C ! Wetnod of evaluation —
LR ey TR ' oy oy Jahg ¥
Frequencies [kHz) 1 20100 |1000] + |20 100 f1000) 1 [ 20 1000w | 1 |20 |tootooo) 1 [ zo [ 00 (oo | 1 | 2o | w00 | 1000

Reference Standard;
# Fefzrence Standard 1 § [12 |-28 1 1 1 15 MB | NB |NE | NE 1 1 1 1 1 1 1 15 1 50 50 50

calibeation
= Fefarenpa siandard i] a2 |0 0 ] 3 ] 3 RB|RE|RE| RS 17e |t Te|17e |17 |54 |Se-L |Se-4 |Se-L ol =1l 50 a0
n coesficient -4 4 |4 |-4
= Refarenca siandand il a |0 0 15 |05 |05 |05 RB |RB |RE| RE 1 1 1 Top02% |0I% |09 |02% ol tH 0 50
acidc emperature giffer.
*®
Difference measurement;
= Standard deviatian of i] 2|1 T 1 1 2 1 iR | WA | KA | KA 1 1 037|026 |055 |02E 14 14 | 14

Measdremants
= Nanouolimelars shorl i] a |0 0 71 |7 [ T RB|RE|RE| ARG 1,7e |t Te|1Te |17 |7a-3 |Te-3 |Te-3 |Te-3 5l 50 50 a0

lime staiiity -4 4 |4 |-4
= Measurement sel up i] a |0 0 3 3 3 3 RB|RB|RE| RE 1 1 1 1 15 |15 |15 15 H ol 0 a0
= TEg connecior i] a |0 0 1 1 3 T RB |REB |RE| RE 1 1 1 1 o6 |08 |17 40 1 50 50 50
"
Ll

G e | 113 | 192 143 |58

Participating laboratories are required to include also the uncertainty budget of the calibration of its standard in order to evaluate the
correlation term in case of two laboratories have traceability to a common national laboratory.




AC-UU VUOLIAGE RANSEER LIFFERENCE Supplemeantary point

REPORT OF RESULTS
Supplemartary point

Participating laboratory: __Inmetro

Diato of measuremants: __#3fjuno to 28(juhy/2004

Descriptizn of the measurirg method:

Direct comparison with Inmetro s transfer standard Fluxe 792A (serial number 6635003)
traceablato PTE with calibration cenificate number 3086/3089PT2301 issusd in 2002,

An ac and de source Fluke 57T00M (serial number 6625602) was usod to dorive tho weltage
signals te both standards using a *T" connector type N

Connection diagrams;

System 1  woltage: 120 V - frequency: 53 Hz.

Fluks
3 =0 B H
K12 —Jwiegis STl A K-132
i e
1
] ‘ -
H ) E ! Conmen
i ! T_ ||rr|d
: ! '
+- R ! w4
[ . P - b _FL}E T =
d TEd TRIa S .
—————————— - ransied I Toresl 1 [ R
1
i
! Cormnen
_________ .|| "

Environmental conditions of the measurement: (temparature and humidty with Imits of

variation
Temperalure: (2.5 1.0°C

Humidity: (55 £ 5)%




AG-OG WO_TAGE TIANSFER DIFFERENCE

Supplemenkary point

Rasults of measurameants:

AC-DC weltage Uncartamty of the AC DC
Meazurement | transfer diffrence woltage fransfer Coverage
point 14 difference (1U;) factor
ll"-"'-'l' |_|".‘|'.'|‘|
120V /I534z 3 14 202

The reference standard, and its traceability to de 5|
Fluke 7924 (serlal number 6535003) raceable to FTE with callbration cenificare

rumber IE&Z089FTRN issuad in 2002,




AC-DCVOLTAGE TRANSFER DIFFERENCE

Supplemaritary point

A detailed uncertainty budget, the uncertainty calculation must comply with the requiremants of the IS0 Guide to the Expression of
Uncertainty in Measuraments 1985 .{ All participating laboratories. must fill the following table with its. own uncertainty contribution,
specific for their own measurements systesm )

