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An interlaboratory comparison in the field of AC voltage has been carried out in
the Nordic countries. A total of 17 laboratories, including the national laboratories
in Norway, Denmark, Finland and Sweden, participated. The pilot laboratory was
the national laboratory in Sweden. 93 % of the reported results have normalised
error (E,) ratios less than one.
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Preface

Four Nordic countries Denmark, Finland, Norway and Sweden, have National
Calibration Services that takes active part in the European Cooperation for the
Accreditation of Laboratories (EAL). All four countries have also signed the EAL
Multilateral Agreement on acceptance and recognition of calibration and
measurement certificates. The agreement is based on confidence in each other's
operation through technical cooperation and transparency demonstrated through a
permanent programime of interlaboratory comparisons and evaluation of each
other's organisations.

Technical discussions during the 15th and 16th Nordic Conference on Measure-
ment and Calibration established the need for a comparison in the field of AC-
voltage. A suggestion was made to test the agreement between the Nordic
calibration laboratories, mainly accredited calibration laboratories.

The interlaboratory comparison was made possible by financial support from
NORDTEST and by Fluke Corporation, which made the travelling standard

available.

We would like to thank the following persons who actively contributed to this
interlaboratory comparison:

Mr. Harald Slinde for coordinating the comparison in Norway.
Mr. Tapio Mansten for coordinating the comparison in Finland.
Mr. Orla Kristensen for coordinating the comparison in Denmark.

The staff of the participating laboratories.

At SP:
Mr. Géran Talbrant for calibration of the travelling standard.

Mr. Pir Simonson for calibration of the reference standards.

Boras, February 1997

Karl-Erik Rydler and Hékan Nilsson



Summary

In the Nordic countries an interlaboratory comparison has been carried out in the
field of AC voltage among the laboratories with highest accuracy. The aim was to
investigate the transparency of national evaluation methods for accreditation in the
field of electrical measurements. A total of 17 laboratories, including the national
laboratories in Norway, Denmark, Finland and Sweden, participated. The national
laboratory in Sweden, SP, was the pilot laboratory.

The measuring points were in the range from 2 mV to 700 V, with frequencies
from 10 Hz to 1 MHz,

The technical development in the field of AC-voltage measurement has been very
fast during the last years. Manufacturers have introduced new instruments, making
it possible to perform automatic measurements with very low uncertainty. This
new generation of instruments are now commonly used in accredited laboratories.

The results show that 93 % (204) of the total number of reported measuring results
(219) have a normalised error (E,) ratio of less than one. Successful results, in
terms of an E,-ratio <1, varies in the range 85 % to 100 % for the four countries.

Most of the measuring results with E,-ratios >1 were found for measuring points
in the mV-ranges and at high frequencies.

For several laboratories the result show that they can improve the best measure-
ment capabilities of their accreditation and also to extend the measuring range.






1 Introduction

Today four Nordic countries Denmark, Finland, Norway and Sweden are running
National Calibration Services and the corresponding National Calibration
Laboratory Accreditation Bodies take active part in the European Cooperation for
the Accreditation of Laboratories (EAL). All four countries have also signed the
EAL Muitilateral Agreement on acceptance and recognition of calibration and
measurement certificates. The agreement is based on confidence in each other's
operation through technical cooperation and transparency demonstrated through a
permanent programme of interlaboratory comparisons and evaluation of each
other's organisations.

Until now the interlaboratory comparisons carried out in the field of AC-voltage
have not been sufficiently good with respect to measurement uncertainty to
evaluate the capability of the top level accredited laboratories. The development in
the field of AC-voltage measurement has been very fast during the last years.
Automatic measurements of AC-voltage with very low uncertainties is now pos-
sible. The development has also made it possible to improve the traceability of
measurements in the mV-range. The new generation of AC-voltage measuring
instruments is now being used in accredited laboratories.

At the 15th and 16th Nordic Conference on Measurement and Calibration the need
of a comparison in the field of AC-voltage was discussed. It was suggested to
investigate the agreement between Nordic calibration Iaboratories, mainly
accredited calibration laboratories. Based on the discussions at the conference SP
sent an project application to NORDTEST with the title "Transparency of national
evaluation methods for accreditation in the field of electrical measurements”. In
September 1995 NORDTEST granted funds for the comparison.






