PTB UNIIM

Germany Russia

TECHNICAL REPORT

Supplementary bilateral comparison of the measurement of
current transformers between UNIIM and PTB

COOMET.EM-S11

Final report

COOMET Project No 513/DE-a/10

May 2013

Enrico Mohns ”, Y. Sychev ?, and G. Roeissle ”

" Physikalisch-Technische Bundesanstalt (PTB), Bundesallee 100, 38116
Braunschweig, Germany

2 UNIIM, Yekaterinburg 620000, Russia






Index

I 512 o Ta 0 o7 U0 o N 4
2 PartiCIPANTS....ueeeeeeiiiiiiiiiiiiieeeiieiiiiitteeeeeeeeensatreeeeeeeesessssssaeeesssessssssssssaaaeeeas 4
3 Comparison SChEdUIE ......uuueiiiiiiiiiiiiiiiiieiieceee e 5
4 Travelling standard........c.eeceeeeiieiniieeniieieieeeeeeeee e sae e sae e aae e 5
5 Measurement conditions and methods...........ceveeeeeiieiiiiiiniiiiinnieeceeeee 7
5.1 PTB measurement method ..ot 7
5.2 UNIIM measurement method........ccccevuiiviiininininiiiiiiccccccceeee e 8
6 Symbols and definitions ........cuueeeieniiiiiinniiiieie 10
7 Uncertainty bBUud@et ......ueeeeeeiiiiniiiiiiiiiiiiiiiiieiecccnirreee e 1
7.1 Uncertainty calculation of PTB ..o 11
7.2 Uncertainty calculation of UNIIM........cccccooviviiiiiiininiiinccces 11
8 Data PrOCESSING . ...uuurrrieiiiiiiiiiittieeteiieiiiiiitttteeeeeeeeistrteeeeeeeessssssssssssessessssssssannns 12
9 RESUILS weuueeniiiiieiiiiittitieee ettt sa s s s s s s e e e e s aes 12
9.1 Transfer standard behavior ... 13
9.2 Measurement results of PTB and UNIIM .......ccccooviiiiiiiiiiiciiiieicenns 14
9.3 Differences and equivalence degree of the PTB and UNIIM results ............. 36
CONCIUSIONS ccevtiiiiiiiiiititiiieeeieeiirire e ssass s e e e e e s e sssssssssaseeeesssases 58
ReferencCes . ...ttt e 58
10 APPENAIX wurrriiiiiiiiiiiiniiiiieeiiiiiiiireee s saas s e s e e s s e seanes 59
10.1 Uncertainty budgets of PTB ......ccccocvviiiiiiniiiiiiiiniiccicenicecceens 59

10.2  Uncertainty budgets of UNIIM......ccccooiiiiiiiiniiiiiiiccccccnene 65



1 INTRODUCTION

A supplementary bilateral comparison was organized between PTB, Germany and FGUP
"UNIIM", Russia, in the field of current transformer ratio measurements. This comparison
is registered as COOMET project n0. 513/DE-a/10 and COOMET.EM-S11 in the BIPM

key comparison database.

The purpose of the comparison of each national AC high current ratio measuring
reference system is the determination of the equivalence degree of the national metrologi-

cal institutes.

The aim of the comparison was to demonstrate the improvement and extension of the
calibration and measurement capabilities (CMCs) of FGUP "UNIIM" in this area of work
and to support the submission of an improved and extended CMC for FGUP "UNIIM" in
Appendix C of the CIPM mutual recognition arrangement (MRA).

This comparison was financed in this framework by PTB and UNIIM and ran from March
2011 to the end of November 2011.

2 PARTICIPANTS

a) Participants:

Name: Physikalisch-Technische Bundesanstalt
Acronym: PTB

Address: 38116 Braunschweig, Bundesallee 100, PTB
Country: Germany

Contact person: Mr. Mohns, Enrico

Tel.: 0049 (531) 592-2350

Fax: 0049 (531) 592-2305

E-mail: Enrico.Mohns@ptb.de

Name: Ural Scientific Research Institute of Metrology
Acronym: FGUP "UNIIM"

Address: 4, Krasnoarmeiskaya St, GSP-824, Yekaterinburg, 620000
Country: Russia

Contact person: Mr. Y. Sychev

Tel.: 007 (343) 350 20 65
Fax: 007 (343) 350 26 18
E-mail: Sichev@uniim.ru

b) Pilot laboratory: PTB, Germany, E. Mohns, G. Roeissle

c) Comparison coordinator: PTB, Germany, E. Mohns



3 COMPARISON SCHEDULE

The travelling standards were circulated as follows
a) PTB: March 2011 to June 2011

b) UNIIM: October 2011 to November 2011

The behavior of the travelling transformers during the comparison was determined from

the measurements at PTB.

The transport of the travelling standards was arranged by using a door-to-door parcel

service.

4 TRAVELLING STANDARD

The travelling standards for the comparison were two two-stage current transformers (CTs)
manufactured by TME, Russia. Their owner is UNIIM. They can be operated either in a
passive or an active compensation mode. The relevant technical data are summarized as

follows

a) Travelling CT #1

Type: TTE-3000.5
Current ratio: 0,5A-3kA)/5A;0r (05A-600A) /1A
Error limits: 0.003 % and 0.2 min

Serial number:  03-09

b) Travelling CT #2

Type: TTE-200
Current ratio: 50 kA / 250 A
Error limits: 0.003 % and 0.2 min

Serial number: 03-09

For current ratios up to 3 kA /5 A; or equivalently 600 A / 1 A, the first CT (Std. #1
“TTE-3000.5”) is used in the active compensation mode. The burden is 100 m€. In order
to provide a symmetrical single-turn primary winding at rated currents above 300 A, a
removable bus line fixed to the CT housing is used during the comparison. A photograph

is shown in Figure 1.

The second, passively operated CT (Std. #2 “TTE-2007) with a fixed current ratio of
50 k / 250 A, is used to extend the current range of the “TTE-3000.5”. The intermediate
burden of the “TTE-200" is determined by the test leads to the “TTE-3000.5" and by the
impedance of the primary winding used. A photograph is shown in Figure 2.



Figure 1:  Photograph of the travelling standard CT #1 “TTE-3000.5”.

Figure 2:  Photograph of the travelling standard CT #2 “TTE-200".



5 MEASUREMENT CONDITIONS AND METHODS

The comparison was performed at a test frequency of 50 Hz. For the current ratio of
5A /5 A an additional measurement at 60 Hz was performed. The measurements were
performed at 120 %, 100 %, 20 %, 5 % and 1 % of the rated current. Table 1 shows the

measured current ratios.

Table 1:  List of the compared current ratios.

Rated secondary Travelling Rated primary currents
current in A standards in A
TTE-3000.5 5; 20; 505 100; 500; 1 000; 3 000
5

TTE-200 + TTE-3000.5 10 000; 30 000; 50 000

TTE-3000.5 1;10; 100; 500

TTE-200 + TTE-3000.5 5 000; 10 000; 20 000; 50 000

The burden of the CT “TTE-3000.5" is 100 m€. The intermediate burden of the “TTE-
2007 is determined by the test leads to the “TTE-3000.5 and by the impedance of the

primary winding in use.

Each measurement was performed twice (between measurement a) and b), the primary
current was inverted to cancel out systematic power line effects.). The results of these two
measurements were averaged and this mean value was taken as a result of one measure-

ment.

The participants were asked to follow their usual measurement procedure corresponding to

their best measurement capabilities.

5.1 PTB MEASUREMENT METHOD

The CT measurement system consists mainly of a set of three current comparators (CC)
based on [1], an auxiliary two-stage current transformer based on [2] and a self-calibrating
current transformer test set (Std.: “SEKAM 1II”) [3] based on the differential method. The
test set is shown in Figure 3. For current ratios up to 800 A / 5 A (Std.: “IW 51”) or up to
3kA /5 A (Std.: “IW 327), the CCs ate connected either directly as a two-stage CT to the
bridge or using the auxiliary two-stage CT (Std.: “ZW 51”) with the ratio 5A / 1A in a
cascade arrangement to establish a rated secondary current of 1 A. For the highest current
range up to 100 kA, a CC with a rated ratio of 50 kA /100 A (Std.: “IW 33”) [4] is
connected as a two-stage CT in cascade with either the “IW 517 for the rated secondary
current of 5 A or with the cascade “IW 517 + “ZW 51” for the rated secondary current of
1A.

To ensure that the CCs - connected as two-stage transformers - stay within certain limits

during the calibration of the travelling standard, plausibility tests of their detector winding



voltage with and without compensation winding and the associated error differences were
performed. The uncertainties of the CT measurement systems were confirmed several
times [5, 0].

r— Eingangsteil —— r Messwertaufbereitung 4

Figure 3: Current transformer calibration circuit of PTB. The self-calibrating PTB
current transformer test set “SEKAM II” based on the differential method [3]
is shown in more detail. Additional current inputs for compensation windings
of the CT are available but they are not shown for more simplicity.

5.2 UNIIM MEASUREMENT METHOD

The measurement system for the calibration of current transformers of UNIIM consists
of electronic compensated CCs (Std.: "TTEK-30K/5") and the CT test set (Std.: "KHT-
05AM"). The test set is based on the differential method and is shown in Figure 4. The CC

consists of two comparators as shown in Figure 5.