Supplementary point { 120 V )

s robability N L ] ]
) N Exlimase Relative standard Distrioution ?EFSET.- by _JHEEEZII"Il:. :I_Eg 2E o
Uncetanty component uncerainty ; Coefcen CoMnbution frEEcam
’ x A ! Metmod of ewaluation o
K] TN & N h‘: [ L]
Frequancias [Hz) 53 53 23 53 23 53
Reference Standard:
= Referenoe Standard 3 12 M2 1 6,35 50
calibraticn
® Fifarenca clandand 0 5 RE 523 0,02 50
n coesficient
# Reterenoe slandard 0 0s RE 1 0,29 50
acigc lemperature giffer.
-
Difference measurement;
= Standard deviation of 0 () 1 0,27 14
MEEITEMENts
= Hanoyzhimeizrs: shoet o Tha RB B Ele-3 0,24 50
lime stability
= Measurement se2 up 0 3 RE i 5 50
= Tae connecior 0 7 RE i 4,04 50
-
-
& 1ir

F'arti::ipating laboratories are required to include also the uncertﬂint} I:uu-:lg-at of the calibration of its standard in order to evaluate the

correlation term in case of two laboratories have traceability to a common national laboratory.




AC-DC VOLTAGE TRANSFER DIFFERENCE

SIM.EM-K9

Participating laboratory: __Inmetra

REPORT OF RESULTS

SIM.EM-KS

Date of measurements: __28/june to 26/juby/2004

Description of the measuring method:

Direct comparison with Inmetro s transfier standard Fluke 7924 (serial number 6635003).

An ac and de source Fluke 57004 (serial number 6625602) was used to derive the voltage

signals to both standards using a “T" conmector type M. A 1000V Range Fluke resistor

was usad in the 1000 wolts measuraments.

Connection diagrams:

Srystem 1
System 2

System 1

voltage: 1000 V - frequency: from TkHz and 10 kHz.

voltage: 1000 V - frequency: from 20kHz up to 100 kHz.

kelda

LCemmon

Fluke
o 725 A
o
i Flidks Es132
- 0 A L
B H B i i
; [
; H
1
i
1
Flake Flake - |
E — 0= [
) ' i T -
B G Y-




AC-DC VOLTAGE TRANSFER DIFFERENCE SIM.EM-KS

Conaxdes CFIS
Fhike 505 & —
FaLer
T I 5300 A
o g 1 Oy 9w dE i
1
:
1 —d
E-152 Cemmea o
[o°%]
9

Environmental conditions of the measurement: {temperature and humidity with limits of
variation

Temparature: (225 1.0)C

Hurmidity: (35 = 5)%

AC-DC woliage ncartainty of the AC-DC

Measwrement | transfer difersnce voltage transfar Coverage

point (G} difference [Ug) factor
uvay TR

1000V 71 kHz & 18 203
1000 /10 kHz ] 18 204
1000 W /20 kHz -2 18 203
1000 | 50 kHz -8 18 204
1000 W # 100 kHz - 25 42 205

The reference standard, and its traceability to da 5|
Fluks 7924 {serial number 6635003] traceable to PTE with calibration cerificate

number J08872W30PTEOT issued in 2002.




AC-DC VOLTAGE TRANSFER DIFFEREMCE SIM.EM-ES

SIM.EM-ES {1000 W)

