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INTRODUCTION

This document covers multifunctional reference standard meters named Energomonitor 3.1KM,
the EM 3.1KM or the DUT (Device under test) below, and describes the operations included in their

primary and regular calibration.

This document determines the extent, conditions, methods and means of calibration and estab-
lishes the order of representation of calibration results.
This document covers either newly manufactured or newly repaired instruments as well as in-

struments being in operation.

A period of one calendar year is considered a maximum time between calibrations of the EM
3.1KM, whether it be in operation or storage.
In terms of accuracy characteristics, the EM 3.1KM comes in three modifications:

Energomonitor 3.1KM x-02;
Energomonitor 3.1KM x-05;
Energomonitor 3.1KM x-10.

1 OPERATIONS INCLUDED IN CALIBRATION PROCEDURE

A calibration procedure includes the operations specified in Table 1. 1.

Table 1.1
Corresponding | Primary
Operation item of this calibra- Regular calibration
document tion
Visual inspection 6.1 + +
Measuring strength of insulation 6.2 + +
Clock / memory function testing 6.3 + +
Accuracy testing 6.4 + +
Excluding section 6.4.3.3

Performance testing of frequency out- 6.5 + -
puts and frequency input

Testing of firmware 6.6 + +




2 MEANS OF CALIBRATION

2.1 It is recommended to use measuring equipment and tools listed in Table 2.1.

Table 2.1
. . e Items of the
Name and description Basic specifications document

State Primary Standard of |Measuring ranges: voltage range: 1...600 V; 6.4.1,6.4.3,
electrical power T 153  |Current range: 1-102...10 A; 6.4.4,6.4.5,

Power factor range: 1 0...+1 6.5.1;6.5.2

Residual systematlc error in producmg the unit of electrical power

(2 ...4)-10°

Standard (root mean square) deviation in producing the unit of elec-

trical power (0.5...1) -10°
Voltmeter-calibrator of DC |Range of measuring and producing of: 6.4.2
voltage B2-43 DC voltage — 0 to 1000 V, DC current— 0 to 10 A.

Limits of the relative intrinsic error in producing and measuring

voltage — £0.001 %.

Limits of the relative intrinsic error in producing and measuring

current:

+0.002 % at a current up to 200 mA;

+0.005 % at a current from 200 mA to 1A;

+0.01 % at a current from 1 Ato 10 A.
Megommeter ®4101 Output voltage — 1000 V; measuring range —0 to 100 MOhm; 6.2

intrinsic_measurement error — within +1 %.
Test System Range of generated voltages 1 — 500 V, 6.4.1; 6.4.3;
MTS ME 3.1K Range of generated currents 0.005-50 A, 6.4.5; 6.4.6;

Limits of the relative intrinsic error in measuring: 6.4.7

current — + [0.01+0.005 |(Inom/1) —1|] % at Inom = 0.1 A to 100 A;

+ [0.01+0.01|(Inom/1) =1| ] % at Inom = 0.05 A;

voltage — £ [0.01+0.005 |(Unom/U) —1[]1%

active power — +[0.015+0.005 |(Pnom/P) —1]]%
Generator of special wave- |[Frequency setting range — from 0.001 to 99999 Hz; error in setting 6.5.2
forms I'6-33 frequency (relative) — within £3-10 ; range of setting amplitude —

from 0.005t0 5 V.
Frequency meter of count- [Frequency measurement ranges for: 6.4.4;6.5.1
ing type Sinusoidal signal — 0.1 Hz to 1000 MHz;
q3-63 Pulse signal — 0.1 Hz to 200 MHz (0.1to10 V).

Ranges for measuring the periods of smusmdal and pulse signals —

0.1 microseconds to 10* s (10 MHz to 10™ Hz)

Frequency measurement error— within 5-10+1 counts.
Oscillograph TDS 1012 2-channel; frequency band — 0 to 100 MHz. 6.5.1
Personal computer with IBM-PC (P-111 800, 256 k) 6.3
Energomonitoring software
installed
Resistor C2-29B — 2 pcs 2 W; 2 kOhm =1 % 6.4.5
Resistor C2-23 0.25 W; 10 kOhm 5 % 6.5.1
Resistor C2-23 0.25 W; 3.9 kOhm +5 % 6.5.1

2.2 The means of calibration must function properly and have valid Calibration certificates.

2.3 The measuring instruments of reference class must be operated in accordance with their op-
erating instructions.

2.4 Other test equipment having accuracy (metrological) specifications and operating ranges no
worse than specified in the above table is acceptable.



3 SAFETY REQUIREMENTS

3.1 When calibrating the EM 3.1KM, safety requirements determined by Russian State standards
GOST 12.3.019, GOST 22261, and GOST 24855, as well as “Rules for Operating Electrical Systems
By Consumers”, “Interbranch Rules for Labor Safety (Safety Rules) When Operating Electrical
Systems” (Energoatomizdat, 2001) and safety requirements described in the User's Manual and all
operation documentation for the instruments, devices, tools and any other equipment used during
calibration must be observed.

3.2 Persons authorized to carry out calibration must have electrical safety qualification level I11
(but no less) and must be officially certified as calibrators.

3.3 Measuring equipment must be properly grounded before calibration. Grounding terminals
must be connected to the grounding circuit prior to making any other electrical connections and dis-
connected after disconnecting all other circuits.

4 Environmental conditions during calibration

The following environment conditions shall be observed:

Ambient temperature, °C 20 £5°C;

Relative humidity, % 30 - 80;

Atmospheric pressure, kPa (mm Hg) 84 - 106.7 (630 - 800);
Frequency of supply voltage, Hz 50 + 2.5;

Mains voltage, V 220 + 11;

Total Harmonic Distortion of power supply circuit, % 5, or less.

5 Preparing for calibration

Prior to calibration, the following steps shall be carried out:

Keep the device under test (the DUT) under conditions indicated in section 4 for at least 1
hour (in case it was kept under other environment conditions)

Connect the grounding terminal of each measuring instrument in use to the grounding circuit;
Connect the EM 3.1KM and means of calibration to mains supply 220V, 50 Hz and keep
them powered for a warm-up period (specified in their user manuals).



6 CALIBRATION

6.1 Visual inspection
Visual inspection includes checking the contents of the delivery package, marking and checking
the DUT for damages.

6.1.1 The delivery package must include all items listed in the operating documentation for the
EM 3.1KM, namely the items are specified in the User’s Manual.

6.1.2 Marking must be as described in the operating documentation.
6.1.2.1 The following marks are stenciled on the enclosure:
Name of the instrument (Energomonitor 3.1KM);
Manufacturer’s trade mark and logo;

Protection rating 1P20;

Power supply type and nominal power supply voltage;
Marking of input and output connectors.

6.1.2.2 The manufacturer’s nameplate contains:

Name of the instrument;

Serial number;

Date of manufacture (month and year).

6.1.3 The DUT shall not have mechanical damages that may affect its performance (the body,
connectors and cables, display, keypad, indicators and other items listed in the delivery package must
not be damaged).

6.2 Measuring resistance of insulation

6.2.1 Resistance of insulation is measured with a megommeter (e.g. ®4101) that has an opera-
tion voltage of 1000 V. The insulation resistance is measured between the following points:

- The ground terminal of the DUT from one side and the voltage inputs (Ua; Ug; Uc; Uy) and
current inputs (1a; Is; Ic) connected together from the other side;

- The ground terminal of the DUT from one side and the mains supply plug pins connected to-
gether and galvanically isolated from the device’s enclosure (the “Power” switch is set to Position
“ON”) from the other side;

- The mains supply plug pins connected together (the “Power” switch is set to Position “ON”)
from one side and the voltage inputs (Ua; Ug; Uc; Uy) and current inputs (1a; Is; Ic) connected to-
gether from the other side;

- The voltage inputs (Ua; Ug; Uc; Uy) connected together from one side and the current inputs
(1a; Ig; Ic) connected together from the other side.

Readings are taken in 30 sec (as a minimum) after applying test voltage.

The DUT passes the test if the value of insulation resistance is no less than 20 MOhm

6.3 Clock / memory function testing
6.3.1 These tests confirm that the date/time setting function works correctly and the settings are
kept in the memory after removing power from the DUT.

6.3.2 In the course of clock / memory function testing, make the following steps:

m Prepare the DUT for operation as described in the User’s manual;

= Power up the DUT; after applying power the display backlight is turned on and a “power up”
screen appears in 1...5 seconds (at the conclusion of initialization and initial configuration
procedures). The “power up” screen contains manufacturer’s name and logo, device type, its
accuracy option (02, 05, or 10), firmware version and identification number;



m Enter the password, select a circuit connection scheme and go to the main menu screen, on
which the current time (hours, minutes, seconds) and date (day, month, year) are displayed on
the top line and circuit connection scheme — on the bottom;

m Make sure that current and voltage measurement ranges and date/time settings are changed
appropriately;

= Turn the DUT off, and then turn it on in 5 minutes to make sure that the date/time settings are
kept intact in the memory after removing power;

m Activate the “Data Exchange with PC” mode and check the work of the communication ports.

6.3.3 The DUT passes the clock/memory function testing, if its operation is as described in the
“Multifunction Reference Standard Energomonitor 3.1KM, User’s Manual” document.

6.4 Accuracy testing
6.4.1 Determining intrinsic error in measuring AC voltage, current and apparent power

6.4.1.1 The relative intrinsic error in the measurements of root mean square (effective) values of
voltage 8y and fundamental (1%) harmonic of voltage 5y is determined in each of 3 voltage measure-
ment channels with use of the State Primary Standard of electrical power I'DT 153. The diagram show-
ing electrical connections between the State Primary Standard and DUT is given in Fig. A1, Appendix
A.

The parameters of signals from the State Primary Standard applied to the DUT during testing
(voltage Urs and frequency f;) are specified in Table 6.1 (considering the measurement ranges of the
DUT being tested). Measurements are carried out in accordance with the operating instructions for the
State Primary Standard. The value of THDy (total harmonic distortion of voltage) of the test signal
source must not exceed 0.01%.

The nominal (rated) voltage values of the DUT (Unowm) are specified in Table 6.1 for all test sig-
nals.

Table 6.1

Unowm, V 800 | 480 | 240 | 240 | 240 | 120 | 60 30 10 5 2 1 1
Urer, V 600 | 480 | 288 | 120 | 24 | 120 | 60 30 10 5 2 1 0.1
f1, Hz 53

Measurement error dy is calculated according to the formula:

Su = [(Ux — Urer) / Urer] - 100 %, 1)
Where U is the voltage value set in the State Primary Standard, V;
Ux is the voltage reading taken from the DUT when measuring RMS value of voltage, V.

The measurement error dy; is calculated according to the formula:
Su1 = [(Uxa — Urer) / Urer] - 100 %, (2)

Where U is the voltage value set in the State Primary Standard, V;

Uxa is the voltage reading taken from the DUT when measuring the RMS value of fundamental
(1) harmonic of voltage, V.