TTEK-30K/5 (IN) has two magnetic cores, a magnetic screen and four windings -
detection winding WD, compensation winding Wc, secondary winding Ws and the primary
winding Wp. WD is wound on the inner core and connected to the input of the amplifier,
which generates a current through the compensation winding Wec thus reducing the
magnetic flux within the inner core. This coil is placed inside a magnetic shield, on top of a

magnetic shield compensation winding, The number of turns in Wec is equal to the number



of winding turns in Ws. The secondary current IN is added to the compensation current to

the burden of the comparator.

The current reference cascade comparator TTEK-30K / 5 consists of two compatators.
The first operates in a range of primary currents from 0.5 to 3000 A for a rated secondary
current of 5 A and from 0.5 to 600 A for a rated secondary current of 1 A. The second
comparator is designed to extend the range of the rated primary current from 3000 A
(from 600 A for a secondary rated current of 1A) to 50 kA. The operating range of the
actual current is from 1 to 120 % of the rated current. The calibration of the current
comparator is catrried out by self-calibration methods based on a transformer ratio of 1/1
for all its windings and error detections with increasing ratio by comparing the various

combinations used in the primary and secondary windings.
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Figure 4:  Current transformer calibration circuit of UNIIM.

The secondary windings of both transformers Ty and Ty are connected in series to the
differential current transformer T,. The compensation current I. of the current compara-
tor T is additionally fed into the transformer T,, which operates as the summation current
transformer. T, supplies the differential current Iy = Ix — I + I.. The number of turns in
W2 is equal to the number of turns in W1 of the transformer T,. The currents I and I,
are converted into the voltages Uy and Uy proportionally to these. These voltages are
amplified and converted into discrete sequences. The signal source switch is operated with
a clock frequency of 800-Fy. When analyzing the received digital data, the microcontroller
selects the optimum amplifier stage for each measurement channel, and - using discrete
Fourier transformation - it calculates the amplitude and the angular errors of the test
transformer. The uncertainty of measurement is 2:10” of the value of the respective
measurement error but not less than 4-107. The test set also determines the burden
parameters and contents of higher harmonics in currents. The software calculates the

associated Typ A measurement uncertainty of a set of measurements.



Figure 5:

6

Photograph of the current comparator TTEK-30K/5

SYMBOLS AND DEFINITIONS

The quantities to be measured are the current ratio error and the phase displacement of

the travelling standards. The definitions stated are in accordance with the standard
IEC 61869-2 [7].

I,1

P> Tpr

I, 1

s> Tsr

K,

I/1

p.r

cos f

actual and rated primary current.
actual and rated secondary current.
nominal current ratio of the CT. It is defined by the ratio I, / ..

current ratio error; the relative current error which a transformer introduces into
the measurement of a current and which arises from the fact that the actual trans-
formation ratio is not equal to the rated transformation ratio. In the measurement

results the current ratio error is expressed in pA / A.

phase displacement; the difference in phase between the primary and secondary
current vectors. The direction of the vectors being chosen in such a way that the
phase displacement is positive when the secondary current vector leads the pri-

mary current vector. In the results the phase displacement is expressed in prad.
test point expressed in %o.
burden; the impedance of the secondary circuit including the test leads in ohms.

power factor of the burden for sinusoidal waveforms.
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In complex mathematical notation, assuming sinusoidal waveforms the actual current ratio
F of the CT is given by

Fi==S=— X[~ )

7 UNCERTAINTY BUDGET

7.1 UNCERTAINTY CALCULATION OF PTB

The uncertainty budgets of the PTB results &,y and dpyy contain six different contribu-
tions; Type-A uncertainty of the measurement (1), uncertainty of the bridge (2), uncer-
tainty of the standard CT (3), burden variation (4), frequency variation (5), and uncertainty
of the circuit configuration (6). The expanded uncertainties (£ = 2) of the PTB results are

calculated according to

Evrs) ZD/Z (£ors)
2D/zu (Cors)

where # represents the standard uncertainty of the contribution with index z The uncer-

2

tainty budgets are given in more detail in appendix 10.1.

7.2 UNCERTAINTY CALCULATION OF UNIIM

The uncertainty budgets of the UNIIM results e and dyyy contain nine different
contributions; Type-A uncertainty of the measurement (1), uncertainty of the bridge (2),
uncertainty of the standard CT (3), burden variation (4), frequency variation (5), uncer-
tainty of the circuit configuration (6), test point variation (7), reproducibility (8), and an
error dependent uncertainty for the excitation of the bridge (9). The expanded uncertain-
ties (&£ = 2) of the UNIIM results are calculated according to

U\HM =20 z Eunmm )

5UNHM =20 f z "y (5UNHM)

where # represents the standard uncertainty of the contribution with index z The uncer-

T

©))

tainty budgets are given in more detail in appendix 10.2.

11



8 DATA PROCESSING

To evaluate the equivalence degree of the CT measurement systems, the EN factor for the
current ratio error difference EN(Aeg) and for the phase displacement difference EN(AJ)

are calculated according to

A&y
EN(AEg) = —ULN(HA\; P)TB
C i

o

UNIIM-PTB

. 4
EN(BO)==5 (06)
C i

where Aeyneprs and Adywyprs are the current ratio error difference and the phase
displacement difference of the results of UNIIM and PTB and

Uc(88,) = U (Epra) + U () + UZ4(E)

)
U (8) =AU () + U (S ) + UZ4(0)

represent the combined uncertainties of the calculated current ratio error difference and of
the phase displacement difference, respectively. The term U, represents an additional
uncertainty contribution of the travelling standard CTs (see 9.1) and is estimated from

those measurements to be within £ 1 ppm (or urad).

9 RESULTS

The results of the comparison are given in this section. In sub-section 9.1 the results of the

determination of the behavior of the transfer standard are summarized.

The measured current ratio errors and the phase displacement of each laboratory are given
in section 9.2. The results are given in Table 2 and graphically in Figure 7 to Figure 24. For
illustrative purposes, the reference values of the comparison (i.e. the variance weighted-

mean) are also shown. No further computation is done with this reference values.

The calculated differences of the current ratio errors and of the phase displacements
between both laboratories are given in section 9.3. The degree of equivalence (EN factor)
is calculated from those differences. The results are given in Table 3 and are shown

graphically in Figure 25 to Figure 42.
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9.1 TRANSFER STANDARD BEHAVIOR

PTB measured the travelling standard CT #1 three times during the project. Figure 6
shows the results for the measurements made by PTB for ratio 5A /5 A at test points
varying from 1 % to 120 %, at a burden of 0.1 Q, unity power factor, at a frequency of
50 Hz and at an ambient temperature of 22 °C £ 2°C. The stability of the transfer

standards is estimated from measurements to be within * 1 ppm (or prad).

transfer stability - current ratio error
157
10+ ]
< 16
< o5 ¥ ¢ 22.07.2010
c [ 4
= | @ 22.02.2011
W
0,0 + ———br—rrrrt — A 220520114
eRef
T in PAVA
0,5 +
1 10 100 1000
lp /1y, IN%
transfer stability - phase displacement
-5,0 T Tt T Tt T T
& 22.07.2010
S 1 @ 22022011
-6,0 194 A 22.05.2011
<
< P S ORef
§_ -6,5 t1 in prad
£ i
© 701
-75 +
-8,0 +
1 10 100 1000
lp /1y, in%

Figure 6:  Stability of the travelling standard CT #1 during July 2010 and May 2011.
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9.2 MEASUREMENT RESULTS OF PTB AND UNIIM

Table 2: Individual current ratio error and phase displacement results of PTB and

UNIIM.
PTB results UNIIM results
Ratio 5A/5A;f =50 Hz
I / lpr EpTB OpT U(eprs) U(dpts) EUNIIM SuNIIm Uleunim) |~ U(0unim )
in % in HA/A in prad in pA/A in prad in pA/A in prad in HA/A in prad
120 09 -7,1 20 2,0 0,7 -6,4 35 45
100 0,9 -7,0 2,0 2,0 0,6 -6,4 35 45
20 0,5 -6,6 20 2,0 0,2 -5,9 35 45
5 0,7 -6,0 2,0 2,0 0,3 -5,4 35 45
1 0,7 -59 20 2,0 03 -54 50 6,0
Ratio 20 A/ 5 A;f =50 Hz
120 -0,3 -0,3 20 2,0 -04 -1,1 35 45
100 -0,3 -0,3 2,0 2,0 -0,4 -1,0 35 45
20 -0,3 -0,3 20 2,0 -04 -1,0 35 45
5 -0,3 -0,2 2,0 2,0 -04 -0,9 35 45
1 -04 -0,2 20 2,0 -0,5 -0,8 50 6,0
Ratio 50 A/ 5 A;f =50 Hz
120 0,3 -6,5 20 2,0 0,1 -7,1 35 45
100 0,2 -6,4 20 2,0 0,0 -7,1 35 45
20 -0,1 -59 2,0 2,0 -0,4 -6,6 35 45
5 -0,1 -5,4 2,0 2,0 -0,3 -6,1 35 45
1 -0,1 -52 20 2,0 -0,3 -6,0 50 6,0
Ratio 100 A/ 5 A;f =50 Hz
120 -04 -1,0 2,0 2,0 -0,2 -2,0 35 45
100 -05 -1,0 20 2,0 -0,2 -2,0 35 45
20 -0,6 -0,9 2,0 2,0 -0,3 -2,0 35 45
5 -05 -0,8 20 2,0 -0,3 -1,9 35 45
1 -0,5 -1,0 2,0 2,0 -0,3 -1,8 50 6,0
Ratio 500 A/ 5 A;f =50 Hz
120 -1,5 -6,2 2,0 2,0 -4 -6,9 6,0 7,0