Peobatiliz . .
e Relaive standand ﬁs“lﬁzi_ d Sensivity uncertainty Degres of
[} it o - = =i i = - . - i " _-' alH Fi
Uncerainty companzm ";I':'E l.r-:e't..lnr_  Method of evaluation coefficient Com |:-{ n TEEOCIT
Lx - G L, oy L]
! A B)
Frequencies (xHz) 1 (o|zo|s0(s0a]+ |so]zo] 50| wa| | w|ze|s| e |10 s0|wa]a|se|z]se|soa]a]10] 20|50 [10
Raterence Standard:
» Refierence Standard [} I 14 |- -2 QIS5 1S | 0E (4D | WY NN | N RBLT 1 1 i T 17|17, |7, |20 Js0| | al o0
calibration BE|EB|E|B 515 |5 |5
» Federance sandatd [ L S I 515 |5 |8 |5 RI|RM AR\ RBL3 |3 |32 3 | 3e-20, (O (0 |0 2385050 50| 50 |3
n coefficient E|B|EB|B -2 |-2 2 08| & | 5 | 08
» Feserance sandad [ L SO ] o | | (o |05 |RI|RME|RRBELT]1 1 O [Q |0, |229 =0 30 50 | 50 | 50
aoidc lemparatune differ. 515 |5 |5 E|EBE|E|B 289|202 |2
1 ]
Ditlerence measurement:
» Standand deviation of U < - - A [ L | 1 b U I O Y R e R I O I A I 0|0 Q|0 |027 4] 14 ] 14 | 14 | 14
mEasuremenis AlAalala % |
» Mamownimesers shot [ L S I B0 (&0 |80 |60 |60, R R R (R RBYZ (252, 23|28 11 [0, |, (1020 50 S0 | S0 | 5D
time si=ki by S|151515 |5 BE|B|E|B B2 |e |92 |2 |-2 02|02 |02 |02
= 12 |-2 |2
= Negsurement 5270 [ L S I ] I3 1F 13 |3 RI|RM &R RBPTLT T T 1L 15 |=0| 50| 50 | 50 | &0
E|B|E|B 515 |5 |5
» T2 CORRECi [ L S TI7 17 |I7 |7 RI|RM &R RBEPTLT T T 4 14 |4 |4 |2 0| S| 5| 8|S0
E|E|]E|B
1 ]
E v | 56| 55 | BE BS |55

Participating laboratories are required to include also the uncertainty budget of the calibration of its standard in order to evaluate the
correlation term in case of two laborataries have traceability to a commaon national laboratory.




AC-DC VOLTAGE TRANSFER DIFFERENCE 5IM.EM-Kéa

REPORT OF RESULTS
SIM.EM-Ké6a.

Participating laboratary: Certro Nacional de Metrologia, Méxco
Date ofmeasurements: 5t December to 8" December 2003
3t and 20% August 2004
5t and 5% November 2004

Description of the measuring method:

“he two channzl method was used o calibrate the traveling standard acainst a reference themmal
voltage converter, using nanovolimeters to measuwre the thermal converters output. The plan of
reference was the center of a type N ee connector. Two voltage sources were usad to apply the AC
and the DC voltage to the thermal converters using an extemal fast response switch. To minimize the
thermal drift the sequence AC DC+, AC, DC- AC was executed allbwing AC-DC stabilization time of
50 seconds. The measarement system ran automatically.

During he messurzments the DG and the AC vollage sounses were configured with inlernal guard,
the DC voltage source was floated and in the AC source guard and ground terminals wers connected
ingather

Connection diagram

o 4 . > = J ; =

R
5
AC wltage 2 OC witage | Floated
3
SOJFCE 5 SOurCe
Intermel Guard FRTI0A FRidna | Intemal Guard
Guard connected to
Ground in the AC \—b
SOUrCE
| raveling
N Standard 00 d
' Manovoltmeter TR =S | PMITC MWanovoltmeter
I—I/ KA i FTaan GEPRARd  Coawial Resistor || 80 — K182 7]
[ZEE£I5 |

1/14



AC-DC VOLTAGE TRANSFER DIFFERENCE SIM.EM-Kia

Ervironmental conditions of the measurement: [temperature and humidity with limits of
variation.

Temperature: (22 £1)° C

Felatve Humidity: (40 + 10) %

Results of measuramants:

ACDC voltage | Uncertamnty of the AC-DC
Meazsurement | Tangfer difference voltage transfer Coverage
paint &) difference (Us) factor
LV U

AVI1kHz 1.1 ] 0% [ 17 6 X
IV 20 kHz 27| 25 | 29 th 2 g
IV/00kHz | 143 | 183 | 135 +8 20
IV MHz 0o 44 [ &2 +33 20

Tha referance standard, and its traceability to da 5l

At 3V the fraveling standard was calibrated against the 5 W CENAM standard, a 90 03 planar
miultiumction thermal converter [PMITC) in series with a 400 £2 cosxial resistor,

-

The & values of the 3V standard are the mesull of 3 slep up in vollage performed at CEMAM,
calibratng it agamst the 2 W CEMAM standard (400 O PRUTC) whose & valuss were calbrated
againzt thet WV CEMAM standard | 20 £ PMITC ), whose values are traceskble tothe & values of the
FTE standards.