2 Description of the project and organisation

2.1 Objective of the project

The objective of the project was to perform an interlaboratory comparisons in the
field of ac-voltage within the top level accredited laboratories in the Nordic coun-
tries. The results are used to verify the competence of the laboratories to
accurately measure ac-voltage within their accredited uncertainties and to verify
the performance of the National accreditation assessments procedures. Hence an
ac-voltage calibrator was circulated between the accredited laboratories. The
measurements were to be carried out at an uncertainty level as close as possible to
the best measurement capabilities of the accreditation. The results can be used as a
basis to harmonise the evaluation methods for accreditation in the field of
electrical measurements.

2.2 Definition of the project

The task was to determine the output voltage of an ac-calibrator in the measuring
points given in Table 1. For point 1 to 5 the calibrator was used with internal
sense and external sense was used for the other points. The output terminals and
sense terminals should always, if possible, be connected by gold plated jumpers,
even when internal sense was selected. The measuring instruction is enclosed as
Appendix E.

Table 1. Measuring points of the Nordic ac-voltage interlaboratory comparison

Measuring Voltage Frequency
point No. setting setting
A% / kHz
1 0,002 0,02
2 1
3 0,02 10
4 100
5 1000
6 1 0,01
7 50
8 500
9 10 0,02
10 1
11 100
12 1000
13 200 0,045
14 100
15 700 1
16 +10 DC
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2.3 Circulated equipment

The measuring equipment circulated among the laboratories was a calibrator
model 5700A, manufactured by Fluke.

2.4 Transportation

The equipment was transported by car, train or plane as it appeared safest. . A
dedicated transport case was supplied with the instrument from Fluke
Corporation.

2.5 Participating laboratories

17 laboratories including the National laboratories participated, see Table 2. The
National laboratory in Sweden (SP) was the pilot laboratory and the National
laboratories in Denmark (AREPA), Finland (VI'T Automation) and Norway
(Justervesenet) coordinated the comparison in each country, respectively. Only the
National laboratories are identified by names.

Table 2. Participating countries and laboratories

Country Iaboratory No.
Norway _ 206
Denmark 8tol1l
Sweden (excl. Ref, Lab) 1310 15
Finland 17 to 20

For practical reasons the measurements made by the pilot laboratory are presented
as laboratory No. 1, 7, 12, 16 and 21.

2.6 Time schedule

The interlaboratory comparison has been carried out between February and
November 1996. Measurements were made by the pilot laboratory before and after
the circulation of the travelling standard to each country. Each laboratory was
given one week for the measurements and one week for transportation. As more
laboratories than planned were interested to participate the time schedule was
tightened. The travelling standard was calibrated at 21 occasions in 35 weeks.

2.7 Reporting the results
All laboratories except one (No. 14) have reported their results.

The results were to be reported as calibration certificates with layout according to
the demand of the accreditation. In the reports an uncertainty budget and a simple
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drawing of the measuring setup should be given and the calculation of the total
uncertainty should be performed according to WECC Doc. 19-1990, with a
coverage factor of two, k = 2.

The result of the interlaboratory comparison was also presented at the 18th Nordic
Conference on Measurement and Calibration, Lillehammer, Norway, Nov. 1996

[1].
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3 Interlaboratory comparison

3.1 Reference values and uncertaintiés of SP

The travelling standard was calibrated by the pilot laboratory before and after the
circulation to each country. The results are presented in Appendix B. The result in
one measuring point is the mean of five measurements. The stability of the travel-
ling standard has been very good. E.g. in the voltage range 1 V to 200 V and fre-
quencies in the andio range the stability has been in the order of one part per mil-
lion during the comparison.

Before the interlaboratory comparison started measurements were made to inves-
tigate the output impedance and the stability of the calibrator. At high frequencies
it is important to have a well defined reference plane. The output voltage also de-
pends upon if external sense is used or not, because this will influence the output
impedance. For this reason the measuring instructions were very specific on these
conditions, cf. Appendix E.

The standards used for calibrating the DC-voltages of a calibrator usually have a
high input impedance. It is almost taken for granted that the reported output volt-
ages are measured with unloaded output. However, in AC-voltage measurements
the loading error is one of the most important uncertainty contributions. The input
impedance of the standards used for calibration of AC-voltage and the impedance
of the connection will always load the output. To obtain a well defined measuring
condition it is necessary either to specify the load or to make a correction for the
loading error to a specified load condition. Whatever the choice, there should be
an uncertainty contribution for the loading error in the uncertainty budget.

The results presented in Appendix B are corrected to unloaded condition.

