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1. Introduction

1.1. Since 1998 within the framework of the COOMET project 7/RU-а/92 regional key comparison of the national measurement standards of the electric field strength for frequency 50 Hz have been carried out for the purpose of definition of the degree of equivalence of these standards. Participants of the comparison were: National Scientific and Research Institute for Physical Technical and Radiotechnical Measurement (VNIIFTRI, Russia); Physikalisch-Technische Bundesanstalt (PTB, Germany); Główny Urząd Miar (GUM, Poland). By the end of 1998 on all national measurement standards the calibration of the transfer standard EM-100, supplied by PTB for realization of comparison was completed. In the following report the brief description of the national measurement standards, the transfer standard, the techniques of calibration of the transfer standard and the results of comparison are given. Processing of results of measurements and calculation of the characteristics of equivalence were carried out according to the appropriate international guides and recommendations [1-5].

1.2. In the given report the results of comparisons only at the frequency of 50 Hz are adduced. In the future it is supposed to conduct international comparisons in the field of low frequencies in range from 5 Hz to 20 kHz and in a high-frequency region in range from 20 kHz to 40 GHz.

2. National Measurement Standards of Electric Field Strength

2.1. All participants of comparison have national measurement standards (NMS) of the electric field strength which are realized in form of a generator (source) of the electric field. It means, that the NMS are characterized by a working volume, in which the homogeneous electric field is generated with known orientation of the vector of electric field strength and known uncertainties. More exactly, the NMS realize the true root mean square (TRMS) value of the module of a vector of the electric field strength (V/m). The generator of the electric field consists of the system of electrodes. Alternating voltage is applied to this system of electrodes from the high voltage generator. The characteristics of the participant's NMS are given in table 1.
Table 1

Characteristics of NMS
VNIIFTRI (1)

Russia
PTB (2)

Germany
GUM (3)

Poland

1. Frequency range 
(0 - 20) kHz
(16,66 - 400) Hz
50 Hz

2. Range of values of the electric field strength
(0,01 - 100) kV/m
(0,001 - 20) kV/m
(0,001 - 20) kV/m

3. Expanded uncertainty at calibration points for a coverage probability P=0,95 
0,8 %


0,3 %


1,2 %



4. Generator of the electric field 
Plane capacitors with circular plates: the screened capacitor (the diameter of the plates d = 0,8 m, the distance between the plates H = 0,5 m) and two unscreened capacitors (D = 1 m; H = 0,5 m; D = 0,5 m; H = 0,25 m)
The plane capacitor with square plates (1,5 m ( 1,5 m); the distance between the plates H = 0,75 m
The plane capacitor with square plates (1,5 m ( 1,5 m); the distance between the plates H = 0,75 m

5. High voltage applied to the capacitor 
Symmetrical or nonsymmetrical 
Symmetrical
Symmetrical

6. Space arrangement of the capacitor plates 
Vertical
Horizontal
Horizontal

3. Transfer Standard

3.1. The LF-E-Field measuring device EM 100 (manufacturer - IST Symann Trebbau GbR, Lippstadt, DE) was used as the transfer standard. The measuring device EM 100 consists of an E-field probe E 52 with two optical cable links, a display unit with microprocessor, a cable for connection to a PC and a charger for the batteries of the probe and the unit. The sensor element of the E-field probe E 52 is a plate capacitor of spherical shape. The displacement current between the two hemispheres is determined as a measure of the electric field strength. The technical data of EM 100 are given in Table 2.

Table 2

The parameter 
The value 

1. Dynamic range, kV/m
0,001 - 20

2. Measuring ranges, kV/m
0,2; 2; 20

3. Resolution, %
0,05 % of the measuring range

4. Frequency range for a measuring deviation - 3 dB, kHz
0,005-4

5. Basic error Uts under reference conditions in the frequency range (16-400) Hz , %
(1 % at temperature (23(3) (С



Maximum of operating time, h
8

4. Calibration Procedure of Transfer Standard

4.1. The calibration of the transfer standard by use of the NMS was carried out at the frequency 50 Hz at values of a reference electric field strength Er = 100, 200, 500, 1000, 2000, 5000, 10000 V/m. The probe of the transfer standard was installed in the capacitor of NMS so that its center coincided with center of the capacitor and the axis of the probe was perpendicular to the plates of the capacitor. The probe was suspended on nylon strings connected with plastic loop of the probe at the measuring place in VNIIFTRI and PTB. The probe was mounted on the stand delivered with the transfer standard at the measurements in GUM. The battery voltage of the unit and the probe was measured before and after every calibration.