I FTB I
. ACIDE volage trancier diffaranos 08 o)
External traceakbility / \

Internal traceakbility

ttandard 1 V: PMJTC 15 Stamdard 1 W FRUTC 132
& g 200 mY b4 W 10 Hz 1o 1 BHZ - - b s 1 %; 10 HZ 0 1 MHz
Uz = 2 g 1o £ 30 g k=20 W+ 3 R Bo o 30 PV K= 0
a
Standard I ¥, FMITC 30
B yeie: 500 1o 2 40 Hz o 1 MHZ
I &4 0+ 35 EWIV Em2
andard B ¥; FMITC 19+ R 400 02
O 1V 05, 40 HZ B0 1 MHT
L+ B Wi o 2 £5 PV EeZ D




AC-DE VILTASE TRANSFER CIFFERENCE SIM.EM-KEa

Uncertainty Budget

SIMEM-KBa (2 W)
. Refative slandard :.T.:f:'m!rr" Sansithiily unceraity Degree of
Uncarainty componanl EE":'JE uncertainty . “ﬂ:é';';?gfzrwm cesficen contribuson fregdom
X . oy e N & W
| e |
FreQuEncEs [KHZ) 1 |20 [100 1000 |1] 20 | 10 [1000] 2o | e | 1wom || 20 (100 [1ome) 1 [z | e | oee| 1 |z | 00| 1000
|Refeence Standard:
» REfEmence Sandan aalealas semzla] a2 . 47 Mors | Moeral | kowal Kol 5 5 . - - % - P on an an
calbratian & E = -
» :tif;':lé\rfe siandard 1| 4 : - H::‘a 1:;1'.: I‘-:'E"Iﬂ '-.-:l;'r:l 1 1 . 1 i 2 - p ] g p
|Difference messurement |08 | 07 | 61 1174
1] 5|76 -115,0
14 48 -111,2
» Stancan deviation of T .. oot | ot | o3
MEaSUrEmens 1 a4 | 2,0 a 2 i 5 1 1 1 o4 |0 A 210 20 0 20 20
1 1 01 ]od 01 0.1
» MENCVOImELErs SO time
a2bilily and measurement bal a7 | a7 | 4,7 [Feci|Pusgeder| Radtgiis | Bediadwe ff | 4 | 9 Jagp a7 | a7 | 47 Qoo | @ [oe| oo
SEUp
i1 10127 |148 00 wef 113 | 113 73 ]
08| 25 |163 44 130 113 73 b
1.0 | 24 |145h B2 13 113 72 50

M4



&C-DC VOLTAGE TRANSFER DIFFERENCE SIM.EM-KS

REPORT OF RESULTS
SIM.EM-KS

Participating laboratory: Centro Nacional de Metrologia, Véxico
Dato of measuromarts: 2re to 4o December 2003

T 0 247 August 2004

1M and 11® Novemnber 2004

Description of the measuring methaod:

The two chanmsl method was uzed to calibrate the traveing standard against a reference thermal
voltage corverter, using nanovolimaiers 0 measure the thermal comverizrs oulpuf. The plan of
reference was the center of a type N iee connecior. Two volizge sources and one power amglfier
were usad fo apply the AC and the DC voltage to the thermal convertsss using an exiernal fast
responss swich, The AC and the DO voliage sources were connectsd (o the input of the exiemal
gwiich and the output of thic one was connectsd to the mput of the power amplifier {1 100} whose
cutput was connected to the input of the thermal comvariers. To minimize the thermal drifl the
sequence AC, DG+ AC, DC- AC was executed allowing AC-DC stabdzation time of 80 s2conds. The
measuwrement system ran awomatically.

Curing the measuremenis the DO and the AC voltage sources wers fiosted and corfigured with

internal guard. At the power ampifier the low terminal and ground were conneciad fogether,

ML W o e e e A

Connaction diagrams:

IEEE 483 E IEEE 453
I, |
S ] SN
Flnated AT unltage z mtunitags | Eipaced
SOURCE : SOURCE
Intemal Guand ESTO0A FSALA Internal Guard
Home
Mate
Swibch
Power
AmEifier | ) 2y 10 Grouna
[~ Traveling
e a—— b 124 k2 SRUTC nun
1] Manovaiimess standard } - Manovolimetsr
K182 [+ STOTA Banar Sesisn 18003 — Kig2