At SP the traceability of AC-voltage is maintained by AC-DC transfer standards
together with DC-voltage standards. The primary AC-DC transfer standards are a
group of multijunction thermal convesters (MJTC), manufactured by PTB [2][3].
The traceability of the MITCs is maintained by international intercomparisons,
[4]. A set of single junction thermal converters is used in a step up procedure to
cover the range 0,1 V to 1000 V. Below 0,1 V the traceability is received by
resistive voltage dividers, [5]. A solid state AC-DC transfer standard, Fluke 792,
is used as a secondary standard.

The travelling standard was calibrated in an automatic ieasuring system using a
Fluke 5790 as the reference standard. After the final measurements of the travel-
ling standard both the Fluke 792 and the Fluke 5790 were calibrated and a new
estimation of the uncertainties were made for the measuring points used in the
interlaboratory comparison. The 10 V DC was measured by comparisonto a 10 V
reference standard, Fluke 732 A, traceable to SP’s Josephson standard. The com-
parison was made with a DVM, Wavetek 1281. Compared with the preliminary
results reported to laboratories the new estimation of uncertainties caused no
changes regarding E,-ratios >1, except for laboratory No. 4.
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3.2 Results
3.2.1 Evaluation method

The measuring results of the laboratories have been evaluated by calculating the
normalised error (Ey) ratio, as defined below. E,-ratios larger than one 1nd1cates
measuring errors that need to be investigated.

| x=x,

B .JU2+U§

X  Value measured by the laboratory
Xo Value measured by the pilot laboratory, SP
U  Uncertainty of the laboratory, k=2
Up Uncertainty of the pilot laboratory, SP, k=2

E

n

The value measured by the pilot laboratory, Xp, is the mean of the values meas-
ured before and after the value measured by the laboratory. The uncertainty of the
pilot laboratory, Up, is determined from the uncertainty of the values measured by
the pilot laboratory and the change between the values measured before and after
the value measured by the laboratory. The determination is made according to
WECC Doc. 19-1990 with a coverage factor k=2. The change between the meas-
ured values is assumed to have a rectangular distribution,

3.2.2 Presentation of results
The results of the measurements are presented in the form tables and graphs.

The results of each Iaboratory is presented in tables in Appendix C. Each table has
eleven columns. The measuring point numbers are given in the first column, the
nominal voltage and:frequency for each measuring point in column two and three.
In the next three coliimns the output voltages measured by the laboratory, the cor-
responding relative corrections and the estimated uncertainties are presented.
Column seven and eight give the reference values and uncertainties determined as
described in paragraph 3.2.1. The last three columns give the difference between
the laboratory values and reference values, the E,-ratios and remarks.

A compilation of the Ey-ratios for all laboratories are given in Appendix A. In the
table all Ey-ratios above one are marked with bold figures. Underlined figures in-
dicates that the laboratory is not accredited for the measuring point and space
means that the laboratory has not given any measuring value.

In Appendix D the results and uncertainties of both the pilot laboratory and the
participating laboratories are shown in graphs. For practical reasons the meas-
urements made by the reference laboratory are presented as laboratory No. 1, 7,
12, 16 and 21. In alf graphs the values measured by the reference laboratory are
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marked with squares. Due to the different uncertainties each graph is presented
using two different scale factors on the y-axis.

3.2.3 Analysis of results

For some measuring points the results of the laboratories gave Eq-ratios >1, Table
3 show the laboratories which had En- ratios >1 for each point. The results include

“all participating laboratories, also the ones not accredited for the particular point.
Five accredited laboratories obtained an E,- ratio >1 in one or more measuring
points. The results indicate that the most difficult points are measurements in the
mV-range and measurements at high frequencies.

Table 3. Evaluation of results with respect to measuring points.

Measuring [ Voltage | Frequency | Laboratories with Accredited
point No. setting setting Ey-ratios >1 laboratories with
' (V) (kHz) No. E,-ratios >1. No.
| 0,002 0,02 9 9
2 I 9,10 S
3 0,02 10 20
4 100 :
5 1000 11 11
6 1 0,01
7 50 15 15
8 500 17
9 10 0,02
10 1
11 100 9 9
12 1000 4,9, 10, 17 4,9, 10
13 -200 0,045 9 9
14 100 9 9
15 700 |
16 +10 DC 19

According to WECC Doc. 19-1990 the standard deviation of the combined un-
certainty shall be multiplied by a factor k=2 to get the overall uncertainty. For a
normal distribution the factor k=2 means that the limits of the overall uncertainty
corresponds to a confidence level of approximately 95 %. '

The total result of the interlaboratory comparison corresponds well to the intention
of WECC Doc. 19-1990. The ratio of the measured values with E,-ratios £1 with
respect to the number of measurements is 93 % both when looking at the accred-
ited laboratories as well as all laboratories, see Table 4. Given that the errors had a
normal distribution, almost 100 % of the measuring results should have En-ratios
£1,5, which corresponds to a coverage factor k=3, This is not so, which indicates
that there must be some methodological errors or underestimation of the uncer-
tainties present.
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Successful results, in terms of E,-ratio <1, for the four countries varies in the
range 85 % to 100 %, see Table 4. The Naticnal laboratories need to take action
together with the accredited laboratories having E,-ratio >1.