The DUT passes the test, if the values of relative intrinsic measurement errors &y and dy; do not
exceed the limits of permissible measurement error represented in Tables B1, B3, or B5 (depending on
the DUT modification), Appendix B.

6.4.1.2 The relative intrinsic error in the direct (without AC current probes) measurements of the
root mean square (effective) values of current §; and fundamental (1*) harmonic of current §y; is de-
termined in each of 3 current measurement channels with use of the State Primary Standard of AC



Power I'DT 153. The diagram showing electrical connections between the State Primary Standard and
DUT is given in Fig. AL, Appendix A.

The parameters of signals from State Primary Standard applied to the DUT during testing (cur-
rent l,es and frequency f;) are specified in Table 6.2 (considering measurement ranges of the DUT be-
ing tested). Measurements are carried out in accordance with the operating instructions for the State
Primary Standard. The value of THD, (total harmonic distortion of current) of the test signal source
must not exceed 0.01%. The values of nominal (rated) current of the DUT (Inowm) are specified in Ta-
ble 6.2 for all test signals.

Table 6.2

Inom, A 100 | 50 25 10 5 2.5 1 1 1 05 |0.25| 0.1 | 0.05
lrer, A 10 10 10 10 5 2.5 1 05|01 05 |025| 0.1 | 0.05
f1, Hz 53

The measurement error 9, is calculated according to the formula:

&1 = [(Ix = Irer) / lres] - 100 %, (3)
Where I is the value of current set in the State Primary Standard, A;
Ix is the reading of current taken from the DUT when measuring the RMS value of current, A.

The measurement error 3y; is calculated according to the formula:
Si1 = [(Ix1 — lrer) / lrer] - 100 %, (4)

Where I is the value of current set in the State Primary Standard, A;

Ix1 is the reading of current taken from the DUT when measuring the RMS value of fundamental
(1) harmonic of current, A.

The DUT passes the test, if the values of relative intrinsic measurement errors 3, and &;; do not
exceed the limits of permissible measurement error represented in Tables B1, B3, or B5 (depending on
the DUT modification), Appendix B.

6.4.1.3 The relative intrinsic error in the contactless (with AC current probes) measurements of
the root mean square (effective) values of current §; and fundamental (1%) harmonic of current &3 is
determined for Energomonitors 3.1KM of modifications x-x-x1x in each of 3 current measurement
channels with AC current probes of all types included in the delivery set.

The relative intrinsic error is determined with use of MTS ME 3.1K test system. The AC current
probes are connected to MTS ME 3.1K via accessory Blocks of calibrated coils (humber of turns in a
coil = n). While passing through the calibrated coil, test current is multiplied by n, so, the test current
measured by the DUT via the AC current probes would be n times greater than the current set in the
generator of MTS ME 3.1K test system. The diagram showing connections between the DUT and
MTS ME 3.1K test system is given in Fig. A2, Appendix A.

Measurements are carried out at the nominal (rated) frequency of AC current probes being tested
(50 or 60 Hz), and at the following currents generated by MTS ME 3.1K: 1.2Inom/n; 0.5Inom/N;
0.05Inom/n, and 0.01Inom/Nn (considering measuring ranges of the DUT being tested), where Inowm is the
nominal (rated) current of the AC current probes.

The measurement error §, is calculated by the formula:
S = [(Ix/n = lref) / lres] - 100 %, (5)
Where Iy is the reading of current taken from the reference standard Energomonitor (as part of
MTS ME 3.1K) when measuring current (RMS) set in the generator of MTS ME 3.1K, A;
Ix is the reading of current taken from the DUT when measuring current (RMS), A.

The measurement error 3y, is calculated according to the formula:
S11 = [(Ixa/n = lrera) / lrern] - 100 %, (6)



Where lres; is the reading of current taken from the reference standard Energomonitor (as part of
MTS ME 3.1K) when measuring the fundamental (1*) harmonic of current (RMS) set in the generator
of MTS ME 3.1K, A;

Ix1 is the reading of current taken from the DUT when measuring the fundamental (1%) harmonic
of current (RMS), A.

The DUT passes the test, if the values of relative intrinsic measurement errors &, and &;; do not
exceed the limits of permissible measurement error represented in Tables B2, B4, or B6 (depending on
the DUT modification), Appendix B.

6.4.1.4 The relative intrinsic error in the measurements of apparent power Js is calculated ac-

cording to the formula:
ds =0y + 81, %, (7)

Where dy is the relative intrinsic error in the measurement of AC voltage (RMS), %, &, is the rel-
ative intrinsic error in the measurement of AC current (RMS), %.

The DUT passes the test, if the values of relative intrinsic measurement errors dy and &, do not
exceed the limits of permissible measurement error represented in Tables B1 and B2, B3 and B4, or
B5 and B6 (depending on the DUT modification), Appendix B

6.4.2 Determining intrinsic error in measuring DC voltage, current and power

6.4.2.1 The relative intrinsic error in DC voltage measurements (Sup) is determined in each of 3
voltage channels at the values of voltage (Uer) specified in Table 6.3 (considering measuring ranges
of the DUT being tested) with use of DC Voltmeter-Calibrator B2-43. The values of nominal (rated)
voltage of the DUT (Unowm) are specified in Table 6.3 for all test signals.

Table 6.3

Unom, V| 800 | 480 240 120 60 | 30 | 10 | 5 2 1 1
Urer, V. [2000] 800 | 400 | 200 | 100 | 24 [ 200 [ 100 | 50 | 17 | 85 [ 34 | 1.7 | 0.1

The measurement error yp is calculated according to the formula:
Sup = [(Ux — Urer) / Urer] - 100 %, (8)
Where U is the voltage taken from the Calibrator, V; Ux is the reading taken from the DUT, V.
The DUT passes the test, if the values of relative intrinsic measurement error Syp do not exceed
the limits of permissible measurement error represented in Tables B1, B3, or B5 (depending on the
DUT modification), Appendix B.

6.4.2.2 The relative intrinsic error in DC current measurements (8p) is determined for Energo-
monitors 3.1KM of modifications x-x-1in each of 3 current measurement channels with use of the fol-
lowing calibration equipment: DC Voltmeter-Calibrator B2-43, multimeter 3458A and reference-class
reactance-free current shunts of RS series (included in the State Standard of electrical power I'DT
153). Measurements are carried out at the values of current (l) specified in Table 6.4 (considering
measuring ranges of the DUT being tested). Calibrator B2-43 generates test DC current; Multimeter
3458A measures DC current using indirect method, namely it measures the voltage drop across the
shunt (shunt types are specified in Table 6.4).

Table 6.4
Inom, A 100 50 25 10 5 1 05 {025] 0.1 | 0.05
ler, A 10 10 10 10 7.5 1.5 0.5 0.1 | 075 0.37 | 0.15 | 0.05
Shunt RS-10 RS-1.0 [ RS-0.5 | RS-0.1 | RS-1.0 RS-0.5 RS-0.1




The measurement error dp is calculated according to the formula:
Sip = [(Ix — Irer) / lrer] - 100 %, 9)
Where I is the current generated by the Calibrator, A; Ix is the reading taken from the DUT, A.
The DUT passes the test, if the values of relative intrinsic measurement error ;o do not exceed
the limits of permissible measurement error represented in Tables B1, B3, or B5 (depending on the
DUT modification), Appendix B.

6.4.2.3 The relative intrinsic error in DC power measurements is determined for Energomonitors

3.1KM of modifications x-x-1 according to the formula:
dpp = 8up + dip, %,

Where dyp and 6,p are the relative intrinsic errors in the measurements of DC voltage and DC
current respectively.

The DUT passes the test, and the measurement error dpp lies within its permissible limits speci-
fied in Tables B1, B3, and BS5, if the values of relative intrinsic measurement errors dyp u d;p do not
exceed their limits of permissible measurement error represented in Tables B1, B3, or B5 (depending
on the DUT modification), Appendix B.

6.4.3 Determining intrinsic errors in active power and power factor measurements

6.4.3.1 The relative intrinsic error in the direct (without AC current probes) measurements of
single-phase active power (6p ) is determined in each measurement channel with use of the State Pri-
mary Standard of electrical power I'DT 153. The parameters of test signal (voltage, current, power fac-
tor) are specified in Table 6.5 (considering measuring ranges of the DUT being tested) together with
the nominal (rated) voltage (Unowm) and current (Inom) values of the DUT.

The diagram of connections between the State Primary Standard and the DUT is shown in Fig.
A3, Appendix A.

The measurement error dp is calculated according to the formula:

Op = [(PX— Pref) / Pref]'loo %, (11)

Where Py is the active power set in the State Primary Standard, W; Px is the reading taken from
the DUT, W.

The DUT passes the test, if the values of relative intrinsic measurement error &p do not exceed
the limits of permissible measurement error represented in Tables B1, B3, or B5 (depending on the
DUT modification), Appendix B.

6.4.3.2 The relative intrinsic error in the direct (without AC current probes) measurements of
three-phase active power (8p3 ) is determined when the measurement channels of the DUT are con-
nected according to a single-phase scheme (3 voltage measurement circuits of the DUT are connected
in parallel, and 3 current measurement circuits are connected in series).

The parameters of test signal are specified in Table 6.5 (considering measuring ranges of the
DUT being tested) together with the nominal (rated) voltage (Unom) and current (Inom) Values of the
DUT.

The diagram of connections between the State Standard I'>DT 153 and the DUT is shown in Fig.
Al, Appendix A.

The measurement error dp3 is calculated according to the formula:

Op3 = [(Px/3 — Prer) / Prer]- 100%, (12)

Where Py is the active power set in the State Primary Standard, W; Px is the reading taken from
the DUT, W.

10



Table 6.5

Measuring Test signal parameters
range
UN\‘;M' 'NXM' UV | LA | Coso
800 5 600 5 1.0
480 5 480 5 1.0
480 5 480 5 0.5L
480 5 480 2.5 0.5C
240 1 220 1 1.0
240 1 220 1 0.5L
240 1 220 0.5 0.5C
240 1 220 0.1 0.5L
120 1 100 1 1.0
120 1 100 0.5 0.5L
120 1 100 0.5 0.5C
120 1 100 0.5 0.2C
120 1 100 0.5 0.2L
60 5 66 6 1.0
60 5 60 2.5 0.5L
60 5 60 0.5 0.5C
30 1 30 1 0.5L
10 1 10 1 0.5C
5 1 5 1 1.0
1 1 1 1 1.0

The DUT passes the test, if the values of relative intrinsic measurement error dp3 do not exceed
the limits of permissible measurement error represented in Tables B1, B3, or B5 (depending on the
DUT modification), Appendix B.