75

IEEE 433

414




AC-DC WVOLTAGE TRANSFER DIFFERENCE SIM.EM-KS

Emvironmental conditions of the measurement: (temperature and humidity with limits of
variation

Temperature: (23+1) * &
~elatve Humidity: (202 10) %

Results of measurements:

AC-DCvoltage | Uncertanty of the AC-DC
Klegsurement | iransfer diferencs voliage fransfer Coverage
paoint 5] difference (Ug) factor
TR0 T

1000V /1kHz | 43 |57 | 40 15 9 4
1000 Y /10 kHz 14 |42 18 15 74
1000y 208Hz | 03 | 39| 25 17 74
1000V /50 kHz | 41 |33 | 1.1 27 97
1000V 100 kHz | 71 ] 3% [ -20 27 a9

The referemce standard, and its traceability to de Sl

AL 1 KV the traveling standard was calibrated against the 1 kY CENAM standard 3 180 2 planar
multiunction thermal converter (PMUTE), in ssries with 3 124 KD planar resisior

The & vakees of the 1 KV CENAM standard are the reswdl of 3 step up m voliage, performed at
CENAM, followng the procedurs descrbed in the next diagram. Thed values of The PMJTE in the
first step are traceable to the values of the PTE standards.



AC-DC VOLTAGE TRANSFER DNFFERENCE SIM.EM-K3

External traceability
PTB
ACIDC vollage tramsstar differance |5 w.al

__________7_____‘K___________

Ftandard 1 V; FMITC 15 Etandard 1V: PMJTSC 13
O geie: 233 m 1o 1 W 10 Hz o 1 RHZ S 1V, 1DHZ I 1 MHE
U & 2wy fo 30 iy k=20 2 2 g o = 30 pi o=, 0

F
¥

Internal traceability l

Slamdard I W, FRJTC 20
1 O S00my 1o 2V, 40 Hz o 1 MHz L:
+ 2 VA Bo 1+ 35 VAT E=Z 0

1

Standard & V; FMJTC 13 + R 400 O
& s 1% 10 5 W, 40 HETD 1 MIHZ
U =8 wviv 1o 245 gy k=20

l

Blamndard 10 %W, FRJTC 11 = R 70043
T 0 i 21010 W; dD WIZ 1D 1 MSE
L & B Uiy Bo = 50 ul'Y k=20

1

Standard 20 V; PAMITE 16+ R 1 505
1 B g 510 20 V; 40 HZ 1D 1 MKz
Lk & B phind Bo = S50 p'iN k=20

1

Elandard 20 ¥, FRJUTC 12 = R 25600
D azde: 1090 30 W 40 Hz %0 100 EHz
L2 8 iy tos = 15 gy k=2,0

l

standard 60 W; PRUTEC 12 + R 4,300
& gesr- 20 10 S0 W0 40 Hz o 1E0 kHz
— 28 pvinr b = 15 phid k=20

l

Standard 100 V; PAMITEC 32+ RETRD
# G omar 210 1000V, 40 HE 1o 700 EHZ
28 pWinr b = 15 pid k=20

l

Zlandard 300 ¥ FMITC 14+ R 20680
B gp-de: 900W 8o 200 ¥ 40 Hzto 100 KHZ
U2 8 uing bo = 20 gV k=2.0

|

Standard 1 EV; PMJTC 32+ /& 124 ki
& geap 200 % b3 1 EY; 40 Hz %o 100 EHz
ol & 10wy

L

B4



AC-DC VOLTAGE TRANSFER DIFFERENCE SIMEM-KS

Uincartainty budget

SIM.EM-KD (1000 )