Table 4. Evaluation of results with respect to countries.

Number of Number of Ratio of meas. values
Country measured values E,-ratios >1 with E,-ratios <1 (%)
Total | Accred.lab | Total | Accred.lab | Total | Accred. lab
lgorway 70 .39 | 1 99 97
enmark 64 53 9 8 86 85
Sweden 32 27 1 1 97 96
Finland 53 18 4 0 92 100
All 219 153 i 15 10 93 93
3.2.4 Comments
3.2.4.1 General

Preliminary results of the comparison were reported to the laboratories in each
country after all their certificates were received by the pilot laboratory. Comments
on the results with E,-ratios >1 has been received from laboratory No. 9, see
below.

Almost all available types of measuring standards that can be used for AC-voltage
measurements have been used by the participating laboratories. The following
standards were used: single junction thermal voltage converters, Fluke 540 B,
Fluke 792 A, Fluke 5790 A, Wavetek 4950, Wavetek 4920 and HP 3458. The
measuring standards are traceable to the realisations in five different National
Laboratories, in some cases via accredited laboratories. :

At some measuring points the result is remarkably good, €.g. at 10V, 20 Hz and 1
kHz all participants are within the range of 25 ppm. The point 10 V DC was in-
cluded in the comparison to check if the DC-voltage maintained by the laborato-
ries influenced the results on the AC-voltages. The results showed negligible in-
fluence of the measured DC-voltage at 10 V for all laboratories.

The reason for the deviation of the measured corrections of some laboratories at
high frequencies is due to loading effects. At 20 mV the difference of the results
due to different input impedance of measurement standards can be as high as 1000
ppm, {6]. Even larger errors can be caused by a connecting cable, {7]. At 10V, 1
MHz the loading errors of the calibrator are less than 200 ppm due to different
input impedances of the measuring standards used by the laboratories. To get a
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well defined measuring condition for an AC-voltage it is necessary to either
specify the load due to the measuring standard and connections or to make a
correction to a specified load condition, e.g. unloaded output of the calibrator. In
any case an uncertainty contribution for the loading error shall be included in the
uncertainty budget.

Only a few laboratories measured the DC-offset and the HF-noise of the mV-
ranges and estimated an uncertainty contribution. For some older types of
calibrators this can be a serious uncertainty contribution. -

3.2.4.2 Norway

- Laberatory No. 2 has measured the DC-offset and the HF-noise of the mV-ranges
and estimated an uncertainty contribution. The laboratory has reported to low un-
certainty at 10 V, 20 Hz. The uncertainty shall be 140 ppm instead of 14 ppm
which give an E,-ratio = 0,04. The laboratory has enclosed an uncertainty budget
and a description of the measuring setup.

Laboratory No. 3 has measured the DC-offset and the HF-noise of the mV-ranges
and found the uncertainty due to them to be negligible. The laboratory has made
corrections for the loading errors. The laboratory has enclosed an uncertainty -
budget and a description of the measuring setup.

Laboratory No. 4 has made the measurements at frequencies higher than 100 kHz
with the calibrator in local sense. This is probably the reason for the E-ratio >1 at
10V, 1 MHz. - o

Laboratory No. 5 has enclosed a list of the uncertainty contributions taken into -
account and a description of the measuring setup.

Laboratory No. 6 is the National laboratory, Justervesenet. The measured AC-
voltages are traceable via the AC-DC differences of thermal transfer standards and
zener standards. The AC-DC differences of the thermal transfer standards are
traceable to PTB via the step up procedure of the laboratory and the primary AC-
DC transfer standards, four multijunction thermal converters of PTB type. The
last step up from the 2 V level of the primary standard was made from May to
August 1996. The travelling standard was calibrated by first measuring the DC-
voltage. The thermal transfer standards were then connected directly to the output
of the calibrator and the AC-voltage was measured using the internal switching of
the calibrator. The automated measuring procedure use a least square fit to elimi-
nate the influence of drift. The zener voltage standard is directly traceable to the
laboratory’s realisation of the Josephson effect. The zener standard was calibrated
- both before and after the measurement of the travelling standard. The laboratory
has enclosed an uncertainty budget and a description of the measuring setup,