14



100 -1,8 -6,2 2,0 2,0 -1,5 -6,9 6,0 7,0
20 -2,1 -6,5 2,0 2,0 -2,1 =Tyl 6,0 7,0
5 -1,9 -5,8 2,0 2,0 -1,9 -6,3 6,0 7,0
1 -1,9 -5,7 2,0 2,0 -1,8 59 7,0 75

Ratio 1 000 A/5A;f =50 H

120 -6,0 11 3,0 4,0 -1,5 -0,6 7,0 8,0

100 -5,9 10 3,0 4,0 -1,5 -0,6 7,0 8,0
20 -6,2 0,0 3,0 4,0 -2,5 -1,3 7,0 8,0
5 -6,4 -0,1 3,0 4,0 -2,2 -1,2 7,0 8,0
1 -7,5 0,7 3,0 4,0 -2,0 -0,9 8,0 85

Ratio 3000 A/5A;f =50 H

120 -4,5 4,0 3,0 4,0 -1,6 0,4 8,0 9,0

100 -4,7 3,9 3,0 4,0 -1,6 03 8,0 9,0
20 -4,9 33 30 4,0 -1,7 -0,1 8,0 9,0
5 -4,8 35 3,0 4,0 -2,3 -0,8 8,0 9,0
1 -4,5 75 3,0 4,0 -2,0 -0,4 9,5 9,5

Ratio 10 000 A/ 5 Af =50 Hz

120 0,0 -6,4 4,0 6,0 -0,2 -7,3 8,0 9,0

100 0,0 -6,3 4,0 6,0 -0,3 7,2 8,0 9,0
20 -0,5 -5,7 4,0 6,0 -0,7 -6,8 8,0 9,0
5 -0,6 -51 4,0 6,0 -0,8 -6,1 8,0 9,0
1 -0,7 -5,0 4,0 6,0 -0,9 -5,7 10,0 10,0

Ratio 30 000 A/ 5 Ajf =50 Hz

120 -1,2 0,5 4,0 6,0 -0,4 -0,8 10,0 10,5

100 -1,3 0,5 4,0 6,0 -0,4 -0,8 10,0 10,5
20 -1,1 0,3 4,0 6,0 -0,6 -0,8 10,0 10,5
5 -1,2 0,4 4,0 6,0 -1,0 -0,6 10,0 10,5
1 -1,4 0,3 4,0 6,0 -1,3 -0,4 11,0 12,0

Ratio 50 000 A/ 5 Af =50 Hz

120 -1,1 0,7 4,0 6,0 -0,7 -0,3 12,0 13,0

100 -1,2 0,7 4,0 6,0 -0,6 -0,4 12,0 13,0
20 -1,2 0,6 4,0 6,0 -0,9 -0,4 12,0 13,0
5 -1,0 0,6 4,0 6,0 -0,9 -0,5 12,0 13,0

15



1 -1,1 04 4,0 6,0 -1,2 -0,1 135 14,0
Ratio 5A/5A;f =60 Hz
120 09 -89 20 2,0 08 -7,4 35 45
100 0,8 -8,9 2,0 2,0 0,7 -1,4 35 45
20 0,6 -84 20 2,0 04 -7,0 35 45
5 0,6 -8,0 2,0 2,0 04 -6,7 35 45
1 0,6 -7,8 20 2,0 04 -6,8 50 6,0
Ratio 1A/ 1A;f=50 Hz
YA £pTB JpTB U(epa) U(dpre) EUNIM OUNIIM U(eunim ) U(dunim )
in % in HA/A in prad in HA/A in prad in HA/A in prad in HA/A in prad
120 0,7 -6,1 2,0 2,0 0,2 -5,8 45 55
100 0,7 -6,1 20 2,0 0,2 -5,8 45 55
20 0,7 -5,7 2,0 2,0 0,3 -5,2 45 55
5 0,7 -5,7 20 2,0 03 -5,2 55 6,5
1 0,9 -5,8 2,0 2,0 0,3 -5,2 7,0 8,0
Ratio 10 A/ 1 A;f =50 Hz
120 -1,6 -5,7 3,0 30 -1,2 -3,6 45 55
100 -1,5 -5,7 3,0 30 -1,2 -3,6 45 55
20 -1,2 -5,2 3,0 30 -1,1 -3,2 45 55
5 -2,0 -55 3,0 3,0 -1,1 -3,2 55 6,5
1 -2,0 -6,1 3,0 30 -1,0 -3,2 7,0 8,0
Ratio 100 A/ 1 A;f =50 Hz
120 -25 -7,3 3,0 3,0 -2,1 -7,0 6,5 75
100 -2,6 -7,2 3,0 30 -2,0 -6,9 6,5 75
20 -23 -6,6 3,0 3,0 -1,8 -6,2 6,5 75
5 -3,1 -6,6 3,0 30 -1,8 -5,8 75 85
1 -32 -6,6 3,0 3,0 -1,8 -5,2 9,0 10,0
Ratio 500 A/ 1 A;f =50 Hz
120 -3,0 -25 3,0 3,0 -1,7 -0,1 8,0 85
100 -3,1 -2,6 3,0 30 -19 -0,2 8,0 85
20 -32 -32 3,0 3,0 -24 -0,7 8,0 85
5 -3,7 -3,2 3,0 30 -2,2 -04 9,0 10,0
1 -35 -3,0 3,0 3,0 -1,8 -0,1 10,5 11,0
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Ratio 5000 A/ 1 A;f =50 Hz

120 -11 -0,3 50 6,0 -0,8 -11 8,0 85
100 -1,1 -0,3 50 6,0 -0,8 -1,1 8,0 85
20 -1,0 0,0 50 6,0 -1,1 -0,8 8,0 85
5 -1,9 -0,2 50 6,0 -1,2 -0,7 9,5 10,0
1 -2,0 -0,4 50 6,0 -14 -0,5 11,0 115
Ratio 10 000 A/ 1 Af =50 Hz
120 -1,2 23 50 6,0 -0,9 -0,4 8,5 95
100 -1,3 23 50 6,0 -0,9 -0,4 8,5 95
20 -1,2 22 5,0 6,0 -0,8 -0,5 85 95
5 -2,0 24 50 6,0 -1,0 -0,2 10,0 11,0
1 -31 21 50 6,0 -1,2 -0,3 11,5 12,5
Ratio 20 000 A/ 1 Af =50 Hz
120 -2,7 -4,5 50 6,0 -2,5 -6,4 12,0 13,0
100 -2,7 -4,4 5,0 6,0 -2,4 -6,3 12,0 13,0
20 -2,2 -3,8 50 6,0 -1,9 -5,.3 12,0 13,0
5 -31 -3.3 50 6,0 -2,1 -4,9 135 14,5
1 -4,3 -3,6 50 6,0 -2,0 -5,3 15,0 16,0
Ratio 50 000 A/ 1 Af =50 Hz
120 -3,4 0,8 50 6,0 -3,0 -1,4 14,0 15,0
100 -3,6 0,7 50 6,0 -3,1 -15 14,0 150
20 -3,0 0,4 50 6,0 -3,1 -1,5 14,0 15,0
5 -3,6 0,5 50 6,0 -3,0 -1,0 15,5 16,0
1 -3,9 0,1 50 6,0 -3,0 -1,1 17,0 18,0
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Figure 7:

Ratio 5A /5A; I/ IL,=1... 120 %; 50 Hz. Results of the measured current

ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-

parison reference values (black curve) are shown additionally.
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Measured current ratio error
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Figure 8:

Ratio 20A / 5A; I/ L, =1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 9: Ratio 50 A /5A; I/ I, =1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red points) and PTB (blue points). The bars represent the individual
measurement uncertainties (k= 2). For illustration purposes the comparison
reference values (black curve) are shown additionally.
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Figure 10: Ratio 100 A /5 A; I/ I, =1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 11:

Ratio 500 A / 5 A; T/ I, =1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 12: Ratio 1000 A / 5A; I/ I, =1... 120 %; 50 Hz. Results of the measured current

ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 13: Ratio 3000 A /5A; I/ I, =1... 120 %; 50 Hz. Results of the measured current

ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 14: Ratio 10 000A /5A; I/ I,=1... 120 %; 50 Hz. Results of the measured
current ratio error (upper figure) and of the phase displacement (lower figure)
of UNIIM (red symbols) and PTB (blue symbols). The bars represent the in-
dividual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 15:

Ratio 30 000A /5A; I/ IL,=1... 120%; 50 Hz. Results of the measured
current ratio error (upper figure) and of the phase displacement (lower figure)
of UNIIM (red symbols) and PTB (blue symbols). The bars represent the in-
dividual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 16: Ratio 50 000 A /5A; I/ I,=1... 120 %; 50 Hz. Results of the measured

current ratio error (upper figure) and of the phase displacement (lower figure)
of UNIIM (red symbols) and PTB (blue symbols). The bars represent the in-
dividual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 17:

Ratio 1A /1A; I/ I,=1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 18: Ratio 10A /1A; I/ I, =1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 19: Ratio 100 A / 1A; I/ I, =1... 120 %; 50 Hz. Results of the measured current

ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 20:

Ratio 500 A /1 A; I/ L, =1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 21:

Ratio 5000 A / 1A; 7/ I, =1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 22:

Ratio 10000 A / 1 A; 7/ I, =1... 120 %; 50 Hz. Results of the measured current
ratio error (upper figure) and of the phase displacement (lower figure) of
UNIIM (red symbols) and PTB (blue symbols). The bars represent the indi-
vidual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 23: Ratio 20 000A /1A; I/ L, =1... 120 %; 50 Hz. Results of the measured

current ratio error (upper figure) and of the phase displacement (lower figure)
of UNIIM (red symbols) and PTB (blue symbols). The bars represent the in-
dividual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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Figure 24: Ratio 50 000A /1A; I/ I,=1... 120 %; 50 Hz. Results of the measured

current ratio error (upper figure) and of the phase displacement (lower figure)
of UNIIM (red symbols) and PTB (blue symbols). The bars represent the in-
dividual measurement uncertainties (k= 2). For illustration purposes the com-
parison reference values (black curve) are shown additionally.
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9.3 DIFFERENCES AND EQUIVALENCE DEGREE OF THE PTB AND

UNIIM RESULTS

Table 3: Differences of the current ratio error and of the phase displacement results of
PTB and UNIIM, and their EN factor.
Ratio 5A/5A;f =50 Hz
s | e | med | nawa | et | N | ENG9
120 02 07 41 50 0,0 01
100 -0,3 0,6 41 50 -0,1 0,1
20 03 08 41 50 01 01
5 -04 0,7 41 50 -0,1 0,1
1 0,4 06 5,4 6,4 01 01
Ratio 20 A/ 5 A;f =50 Hz
120 01 0,7 42 53 0,0 01
100 01 0,7 42 53 0,0 01
20 0,0 -0,7 42 53 0,0 -0,1
5 01 0,7 42 53 0,0 01
1 -0,1 -0,6 55 6,6 0,0 -01
Ratio 50A /5 A;f =50 Hz
120 -0,3 -0,6 42 53 -0,1 -0,1
100 -0,2 -0,6 42 53 0,0 -0,1
20 03 0,7 42 53 01 01
5 -0,2 -0,6 42 53 0,0 -0,1
1 02 -08 55 6,6 0,0 01
Ratio 100 A/ 5 A;f =50 Hz
120 02 -1,0 42 53 0,0 0,2
100 03 -1,0 42 53 01 0,2
20 0,3 -1,1 42 53 0,1 -0,2
5 02 1,1 42 53 0,0 0,2
1 0,2 -0,8 55 6,6 0,0 -01
Ratio 500 A/ 5 A;f =50 Hz
120 0,1 -0,7 6,4 75 0,0 -01
100 0,3 -0,6 6,4 75 0,0 -0,1
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20 0,1 -0,6 6,4 75 0,0 -0,1
5 0,0 -05 6,4 75 0,0 -0,1
1 0,2 -0,1 7,3 8,0 0,0 0,0
Ratio 1 000 A/ 5 A;f =50 Hz
120 45 -1,7 7,7 9,2 0,6 -0,2
100 44 -1,6 7,7 9,2 0,6 -0,2
20 37 -1,3 7,7 9,2 0,5 -0,1
5 4,2 -1,1 7,7 9,2 05 -0,1
1 55 -1,6 8,6 9,6 0,6 -0,2
Ratio 3 000 A/ 5 A;f =50 Hz
120 29 -3,6 8,6 10,0 0,3 -04
100 31 -3,6 8,6 10,0 04 -04
20 33 -3,4 8,6 10,0 04 -0,3
5 25 -43 8,6 10,0 03 -0,4
1 25 -7,9 10,0 10,5 0,2 -0,8
Ratio 10 000 A/ 5 Af =50 Hz
120 -0,2 -0,9 9,0 11,0 0,0 -0,1
100 -0,3 -0,9 9,0 11,0 0,0 -0,1
20 -0,2 -1,1 9,0 11,0 0,0 -0,1
5 -0,2 -1,0 9,0 11,0 0,0 -0,1
1 -0,2 -0,7 10,8 11,8 0,0 -0,1
Ratio 30 000 A/ 5 Af =50 Hz
120 0,8 -1,3 10,8 12,3 0,1 -0,1
100 0,9 -1,3 10,8 12,3 01 -0,1
20 05 -1,1 10,8 12,3 0,0 -0,1
5 0,3 -1,0 10,8 12,3 0,0 -0,1
1 0,2 -0,7 11,7 13,6 0,0 0,0
Ratio 50 000 A/ 5 Af =50 Hz
120 0,5 -1,0 12,7 14,5 0,0 -0,1
100 0,6 -1,1 12,7 14,5 0,0 -0,1
20 0,3 -1,0 12,7 14,5 0,0 -0,1
5 0,2 -1,1 12,7 14,5 0,0 -0,1
1 0,0 -05 141 154 0,0 0,0

Ratio 5A/5A;f =60 Hz
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120 -0,1 15 41 5,0 0,0 03
100 -0,1 15 41 5,0 0,0 03
20 -0,2 14 41 50 0,0 0,3
5 -0,2 13 41 5,0 0,0 03
1 -0,3 1,0 54 6,4 0,0 0,1
Ratio 1A/ 1A;f=50Hz
120 -0,6 0,3 50 6,2 -0,1 0,0
100 -0,6 04 50 6,2 -0,1 0,1
20 -04 0,5 50 6,2 -0,1 0,1
5 -0,5 0,5 59 7,1 -0,1 0,1
1 -0,6 0,6 73 85 -0,1 0,1
Ratio 10 A/ 1 A;f =50 Hz
120 04 21 55 6,6 01 03
100 03 2,2 55 6,6 01 03
20 0,1 21 55 6,6 0,0 0,3
5 10 24 6,3 74 01 03
1 1,0 29 7,7 838 0,1 0,3
Ratio 100 A/ 1 A;f =50 Hz
120 05 0,3 7,2 83 0,1 0,0
100 0,6 0,3 7,2 83 0,1 0,0
20 0,5 04 7,2 83 01 01
5 14 0,9 81 9,2 0,2 0,1
1 14 14 9,5 10,6 01 0,1
Ratio 500 A/ 1 A;f =50 Hz
120 13 24 8,6 9,2 0,2 03
100 13 25 8,6 9,2 01 03
20 0,9 2,6 8,6 9,2 0,1 0,3
5 16 29 9,5 10,6 0,2 03
1 1,7 30 11,0 11,6 0,2 0,3
Ratio 5000 A/ 1 A;f =50 Hz
120 0,3 -0,8 9,5 10,6 0,0 -0,1
100 04 -0,8 9,5 10,6 0,0 -0,1
20 -0,1 -0,8 9,5 10,6 0,0 -0,1
5 0,7 -0,5 10,8 11,8 0,1 0,0
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1 0,7 -0,1 12,1 131 0,1 0,0
Ratio 10 000 A/ 1 Af =50 Hz
120 0,3 -2,7 9,9 1.4 0,0 -0,2
100 04 -2,7 99 11,4 0,0 -0,2
20 04 -2,7 9,9 1.4 0,0 -0,2
5 1,0 -25 11,2 12,7 0,1 -0,2
1 19 -2,4 12,6 14,0 01 -0,2
Ratio 20 000 A/ 1 Af =50 Hz
120 0,3 -1,9 13,0 14,5 0,0 -0,1
100 0,3 -1,9 13,0 14,5 0,0 -0,1
20 0,3 -1,5 13,0 14,5 0,0 -0,1
5 10 -1,6 144 158 0,1 -0,1
1 23 -1,7 15,8 17,2 0,1 -0,1
Ratio 50 000 A/ 1 Af =50 Hz
120 0,4 -2,2 14,9 16,3 0,0 -0,1
100 0,6 -2,2 14,9 16,3 0,0 -0,1
20 -0,1 -1,9 14,9 16,3 0,0 -0,1
5 0,6 -1,5 16,3 17,2 0,0 -0,1
1 09 -1,2 17,7 191 01 -0,1
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Figure 25: Ratio 5A /5A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences (Ae)

and phase displacement differences (Ad) between UNIIM and PTB are shown
in the upper part of the figure. The bars represent the combined measurement
uncertainties (k= 2). The EN factor for the current ratio error difference
EN(Aei) and for the phase displacement difference EN(ASi) are shown in the

lower part of the figure.
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Figure 26: Ratio 20 A / 5 A; I/ I, =1... 120 %; 50 Hz. Curtent ratio error differences (Ag)
and phase displacement differences (Ad) between UNIIM and PTB are shown
in the upper part of the figure. The bars represent the combined measurement
uncertainties (k= 2). The EN factor for the current ratio error difference
EN(A¢i) and for the phase displacement difference EN(ASi) are shown in the
lower part of the figure.
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Figure 27: Ratio 50 A / 5 A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences (Ag)
and phase displacement differences (Ad) between UNIIM and PTB are shown
in the upper part of the figure. The bars represent the combined measurement
uncertainties (k= 2). The EN factor for the current ratio error difference
EN(A¢i) and for the phase displacement difference EN(ASi) are shown in the
lower part of the figure.
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Figure 28: Ratio 100 A / 5 A; I/ I, = 1... 120 %; 50 Hz. Cutrrent ratio error differences (Ag)

and phase displacement differences (Ad) between UNIIM and PTB are shown
in the upper part of the figure. The bars represent the combined measurement
uncertainties (k= 2). The EN factor for the current ratio error difference
EN(Aei) and for the phase displacement difference EN(ASi) are shown in the
lower part of the figure.
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Figure 29: Ratio 500 A /5A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences

(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in

the lower part of the figure.
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Figure 30: Ratio 1 000 A /5A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences

(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in
the lower part of the figure.
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Figure 31: Ratio 3 000A /5A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences

(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in

the lower part of the figure.
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Figure 32: Ratio 10 000 A / 5 A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences
(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in

the lower part of the figure.
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Figure 33: Ratio 30 000 A / 5 A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences
(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in
the lower part of the figure.
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Figure 34: Ratio 50 000 A / 5 A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences

(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in

the lower part of the figure.
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Figure 35: Ratio 1A /1A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences (Ae)
and phase displacement differences (Ad) between UNIIM and PTB are shown
in the upper part of the figure. The bars represent the combined measurement
uncertainties (k= 2). The EN factor for the current ratio error difference
EN(A¢i) and for the phase displacement difference EN(ASi) are shown in the
lower part of the figure.