Probabiity - . - n
Estimate Redatve standard Diskibution Sensidvity unceEstEinty Degree of
Uncertainty companent ' uncestainty B coeficient contrizution fmeadom
! x ! { Methed of evaluadion -
ux) A = il o & Vi
Frequenciss (kHZ| 1w |20 |0 |1o0] t |0 20 |s0fin] o 10 20 | 30 | 100 |1 |w|aofsof 00| 1 [0 20 | =0 |10of 1 |10 | 20|50 (100
Referene e Standard:
Reserence Slandard - -
'_Jmmn:' CEEIETY CEY Y BN N R R NN Rl Rl Bl bl I B RO R EO BT S N BN AN S B EA R E
Reserence slandar - -
|“,;|:|ii|:.- = s lal = 10w H.g’a '-.D;n:l '-.-:31.I '-.-:;n:l '-.D;n: IEEERE 1 4 il s alwlsls lslel s
-
Difference measurement: |56| 4735|158 7.8
TOI7T2| 7,782 |128
AT |63 |67 ] &4
» Slancand daviaton of 22|09 0% |03]03 piermes | soemal | siman | sioemar | sicems 02 10103 |03 |03
MEFSUrEmEnls 220202 03|04 T, 5 .!.- 5 5 11111 |1 1 02 10202 |03 | 0402020 |20 )20 ( 2D
1|04 02 |01)02 01 |01])02 01|02
Manovosmeters shor time]
'5_;:'“",1 1,7 [1,7] 1.7 |17 [ 7 Pt ) P [Pt Pepe 1 1y ol 1 | a7 |ar| T [Tt e0 |0 60|60 0
5 4314 (03| 41T,
AT 42 (38 | 33 | &8 vl 41141 |28 10| 10
400 3825 |11 | &0

714



AC-DC WOLTAGE TRANGICR DIFTCRENCGE SIM CHUET

REPORT OF RESULTS
SIM.EM-ET

Participating laboratory: Cenro Nacional de Metrdlogia, Mesico

Date of measurements: 10%to 18+ Dooomber
2800 30 Aunust 2004
240 Novemberto 19 December 2004

Descriptisn of the measuring method:

The travelling ctandsrd wac callrated 31 200 mV againct a 80 0 glanar mubjenciion thermal
corverier (PMJTC) lter a micopotentionster was used o siep down wp to 100 mV. Using te two
channel method, o nanovolmetsrs were ussd © measurs the thermal conveiters outpul Twic
woltzge cources were wied to apply the AC and the DC woltage fo the thermsal convverisrs uing an
external fact responze switch. To minimizs the thermal drif the sequence AC, DC+ AC, DC- AC was

execuied sllowing AC-DC stabilzation time of 90 s2conds duting the calbeation against the PMJTC
and 60 seconds durng the calbestion against the micropoientometer. Tke measurement systzm ran
automatically.

Al the miveli lexvel, when opeated at freguencies higher than 100 kHz, the input meedancs of the
fraveling standard decrease considerakly. This decrease cause chamges in the ac voltage deivered

by the source, the & must be correcied bacause of he loading effect. However during the siep down
procedurs the loading effecis were cancekd.

During the meazuremenis the DC and the AC voltzge sources were configured with infernal guard,
the NI wrltage znures was finqted and inthe AC aname guasd and ground termmals wers nnraected
together,

Connaction diagrams:

E= 438 I g_ IEEE 423
) B ] 1
5 3 N
AC voltage ';‘ OC voltae | Foates
5 SOUNCE
nlgmul Sudard F?{Ei. T FEAL0A Il Gaand
Buan connectsd & H:'m? |
Eround inthe AC miade
SO
= O —
o Traveling | _}m_" Wanazuzimeser
! Siandard K1z L
— A Hancweirmeter -
¥ K52 - Fraza 412 I.“
m
=
1 IEEE4ER
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AC-DC VOLTAGE TRANSFER DIFFERENCE SIM EMLET1

Emvironmental conditions of the megsuremant: (temperature and humidity with limits of
wariation

Temperature: (23+1)° C

Felatve Humidity: (40£ °0) %

Results of measuraments:

&C-DC voltage | Uncertanty of the AC-DC
Mezazurement | tramefer differznos voltage transfer Coverage
point ) diffesence () factor
A UV

100m/1kHz | 42 | 75|22 +23 20
WOmy/20kH | 28 | 60|44 =23 20
100 my /100 kHe | 200 [ 215 | 20,3 +23 20
100 mW /1 Mz | 55,2 | 529 (81,1 +42 20

The reference standard, and its traceability to de 5l

Af 100 mV the travelng standard was celibrated againet 3 micropotentiometer assuming it iz level
indspendent. Dwring the stay of the iraveling siandard, the micropotentiomster was calibreted &t
200 mY against the travclng standard, thiz omc previously calibratcd agaoinst a 90 0 planar
multumction thermal comverter, that is the CENAM 1 W standamg.

The & values of the 1% CENAM standard 3re traceakle to 12 & values of the PTE standards.