3.2.4.3 Denmark

Laboratory No. 8 is the National laboratory, AREPA. The primary standard of the
laboratory is a solid state AC-DC transfer standard, Fluke 792 which is traceable
to PTB. The transfer standard was connected directly to the output of the travel-
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ling standard and the AC-voltage was measured using the internal switching of the
calibrator. DC voltage is maintained with a DC reference standard, Fluke 732 A,
traceable to DFM. The 10 V DC was determined by measuring the difference
voltage between the output of the travelling standard and the DC reference stan-
dard. The laboratory has enclosed a description of the measuring setup.

Laboratory No. 9 has enclosed a description of the measuring setup. In the certifi-
cate too many significant figures are given in the estimated uncertainties. The
laboratory has sent comments on the measuring points where E,-ratios >1 were
found. The 2 mV range of the standard of the laboratory was found to have a gain
error of the order of 0,3 % in the range 1 mV to 2 mV. The standard was cali-
brated at 1 mV. After correction for the linearity error both measuring points at the
2 mV range get an Ep-ratio <1. In the 200 V range wrong uncertainties were given.
The correct uncertainties shall be 145 ppm at 45 Hz and +420 ppm at 100 kHz.
Hence the E,-ratios are 0,61 and 0,52 respectively. At 10V, 100 kHz and 1 MHz,
the measurements of the calibrator output were made with external sense and the
shorting bars between the output and the sense terminals. However, as the stan-
dard of the laboratory is calibrated with a 4-terminal lead set it was not then used
as specified by the manufacturer. The laboratory has made an investigation on
their own calibrator and found large differences between the different ways of
connecting the calibrator.

Laboratory No. 10, The result at 10 V, 1 MHz is most likely due to loading,
Laboratory No. 11, The result at 20 mV, 1 MHz is most likely due to loading.

After corrections of the four measuring points at 2 mV and 200 V of laboratory
No. 9 the number of measuring points with Ey-ratios >1 is decreased to 4 for the
Danish accredited laboratories. This will change the ratio of the measured values
with E,-ratios <1 with respect to the number of measurements to 92 %.

3.2.4.4 Sweden

Laboratory No. 13 has enclosed an uncertainty budget and a description of the
measuring setup.

Laboratory No. 14 has not reported any results.

Laboratory No. 15 has made corrections for the loading errors. Still the result at
1 V, 50 kHz is most likely due to loading error. The laboratory has enclosed an
uncertainty budget and a description of the measuring setup.

3.2.4.5 Finland

Laboratory No. 17, has give to many significant figures in the estimated uncer-
tainties of the non-accredited measuring points. The result at 1 V, 500 kHz and 10
V, 1 MHz is most likely due to loading. The laboratory has enclosed an uncer-
tainty budget and a description of the measuring setup.
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Laboratory No. 18, has given uncertainties which are up to15 times lager than the
accredited best measurement capabilities. This should not be necessary with the
type of calibrator used as travelling standard. If the evaluation of the E -ratios are
made with respect to the accredited best measurement capabilities all but one will
be <1. At 200 V, 100 kHz the E,-ratio =7,0. The laboratory has enclosed a de-
scription of the measuring setup.

Laboratory No. 19 has enclosed an uncertainty budget and a description of the
measuring setup. The laboratory has developed a DC sampling method which is a
realisation of traceability for AC-voltage independent of the methods based on
thermal converters. The bandwidth of the sampling voltmeter is 30 kHz and DC-
offset is not included in the measured AC-voltage. The estimation of the
uncertainty at 2 mV, 20 Hz seems to be too optimistic for the measuring standard
of the laboratory, e.g. DC-calibration 16 nV,

Laboratory No. 20, is the National laboratory, VIT Automation The primary AC-
DC transfer standards are multijunction thermal converters (MITC), manufactured
by PTB. For low frequencies the laboratory has developed their own version of the
DC sampling method used by the National High Voltage Laboratory in Finland.
This is an independent realisation of traceability for AC-voitage. The travelling
standard was calibrated by comparing its output voltage to the VIT primary and
secondary standards. Five different methods were used depending on the voltage
and frequency ranges. At 2 mV and 1 V, 10 Hz and 10V, 20 Hz the output of the
calibrator was measured with a digital multimeter HP3458A in the DC sampling
mode. Correction is made for the finite integration time. At 20 mV a Wavetek
4920 is used as standard. The other ac-voltages were calibrated by comparing the
AC-DC difference of the calibrator to the AC-DC difterence of a Fluke 540 B
thermal transfer standard. The DC output of the calibrator was measured with
multimeter HP3458A. At 1V, 500 kHz and 10 V, 1 MHz the influence of the
measuring cables were measured and corrected for, Commonly the laboratory does
not offer calibration services below 0,1 V AC. DC voltage is maintained with a
DC reference standard, Fluke 732 A which is regularly compared to seven other
zener reference standards and traceable to the Josephson standard of VTIT. The 10
V DC was calibrated by comparing the calibrator output to the reference standard
by using a digital multimeter HP3458A as the comparing instrument. The labora-
tory has enclosed a description of the measuring setup.
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4 Conclusions