6.4.3.3 The additional relative intrinsic error in measuring active power caused by crosstalk of
measurement channels (3pscr) is determined only in the course of primary (post-manufacture) calibra-
tion. The error is determined on MTS ME 3.1K test system for each channel (A, B, and C). The pa-
rameters of test signal are as follows: frequency — 50 Hz; voltage — 220 V (Unowm = 240 V); current — 1
A (Inom =1 A); cos ¢ = 1.0 and cos ¢ = 0.5 (p = 60° and ¢ = 300°). The diagram showing connections
between the DUT and MTS ME 3.1K is given in Fig. A4, Appendix A.

The measurement error dpsc; is calculated according to the formula:

Op3cr = dpy1 - Opz, %0 (13)

Where &p; is the error in measuring active power; the error is determined for one measurement
channel on the basis of readings taken from the reference meter of MTS ME 3.1K test system on con-
dition that test voltage is applied only to the measurement channel under review, %;

dpz Is the error in measuring active power; the error is determined for one measurement channel
on the basis of readings taken from the reference meter of MTS ME 3.1K test system on condition that
test voltage is applied to each of three measurement channels of the DUT, %.

The DUT passes the test, if the values of dpsc, do not exceed 50% of the limits of permissible in-
trinsic measurement error represented in Tables B1, B3, or B5 (depending on the DUT modification),
Appendix B.

6.4.3.4 The relative intrinsic error in the contactless (with AC current probes) measurements of
active power (3p) is determined for Energomonitors 3.1KM of modifications x-x-x1x in each of three
measurement channels with use of MTS ME 3.1KM test system. The parameters of test signal are
specified in Table 6.6 (considering measuring ranges of the DUT being tested) together with the values
of nominal (rated) voltage Unowm Of the DUT for all test signals.

11



The diagram showing connections between the DUT and MTS ME 3.1KM test system is given
in Fig. A5, Appendix A.

The AC current probes are connected to MTS ME 3.1K via accessory Blocks of calibrated coils
(number of turns in a coil = n). Since the test current going through the coils is multiplied by n, the
DUT shows the readings of current and power that are n times greater than the values set in MTS ME
3.1K.

The measurement error dp is calculated according to the formula:

Sp = [(Px/n — Pref) / Pres] - 100 %, (14)

Where Py is the active power set in MTS ME 3.1K, W;

Px is the reading taken from the DUT, W.

Table 6.6
Measure- |, - eters of test signal
ment range
Unows V | U, V LA Cos @

800 480 12|NOM/n 1.0
480 480 12|NOM/n 1.0
480 480 | 0.2lyom/n | 0.5L
480 480 | 0.2lyom/n | 0.5C
240 220 | 0.1lyow/n | 1.0
240 220 |0.05lyom/n| 0.5L
240 220 |0.05lyom/n| 0.5C
240 220 {0.01lyom/n| 1.0
240 220 | 0.1lyom/n | 0.2C
240 100 | 0.1lyom/n | 0.2L
120 100 Inom/N 0.5C

60 60 Inom/N 0.2C
30 30 Inom/N 0.2L
10 10 |NOM/n 1.0
5 5 |No|\/|/n 0.5L
2 2 |No|v|/n 0.5C
1 1 |No|v|/n 0.5L

The DUT passes the test, if the values of dp do not exceed the limits of permissible intrinsic
measurement error represented in Tables B2, B4, or B6 (depending on the DUT modification), Appen-
dix B.

6.4.3.5 The absolute intrinsic error in the measurements of power factor Apr is determined ac-
cording to the formula:

APF = (6}) - 65)PF/100 0/0, (15)

Where &p is the relative intrinsic error in active power measurements (P), %;

ds is the relative intrinsic error in apparent power measurements (S), %;

PF = P/S is the power factor.

The DUTSs passes the test, and the measurement error Apr does not exceed its permissible limits,
if the measurement errors dp and s do not exceed their limits of permissible measurement error speci-
fied in:

Tables B1, B3 or B5 (depending on the DUT maodification) — for the DUT tested without AC
current probes;

Tables B2, B4 or B6 (depending on the DUT modification) — for the DUT of modifications x-x-
x1x tested with AC current probes.

6.4.4 Determining intrinsic error in measuring AC frequency
The absolute intrinsic error in the measurements of AC frequency Ar is determined with a fre-
guency meter (e.g. U3-63) in the “Measurement of period” mode. Measurements are carried out at the
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nominal (rated) values of voltage. The test values of frequency set in the Primary State Standard I'DT
153 are: 42.5; 53; 60, and 70 Hz. The DUT is set to the “Harmonics” or “Current PQP values” mode.

The diagram of connections between the DUT and Primary Standard is shown in Fig. Al, Ap-
pendix A.

The measurement error A is calculated by the formula:

Ag=1000/T - f1, Hz, (16)

Where T is the reading taken from the electronic frequency meter, ms; f; is the reading taken
from the DUT, Hz.

The DUT passes the test, if the values of Ar do not exceed the limits of permissible measurement
error represented in Tables B1, B3, or B5 (depending on the DUT modification), Appendix B.

6.4.5 Determining intrinsic error in phase angle measurements

6.4.5.1 The absolute intrinsic error in the direct measurements (without AC current probes) of
phase angle between the fundamental harmonics of voltage and current in the same phase Ay (on
condition that the angle equals zero) is determined with MTS ME 3.1KM test system using a reac-
tance-free 1000 Ohm resistor (2 resistors C2-29B; 2 W; 2 kOhm %1 % connected in parallel).

Connection of the DUT with the reactance-free resistor to MTS ME 3.1KM is shown in Fig. 6,
Appendix A.

Set the generator of MTS ME 3.1K system to generate an AC voltage of 50V.

Set the DUT to measure phase angles.

The error in the measurements of phase angle between the fundamental harmonics of voltage and
current in the same phase Ay (provided that the angle equals zero) is calculated according to the
formula:

AQui = Qui (17)

Where @y is the the value of phase angle between the fundamental harmonics of voltage and
current in the same phase measured by the DUT.

The DUT passes the test if the value of absolute error Apy, does not exceed the values specified
in Tables B1, B3 or B5 (depending on the DUT modification).

6.4.5.2 The absolute intrinsic error in the contactless (with AC current probes; for the Energo-
monitors 3.1KM of x-x-x1x modifications) measurements of phase angle between the fundamental
harmonics of voltage and current in the same phase (Aguy;) on condition that the angle equals 45; 60;
300 and 315 degrees is determined with use of MTS ME 3.1K test system for each of 3 measurement
channels. The parameters of test signal are specified in Table 6.9 (considering measuring ranges of the
DUT being tested) along with the values of nominal (rated) voltages of the DUT.

Table 6.9
Measuring | . signal parameters
range
Unom, V U,V LA .

240 220 Inom/N 0
240 220 | 0.5lnom/n 45
240 220 01|No|\/|/n 60
240 220 |0.05lyom/n| -45
240 220 | 0.1lyom/n | -60

The connection diagram is shown in Fig. A2, Appendix A. The current channels of the DUT are
connected to the generator via Blocks of calibrated coils (humber of turns in a coil = n).
The measurement error Ay is calculated by the formula:
AQuI = Quiref - Qui, degrees; (18)
Where ouirer and @y are the phase angle readings (in degrees) taken from the reference stan-
dard Energomonitor (as part of MTS ME 3.1KM) and from the DUT respectively.
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The DUT passes the test if the values of absolute error Apy, do not exceed the permissible
limits specified in Tables B2, B4 or B6 (depending on the DUT modification).

6.4.6 Determining intrinsic errors as applied to testing of voltage instrument transformers

The absolute intrinsic errors as applied to testing of voltage instrument transformers (VTs) are
only determined for Energomonitors 3.1KM of x-x-xx1maodification with use of MTS ME 3.1KM test
system and comparator KHT-03.

The diagram showing how to connect the DUT and KHT-03 to MTS ME 3.1K is given in Fig.
A7, Appendix A.

Enable the “mains synchronization” mode in the generator of MTS ME 3.1KM test system.

Enable the “Calibration of VTs” mode in the DUT.

In the DUT, select a measuring range represented in Table 6.10 by its nominal (rated) voltage
Unowm.

Successively (one by one) apply voltage test signals with the parameters specified in Table 6.10
from MTS ME 3.1K to the DUT and comparator KHT-03, each time performing “Zero correction” of
measurement channels A and B in the DUT prior to testing. Select “Start measurement” in the DUT
and measure modular and angle errors with the DUT and comparator KHT-3. Memorize the readings

of comparator KHT-03 as reference readings (Sref) and the readings taken from the DUT as test read-
ings (SDUT)-

Table 6.10
Nominal voltage Parameters of test signals Expected values of
of the DUT generated by MTS ME 3.1K modular and angle errors
(Unom), V Ua, V Us, V Puas, 8, % 8, min
degrees
120 120 0.00 0.00 0.0
120 120.24 120 0.17 0.20 10.0
119.76 120 -0.17 -0.20 -10.0
100 100 0.00 0.00 0.0
120 100.2 100 -0.17 0.20 -10.0
99.8 100 0.17 -0.20 10.0
80 80 -0.17 0.00 -10.0
120 80.16 80 0.17 0.20 10.0
79.84 80 0.00 -0.20 0.0
60 60 0 0.00 0.0
60 60.12 60 0.17 0.20 10.0
59.88 60 -0.17 -0.20 -10.0

The absolute intrinsic modular d¢cy and angular 8¢y errors of the DUT are calculated according
to the formulae:

6cu = 8DUT _Sref , % (19)
e(:u = eDUT _eref , min; (20)

Where: 5rf and dpyr are the readings taken from KHT-03 and the DUT while measuring modu-
lar error, %;

0, and0,,, are the readings taken from KHT-03 and the DUT while measuring angular error,

min. The DUT passes the test if the values of intrinsic errors dcy and 6cy do not exceed the values
specified in Tables B7 and B8 (depending on the DUT modification), Appendix B.
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6.4.7 Determining intrinsic errors as applied to testing of current instrument transformers

The absolute intrinsic errors as applied to testing of current instrument transformers (CTs) are
only determined for Energomonitors 3.1KM of x-x-xx1modification complete with the accessory Cur-
rent transformer calibration switch CTCS using MTS ME 3.1KM test system and comparator KHT-03.

The diagram showing how to connect the DUT, CTCS and KHT-03 to MTS ME 3.1K is given in
Fig. A8, Appendix A.

Enable the “mains synchronization” mode in the generator of MTS ME 3.1KM test system.

Enable the “Calibration of CTs” mode in the DUT.

In the DUT, select a measuring range represented in Table 6.11 by its nominal (rated) current
Inom.