50



UNIIM-PTB differences
15
10 -
<78 s  AcUNIIM-PTB
i 5 in pA/A
£ £ u @ ASUNIIM-PTB
w 0 1 ——— — in prad H
a4 d
-5 E - L
-10
1 10 100 1000
Ip /1p, in%
EN factor
1,5 1’
1
S 05 e EN(e
z : e o0 ® EN(AY)
= 0_ T T ------: ‘ T llllll” +L|m|t1'v'|
3 ] —-Limit
> -05%
L ]
-1 :
151
1 10 100 1000
lp /1o, iNn%
Figure 36: Ratio 10 A /1A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences (Ae)

and phase displacement differences (Ad) between UNIIM and PTB are shown
in the upper part of the figure. The bars represent the combined measurement
uncertainties (k= 2). The EN factor for the current ratio error difference
EN(Aei) and for the phase displacement difference EN(ASi) are shown in the

lower part of the figure.
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Figure 37: Ratio 100 A / 1A; I/ I, = 1... 120 %; 50 Hz. Current ratio error differences (Ag)
and phase displacement differences (Ad) between UNIIM and PTB are shown
in the upper part of the figure. The bars represent the combined measurement
uncertainties (k= 2). The EN factor for the current ratio error difference
EN(A¢i) and for the phase displacement difference EN(ASi) are shown in the
lower part of the figure.
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Figure 38: Ratio 500 A / 1A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences (Ag)

and phase displacement differences (Ad) between UNIIM and PTB are shown
in the upper part of the figure. The bars represent the combined measurement
uncertainties (k= 2). The EN factor for the current ratio error difference
EN(Aei) and for the phase displacement difference EN(ASi) are shown in the
lower part of the figure.
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Figure 39: Ratio 5 000 A / 1A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences

(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in

the lower part of the figure.
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Figure 40: Ratio 10 000 A /1 A; 7/ I, =1... 120 %; 50 Hz. Current ratio error differences
(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in
the lower part of the figure.

55



UNIIM-PTB differences

@ AsUNIIM-PTB

‘ T .....w in PA/A

@ ASUNIIM-PTB
in prad

Ag in pA/A
P RN
o 01 O U1 O
Dommam
i
y
L

AJ in prad
NN R B,
(6} o (63} o (03]

1 10 100 1000
lp /1, in%
EN factor
1,5 1’
1
S 05 e EN(Ae)
= ® EN(AD)
- 0 ' 3: ‘ . +Limit ™
§ “ — Limit
Z -0,5
w
_11
15
1 10 100 1000
Iy /1, in%

Figure 41: Ratio 20 000 A / 1A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences
(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in
the lower part of the figure.
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Figure 42: Ratio 50 000 A / 1A; I/ I, =1... 120 %; 50 Hz. Current ratio error differences

(Ae) and phase displacement differences (A8) between UNIIM and PTB are
shown in the upper part of the figure. The bars represent the combined meas-
urement uncertainties (k= 2). The EN factor for the current ratio error differ-
ence EN(Aei) and for the phase displacement difference EN(Adi) are shown in

the lower part of the figure.
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CONCLUSIONS

For all of the current ratio error measurements and the phase displacement measurements
there is a close agreement between PTB (Germany) and UNIIM (Russia). Extensive
measurements with the travelling standards were carried out at 18 different current ratios
and at 5 different test points (1 %; 5 %; 20 %, 100 % and 120 %) each. The range of tested
primary currents was from 10 mA to 60 kA. It can therefore be concluded that the results
of each laboratory agree very well within the calculated measurement uncertainties. No
outliers were observed. Considering especially the EN factors, the calculated uncertainties
seem to be too conservative to some extent. Here there is the possibility to slightly improve

the uncertainty budgets in the future if there is a need.

The worst EN factors are within + 0.6 at 1 kA / 5 A (see Figure 30), or £ 0.8 at 3 kA (see
Figure 31). The current comparator “IW 32” from PTB may have caused that. This was
subsequently confirmed. The primary current induced a small voltage in the compensation

winding, This problem has now been solved.
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10 APPENDIX

10.1 UNCERTAINTY BUDGETS OF PTB

Table 4:

PTB uncertainty budget for the current ratio error and the phase displacement

for rated primary currents from 5 A to 500 A. The secondary current is 5 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz or 60 Hz.

uncertainty budget

50/60 Hz; (5A - 500A) / 5A; 1,/1,, = 1%... 120%

PTB Braunschweig

working group 2.35 "Instrument transformer”

current ratio error &,
. . standard
quantity  limits type distribution uncertainty
X inpA /A u(xy)
S(€ grigge) (SEKAM II; n = 10) 2 A normal 0,37
€ grigge (SEKAM 11) 0,5 B normal 0,25
&1 (standard CT1 - IW33) 0 B normal 0,00
&2 (standard CT2 - IW51) 0,5 B normal 0,25
€3 (standard CT3 - ZW51) 0 B normal 0,00
€ (influence of burden) 0,2 B rectangular 0,12
€ (influence of frequency) 0,5 B rectangular 0,29
€ cireuit (influence of circuit configuration) 1 B rectangular 0,58
standard uncertainty u(g,)= 0,83 pA/A
round off - expanded measurement uncertainty (  k =2) Uprg(ex) = 2,0pyA/A
phase displacement Jy
. . standard
qua:.tlty i::mlts type distribution uncertainty
i prad u(x,)
S(0 griage) (SEKAM II; n = 10) 2 A normal 0,37
0 grigge (SEKAM 1) 0,5 B normal 0,25
O 1 (standard CT1 - IW33) 0 B normal 0,00
O - (standard CT2 - IW51) 0,7 B normal 0,35
O s (standard CT3 - ZW51) 0 B normal 0,00
0 g (influence of burden) 0,3 B rectangular 0,17
O (influence of frequency) 0,5 B rectangular 0,29
0O circuit (influence of circuit configuration) 1 B rectangular 0,58
standard uncertainty u(&,)= 0,88 pA/A
round off - expanded measurement uncertainty ( k =2) Uprg(6,) = 2,0pA/A
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Table 5:

PTB uncertainty budget for the current ratio error and the phase displacement

for rated primary currents from 5 A to 500 A. The secondary current is 1 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz or 60 Hz.

uncertainty budget PTB Braunschweig
50/60 Hz; (5A - 500A) / 1A; Ip/ Ip,r = 1%... 120% orking group 2.35 "Instrument transformer"”
current ratio error &,
. o standard
quantity . limits type distribution uncertainty
X inpA/A u(x,)
S(€ Brigge) (SEKAM 115 n = 10) 2 A normal 0,37
€ prigge (SEKAM 1) 0,5 B normal 0,25
& (standard CT1 - IW33) 0 B normal 0,00
€2 (standard CT2 - IW51) 0,5 B normal 0,25
€3 (standard CT3 - ZW51) 0,5 B normal 0,25
€ (influence of burden) 0,2 B rectangular 0,12
£ (influence of frequency) 0,5 B rectangular 0,29
€ cireuit (influence of circuit configuration) 1,5 B rectangular 0,87
standard uncertainty u(g,) = 1,08 pA/A
round off - expanded measurement uncertainty (  k =2) Uprg(€x) = 3,0pA/A
phase displacement J;
. o standard
quaxn.tlty i::mlts type distribution uncertainty
| rad U ()
(0 grigge) (SEKAM 1I; n = 10) 2 A normal 0,37
0 grigge (SEKAM 1) 0,5 B normal 0,25
O\ (standard CT1 - IW33) 0 B normal 0,00
O\, (standard CT2 - IW51) 0,7 B normal 0,35
O 3 (standard CT3 - ZW51) 0,7 B normal 0,35
0 g (influence of burden) 0,3 B rectangular 0,17
O (influence of frequency) 0,5 B rectangular 0,29
0 circuit (influence of circuit configuration) 1,5 B rectangular 0,87
standard uncertainty u(6,)= 1,14 pyA/A
round off - expanded measurement uncertainty (  k =2) Uprg(64) = 3,0pA/A
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Table 6:

PTB uncertainty budget for the current ratio error and the phase displacement

for rated primary currents from 500 A to 3 kA. The secondary current is 5 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz or 60 Hz.

uncertainty budget

50/60 Hz; (500A - 3KA) / 5A; Ip / Ip,r = 1%... 120%

PTB Braunschweig

working group 2.35 "Instrument transformer"”

current ratio error &,
. o standard
quantity limits type distribution uncertainty
X inpA/A u(x,)
S(€ prigge) (SEKAM II; n = 10) 2 A normal 0,37
€ prigge (SEKAM 1) 0,5 B normal 0,25
&1 (standard CT1 - IW33) B normal 0,00
&2 (standard CT2 - IW32) B normal 1,00
&3 (standard CT3 - ZW51) B normal 0,00
€ (influence of burden) 0,2 B rectangular 0,12
£ (influence of frequency) 0,5 B rectangular 0,29
€ cireuit (influence of circuit configuration) 1 B rectangular 0,58
standard uncertainty u(g,) = 1,28pA/A
round off - expanded measurement uncertainty (  k =2) Uprg(€x) = 3,0pA/A
phase displacement Jy
. o standard
quaxn.tlty i::mlts type distribution uncertainty
| rad U ()
(0 grigge) (SEKAM II; n = 10) 2 A normal 0,37
0 grigge (SEKAM 1) 0,5 B normal 0,25
O 1 (standard CT1 - IW33) B normal 0,00
O o (standard CT2 - IW32) B normal 1,50
O N3 (standard CT3 - ZW51) B normal 0,00
0 g (influence of burden) 0,3 B rectangular 0,17
O (influence of frequency) 0,5 B rectangular 0,29
0 cireuit (influence of circuit configuration) 1 B rectangular 0,58
standard uncertainty u(d,)= 1,70 yA/A
round off - expanded measurement uncertainty ( Kk =2) Uprg(64) = 4,0pA/A
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Table 7:

PTB uncertainty budget for the current ratio error and the phase displacement

for rated primary currents from 500 A to 3 kA. The secondary current is 1 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz or 60 Hz.

uncertainty budget PTB Braunschweig
50/60 Hz; (500A - 3kA) / 1A; Ip / Ip,r = 1%... 120% working group 2.35 "Instrument transformer"”
current ratio error &,
. . standard
quantity . limits type distribution uncertainty
X inpA/A u(x,)
S(€ Brigge) (SEKAM 115 n = 10) 2 A normal 0,37
€ prigge (SEKAM 1) 0,5 B normal 0,25
& (standard CT1 - IW33) 0 B normal 0,00
&n2 (standard CT2 - IW32) 2 B normal 1,00
€3 (standard CT3 - ZW51) 0,5 B normal 0,25
€ (influence of burden) 0,2 B rectangular 0,12
£ (influence of frequency) 0,5 B rectangular 0,29
€ cireuit (influence of circuit configuration) 1,5 B rectangular 0,87
standard uncertainty u(g,)= 145pA/A
round off - expanded measurement uncertainty (  k =2) Uprg(€x) = 3,0pA/A
phase displacement J;
. . standard
quaxn.tlty i::mlts type distribution uncertainty
| rad U ()
(0 grigge) (SEKAM 1I; n = 10) 2 A normal 0,37
0 grigge (SEKAM 1) 0,5 B normal 0,25
O\ (standard CT1 - IW33) 0 B normal 0,00
O\, (standard CT2 - IW32) 3 B normal 1,50
O 3 (standard CT3 - ZW51) 0,7 B normal 0,35
0 g (influence of burden) 0,3 B rectangular 0,17
O (influence of frequency) 0,5 B rectangular 0,29
0 circuit (influence of circuit configuration) 1,5 B rectangular 0,87
standard uncertainty u(6,)= 1,85pA/A
round off - expanded measurement uncertainty (  k =2) Uprg(64) = 4,0pA/A
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Table 8:

PTB uncertainty budget for the current ratio error and the phase displacement

for rated primary currents from 5 kA to 50 kA. The secondary current is 5 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz or 60 Hz.

uncertainty budget

50/60 Hz; (SKA - 50kA) / 5A; Ip / Ip,r = 1%... 120%

PTB Braunschweig

working group 2.35 "Instrument transformer"”

current ratio error &,
. . standard
quantity limits type distribution uncertainty
X inpA/A u(x,)
S(€ Brigge) (SEKAM II; n = 10) 2 A normal 0,37
€ prigge (SEKAM 1) 0,5 B normal 0,25
& (standard CT1 - IW33) 3 B normal 1,50
&n2 (standard CT2 - IW51) 0,5 B normal 0,25
€3 (standard CT3 - ZW51) 0 B normal 0,00
€ (influence of burden) 0,2 B rectangular 0,12
£ (influence of frequency) 0,5 B rectangular 0,29
€ cireuit (influence of circuit configuration) 1,5 B rectangular 0,87
standard uncertainty u(g,)= 1,83 pA/A
round off - expanded measurement uncertainty ( k =2) Uprg(€x) = 4,0pA/A
phase displacement Jy
. . standard
quaxn.tlty i::mlts type distribution uncertainty
| rad U ()
(0 grigge) (SEKAM II; n = 10) 2 A normal 0,37
0 grigge (SEKAM 1) 0,5 B normal 0,25
O\ (standard CT1 - IW33) 5 B normal 2,50
O\, (standard CT2 - IW51) 0,7 B normal 0,35
O 3 (standard CT3 - ZW51) 0 B normal 0,00
0 g (influence of burden) 0,3 B rectangular 0,17
O (influence of frequency) 0,5 B rectangular 0,29
0 cireuit (influence of circuit configuration) 1,5 B rectangular 0,87
standard uncertainty u(6,)= 2,73 pA/A
round off - expanded measurement uncertainty (  k =2) Uprg(64) = 6,0 A/ A

63



Table 9:

PTB uncertainty budget for the current ratio error and the phase displacement

for rated primary currents from 5 kA to 50 kA. The secondary current is 1 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz or 60 Hz.

uncertainty budget

50/60 Hz; (SKA - 50kA) / 1A; Ip / Ip,r = 1%... 120%

PTB Braunschweig

working group 2.35 "Instrument transformer"”

current ratio error &,
. o standard
quantity limits type distribution uncertainty
X inpA/A u(x,)
S(€ prigge) (SEKAM II; n = 10) 2 A normal 0,37
€ prigge (SEKAM 1) 0,5 B normal 0,25
& (standard CT1 - IW33) 3 B normal 1,50
€2 (standard CT2 - IW51) 0,5 B normal 0,25
€3 (standard CT3 - ZW51) 0,5 B normal 0,25
€ (influence of burden) 0,2 B rectangular 0,12
£ (influence of frequency) 0,5 B rectangular 0,29
€ cireuit (influence of circuit configuration) 2 B rectangular 1,15
standard uncertainty u(g,) = 2,00 pA/A
round off - expanded measurement uncertainty ( k =2) Uprg(€x) = 5,0pA/A
phase displacement J;
. o standard
quaxn.tlty i::mlts type distribution uncertainty
| rad U ()
(0 grigge) (SEKAM 1I; n = 10) 2 A normal 0,37
0 grigge (SEKAM 1) 0,5 B normal 0,25
O\ (standard CT1 - IW33) 5 B normal 2,50
O\, (standard CT2 - IW51) 0,7 B normal 0,35
O 3 (standard CT3 - ZW51) 0,7 B normal 0,35
0 g (influence of burden) 0,3 B rectangular 0,17
O (influence of frequency) 0,5 B rectangular 0,29
0 circuit (influence of circuit configuration) 2 B rectangular 1,15
standard uncertainty u(d,)= 2,85uA/A
round off - expanded measurement uncertainty (  k =2) Uprg(64) = 6,0pA/A
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10.2 UNCERTAINTY BUDGETS OF UNIIM

Table 10: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents of 1 A and 10 A. The secondary current is 1 A.

The test points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 1/1, 10/1, I/In = 20-120%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor & ppm
Calibration of current comparator 4 B normal 2 1 2,00
Calibration of test set 0,4 B rectangular | 1,7321 1 0,23
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1 B rectangular | 1,7321 1 0,58
Circuit configuration 0,1 B normal 2 1 0,05
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and 6i(+0,01-(si or Oi) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 2,10
Expanded uncertainty k=2 4,20

Current error uncertainty, ratio 1/1, 10/1, I/In = 5%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. Divisor G ppm
Calibration of current comparator 5 B normal 2 1 2,50
Calibration of test set 0,8 B rectangular | 1,7321 1 0,46
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,2 B normal 2 1 0,10
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and 6i(+0,01-(¢i or Oi) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 2,71
Expanded uncertainty k=2 5,42

Current errort uncertainty, ratio 1/1, 10/1, I/In = 1%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. Divisor o ppm
Calibration of current comparator 6 B normal 2 1 3,00
Calibration of test set 1,2 B rectangular | 1,7321 1 0,69
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of 1/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 0,3 B normal 2 1 0,15
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of €i and di(x0,01-(¢i or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 3,36
Expanded uncertainty k=2 6,72