Externial traceability FTE
ACDC voltage trancierdiffaranos i§ .40

Irternal Traceabilicy

standard 1 W; FMJITE 15

B gpac 200 10 Hato 4 MHZ

1He = oI 30K Km0

200 miv

Travelling 3fandard 200 my; Flute 7324 200 m¥
5.M.SE35008 -
- e e | 100 mwv | Tramefer Devioa: Helt 92
Base ZEQ S0 AL Lo ] e £.M_- (543500001 147
Trawelling Handard 200 mV; Fhuke 7324 B uese 100/MY 0 200 MV, 40 HE 10 1 Mz
5. SEESD0E |
b geic 200 m; 40 Hz o 1 WHZ
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AC-DC VOLTAGE TRANSFER DIFFERENCE SIM.EM-K11

Uncartainty budget

SIM.EM-K11T (100 mV)

Estmate Ralative standard ;IM:EELIEF Sersilivisy ungEnaity Degres of
1 | £sl sty = . nesEr whi [’
Uncertainty component x I..'l.-E"‘t; n% ¢ Method Of evaiuation Coe rl:IEI'It ot -h:_.-n 'ee-:!:-rr
LE| {A. 5] i N o3 1
Fraquanties [kHz| 4 | 20 | 900 |wan] 1 | 20 | 100 [1000] 20 |00 |teoo | 4| 20 | oo ool 4 |20 | w0 [toen] 1| 20 |00 | 100e
Reference Standard:
» Reference Standand 1[5 a2 (1235 e i
calibration EF[33 0z e 4)adl 2451 ) 18 r-:;-u ”':_" “:” ”':" 1] 7 1 1 |44 42 ] 51 18 || 6o | &0 | 60
A1]-19.8] -32 |-1238
» Rgference sandard level n " | Wmnnl | Mores | Hoeral | Bomra |, . . . . n - - "
sependence (G0 IR IR IR s p i w1 w | e |sa| en [ex| eo
Difference measurement; |733] 90 | 232 1750
25| T3 14 [174.3
12| 75 38 |19
= Ttandand deveaison of ad] 0.2 0,1 0,1 pamal | b " M LR I ] 2 0,1
MIEESLTEMEN!S orfoz oz o MR TR o | [ ez ez | o 2| 20 [z ] o
05104 1905|903 a5 | 04f 05 0.3
» Manowoimelers snort fime 17|z | | g [ | e (b pagr] . s a7 las )l a7 a7 lea | e oo | 6o
stabiily
E ] 85 43 4
- 12| .20 | 200 | ®2 *EIERE
75| 80| 216 | B il B Bl
iy - N - - -
22144 2003 | 611 55 o] g3 BE
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AC-DC WOLTAGE TRAMEFER DIFFERENCE ZIMEM-Zuzpleme niary

REFORT OF RESULTS
120 ¥

Participating laboratory: Centro Nacional de Metrologia, Méxizo
Date of measurements: 2™ to 49 Decamber 2003

T fo 24w August 2004

10" and 11" Nowember 2004

Description of the measuring mathod:

The two channsl method was used to calibrate the fraveling standard againet a reference thermal
voltage conmverter, using namovolimeters do megsure the thermal comveriers ouipui. The plan of

reference was the center of a type N iee conmecior. Two voliage sources: and one power amghfier
were used o apply the AC and the DC voltage to the thermal converters using an exiermnal fast

response swich. The AC and the DT voltage sources were connected to the input of the extemal
swiich and the output of this one was connectsd to the mgut of the power amplifier {1:100) whose
cutput was connected fo the input of the thermal converters. To minimize the thermal drifi the
seguence A0 DC+ AC, DiC- AC was executed allowing AC-DC stablization time of 90 seconds. The
measwement system ran sutematcally.

During the measurements the DC and the AC voliage sources wers fioated and configumed with
internal guard. At the power amplfier the low terminal and ground were conmecied together.