Successively (one by one) apply current test signals with the parameters specified in Table 6.11
from MTS ME 3.1K to the DUT and comparator KHT-03, each time performing “Zero correction” of
measurement channels A and B in the DUT prior to testing. Select “Start measurement” in the DUT
and measure modular and angle errors with the DUT and comparator KHT-3. Memorize the readings

of comparator KHT-03 as reference readings (Sirer, 0,,.; ) and the readings taken from the DUT as test
readings (Siout, 0,57 )-

Table 6.11
Nominal Parameters of test signals Expected values of
generated by MTS ME 3.1K modular and angle errors
Current of
CTCS, A Ia, A lg, A | oo 3i, % 0i, min
egrees
10 6.01200 | 6.00000 0.17 0.2 10
5 4.99000 | 5.00000 -0.17 -0.2 -10
5) 1.00200 | 1.00000 -0.17 0.2 -10
2.5 2.50500 | 2.50000 -0.17 0.2 -10
1 1.00200 | 1.00000 -0.17 0.2 -10
0.25 0.25050 | 0.25000 -0.25 0.2 -15
0.05 0.04990 | 0.05000 0.50 -0.2 30

The absolute intrinsic modular d¢; and angular 8¢, errors of the DUT are calculated according to
the formulae:

60 = 8|DUT _6Iref , % (21)
eu = e|DUT _elref , min; (22)
Where: oy and Oipuyr are the readings taken from KHT-03 and the DUT while measuring
modular error, %;
0, and 0, are the readings taken from KHT-03 and the DUT while measuring angle error,
min.
The DUT passes the test if the values of intrinsic errors ¢ and 6¢; do not exceed the values
specified in Tables B7, B8 or B9 (depending on the DUT modification), Appendix B.

6.5 Performance testing of frequency outputs and pulse input

6.5.1 Performance testing of frequency outputs

6.5.1.1 Frequency output Fout (TTL) is tested when the DUT is in the “Active power” measure-
ment mode. Testing is carried out with use of the State Primary Standard of AC power I'DT 153 and
includes measuring the amplitude, duration and pulse repetition rate of a signal on the frequency out-

put with the following equipment: oscillograph TDS 1012, frequency meter U3-63, and resistor C2-23
0.25 W; 10 kOhm +5% (R1), which is connected to the tested output.
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In the DUT, select the measurement ranges Unom = 60 V and Inom = 5 A, for the internal fre-
quency divider, select division ratio =1 (no division). In the State Primary Standard, select the parame-
ters of test signal as specified in Table 6.12.

Table 6.12
Test signal parameters
U Vv I,A Cos @ P, W
66 5.051 1 1000

The amplitude and pulse duration readings are taken from the oscillograph. The readings of pulse
repetition rate are taken from frequency meter 43-63.

The DUT passes the performance test if the following conditions are fulfilled:

Signal on the frequency output (Fout (TTL)) is a sequence of voltage square pulses of positive
polarity with the characteristics as follows (provided that the resistance of output load is at least 10
kOhm):

m Logical 0-Up<0.4V;

m Logical 1-U;>4.0V;

m Pulse duration — (14 + 2) microseconds;

m Pulse repetition ratio of the signal on the frequency output is proportional to the measured ac-

tive power (P) and equals (13.33333 - P £ 0.5) Hz.

6.5.1.2 Frequency output Fout (TM) is tested when the DUT is in the “Active power” measure-
ment mode. Testing is carried out with use of the State Primary Standard of AC power I'DT 153. Test
procedure consists of measuring the output resistance in the “closed” and “open” states and measuring
the pulse duration and pulse repetition rate of a signal on the tested output with the following equip-
ment: oscillograph TDS 1012, frequency meter U3-63, and resistor C2-23 0.25 W; 3.9 kOhm 5 %
(R2), which is placed between the “open collector” terminal of Fout (TM) and “plus” terminal of the
DC power supply 24V (the “minus” terminal of the DC power supply is connected to the second ter-
minal of Four (TM)).

In the DUT, select the measurement ranges Unom = 60 V and Inom = 5 A, for the internal fre-
quency divider, select division ratio =1 (no division). In the State Primary Standard, select the parame-
ters of test signal as specified in Table 6.12.

With oscillograph TDS 1012, measure the voltage drop across Four (tm) when the output is in
the “closed” state, voltage drop across the resistor R, when it is in the “open” state, and pulse duration
of the output pulse sequence.

Measure the pulse repetition rate on Foyt (t™m) output with frequency meter U3-63.

The DUT passes the performance test if the following conditions are fulfilled:

m Voltage drop across Four (Tm) does not exceed 1.17V in the “closed” state, i.e. the resistance

of the output circuit does not exceed 200 Ohm);

m Voltage drop across the resistor R, when Fout (TMm) IS in the “open” state does not exceed

1.73V, i.e. the resistance of the output circuit does not exceed 50 kOhm.

m Pulse duration is (14 + 2) microseconds;

m Pulse repetition ratio of the signal on the frequency output is proportional to the measured ac-

tive power (P) and equals (13.33333 - P £ 0.5) Hz.

6.5.2 Performance testing of pulse input

Pulse input is tested while the DUT is in the “Calibration of meters” mode. Testing is carried out
with use of the State Primary Standard of AC power I'DT 153 and generator I'6-33. The diagram
showing connections among the above-mentioned devices is given in Fig. Al, Appendix A.

In the DUT, select the measurement ranges Unom = 60 V and Inom = 5 A. Go to the meter cali-
bration entry screen and enter the value of meter constant = 36000 imp/kWh. Go to the “meter calibra-
tion start” screen and enter the number of input (meter-under-test) pulses =100. For the internal fre-
quency divider, select division ratio =1 (no division). In the State Primary Standard, select the parame-
ters of test signal as specified in Table 6.12.
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Connect the Fi, connector on the DUT to the output 111 of the generator I'6-33. Apply test signal
to the Fi, connector of the DUT. The test signal is a sequence of square pulses with the following char-
acteristics: amplitude — 3.5 to 5 V; duration — at least 10 microseconds; frequency — (10 + 0.001) Hz.
Select “Start measurement” in the “Meter calibration” screen of the DUT.

The value of measurement error will be displayed in up to 10 seconds as (0.00 + &) %, where
d is the limit of permissible intrinsic error (relative) in measuring active power specified in Table B1,
B3, or B5 (depending on the DUT modification).

Apply test signals to the Fi, connector of the DUT as follows:

m Frequency (11.000 £+ 0.001) Hz; the value of the measurement error will be indicated as

(10.00 % 5) %;
m Frequency (9.000 + 0.001) Hz; the value of the measurement error will be indicated as (-10.00
1 3) %.

The DUT passes the test if the indicated values of measurement error do not exceed the ranges

mentioned above.

6.6 Testing of firmware

6.6.1 The firmware (FW) module of the DUT is tested by checking the following identification
data for consistency:

= Name of the metrologically significant FW component;

m Version of the metrologically significant FW component;

m Checksum of the metrologically significant FW component.

The identification information on the metrologically insignificant FW component is given just
for reference and is not checked.

6.6.2 The FW is identified in the following steps:

m Prepare the DUT for operation as described in its User’s manual,

m Power up the DUT; after applying power the display backlight is turned on and a “power up”
screen appears in 1...5 seconds (at the conclusion of initialization and initial configuration
procedures). The “power up” screen contains manufacturer’s name and logo, device type, its
accuracy option (02, 05, or 10), firmware version ( 2.01) and identification number (its last
three digits relate to the manufacturer’s code);

m Press the ENT key to display the password screen;

= Enter the 2" level password (the default one is 222222222; if the customer has changed the

2" level password, it is necessary to restore the default one prior to sending the DUT for cali-

bration);

Press ENT to go to the “Circuit connection” screen;

Press ENT to go to the main menu;

Select “Extra settings” from the main menu;

m Select the “About” option; the display will show:

Identification code;

Firmware version (e.g. 2.01),

M-PROG CRC — Cyclic Redundancy Checksum for the metrologically significant firmware
components;

PROG CRC — Cyclic Redundancy Checksum for the firmware module;

Identification number of the instrument (xxx.XXX.XXX).

6.6.3 The DUT passes the test if the displayed name of the DUT (considering its accuracy op-
tion), number of its FW version (VERSION) and Cyclic Redundancy checksum (M-PROG CRC) of
the firmware match those pictured in Fig. 1 and Fig. 2.
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Fig. 2

7 DOCUMENTING CALIBRATION RESULTS

7.1 If calibration results are considered good, the DUT is accepted for operation and provided
with a Calibration Certificate.

7.2 The enclosure of the DUT is sealed by the calibrator’s stamp.

7.3 The results of calibration and date of calibration are entered in the appropriate page of the
User’s manual and confirmed by the calibrator’s stamp.

7.4 If the DUT fails on even one of the calibration criteria, it is withdrawn from operation and
provided with a notification of unsuitability that includes the reasons of the withdrawal. The previous
calibrator’s stamp is canceled.

7.5 A sample calibration report is given in Appendix B.
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Appendix A

Connection diagrams

Energomonitor 3.1KM
* *
|7 7
%; o A
*
7
5B
State Primary o
Standard of electrical @IC
power 3T 153
oUp
2 Ug
*
%; —2Uc
U
@ 2 Un

Fig.A1 Connecting the DUT to the State Primary Standard I'2T153

MTS ME 3.1K Fin

(three-phase 4-wire configuration)

Energomonitor 3.1KM x-x-x-x1x

Fout
CTCS

Up @
Ug @
Uc @

0 o

@ Ua

@UB

o Ue

@UN

<<—

Fig. A2 Connecting the DUT to the MTS ME 3.1KM test system using AC current probes

(three-phase 4-wire configuration)



Energomonitor 3.1KM

State Primary
Standard of electrical
power 9T 153

@UA

@UB

@UC

@ UN

Fig. A3 Connecting the DUT to the State Standard I'9T153

(single-phase 2-wire configuration)

The figure shows the State Standard I'ST153 connected to phase A of the DUT — terminals “U,” and “l1,”

of the EM 3.1KM are connected to terminals “* ~U” and “* ~1” of the Standard respectively.

20

To connect the State Standard I'T153 to phase B, connect terminals “Ug” and “Ig” of the EM 3.1KM to
terminals “* ~U” and “* ~1” of the Standard respectively.

To connect the State Standard I'>T153 to phase C, connect terminals “Uc” and “Ic” of the EM 3.1KM to
terminals “* ~U” and “* ~1” of the Standard respectively.