An interlaboratory comparison was carried out in the field of AC voltage among
the laboratories with highest accuracy in the Nordic countries. The aim was to in-
vestigate the transparency of national evaluation methods for accreditation in the
field of electrical measurements. 17 laboratories, including the national laborato-
ries in Norway, Denmark, Finland and Sweden took part, The national laboratory
in Sweden, SP, was the pilot laboratory. The percentage of the measured values
with normalised error (E,) ratios <1 is 93 % both when only the accredited
laboratories are counted and when the unaccredited laboratories are included. The
percentages of each couniry range from 85 % to 100 %. The National laboratories
need to take action regarding the accredited laboratories having E,-ratios >1, As
can be expected, most of the measuring results with E,-ratios >1 were found for
measuring points in the mV-ranges and at high frequencies.

For several laboratories the results indicate that they can improve the best meas-
urement capabilities of their accreditation and also extend the measuring range.
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Appendix A

Normalised error (E,) ratios of the laboratories

Table 1. The normalised error (E,) ratios of the laboratories. E,-ratios larger than
one are marked with bold figures and underlined figures indicates that the
laboratory is not accredited for the measuring point. Space means that the
laboratery has not given any measuring value. Laboratory No. 14 has not
reported any result. ........ e reveeNveevasetthasnetbaseerereas shrses s b bR A e bbat nbeees s rnneenaens rnnrrens 2
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Appendix B

Measurement results of the Pilot Laboratory

Table 1. Relative corrections (in parts per million) of the output voltage of the
calibrator measured by the pilot laboratory and estimated relative
uncertainties (k=2) at the time of measurement. ..........ocvvvvrrnisrrecineens reeererenens 2

Table 2. The relative corrections of the output voltage and the relative
uncertainties (k=2) used as reference values for the evaluation of the B,

0. 1 L4 OO OO OO 3
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Appendix C

Measurement results

Table 1. Result of laboratory No. 2, NOIwWay......cccccovvrvirvininenninnnenin

Table 2. Result of laboratory No.
Table 3. Result of laboratory No
Table 4. Result of laboratory No
Table 5. Result of laboratory No
Table 6. Result of laboratory No
Table 7. Result of laboratory No
Table 8. Result of laboratory No

Table 9. Result of laboratory No. 11, Denmark

Table 10. Result of laboratory No
Table 11, Result of laboratory No
Table 12. Result of laboratory No
Table 13. Result of laboratory No
Table 14. Result of laboratory No
Table 15. Result of laboratory No
Table 16. Result of laboratory No

C1

w2

3, NOIway....ccccoeiiiinii e 3
A, NOTWAY 1 ovvereersereeerencrerenecsmrserisesecivenarenenens 4
5, NOIWAY e D
. 6, National Laboratory of Norway ............cceee... 6
. 8, National Laboratory of Denmark................... 7
L9, Denmark ... are e 8
10, DEnmark ....oceeeeviveeerreninniireerresinessesestereresvres 9
.................................................... 10

. 13, Sweden....cocevvceeeenen. 11

14, Sweden..eeiiveie e 12
15, SWEEN.oeievee e iree e e rers e s 13
A7, FInland ... b e 14
18, Fnland ....veeovveeee e eeeereseer e, 15
19, FInland ... e 16

. 20, National Laboratory of Finland ...............
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Appendix D

Graphs of the measurement results

Figure 1. Measuring point 1, 2 mV, 20 Hz...

Figure 2. Measuring point 1, 2 mV, 20 Hz, hlgh resolunon
Figure 3. Measuring point 2, 2 mV, 1 kHz
Figure 4. Measuring point 2, 2 mV, 1 kHz, high resolution...........ccevvirvvenne.

---------------------

Figure 5. Measuring point 3, 20 mV, 10 kHz...