5. Results of Calibration

5.1. The values of the calibration factor ki = Er/Ei (Er - reference electric field strength on NMS, Ei - result of measurement of the reference electric field strength on NMS with number i by transfer standard) measured in VNIIFTRI (k1), PTB (k2), GUM (k3) and the weighted average values of the calibration factor k are given in Table 3.

The weighted average of the calibration factor is given by [6]


[image: image1.wmf]å

=

=

3

1

i

i

k

i

p

k

 ; 


[image: image2.wmf]2

2

i

u

u

i

p

=

;


[image: image3.wmf]å

=

=

3

1

2

1

1

i

i

u

u


where:

ui = (uri2 + uts2)1/2 
– the standard uncertainty of the calibration factor ki, %; 
uri= Uri/t 
– the standard uncertainty of i-th NMS, %; t=2 - for a coverage probability P=0,95*); 
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– the standard uncertainty of the transfer standard, %; 
Uri 
– the expanded uncertainty of i-th NMS at calibration points with a coverage probability P=0,95, % (table 1); 
Uts 
– the basic error of the transfer standard under reference conditions in the frequency range (16-400) Hz, % (table 2). 

Table 3

Er, V/m
k1
VNIIFTRI
k2
PTB
k3
GUM
k

100
0,9901
0,9941
1,0000
0,9942

200
0,9970
0,9993
1,0152
1,0022

500
1,0020
0,9902
0,9980
0,9958

1000
1,0060
0,9919
1,0142
1,0016

2000
1,0137
0,9980
1,0204
1,0082

5000
1,0040
0,9916
1,0204
1,0022

10000
1,0000
0,9912
1,0246
1,0017

The expanded uncertainties Uri and the standard uncertainties uri were calculated by each participant of comparison according to the recommendations [3]. As the basic error of the transfer standard is estimated only by means of the limits Uts (table 2) a rectangular probability distribution can be assumed and the standard uncertainty uts is calculated by formula (3.8) from [3].

5.2 According to recommendation [4-5] the degree of equivalence of NMS is expressed quantitatively by the deviation of the calibration factor ki from the weighted average of calibration factor k i.e. by the relative difference di calculated by


di = 100(ki-k)/k,  %

and the expanded uncertainty Uik of this relative difference calculated by
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*)  The coverage factor defined by EA 4/02 is usually indicated by k. Throughout this report  k is used for the calibration factor. For this reason, as an exception, following the coverage factor is characterized by t.



5.3. The relative differences di are given in table 4. The metrological data of the NMS and of the transfer standard as well, and the expanded uncertainty of the relative differences di are given in Table 5.

Table 4

Er, V/m
d1, %

VNIIFTRI
d2, %

PTB
d3, %

GUM

100
-0,41
-0,01
0,58

200
-0,52
-0,29
1,30

500
0,62
-0,56
0,22

1000
0,44
-0,97
1,26

2000
0,55
-1,01
1,21

5000
0,18
-1,06
1,82

10000
-0,17
-1,05
(2,29)


Table 5

NMS Number 

(Transfer standard) 
Uri, %
Uts
Uik, %

1 (VNIIFTRI)
0,80
1,62

2 (PTB)
0,30
1,44

3 (GUM)
1,20
1,85

Transfer standard
1,0
-

In table 4 the brackets mark the relative differences di, which do not satisfy the criterion for equivalence: all national measurement standards are equivalent if the condition 
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 ( Uik (i=1, 2, …) is satisfied.

5.4. The equivalence of the VNIIFTRI and PTB national measurement standards at Er = 10000 V/m has been established by the method described above. The results for this case are:    k = 0,9949; d1 = 0,51 %; d2 = -0,37 %; U1k = 1,67 %; U2k = 1,50 %.

5.5. Results of the comparison of the NMS of VNIIFTRI, PTB and GUM are shown graphically in Fig.1-3 accordingly. On these diagrams the relative differences di are shown as points connected by a continuous line and the expanded uncertainties (Uik are shown as the dashed lines.

5.6. From table 4 can be seen that the relative difference d3 (GUM) to the average is higher than d1 (VNIIFTRI) and d2 (PTB). The possible reason of this distinction may be caused by the different methods of the mounting of the transfer standard probe in the measurement standard. In VNIIFTRI's and PTB's measurement standards the probe was suspended on nylon strings connected with the plastic loop of the probe. In GUM's measurement standard the probe was mounted on the dielectric stand. The use of the dielectric support can change the reading of the transfer measurement standard up to the order 1-2 %.

6. Conclusion

6.1. The VNIIFTRI, PTB and GUM national measurement standards are equivalent in a range of an electric field strength from 100 V/m to 5000 V/m.

6.2. The VNIIIFTRI and PTB national measurement standards are equivalent in a range of an electric field strength from 100 V/m to 10000 V/m.
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