MTS ME 3.1K

Energomonitor 3.1KM

* FDUT

2 Up

czﬁUB

2 Ug
@UN

Fig. A4 Connecting the DUT to MTS ME 3.1K test system



MTS ME 3.1K
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??%W

- Current

Ua 2 Up
Ug @ —o Ug
Uc @ 2 Uc
0 @ Uy

Energomonitor 3.1KM x-x-x-x1x

FOUT

Fig. A5 Connecting the DUT to MTS ME 3.1K test system using AC current probes
(three-phase configuration)

MTS ME 3.1K Energomonitor 3.1KM
Two 2 kOhm
resistors

U, e $ o U,

Ug @ @ Ug

U. @ o U,

UN 2 17 UN
2]
2 A
2|
@'B
2
2 [

Fig. A6 Connecting the DUT to MTS ME 3.1K test system for determining the absolute error in measuring
phase angle between the 1% voltage and 1% current harmonics
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Fig. A7 Connecting the DUT for determining VT modular and angle errors
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Fig. A8 Connecting the DUT for determining CT modular and angle errors




Table B1

Appendix B

Measurement ranges and limits of permissible measurement errors for EM3.1KM-x-02
(without AC current probes)

Measured parameter

Measure-
ment

Error type and measurement
unit, limits of permissible intrin-

Note

range sic measurement error
1 RMS of AC voltage and Relative, %
RMS of fundamental voltage| 0.1Uy Uv>2V
harmonic (U), V to 1.2Uy #[0.01+0.002(1. 2Un/U-1)] Uy — nominal voltage
+[0.015+0.003(1.2Up\/U-1)] U2V
2 RMS of AC current and : In — nominal current
0.1ly |Relative, %
Ea'\r"rﬁo‘;figu(rl‘fﬂ‘e”ta' current | 15121y |+[0.01+0.002(L 21/1-1)]
3 Active power and Relative, % Pn=Un: In
Active power of fundamental 0.9 <|cos ¢| < 1.0
harmonic (P), W +[0.01+0.004(1.44Py/P - 1)] Un>2V
+[0.02+0.004(1.44Py/P - 1)] Un<2V
0.1U\to 0.2<|cos 9| < 0.9
1.2Uy; |£[0.015+0.004(1.44Pn\/P - 1)] Uy>2V
+[0.025+0.004(1.44PN/P - 1)] Un<2V
4 Reactive power and 0.1Into |Relative, % Qu=Un" Iy
Reactive power of funda- 1.2In  |+[0.03+0.01(1.44Q\/Q - 1)] 0.9 <|sin ¢| < 1.0
mental harmonic ? (Q), Var +[0.05+0.01(1.44Q\/Q - 1) 0.2 <|sin ¢ < 0.9
5 Apparent power (S), VA Relative, %
+[0.02+0.005(1.2Un/U+1.21\/1-2)]|UxN > 2 V
+[0.025+0.01(1.2U\/U+1.21\/1-2)]|Un< 2 V
6 Power factor (PF=P/S) 0.1 Absolute 0.21\ to 1.2Iy;
to 1.0 [+0.001 0.2Un to 1.2Uy
40 Absolute, Hz 0.2Iyto 1.21y;
7 AC frequency (f,), Hz t070 |+0.001 0.2Uy to 1.2Uy
8 Phase angle between fun- Absolute, degree
damental harmonics of: 0
- Input voltages, degrees to 360 +0.01 0.2Uyto 1.2Uy
- Voltage and current in the +0.01 0.2Iyto 1.21In;
same phase, degrees s 0.2Uyt0 1.2Uy
9 RMS of ;/)oltage harmonic Absolute, V Unp <0.01Uy
of order h ¥, h =2...50 +0.0005 Uy
(Unp), V 0100.6Un Relative, %; Unn > 0.01Uy
+0.05
10 RMS of voltage interhar- Absolute, V Ucm <0.01Un
monic of order m +0.001 Uy
(frequency m-fy), 010 0.15Uy . Ucm > 0.01Uy
m=0.5...50.5 in 1.0 incre- Relative, %
ments (Uc.m), V -
11 RMS of current harmonic Absolute, A Ihh <0.01lIn
of order h, +0.0005 Iy
h=21t050 (I4p), A 010 0.6l Relative, % Inn>0.01ly
+0.05
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Table B1

the same phase, degrees

Measure- | Error type and measurement
Measured parameter ment unit, limits of permissible in- Note
range trinsic measurement error

12 RMS of current interharmonic Absolute, A lem <0.01Uy
of order m (frequency m-fy), 00 0.151y +0.0005 Iy
m=0.5...50 in 1.0 increments ' Relative, % lcm>0.01Uy
(Icm), A +0.05
13 Phase angle between h™ volt- Absolute, degrees 0.2Unto 1.2Uy
age and h™ current harmonics in 0.2Into 1.21N

Ki(h) = 2...15%

010 360 Ku(h) =2 ... 15 %
+0.3 h=2...10
+1.0 h=11...50
14 Voltage harmonic of order h 0.2Uy to 1.2Uy
(in reference to fundamental har- Absolute, % Ky(h) < 1.0
monic); 0t049.9 [+0.003
h=2...50 [Ku(h)], % Relative, % Ky(h) > 1.0
+0.3
15 Current harmonic of order h 0.2Into 1.2y
(in reference to fundamental har- Absolute, % Ki(h) < 1.0
monic); 0t049.9 [+0.003
h=2..50 [Kih)], % Relative, % Ki(h) > 1.0
+0.3
16 Active power of h™ harmonic; 0.2Uy to 1.2Uy
h=2...50 (Pm), W Oto |Absolute, W |Oc.§sIN To_ldng 10
0.05Py  |+(0.00003Py + 0.005P ) K. (h;p:‘l o
Kyh)=1...40 %
17 Total Harmonic Distortion of 0.2Uy to 1.2Uy
voltage (THDy), % Absolute, % THDy < 1.0
0to49.9 |+0.003
Relative, % THDy > 1.0
+0.3
18 Total Harmonic Distortion of 0.2In 1o 1.2Iy
current (THDy), % 01t049.9 |Absolute, %: £0.01 THD, < 1.0
Relative, %: +1.0 THD, > 1.0
19 Negative sequence voltage ra- 0.5Uy to 1.2Uy
tio (Kou) and zero sequence volt- | 0to 15 f_‘g S(’JOSIUte’ %
age ratio (Kou), % s
20 Positive sequence voltage of Oto U Absolute, V
fundamental harmonic (Uy), V N |+(0.0002 Uy xV3)
21 Zero sequence voltage of fun- Oto U Absolute, V 0.5Uy to 1.2Up
damental harmonic (Ugy), V N 1+0.0005 Uy Koy < 15 %;
22 Negative sequence voltage of 0to U Absolute, V Kou<15%
fundamental harmonic (Uy), V N 1+(0.0003 Uy -V3)
23 Positive sequence current of Otol Absolute, A
fundamental harmonic (lyp), A N 1+0.00021y
24 Zero sequence current of fun- 0to | Absolute, A
damental harmonic (lo1), A N |+0.00051y
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Table B1

Measure- | Error type and measurement
Measured parameter ment unit, limits of permissible in- Note
range trinsic measurement error
25 Negative sequence c_urrent Absolute, A
of fundamental harmonic 0toly
+0.0003Iy

(I2w), A
26 Phase angle between volt- 0.21\ to 1.2Iy
age and current of positive, or 0.2Un 10 1.2Uy

Absolute, degrees

negative, or zero sequence, 0 to 360 +0.3 l1w), I2) lo) 20.02 Iy

degrees - U1(1)1 Uz(l), Uo(l)Z0.0Z
Un

27 Flicker short-term severity, f = (fnom £1) Hz

relative units Relative. % AU/U <20 %,

0.2t0 10 50 ' provided that voltage
' waveforms are meander-

like

28 DC voltage (U), V Relative, %

0.1Uy  |£[0.01+0.005(1.7Un/U-1)] Un from 5 to 480 V

to 1.7Uy [+[0.015+0.005(1.7Up/U-1)] Un<2V
0.1Uy Un=800V
(0 1.25Uy, [£10-015+0.005(1.25Up/U-1)]
29 DC current ¥ (1), A 0.1ly [Relative, % In=100 A
to 1.2l |+[0.015+0.005(1.21n/I - 1)]
0.1l |Relative, % INn< 100 A
to 1.5l |+[0.015+0.005(1.5In/1 - 1)]
30 DC power ¥ (P), W Relative, %
Un up to 480 V;
0,01Py IN=100 A
{0 2.04Py, +[0.03+0.005(2.04P\/P-1)] 0.1Un t0 17Uy
0.1llyto 1.21y
Unup to 480 V,
0.01Py IN< 100 A
{0 2.55Py, +[0.03+0.005(2.55P\/P-1)] 0.1Un 0 17Uy
0.1lyto 151y
O-Ole UN:8OO \VA N 100 A
10 1.5p, [£10-03+0.005(L5Py/P-1)] 0.1Unto 1.25Uy
0.1lyto 1.21y
0.01Py Un=800V; Iy< 100 A
0 1.875p, [£[0-03+0.005(L.875Py/P-1)] 0.1Unto 1.25Uy

0.1lyto 1.51n

Notes:

1 Reactive power is calculated by 3 methods: method of cross-connection, geometrical and phase shift
(voltage is shifted by ¥4 T, where T is the fundamental period) methods.
2 Frequency of the h™ harmonic equals h-f.

3 Parameters marked ¥ are only measured by instruments of EM3.1KM x-02-1 modification.

4 Figures specified in the table are valid only if amplitude values of input voltage and current do not
exceed 170% of the nominal values of measurement ranges (Uy and Iy respectively).
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Table B2

Measurement ranges and limits of permissible measurement errors for EM3.1KM-x-02-x-x1x

equipped with AC current probes

Error type and measure-

Measure- | ment unit, limits of permis-
Measured parameter R Note
ment range sible intrinsic measurement
error
1 RMS of AC voltage and 01U Relative, %
RMS of fundamental voltage to 1 2LNJ +[0.01+0.002(1.2Un/U-1)]  [Uy>2V
harmonic (U), V =N 1410.015+0.003(1.2Un/U-1)] |Un<2V
2 RMS of AC current and Relative, %
RMS of fundamental current +[0.1+0.01(In/1 - 1)] !
harmonic (1), A 0.05ly  |£[0.2+0.02(In/1 - 1)] "
to 1.2Iy  |£[0.5+0.05(In/I - 1)] ™
+[1.0+0.05(In/ - 1)] "V
+[2.0+0.1(In/1 - 1)] ¥
3 Active power and Relative, % 0.1Uynto 1.2Uy
Active power of fundamental 0.9 <|cos 9| <1.0
harmonic (P), W +0.2" 404" +x1.0™ 0.01lyto 0.051y
+0.1"+02" +05™: 0.05Iy tol.21y
+1.0"V; 20V
0.5 <|cos | <0.9
+0.25" +05"; 0.02Int0 0.11y
+0.15" +0.3 " +1.0™; 0.1Into 1.21y
+2.0"V: 440V
+[0.25+0.02(1.44P\/P —1)] " 0.2 <|cos ¢| <0.5;
+[0.5+0.05(1.44P\/P -1)] " [0.11yt01.21y
+[1.0+0.1(1.44Py/P —1)] "
+[2.0+0.1(1.44Pn/P-1)] VY
4 Reactive power and 0.01(Un:1n) |Relative, % 0.1Unto1.2Uy
Reactive power of fundamental to 0.9 <|sin ¢| < 1.0
harmonic ¥ (Q), Var 1.44(Un'IN) (03" 2075 " +15™; 0.02Iy10 0.051y
+0.2"+05" +10™: 0.05Iyto 1.21y
+2.0"V, 20V
0.5 <|sin ¢| <0.9
+0.3"5 075" +15"™,; 0.02Int0 0.1l
+0.2"+05" +x1.0™: 0.1Into 1.21y
+2.0"V: 420V
+0.3:+0.75 "; #1.5™: 0.2 <|sin ¢| <0.5
+25"V: 425V 0.11yt0l.21y
5 Apparent power (S), VA . 0.1Unto 1.2Uy
Relative, % 0.01Ixto .21y
+0.2 :; +0.4 :: +1.0 ::I S<0.1Sy
ig:g .{,;:2'22_0 (0 0.1Snto 1.44Sy
6 Power factor (PF=P/S) 01 Absolute 0.21y to 1.2Iy
010 |20:02 :i/i0.0Z' "\;/10.05 . 10.2UN to 1.2Uy
~ £0.05"Y; #0.10
7 AC frequency (f1), Hz 40 Absolute, Hz 0.2Uy to 1.2Uy
to70  |+0.001 0.2l to 1.2y
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Table B2