Figure 6. Measuring point 3, 20 mV, 10 kHz, hlgh resolutlon

Figure 7. Measuring point 4, 20 mV, 100 kHz...

Figure 8, Measuring point 4, 20 mV, 100 kHz, hlgh resolutlon..;....................

Figure 9. Measuring point 5, 20 mV, 1 MHz. .

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19,
Figure 20.
Figure 21.
Figure 22,
Figure 23.
Figure 24.
Figure 25.
Figure 26.
Figure 27,
Figure 28.
Figure 29.
Figure 30.

Figure 31.
Figure 32.

Measuring point 5, 20 mV, 1 MHz, hlgh resolutlon.

Measuring point 6, 1 V, 10 Hz...

Measuring point 6, 1 V, 10 Hz, hlgh resolutlon
Measuring point 7, 1 V, 50 kHz. .
Measuring point 7, 1 V, 50 kHz, h1gh resolutlon
Measuring point 8, 1 V, 500 kHz... v
Measuring point 8, 1 V, 500 kHz, hlgh resolutlon
Measuring point 9, 10V, 20 Hz. .. .
Measuring point 9, 10 'V, 20 Hz, h1gh resolunon
Measuring point 10, 10V, 1 kHz...

Measuring point 10, 10 V, 1 kHz, hlgh resolutlon
Measuring point 11, 10 V, 100 kHz. ........ccceernirviiviniiiinnee.
Measuring point 11, 10 V, 100 kHz, high resolution.........c..c.ouee.ee,

Measuring point 12, 10 V, 1 MHz. . -
Measuring point 12, 10V, 1 MHz, hlgh resolutlon
Measuring point 13, 200 V, 45 Hz. .. .
Measuring point 13, 200 V, 45 Hz, hlgh reso]utlon
Measuring point 14, 200 V, 100 kHz...

Measuring point 14, 200 V, 100 kHz, hlgh resolutlon

Measuring point 15, 700 V, T kHz.. v
Measuring point 15, 700 V, 1 kHz, h1gh resolutlon
Measuring point 16, 10 V, DC,. . .
Measuring point 16, 10 V, DC, hlgh resolutlon

-----------------------------------------------
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The values measured by the pilot laboratory are in all figures marked with squares.
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Figure 1. Measuring point 1, 2 mV, 20 Hz.
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Figure 5. Measuring point 3, 20 mV, 10 kHz.
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Figure 6. Measuring point 3, 20 mV, 10 kHz, high resolution.
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Figure 7. Measuring point 4, 20 mV, 100 kHz.
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Figure 8. Measuring point 4, 20 mV, 100 kHz, high resolution.
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Figure 9. Measuring point 5, 20 mV, 1 MHz.
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Figure 11, Measuring point 6, 1 V, 10 Hz.

200

g 150 o =
ﬁ-f SIRERaEb

G T I T
Eﬂ){) T L 4 ¢ T + 47 I 4 l ¢ I } T
Q o -
U 50 =

0 A 1

0 2 4 6 8 10 12 14 16 18 20 22
Lab no,
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Figure 21. Measuring point 11, 10 V, 100 kHz.
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Appendix E.

Measuring instruction for AC-voltage comparison

Background

The development in the field of ac-voltage measurement has been very fast during
the last years. Manufacturer has presented new instruments which makes it
possible to carry out automatic measurements with very high accuracy. The
development has also made it possible to improve the traceability of
measurements in the mV-range.

At the 15th and 16th Nordic Conference on Measurements the need of a
comparison in the field of ac-voltage was discussed. It was suggested to
investigate the agreement between Nordic calibration laboratories, mainly
accredited calibration laboratories. Based on the discussions at the conference SP
sent an project application to Nordtest with the title "Transparency of national
evaluation methods for accreditation in the field of electrical measurements”. In
September 1995 Nordtest granted funds for the comparison. Hence the cost for
the participating laboratories can be limited to the cost of their own labour and the
cost of transportation to the next participant.

The project is managed by SP. The National laboratories in Denmark, Finland and
Norway coordinates the comparison in their own country. The National
laboratories has proposed three to four laboratories in each country to participate.
'The comparison will start in the beginning of 1996 and the results will be
presented at the 18th Nordic Conference on Measurements.

Measuring object

The measuring object is a calibrator manufactured by Fluke, model 5700A, serial
no. 6240301, Tt is transported in an aluminium case which besides the measuring
object also contains a power cable, a measuring instruction and a guide to operate
the calibrator. Unpack the measuring object carefully. Check for external damages
that can affect the calibrator, If there are damages or any doubts about the
calibrator, please contact the coordinator at your National laboratory.