Table: (continued)
Phase displacement uncertainty, ratio 1/1, 10/1, I/In = 20-120%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), wrad
Calibration of current comparator 5 B normal 2 1 2,50
Calibration of test set 0,6 B rectangular | 1,7321 1 0,35
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 1 B rectangular | 1,7321 1 0,58
Circuit configuration 0,1 B normal 2 1 0,05
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 2,60
Expanded uncertainty k=2 5,19
Phase displacement uncertainty, ratio 1/1, 10/1, I/In = 5%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 6 B normal 2 1 3,00
Calibration of test set 1 B rectangular | 1,7321 1 0,58
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,2 B normal 2 1 0,10
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 3,20
Expanded uncertainty k=2 6,39
Phase displacement uncertainty, ratio 1/1, 10/1, I/In = 1%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 7 B normal 2 1 3,50
Calibration of test set 1,5 B rectangular | 1,7321 1 0,87
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 0,3 B normal 2 1 0,15
Uncertainty type A (n=10) 0,5 A normal 1 1 0,50
Influence of €i and &i(x0,01-(¢i or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 3,84
Expanded uncertainty k=2 7,67
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Table 11: UNIIM uncertainty budget for the current ratio error and the phase displace-
ment for rated primary currents of 100 A. The secondary current is 1 A. The test
points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 100/1 I/In = 20-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 6,2 B normal 2 1 3,10
Calibration of test set 0,4 B rectangular | 1,7321 1 0,23
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,3 B normal 2 1 0,15
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 3,24
Expanded uncertainty k=2 6,47

Current error uncertainty, ratio 100/1 I/In = 5%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 7 B normal 2 1 3,50
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 0,5 B normal 2 1 0,25
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 3,73
Expanded uncertainty k=2 7,47

Current error uncertainty, ratio 100/1 I/In = 1%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 1,2 B rectangular 2 1 0,60
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 0,7 B normal 2 1 0,35
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of i and &i(x0,01-(ei or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 4,36
Expanded uncertainty k=2 8,72
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Table:  (continued)
Phase displacement uncertainty, ratio 100/1 I/In = 20-120%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), wrad
Calibration of current comparator 7 B normal 2 1 3,50
Calibration of test set 0,6 B rectangular | 1,7321 1 0,35
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,3 B normal 2 1 0,15
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 3,63
Expanded uncertainty k=2 7,26
Phase displacement uncertainty, ratio 100/1 I/In = 5%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 0,5 B normal 2 1 0,25
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,22
Expanded uncertainty k=2 8,43
Phase displacement uncertainty, ratio 100/1 I/In = 1%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 1,5 B rectangular 2 1 0,75
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 0,7 B normal 2 1 0,35
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of €i and &i(x0,01-(¢i or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 4,85
Expanded uncertainty k=2 9,69
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Table 12: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents of 500 A. The secondary current is 1 A. The test

points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 500/1 I/In = 20-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 7,3 B normal 2 1 3,65
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,8 A normal 2 1 0,40
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 3,78
Expanded uncertainty k=2 7,56

Current error uncertainty, ratio 500/1 I/In = 5%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 1,5 A normal 2 1 0,75
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,35
Expanded uncertainty k=2 8,70

Current error uncertainty, ratio 500/1 I/In = 1%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 1,2 B rectangular 2 1 0,60
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 2 A normal 2 1 1,00
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of €i and &i(x0,01-(ei or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 5,01
Expanded uncertainty k=2 10,01




Table: (continued)
Phase displacement uncertainty, ratio 500/1 I/In = 20-120%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), wrad
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,8 A normal 2 1 0,40
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 4,13
Expanded uncertainty k=2 8,25
Phase displacement uncertainty, ratio 500/1 I/In = 5%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 1,5 A normal 2 1 0,75
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,82
Expanded uncertainty k=2 9,65
Phase displacement uncertainty, ratio 500/1 I/In = 1%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 10 B normal 2 1 5,00
Calibration of test set 1,5 B rectangular 2 1 0,75
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 2 A normal 2 1 1,00
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of €i and &i(x0,01-(¢i or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 5,48
Expanded uncertainty k=2 10,96
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Table 13: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents of 5 kA. The secondary current is 1 A. The test

points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 5k/1 I/In = 20-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 7 B normal 2 1 3,50
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 2 B normal 2 1 1,00
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 3,75
Expanded uncertainty k=2 7,50

Current error uncertainty, ratio 5k/1 I/In = 5%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,54
Expanded uncertainty k=2 9,08

Current error uncertainty, ratio 5k/1 I/In = 1%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 1,2 B rectangular 2 1 0,60
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of i and &i(x0,01-(ei or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 5,30
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Table: (continued)
Phase displacement uncertainty, ratio 5k/1 I/In = 20-120%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), wrad
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 2 B normal 2 1 1,00
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 4,23
Expanded uncertainty k=2 8,45
Phase displacement uncertainty, ratio 5k/1 I/In = 5%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 5,00
Expanded uncertainty k=2 9,99

Phase displacement uncertainty, ratio 5k/1 I/In = 1%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 10 B normal 2 1 5,00
Calibration of test set 1,5 B rectangular 2 1 0,75
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,5 A normal 1 1 0,50
Influence of €i and &i(x0,01-(¢i or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 5,74
Expanded uncertainty k=2 11,47
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Table 14: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents of 10 kA. The secondary current is 1 A. The test

points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 10k/1 I/In = 20-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 2 B normal 2 1 1,00
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 4,22
Expanded uncertainty k=2 8,44

Current error uncertainty, ratio 10k/1 I/In = 5%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,99
Expanded uncertainty k=2 9,97

Current error uncertainty, ratio 10k/1 I/In = 1%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 10 B normal 2 1 5,00
Calibration of test set 1,2 B rectangular 2 1 0,60
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of i and &i(x0,01-(ei or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 5,73
Expanded uncertainty k=2 11,46




Table: (continued)
Phase displacement uncertainty, ratio 10k/1 I/In = 20-120%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), wrad
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 2 B normal 2 1 1,00
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 4,70
Expanded uncertainty k=2 9,41
Phase displacement uncertainty, ratio 10k/1 I/In = 5%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 10 B normal 2 1 5,00
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 5,45
Expanded uncertainty k=2 10,90

Phase displacement uncertainty, ratio 10k/1 I/In = 1%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 11 B normal 2 1 5,50
Calibration of test set 1,5 B rectangular 2 1 0,75
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,5 A normal 1 1 0,50
Influence of €i and &i(x0,01-(¢i or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 6,18
Expanded uncertainty k=2 12,36

74



Table 15: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents of 20 kA. The secondary current is 1 A. The test

points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 20k/1 I/In = 20-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 11 B normal 2 1 5,50
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 5,82
Expanded uncertainty k=2 11,65

Current error uncertainty, ratio 20k/1 I/In = 5%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 12 B normal 2 1 6,00
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 6,58
Expanded uncertainty k=2 13,16

Current error uncertainty, ratio 20k/1 I/In = 1%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 13 B normal 2 1 6,50
Calibration of test set 1,2 B rectangular 2 1 0,60
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 4 B rectangular | 1,7321 1 2,31
Circuit configuration 5 B normal 2 1 2,50
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of i and &i(x0,01-(ei or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 7,39
Expanded uncertainty k=2 14,79
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Table: (continued)
Phase displacement uncertainty, ratio 20k/1 I/In = 20-120%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), wrad
Calibration of current comparator 12 B normal 2 1 6,00
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 6,30
Expanded uncertainty k=2 12,60
Phase displacement uncertainty, ratio 20k/1 I/In = 5%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 13 B normal 2 1 6,50
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 7,04
Expanded uncertainty k=2 14,09

Phase displacement uncertainty, ratio 20k/1 I/In = 1%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 14 B normal 2 1 7,00
Calibration of test set 1,5 B rectangular 2 1 0,75
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 4 B rectangular | 1,7321 1 2,31
Circuit configuration 5 B normal 2 1 2,50
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of €i and &i(x0,01-(¢i or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 7,85
Expanded uncertainty k=2 15,70
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Table 16: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents of 50 kA. The secondary current is 1 A. The test

points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 50k/1 I/In = 20-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 13 B normal 2 1 6,50
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 6,78
Expanded uncertainty k=2 13,55

Current error uncertainty, ratio 50k/1 I/In = 5%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 14 B normal 2 1 7,00
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 7,50
Expanded uncertainty k=2 15,01

Current error uncertainty, ratio 50k/1 I/In = 1%

Value, ui(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 15 B normal 2 1 7,50
Calibration of test set 1,2 B rectangular 2 1 0,60
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 4 B rectangular | 1,7321 1 2,31
Circuit configuration 5 B normal 2 1 2,50
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of i and &i(x0,01-(ei or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 8,29
Expanded uncertainty k=2 16,57
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Table: (continued)
Phase displacement uncertainty, ratio 50k/1 I/In = 20-120%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), wrad
Calibration of current comparator 14 B normal 2 1 7,00
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06

Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 7,26
Expanded uncertainty k=2 14,52
Phase displacement uncertainty, ratio 50k/1 I/In = 5%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 15 B normal 2 1 7,50
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 7,98
Expanded uncertainty k=2 15,95

Phase displacement uncertainty, ratio 50k/1 I/In = 1%
Value,

Source of uncertainty Hrad Type Prob.Distr. | Divisor G ui(y), Wrad
Calibration of current comparator 16 B normal 2 1 8,00
Calibration of test set 1,5 B rectangular 2 1 0,75
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,5 B rectangular | 1,7321 1 0,29
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 4 B rectangular | 1,7321 1 2,31
Circuit configuration 5 B normal 2 1 2,50
Uncertainty type A (n=10) 0,6 A normal 1 1 0,60
Influence of €i and &i(x0,01-(¢i or &i) 0,2 B rectangular 1,7321 1 0,12
Combined uncertainty 8,75
Expanded uncertainty k=2 17,51
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Table 17: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents from 5 A to 100 A. The secondary current is 5 A.