Error type and measure-

Measure- | ment unit, limits of per-
Measured parameter P Note
ment range| missible intrinsic meas-
urement error
8 Phase angle between funda- Absolute, degrees
mental harmonics of: 0
- Input voltages, degrees t0 360 +0.01 0.2Uynt0 1.2Uy
- Voltage and current in the +05 0.2Iyto 1.2IN
same phase, degrees e 0.2Uynt0 1.2Uy
9 RMS of voltage harmonic of 010 0.6U Absolute, V: £0.0005 Uy Upyp < 0.01Uy
order h? h=2...50 (Unp), V N IRelative, %: +0.05 Unp > 0.01Uy
10 RMS of voltage interhar- Absolute, V Ucm <0.01Uy
monic of order m (frequency 010 0.15U +0.0005 Uy
m-f), m=0.5...50.5 in 1.0 in- N Relative, %, Ucm > 0.01Uy
crements (Ucm), V +0.05
11 RMS of current harmonic of Absolute, A Innh <0.01ly
order h, 010 0.6l 1£0:021u'; 0.04 Iy "
h=21t050 (Inp), A =N IRelative, %, lin > 0.01ly
+5% ', +10 %"
12 RMS of current interhar- Absolute, A le,m <0.011y
monic of order m (frequency | o\ o 1¢) [£0.02 Iy ' +0.04 Iy "
m-f), m=0.5...50 in 1.0 in- N IRelative, % lem > 0.01ly
crements (I cm), A +5% ' +10 %"
13 Phase angle between h" Absolute, degrees 0.2Unto 1.2Uy
voltage and h™ current harmon- 0.2Into 1.21N
ics in the same phase, degrees 0 to 360 Ki(h) > 5%; Ky(h) > 1%
+2' +2" h=2..10
+10", +10" h=11...20
+20"; +20" h=21...50
14 Voltage harmonic of order h 0.2Uy to 1.2Uy
(in refer'ence to fundamental 010 49.9 Absolute, %: +£0.003 % Ky(h) < 1.0
nermomie). (], % Relative, %: +0.3 Ku(h) 2 1.0
15 Current harmonic of order h 0.2Into 1.21y
(in reference to fundamental Absolute, % Ki(h) < 1.0
harmonic); 0t049.9 |+0.05"; +0.05"
h=2..50 [Ki(h)], % Relative, % Ki(h) > 1.0
+50" 5.0 "
16 Total Harmonic Distortion 0.2Uy to 1.2Uy
of voltage (THDvy), % 01t049.9 |Absolute, %: +0.003 Ky<1.0
Relative, %: +0.3 Ky>1.0
17 Total Harmonic Distortion 0.21y to 1.21y
of current (THDy) 01t049.9 |Absolute, %,: +0.1 THD,; < 1.0
Relative, %: +10 THD, > 1.0
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Table B2

Meas- |Error type and measurement
Measured parameter urement | unit, limits of permissible Note
range |intrinsic measurement error
18 Active power of h™ harmonic; Relative, % 0.2U\ to 1.2Uy
h=2...50 (P(h)), W 0.2Into 1.21In
Kithy=1... 40%
0.003P Kyth)=1...40%
. N —
t00.1Py [+5.0"; £10.0" 005 91 =09 10
|cos | =0.5... 0.9
+5.0" +10.0 " h=2...10
+10.0 '; +20.0 " h=11...50
19 Positive sequence voltage of Oto U Absolute, V
fundamental harmonic (Uy)), V N |+(0.0002 Uy xV3)
20 Zero sequence voltage of fun- Oto U Absolute, V 0.5U\ to 1.2Uy
damental harmonic (Uq), V N |+0.0005 Uy Koy < 15 %; Kou < 15 %
21 Negative sequence voltage of 0to U Absolute, V 0.5Up to 1.2Uy
fundamental harmonic (Ua), V N |+(0.0003 Uy -V3) Koy < 15 %; Kou < 15 %
22 Negative sequence voltage 0.5Uy to 1.2Uy
ratio (K,y) and zero sequence 0to 15 f_‘g %%Iute, %
voltage ratio (Kou), % "
23 Positive, zero and negative Absolute, A
sequence currents of fundamental| 0to Iy [+(0.011y) ; +(0.01ly) " 0.01ly tol.2ly
harmonic (l1y), logoand lpw), A +(0.021y) ™ +(0.021y) v 0.051y to 1.2Iy
24 Flicker short-term severity, f = (fnom £1) Hz
relative units Relative. % AU/L_J <20 %;
0.2t0 10 50 ’ provided that voltage
' waveforms are meander-
like
25 DC voltage (U), V Relative, %
0.1Un [£]0.01+0.005(1.7Un/U-1)] Uy=5...480V
to 1.7Uy |£[0.015+0.005(1.7Un/U-1)]  |Un<2V
tooi.lzLé'EJN +[0.015+0.005(1.25Un/U-1)] Un=800V

Notes:

1 Reactive power is calculated by 3 methods: cross-connection, geometrical and phase shift (voltage is
shifted by ¥4 T, where T is the fundamental period) methods.
2 Frequency of the h™ harmonic equals h-f;.

3 Figures marked with indices "I, "II", "lII", "IV" and "V" relate to measurements made by the
EM3.1KM equipped with AC current probes of the following accuracy classes: 0.1 ("1"), 0.2 ("I1"),
0.5 ("I™), 1.0 ("1V"), and 2.0 ("V"). Nominal values of AC current (Iy) are referred, in this case, to
nominal (rated) currents of the AC current probes in use.

4 Figures specified in the table are valid only if amplitude values of input voltage and current do not
exceed 170% of the nominal values of measurement ranges (Uy and Iy respectively).
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Table B3

Measurement ranges and limits of permissible measurement errors for EM3.1KM-x-05
(without AC current probes)

Measure- | Error type and measurement
Measured parameter ment unit, limits of permissible in- Note
range trinsic measurement error
1 RMS of AC voltage and 01Uy  |Relative, %
ﬁall\r/lrﬁo%fiiu(ﬁj)?r{]/ental voltage | 157 2Uy [£[0.02+0.005(L 2Un/U-1)]
2 RMS of AC current and :
0.1y |Relative, %
Ea'\r"ns]’o‘;fi(‘:“(rl‘fa;“e”ta' current | 15121y |+[0.02+0.005(1.21n/1-1)]
3 Aptive power and Relative. % Pnv=Uy- In
ﬁ\ctlve power of fundamental 04Uy |£[0.05+0.01(1.44P\/P-1)] cosp|=0.2... 1.0
armonic (P), W
- to 12UN
4 Reactive power and L Qnv=Un"In
Reactive power of fundamental 01l fe(;altilg,of 1.4400/O-1 Ising|=0.2...1.0
harmonic  (Q), Var 01 2“; *[0.1+0.02 (1.44Qu/Q-1)]
5 Apparent power (S), VA o Relative, %
+[0.04+0.01(1.2Un/U+1.2In/1-2)]
6 Power factor (PF=P/S) 0110 1.0 Absolute 0.2l to 1.2Iy
' "~ |£0.005 0.2Un to 1.2Uy
7 AC frequency (f1), Hz 40 t0 70 Absolute, Hz 0.2In to 1.2y
+0.003 0.2Un to 1.2Uy
8 Phase angle between funda- Absolute, degrees
mental harmonics of:
-phase voltages, degrees 0to 360 [+0.03 0.2Uy to 1.2Uy
- voltage and current in the +0.03 0.2Into 1.2IN
same phase, degrees s 0.2Uy\ to 1.2Uy
9 RMS %f voltage harmonic of Absolute, V Unh<0.01Uy
orderh <, h=2...50 +0.001 Uy
(Unn), V 0t00.6Un Relative, % Unh > 0.01Uy
0.1
10 RMS of voltage interhar- Absolute, V Ucm <0.01Uy
monic of order m (frequency 010 0.15U +0.001 Uy
m-f;), m=0.5...50.5 in 1.0 in- " Relative, % Ucm > 0.01Uy
crements (Ucm), V +0.1
11 RMS of current harmonic of Absolute, A I < 0.01ly
order h, +0.001 Iy
h=21t050 (lqp), A 010 0.6l Relative, % Inn>0.01ly
+0.05 %
12 RMS of current interhar- Absolute, A lcm <0.01ly
monic of order m (frequency 010 0.15| +0.001 Iy
m-f,), m=0.5...50 in 1.0 incre- N Relative, % lcm > 0,011y
ments (Icm), A +0.05 %
13 Phase angle between h™ Absolute, degrees 0.2Unto 1.2Uy
voltage and h™ current harmon- 0.2Into 1.2IN
ics in the same phase, degrees 0 to 360 Ki(h) =2...15%