Measuring instruction

Before the measurements are started the measuring object must have stabilised in
the measuring environment for at least 12 hours. The measurements ought to be
performed under temperature controlled conditions at the temperature 23°C.,
Besides the below given settings of the calibrator it should be in its power on
state. It is always possible to return to this state by pressing the key *Reset”,
”Guard” and ”Ground” shall always be connected by a jumper. N.B. before the
measurements starts a "DC zero” procedure shall be done, see instructions in
annex 1,
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The measuring task is to determine the output voltage of the calibrator, at the
output connectors of the front panel, in the measuring points given in the table
below. It is important that as many measuring points as possible are measured and
that the standard procedure of the laboratory is used. In the measuring points 1 to
5 the calibrator shall be used with internal sense, the light of the key “Ex sns” is
off. For the other measuring points the calibrator shall be used with external
sense, press the key “Ex sns™ so the light goes on. N.B. the gold plated jumpers
shall if possible always be connected between output” and “’sense”, even when
internal sense is selected.

Measuring points of the comparison according to the table below:

Measuring Voltage Frequency
point no. setting setting
: A" / kHz
1 2m 0,02
2 1
3 20m 10
4 100
5 1000
6 1 0,01
7 50
8 500
9 10 0,02
10 1
11 100
12 1000
13 200 0,045
14 ' 100
15 700 ‘ 1
16 +10 DC

An instruction how to set a measuring point on a Fluke 5700A is given in annex
1.

Report of measuring result

The measuring result shall be reported in a calibration certificate with a layout
according to the demand of accreditation. In the report an uncertainty budget and
a simple drawing of the measuring setup should be given. The calculation of the -
total uncertainty shall be done according to WECC Doc. 19-1990, with a coverage
factor of two, k = 2.
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Coordination

Questions concerning the comparison will be answered by the coordinator at your
National laboratory or by SP.

Norway, measuring period February-March 1996.
Harald Slinde, tel + 47 22 20 02 26, fax + 47 22 2077 72
Justervesenet, Postboks 6832, St. Olavs Plass, N-0130 OSL.O

Denmark, measuring period April-May 1996.
Orla Kristensen, tel + 45 86 81 10 55, fax + 45 86 81 26 54
AREPA Test & Kalibrering A/S, Postbox 126, DK-8600 SITLKEBORG

Sweden, measuring period June-August 1996,

Karl-Erik Rydler, tel + 46 33 16 54 01, fax + 46 33 12 50 38 or e-mail
karlerik.rydler@sp.se '

SP, Elektrisk miitteknik, Box 857, S-501 15 BORAS

Finland, measuring period September-October 1996.

Tapio Mansten, tel + 358 0 456 65 79, fax + 358 0 456 64 75 or e-mail
tapio.mansten @ vtt.fi

VTT Automation, PL. 1304, FIN-02044 VTT

The calibration certificate shall be sent to the coordinator at your National
laboratory within two weeks after the measurement. The coordinator wilt forward
the certificates to SP. The calibration certificate can also be sent directly to SP but
you must then inform the coordinator.

Transports

To keep the schedule the measurements must be finalised within one week. For
transportation between the laboratories some days are available. It is very
important that you have the correct address to the next participating laboratory
and that transports are made according to the schedule. Please inform the
coordinator immediately when the measuring object is received and when it is
sent to the next laboratory. :

Yours sincerely

sp
Electrical metrology

Karl-Erik Rydler



Annex 1

DC Zero |

Before the measurements starts a "DC Zero” shall be made on the calibrator. "DC
Zero” is a procedure that minimise the offset efrors of the calibrator and it takes
about 3 minutes to run. Before ”DC Zero” is run the calibrator shall have
stabilised in the measuring environment for at least 12 hours. Do the following:

1. Take away any connections to the frontpanel of the calibrator

2. Press “reset” if the calibrator is not in “power-up state”

3. Press the following sequence of softkeys:

”Setup menus” ~-> "Cal” --> "Zero”

4. When the process is ready a message to press any key will be glven Press any
key. :

5. Return to “power-up state” by pressing the softkey "Prev. Menu” two times.

Settmg of measurmg pomts

Press the following sequence to set e.g. the measurmg point 10 V, 1 kHz:
1; 0; V; 1; k; Hz; Enter

To continue to set 10 V DC press the sequence:
10, V; 0 Hz; Enter or.only 0, Hz;-Enter

To switch the output Voltage on/off press the key Opt/stby. Wait until the output
voltage has stabilised, U in the display will go off.