The test points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 5/5, 20/5, 50/5,100/5, I/In = 5-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 3 B normal 2 1 1,50
Calibration of test set 0,4 B rectangular | 1,7321 1 0,23
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1 B rectangular | 1,7321 1 0,58
Circuit configuration 0,1 B normal 2 1 0,05
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 1,63
Expanded uncertainty k=2 3,27

current error uncertainty, ratio 5/5, 20/5, 50/5,100/5, I/In = 1%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 4 B normal 2 1 2,00
Calibration of test set 0,8 B rectangular | 1,7321 1 0,46
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 0,2 B normal 2 1 0,10
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 2,38
Expanded uncertainty k=2 4,77
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Table: (continued)

Phase displacement uncertainty, ratio 5/5, 20/5, 50/5,100/5, I/In = 5-120%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor Ci prad
Calibration of current comparator 4 B normal 2 1 2,00
Calibration of test set 0,6 B rectangular | 1,7321 1 0,35
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1 B rectangular | 1,7321 1 0,58
Circuit configuration 0,1 B normal 2 1 0,05
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 2,12
Expanded uncertainty k=2 4,24

Phase displacement uncertainty, ratio 5/5, 20/5, 50/5,100/5, I/In = 1%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor G Hrad
Calibration of current comparator 5 B normal 2 1 2,50
Calibration of test set 1 B rectangular | 1,7321 1 0,58
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 0,2 B normal 2 1 0,10
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 2,84
Expanded uncertainty k=2 5,68




Table 18: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents of 500 A. The secondary current is 5 A. The test

points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 500/5 I/In = 5-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 5,4 B normal 2 1 2,70
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,3 B normal 2 1 0,15
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 2,85
Expanded uncertainty k=2 5,70

Current error uncertainty, ratio 500/5 I/In = 1%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 6 B normal 2 1 3,00
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 0,5 B normal 2 1 0,25
Uncertainty type A (n=10) 0,5 A normal 1 1 0,50
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 3,41
Expanded uncertainty k=2 6,81
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Table: (continued)

Phase displacement uncertainty, ratio 500/5 I/In = 5-120%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor Ci prad
Calibration of current comparator 6,2 B normal 2 1 3,10
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,3 B normal 2 1 0,15
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 3,24
Expanded uncertainty k=2 6,48

Phase displacement uncertainty, ratio 500/5 I/In = 1%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor G Hrad
Calibration of current comparator 7 B normal 2 1 3,50
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 0,5 B normal 2 1 0,25
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 3,75
Expanded uncertainty k=2 7,49

82



Table 19: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents of 1kA. The secondary current is 5 A. The test

points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 1000/5 I/In = 5-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 6,5 B normal 2 1 3,25
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,5 A normal 2 1 0,25
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 3,38
Expanded uncertainty k=2 6,77

Current error uncertainty, ratio 1000/5 I/In = 1%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 7 B normal 2 1 3,50
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 1 A normal 2 1 0,50
Uncertainty type A (n=10) 0,5 A normal 1 1 0,50
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 3,88
Expanded uncertainty k=2 7,75
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Table: (continued)

Phase displacement uncertainty, ratio 1000/5 I/In = 5-120%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor Ci prad
Calibration of current comparator 7,4 B normal 2 1 3,70
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,5 B normal 2 1 0,25
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 3,82
Expanded uncertainty k=2 7,65

Phase displacement uncertainty, ratio 1000/5 I/In = 1%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor G Hrad
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 1 A normal 2 1 0,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,24
Expanded uncertainty 8,48
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Table 20: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents from 3 kA. The secondary current is 5 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 3000/5 I/In = 5-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 7,5 B normal 2 1 3,75
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,8 B normal 2 1 0,40
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 3,88
Expanded uncertainty k=2 7,76

Current error uncertainty, ratio 3000/5 I/In = 1%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 8,5 B normal 2 1 4,25
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 1,5 B normal 2 1 0,75
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,58
Expanded uncertainty k=2 9,16
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Table: (continued)

Phase displacement uncertainty, ratio 3000/5 I/In = 5-120%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor Ci prad
Calibration of current comparator 8,3 B normal 2 1 4,15
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 0,8 B normal 2 1 0,40
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 4,27
Expanded uncertainty k=2 8,54

Phase displacement uncertainty, ratio 3000/5 I/In = 1%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor G Hrad
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 1,5 B normal 2 1 0,75
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,75
Expanded uncertainty k=2 9,49
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Table 21: UNIIM uncertainty budget for the current ratio error and the phase displace-
ment for rated primary currents from 10 kA. The secondary current is 5 A. The
test points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 10k/5 I/In = 5-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 7,5 B normal 2 1 3,75
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 2 B normal 2 1 1,00
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 3,99
Expanded uncertainty k=2 7,97

Current error uncertainty, ratio 10k/5 I/In = 1%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 8,5 B normal 2 1 4,25
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,76
Expanded uncertainty k=2 9,53




Table: (continued)

Phase displacement uncertainty, ratio 10k/5 I/In = 5-120%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor Ci prad
Calibration of current comparator 8 B normal 2 1 4,00
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 2 B normal 2 1 1,00
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 4,23
Expanded uncertainty k=2 8,45

Phase displacement uncertainty, ratio 10k/5 I/In = 1%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor G Hrad
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 4,92
Expanded uncertainty k=2 9,84
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Table 22: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents from 30 kA. The secondary current is 5 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 30k/5 I/In = 5-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 9 B normal 2 1 4,50
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 2 B normal 2 1 1,00
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 4,70
Expanded uncertainty k=2 9,40

Current error uncertainty, ratio 30k/5 I/In = 1%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 10 B normal 2 1 5,00
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 5,44
Expanded uncertainty k=2 10,89
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Table: (continued)

Phase displacement uncertainty, ratio 30k/5 I/In = 5-120%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor Ci prad
Calibration of current comparator 10 B normal 2 1 5,00
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 1,5 B rectangular | 1,7321 1 0,87
Circuit configuration 2 B normal 2 1 1,00
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 5,18
Expanded uncertainty k=2 10,37

Phase displacement uncertainty, ratio 30k/5 I/In = 1%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor G Hrad
Calibration of current comparator 11 B normal 2 1 5,50
Calibration of test set 1 B rectangular 2 1 0,50
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 5,85
Expanded uncertainty k=2 11,70
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Table 23: UNIIM uncertainty budget for the current ratio error and the phase displace-

ment for rated primary currents from 50 kA. The secondary current is 5 A. The

test points vary from 1 % to 120 % and the frequency is 50 Hz.

Current error uncertainty, ratio 50k/5 I/In = 5-120%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor G ppm
Calibration of current comparator 11 B normal 2 1 5,50
Calibration of test set 0,4 B rectangular 2 1 0,20
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(ei or &i) 0,06 B rectangular 1,7321 1 0,03
Combined uncertainty 5,82
Expanded uncertainty k=2 11,65

Current error uncertainty, ratio 50k/5 I/In = 1%

Value, u(y),

Source of uncertainty ppm Type Prob.Distr. | Divisor Ci ppm
Calibration of current comparator 12 B normal 2 1 6,00
Calibration of test set 0,8 B rectangular 2 1 0,40
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 3 B rectangular | 1,7321 1 1,73
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 6,58
Expanded uncertainty k=2 13,16
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Table: (continued)

Phase displacement uncertainty, ratio 50k/5 I/In = 5-120%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor Ci prad
Calibration of current comparator 12 B normal 2 1 6,00
Calibration of test set 0,6 B rectangular 2 1 0,30
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,2 B rectangular | 1,7321 1 0,12
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2 B rectangular | 1,7321 1 1,15
Circuit configuration 3 B normal 2 1 1,50
Uncertainty type A (n=10) 0,1 A normal 1 1 0,10
Influence of €i and &i(x0,01-(¢i or &i) 0,04 B rectangular 1,7321 1 0,02
Combined uncertainty 6,30
Expanded uncertainty k=2 12,60

Phase displacement uncertainty, ratio 50k/5 I/In = 1%

Value, ui(y),

Source of uncertainty Hrad Type Prob.Distr. | Divisor G Hrad
Calibration of current comparator 13 B normal 2 1 6,50
Calibration of test set 1,2 B rectangular 2 1 0,60
Influence of burden(+0,5%) 0,1 B rectangular | 1,7321 1 0,06
Influence of I/In(0,01-1/In) 0,3 B rectangular | 1,7321 1 0,17
Influence of frequency(+0,1Hz) 0,1 B rectangular | 1,7321 1 0,06
Reproducibility 2,5 B rectangular | 1,7321 1 1,44
Circuit configuration 4 B normal 2 1 2,00
Uncertainty type A (n=10) 0,3 A normal 1 1 0,30
Influence of €i and &i(x0,01-(ei or &i) 0,1 B rectangular 1,7321 1 0,06
Combined uncertainty 6,99
Expanded uncertainty k=2 13,97
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