Ku(h)=2 ... 15 %

1.0

h=2...10

+3.0

h=11...50
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Table B3

+0.3

Measure- |Error type and measurement
Measured parameter ment | unit, limits of permissible in- Note
range trinsic measurement error
14 Voltage harmonic of order h 0.2Uy to 1.2Uy
(in reference to fundamental Absolute, % Ky(h) < 1.0
harmonic); 0t049.9 |+0.01
h=2...50 [Ku(h)], % Relative, % Ky(h) > 1.0
1.0
15 Current harmonic of order h 0.21y to 1.2ly
(in reference to fundamental Absolute, % Ki(h) < 1.0
harmonic); 0t049.9 |+0.05
h=2...50 [Ki(h)], % Relative, % Ki(h)>1.0
15
16 Active power of h™ har- 0.2Uy to 1.2Uy
e 50 (P, W 0 to 0.05p /A ADsolute, W o nl2 05 10
... 50 (P@), 10 0-05Pn1, 9. 00005Py+0.005P ) L‘é‘l’(sh;"L L o
Ky(h)=1...40 %
17 Total Harmonic Distortion 0.2Un to 1.1Uy
of voltage (THDvy), % Absolute, % Ky<1.0
0t049.9 |+0.003
Relative, % Ky>1.0
+0.3
18 Total Harmonic Distortion 0.2Iy to 1.11In
of current (THD)), % Absolute, % K, <1.0
0t049.9 [+0.01
Relative, % K >1.0
+1.0
19 Negative sequence voltage 0.5Un to 1.2Uy
ratio (K,u) and zero sequence 0to 15 f_‘g szc())lute, %
voltage ratio (Kou), % e
20 Positive sequence voltage of
fundamental h%rmonic ’ 0 to Uy Absolute, V
+(0,0004Uy x\3)
(Uiw), V
21 Zero sequence voltage of 0.5Uy to 1.2Uy
fundamentgl harmonic ’ 0to Un Absolute, V Kou<15%
+0.001 Uy
(Yow), V Kou < 15 %
22 Negative sequence voltage Absolute. V
of fundamental harmonic 0 to Uy ’
(U, V +(0.0006Uy -V3)
23 Positive sequence current of Otol Absolute, A
fundamental harmonic (111)), A N 1+(0.00041y)
24 Zero sequence current of 0tol Absolute, A
fundamental harmonic (o), A N 1+(0.0011y)
25 Negative sequence current of Otol Absolute, A
fundamental harmonic (lpp), A N 1+(0.00061y)
26 Phase angle between voltage 0.21y to 1.2Iy
and current of positive, or nega- 0.2Unt0 1.2Uy
tive, or zero sequence, degrees | 0 to 360 Absolute, degrees l11y, l22), loy 20.02 Iy

U1y, Uz, Ug)=0.02
Un
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Table B3

Measure- | Error type and measurement
Measured parameter ment unit, limits of permissible in- Note
range trinsic measurement error
27 Flicker short-term severity, f=(fnom £ 1) Hz
. . o
relative units 0.2 Relative, % AU/L_JSZO %;
provided that voltage
to10 |5.0
waveforms are mean-
der-like
28 DC voltage (U), V Relative, %
O.lUN IN =100 A
t0 1.7Uy, +[0.02+0.005(1.7Un/U-1)]
0.1Uy INn< 100 A
t0 1.25Uy +[0.02+0.005(1.25U\/U-1)]
29 DC current ¥ (1), A 0.1ly |Relative, %
to 1.21y  |£[0.02+0.01(1.2I\/1 - 1)]
0.1y |Relative, %
to 1.5l  |+[0.02+0.01(1.51x/1 - 1)]
30 DC power ¥ (P), W Relative, %
Un up to 480 V
0.01Py i INn=100 A
t0 2.04Py, +[0.04+0.01(2.04P\/P-1)] 0.1Uy o 1.7Uy
0.1Iyto1.21y
Un up to 480 V
0.01Py i In< 100 A
t0 2.55Py, +[0.04+0.01(2.55P\/P-1)] 0.1Uy o 1.7Uy
0.11\to 1.51
Un =800V
0.01Py ] In=100 A
to 1.5Py +[0.04+0.01(1.5Pn/P-1)] 0.1Uy t0 1.25Uy
0.1Into 1.21y
Un =800V
0.01Py ) In< 100 A
t0 1.875Py, +[0.04+0.01(1.875Pn\/P-1)] 0.1Uy t0 1.25Uy
0.1Into 1.51y

Notes:

1 Reactive power is calculated by 3 methods: method of cross-connection, geometrical and phase shift
(voltage is shifted by ¥ T, where T is the fundamental period) methods.
2 Frequency of the h™ harmonic equals h-f;.
3 Parameters marked ¥ are only measured by instruments of EM3.1KM x-05-1 modification.

4 Figures specified in the table are valid only if amplitude values of input voltage and current do not
exceed 170% of the nominal values of measurement ranges (Uy and Iy respectively).
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Table B4

Measurement ranges and limits of permissible measurement errors for EM 3.1KM-x-05-x-x1x

equipped with AC current probes

Error type and measurement

harmonic (U), V

Measured parameter Measure- unit, limits of permissible Note
ment range|. . . .
intrinsic measurement error
1 RMS of AC voltage and .
0.1Un  |Relative, %
RMS of fundamental voltage | 4 513 |410.02+0.005(1.2Un/U—1)]

2 RMS of AC current and
RMS of fundamental current

Relative, %
+[0.1+0.01(In/1 - 1)] !

harmonic (1), A 0.05ly  |+[0.2+0.02(In/1 = 1)] "
to 1.21y  |+[0.5+0.05(In/1 - 1)] "
+[1.0+0.05(In/1 - 1)] VY
+[2.0+0.1(In/1 - 1)]
3 Active power and Relative, % 0.1Uynto 1.2Uy
Active power of fundamental 0.9 <|cos ¢| < 1.0
harmonic (P), W +0.2" 404" +1.0™ 0.01lyt0 0.05ly
+0.1" 402" +05™: 0.05Iyto 1.21y
+1.0"V: +2.0V
0.5<|cos ¢| <0.9
+0.25"; +0.5"; 0.02Int00.11y
+0.15" 0.3 +10 ™ 0.1lyto 1.2l
+2.0"V: +4.0V
+[0.25+0.02(1.44Pn/P -1)] " ]0.2 < cos ¢| <0.5;
+[0.5+0.05(1.44P\/P -1)] " |0.1Into 1.2l
+[1.0+0.1(1.44Py/P -1)] "
+[2.0+0.1(1.44P\/P-1)] "V
4 Reactive power and 0.01(Un:1IN) |Relative, % 0.1Uynto 1.2Uy
Reactive power of fundamental to 0.9 <|cos 9| < 1.0
harmonic ¥ (Q), Var 1.44(Un'lw) (+0.3%: 2075, +15™: 0.021yt0 0.051y
+0.2"+05" +1.0™: 0.05Iyto 1.21y
+2.0"V:+2.0V
0.5 <|sin @| < 0.9
+03" 075" +15"" 0.02Int00.11y
+0.2" 405" +1.0™: 0.1lnto1.2Iy
+2.0"V: +2.0V
+0.3: #0.75"; 15" 0.2 <|sin @| <0.5
+25"V: 425V 0.1lnto 1.2Iy
5 Apparent power (S), VA Relative, % 0.1Unto 1.2Uy
0.1lnto 1.2Iy
+0.2 :; +0.4 :: +1.0 ::| S<0.1Sy
Jﬂ:é .'V;ig'zz_o 0 0.1Syto 1.44Sy
6 Power factor (PF=P/S) 01 Absolute 0.21y to 1.2Iy
w010 |¥0:02 :;Vio.oz' "\;/10.05 . 0.2Uy to 1.2Uy
"~ 1+0.05 " +0.10
7 AC frequency (f1), Hz 40 Absolute, Hz 0.2U\ to 1.2Uy
to70  |+0.003 0.21y to 1.21y
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Table B4

Error type and measure-

Measure- | ment unit, limits of permis-
Measured parameter s Note
ment range| sible intrinsic measurement
error
8 Phase angle between funda- Absolute, degrees
mental harmonics of:
- Input voltages, degrees 0to 360 [+0.03 0.2Uyto 1.2Uy
- Voltage and current in the +05 0.2Into 1.21N
same phase, degrees o 0.2Uynt0 1.2Uy
9 RMS gf voltage harmonic of Absolute, V Unh < 0.01Uy
orderh“, h=2...50 +0.001 Uy
(Unp), V 010 0.6Un Relative, % Unp > 0.01Uy
+0.1
10 RMS of voltage interhar- Absolute, V Ucm <0.01Uy
monic of order m (frequency +0.001 Uy
m-f;), m=0.5...50.5in 1.0 in- 0t0 0.15Un Relative, % Ucm > 0.01Uy
crements (Ucm), V +0.1
11 RMS of current harmonic of Absolutel, A | Inh<0.01ln
order h, +0.02 Iy ; £0.04 Iy
h=21t050 (Ixn), A 0t0 0.6l Relative, % I > 0.01ly
+5' +10"
12 RMS of current interhar- Absolute, A lem <0.011y
monic of order m (frequency | o4 045 [£0.02 In ' +0.04 Iy "
m-f;), m=0.5...50 in 1.0 incre- ' Relative, % lcm>0.01ly
ments (I cm), A +5" +10"
13 Phase angle between h™ Absolute, degrees 0.2Unto0 1.2Uy
voltage and h™ current harmon- 0.2Iyto 1.21n
ics in the same phase, degrees Kj(h) > 5%; Ky(h) > 1%
010360 [T 4ot h=2..10
+10"; +10 " h=11...20
+20"; +20" h=21...50
14 Voltage harmonic of order h 0.2Uy to 1.2Uy
(in reference to fundamental Absolute, % Ku(h) <1%
harmonic); 0t049.9 |+0.01
h=2...50 [Kuy(h)], % Relative; Ku(h)>1%
1.0
15 Current harmonic of order h 0.2Int0 1.21y
(in reference to fundamental Absolute, % Ki(h) <1.0
harmonic); 0t049.9 [+0.05" +0.05"
h=2..50 [K(h)], % Relative, % Ki(h) >1.0
+50" 5.0 "
16 Total Harmonic Distortion of 0.2Un to 1.2Uy
voltage (THDy), % 01t049.9 |Absolute, %: +0.05 THDy < 1.0
Relative, %: +5 THDy > 1.0
17 Total Harmonic Distortion 0.2Iy to 1.21y
of current (THD)), % Absolute, % THD, < 1.0
0to49.9 |+0.1
Relative, % THD, > 1.0
+10
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Table B4

Meas- | Error type and measurement

Measured parameter urement | unit, limits of permissible in- Note
range trinsic measurement error
18 Active power of h™ harmonic; Relative, % 0.2Unto 1.2Uy
h=2...50 (P(h)), W 0.2Into 1.2In

Ki(h)=1... 40%
Ku(h)=1...40 %

0.003Py —
t00.1Py [£50"; £10.0" cos 91 =29... 1.0
lcos ¢/ =0.5...0.9
+5.0" +10.0" h=2..10
+10.0" +20.0 " h=11...50

19 Negative sequence voltage ra- 0.5U\ to 1.2Uy

0,
tio (Kou) and zero sequence volt- | 0to 15 Absolute, %

age ratio (Kou), % +0.20

20 Positive sequence_voltage of Oto U Absolute, V

fundamental harmonic (Uypy), V N 1+(0.0004Uy xV3)

21 Zero sequence_voltage of fun- Oto U Absolute, V 0.5U\ to 1.2Uy
damental harmonic (Ugp), V N 140.001 Uy Kou < 15 %

22 Negative sequence voltage of 010 Uy, Absolute, V Kou <15%

fundamental harmonic (U,), V +(0.0006Uy -\3)
23 Positive sequence current, zero Absolute, A

sequence current and negative Otol, [£0.01ln) ' £(0.011y) " 0.01ly to 1.21y
sequence current of fundamental +(0.021) " +(0.021x) 'V 0.05Iy to 1.21n
harmonic (I, logyand lyay), A +(0.02ly) 7 £(0.021y)
24 Flicker short-term severity, f=(fnom £ 1) Hz
relative units Relative. % AU/U < 20 %j;

0.2t0 10 5.0 ' provided that voltage

' waveforms are mean-
der-like

25 DC voltage (U), V Relative, %

OIINIO Lif0.02+0.005(1.7UNU-L)] [N UPTOAOY

TUy
0.1Un Un=800V
t0 1.25Uy, +[0.02+0.005(1.25Un/U-1)]

Notes

1 Reactive power is calculated by 3 methods: method of cross-connection, geometrical and phase shift
(voltage is shifted by ¥ T, where T is the fundamental period) methods.