Connecticn diagrams:

[ ]

IEEE 482 E J IEEE 458
R
J |7 8 7
Flzated AL voliage : DCVBllEgR | Flogsad
R e = L o
IRszmal Guard FSTO0A FSL440A Internal Guard
Haome
| mads |
Power
Amgiifier | ) w1z Ground
| [ Travelling
/| Wanovonmeser [ | Standard q-r?:rf:si--:.- FMITC || Nanovolmeser
K182 Fraza : - wo K182

IEEE 433
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AC-0C VOLTAGE TRANSFER MFFERENCE SIM.EM-Suzplementary

Ervironmental conditioms of the measurement: (temperature and humidity with limits of
variation

Temperature: (2321)° C

melative Humidity: (240 10) %

Results of mmoasurameant s:

AC-DCwoltage | Uncertamty of the AC-DC
Mezasurement | transfer difference wiltage transfsr Coverage
point (4l affzrzace (U fackor
WA wyy
120V 51Hz 38 |23 | 24 11 20

Tha referemce standard, and its traceability to de 5l

&7 120V the raveling ctandard was calibratsd againct the 300 W CENAM ctandand a 80 01 planar
multumction thermal comverter (PMUTEC), in ssries with 3 30 kO planar resictor

The & values of the 300 vV CEMAM siandard ars the result of a slep up in voliage, periormed at

CEMAM, following the procedure described in the next diagram. The & values of the PMJTC in the
firsf step are traceable to the values of the PTE =tandards.
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AC-DC VOLTAGLE TRANSICR DIFTCREWNGE 316 EM-Supplennlary

Extarnal traceability

PTE
ACOT vullaye lramelor diforomee {0 w0l

__________7_____&i___________

Etandard 1W; FMJTC IS Efandard 1¥: PMJTC 13

B ag-ac 200 M 1o § W2 A0 Hz b 1§ MMz b e 1 W 1R HZ 21 MEZ
- - gl = g e
U Z Wiy fox 30 @iy =20 Lz 2 i o e 3D p'i k=20

Internal fraceability l

Sfamdad 2 W; FRUTE 20
1 O S00mYo2Y,40H: o1 MEZ L
£ WD £ 35 PVEF KeZ 0

l

Standard & V. PMJTC 19+ R 400 £
Fpie 1 Win BN AN Hr ind

U= uviv i £ 45 gvidE=2,0

1

Slomdord 10V PMUTD 5 - RTIDO
— & gear: 2 10 10 W5 40 H'lo 1 MHZ

Uz B iy Boo= 50wy ked O

l

Blamdard 20 ¥; PMJTE 95 + R 1,980
1 G pear 510 20 W, 40 HElo 1 MHZ
U+ B W B o= 50 PSR k=2 D

|

Etandard 30 W, FEJTE 12+ R 2.5KL2
Bggde: 1080 30 %, 40 Hz % 100 EHE
= U 20 pWiv b 2 45 @i k2,0

l

Blomdard 80 &, ®RUTC 18 v B4 SRS
§ g 20 10 B0 W 40 Hzlo 900 Rz
— Uiz 9 pviv b= 15 i k=2.0

l

Shandard 100 ¥; PMITC 12 + R 2.TeD
i g 30 10 100 W 20 Hzlo 100 EHz
U B b e 16 Y =0,

l

Bamdard 300, FRITC 18 ML 20 kD
b g.ac: 100 W 02 300 W 40 =z to 100 KHE
U2 8 Wi bo = 20 i k=2.0

l

EFtyndard 1 BV PMJTC 353+ R 124 kL
& wes 200 ¥ b1 &Y; 40 H2 50 100 EHz

Lo 10 @WFS foow A6 WA =20

w
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AC-DC VOLTAGE TRANSFER DIFFERENCE 3IM ER-Susglementary

Uncartainty budget

120 W/ 53 He
i Relatine Proba bility e I Degree
Uncertanty Eetimate standzrd Diistrib ution E;:I;Tj;l?_' EDESEE?; of
component X uncertainiy ! Method of - p ! i % freedomn
i evaluation (&, B) Vo M
Reference A
Standard: :
« Reference
Standard 5,0 Maormal /B 1 50 ll]
caleration
« Reference n ‘a 3
standard =tzbility 10 Narmal /8 ! 0
Difference 449
measurament: 14
3,5
» Standand 05 0,5
dewiation of 05 Marmal A 1 0,5 10
measurements 05 0,5
« Nanowolimeters 1.7 1,7
short time: 1.7 Rectangular ' 2 1 1,7 60
stahility 1,7 1,7
G 3.8
T4
2.3 b
24
1414
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