2 Frequency of the h™ harmonic equals h-f;.

3 Figures marked with indices "I, "II", "HI", "IV" and "V" relate to measurements made by
EM3.1KM equipped with AC current probes of the following accuracy classes: 0.1 ("1"), 0.2 ("I1"),
0.5 ("I™), 1.0 ("1V"), and 2.0 ("V"). Nominal values of AC current (Iy) are referred, in this case, to
nominal (rated) currents of the AC current probes in use.

4 Figures specified in the table are valid only if amplitude values of input voltage and current do not
exceed 170% of the nominal values of measurement ranges (Uy and Iy respectively).

34



Table B5

Measurement ranges and limits of permissible measurement errors for EM3.1KM-x-10
(without AC current probes)

Error type and measurement

Measured parameter Measure- unit, limits of permissible in- Note
ment range o
trinsic measurement error
1 RMS of AC voltage (U), V 0.1Uy Relative, %
to 1.2Uy  |£]0.04+0.01(1.2U\/U-1)]
2 RMS of AC current and .
0.1y Relative, %
Ea'\r"rﬁo‘;figu(r:)‘ﬂ"e”ta' CUrrent | 49121y [£[0.04+0.01(1.21y/I-1)]
3 A_ctlve power and 0.1Unto Relative, % Pn = UE N
Active power of fundamental 1.2Uy £[0.1+0.01(1.44Py/P-1)] |cos | =0.2t0 1.0
harmonic (P), W 0.1lnto 121y |~ T VTN
4 Reaf:tive power and Relative. % Qn=Un-In
E:frgg\r:?c%?\év(g)r,O\Z;mdamental £[0.2+0.02(1.440/0-1)] |sinp| =0.2t0 1.0
5 Apparent power (S), VA Relative, %
+[0.1+0.01(1.2U\/U+1.21\/1-2)]
6 Power factor (PF=P/S) 0110 1.0 Absolute 0.21y to 1.2Iy
' —£0.02 0.2Uy to 1.2Uy
7 AC frequency (f1), Hz 40 t0 70 Absolute, Hz 0.21y to 1.2Iy
+0.01 0.2Uy to 1.2Uy
8 Phase angle between funda- Absolute, degrees
mental harmonics of:
- Input voltages, degrees 0to 360 |+0.05 0.2Uy to 1.2Uy
- Voltage and current in the +0.05 0.2Iyto 1.2IN
same phase, degrees T 0.2Un to 1.2Uy
9 RMS of voltage harmonic of h=2...50
order h?, h=2...50 (Unyp), V Absolute, V Upp < 0.01Uy
0to 0.6Uy |+0.002 Uy
Relative, % Unp > 0.01UyN
+0.2
10 RMS of voltage interhar- Absolute, V Ucm <0.01Uy
monic of order m (frequency 010 0.15U +0.002 Uy
m-f,), m=0.5...50.5 in 1.0 in- N Relative, % Ucm > 0.01Uy
crements (Ucm), V +0.2
11 RMS of current harmonic of Absolute, A Inn<0.01ly
order h, +0.002 Iy
h=21t050 (I4p), A 0t0 0.6l Relative, % Inn>0.01ly
+0.1
12 RMS of current interhar- Absolute, A lem <0.01ly
monic of order m (frequency 010 0.15 +0.002Iy
m-f,), m=0.5...50 in 1.0 incre- N IRelative, % le.m > 0.01ly
ments (I cm), A 0.1
13 Phase angle between h™ volt- Absolute, degrees 0.2Unto 1.2Uy
age and h™ current harmonics in 0.2Int0 1.21y
the same phase, degrees 0 to 360 Ki(h) =2...15%

Ku(h)=2...15%

+1.0

h=2...10

+3.0

h=11...50
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Table B5

Meas- | Error type and measurement
Measured parameter urement | unit, limits of permissible in- Note
range trinsic measurement error
14 Voltage harmonic of order h 0.2Uy to 1.2Uy
(in reference to fundamental 0.2Iyto 1.21n
harmonic); 010 49.9 Absolute, % Ky(h) < 1.0
h=2... 50 [Ky(h)], % 12005 Ki(h) <1.0
Relative, % Ky(h) > 1.0
5 Ki(h) > 1.0
15 Active power of h™ har- h=2...50
monic; 0.2Uy to 1.2Uy
h=2...50 (Pn), W Oto |Absolute, W 0.2Into0 1.21N
0.05Py |+(0.0001Py +0.005P ) |cosg|=0.5 1.0
Ki(h)=1 ... 40%
Ky(h)=1...40 %
16 Total Harmonic Distortion 0.2Uy to 1.2Uy
of voltage (THDy) and Total 0.2In to 1.21y
Harmonic Distortion of current 010499 Absolute, % THDy < 1.0
(THD)), % ~ |£0.05 THD, < 1.0
Relative, %, THDy > 1.0
+5 THD,; > 1.0
17 Negative sequence voltage 0.5Uy to 1.2Uy
ratio (Kou) and zero sequence 0to 15 f‘g sz%lute, %
voltage ratio (Kqu), % -
18 Positive sequence voltage of
fundamental h(;rmonic ’ 0to Uy Absolute, v
+(0.001Uy x\3)
(Vi) V
19 Zero sequence voltage of 0.5Uy to 1.2Uy
fundamentgl harmonic ’ 0to Uy f\bsolute, v Koy < 15 %;
+0.002 Uy
(Yow), V Kou < 15 %
20 Negative sequence voltage
of fundamental harmonic 0 to Uy f‘(%sglc)u;fj V V3)
Uo), V - !
21 Positive sequence current of Otol Absolute, A
fundamental harmonic (ly1), A N |+(0.0011y)
22 Zero sequence current of Otol Absolute, A
fundamental harmonic (lo)), A N 1+(0.0021y)
23 Negative sequence c_urrent Absolute. A
g}‘fundamental harmonic (l)),| 0to Iy £(0.0021y)
24 Phase angle between volt- 0.2Iyto 1.2In
age and current of positive, or 0.2Unto 1.2Uy
negative, or zero sequence, de- | 0 to 360 f‘lb %olute, degrees l11y, l2@2), lo) 20.02 Iy
grees - U1y, Uzqy, Uo)=0.02
Uy
25 Flicker short-term severity, f = (fxom £1) Hz
relative units Relative. % AU/U <20 %,
0.2t0 10 50 T provided that voltage

waveforms are meander-
like
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Table B5

Measured parameter

Measure-
ment

Error type and measurement
unit, limits of permissible intrin-

Note

range sic measurement error
26 DC voltage (U), V 0.1Un [Relative, % Uy up to 480 V
t0 1.7Uy [£[0.04+0.01(1.7Un/U-1)]
0.1Uy [Relative, % Un=800V
to 1.25Uy [+[0.04+0.01(1.25Un/U-1)]
27 DC current ¥ (1), A 0.1ly |Relative, % In=100 A
to 1.2l |£[0.04+0.01(1.2In/1 - 1)]
0.1y [Relative, %, IN< 100 A
to 1.5l |£[0.04+0.01(1.5In/1 - 1)]
28 DC power ¥ (P), W Relative, %,
0,01Py IUN“;i‘gotc/’fso Vi
t0 2.04Py (£[0.08+0.01(2.04P\/P-1)] 0.1Uy t0 1.7Uy
0.1Inyto 1.2y
Un up to 480 V;
0.01Py In<100 A
{0 2.55Py, +[0.08+0.01(2.55P\/P-1)] 01Uy 0 1.7Un,
0.1Iyto 1.5y
Un=800V
0.01Py In=100 A
{0 1.5Py +[0.08+0.01(1.5Pn/P-1)] 01Uy to 1.25Uy,
0.1Iyto 1.2y
Un=800V
0.01Py In<100 A
to 1.875Py +[0.08+0.01(1.875Pn/P-1)] 0.1U\to 1.25Uy
0.1Iyto 1.5y

Notes

1 Reactive power is calculated by 3 methods: method of cross-connection, geometrical and phase shift
(voltage is shifted by ¥4 T, where T is the fundamental period) methods.
2 Frequency of the h™ harmonic equals h-f;.
3 Parameters marked 2 are only measured by instruments of EM3.1KM x-10-1 modification.
4 Figures specified in the table are valid only if amplitude values of input voltage and current do not
exceed 170% of the nominal values of measurement ranges (Uy and Iy respectively).
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Table B6

Measurement ranges and limits of permissible measurement errors
for Energomonitor-3.1KM-x-10 equipped with AC current probes

Error type and measurement

Measured parameter Measure- unit, limits of permissible in- Note
ment range ..
trinsic measurement error
1 RMS of AC voltage and 01Uy  [Relative, %
ﬁa'\r"nfo‘;fk‘:“(rb‘;‘f‘r{‘/e”ta' voltage | 157 2Uy |+ [0.04+0.01(1.2Up/U-1)]
2 RMS of AC current and Relative, %
RMS of fundamental current +[0.1+0.01(In/1 - 1)]
harmonic (1), A 0.05Iy  |+[0.2+0.02(In/1 = 1)] "
to 1.21y  |£[0.5+0.05(In/1 = 1)] ™
+[1.0+0.05(In/1 - 1)] "V
+[2.0+0.1(In/1 - 1)] VY
3 Active power and Relative, % 0.1Uynto 1.2Uy
Active power of fundamental 0.9 <|cos ¢| < 1.0
harmonic (P), W +0.2" 404" +1.0™ 0.0115t00.051y
+0.1"+02" 05" 0.05Int0 .21y
+1.0"V: 20V
0.5<|cos ¢| <0.9
+0.25" +0.5" 0.02Int00.11y
+0.15" +0.3™M +10™: 0.1lnto1.2Iy
+2.0"V; +4.0V
0.2 <|cos 9| <0.5
+[0.25+0.02(1.44P\/P -1)] " [0.1Into 1.21y
+[0.5+0.05(1.44Py/P -1)] "
+[1.0+0.1(1.44P\/P -1)] "
+[2.0+0.1(1.44Pn/P-1)] "V
. 0.01(Un-Iy) .
4 Reactive power and to Relative, % 0.1Uy to 1.1Uy
Reactive power of fundamental . 0.9 <|cos ¢| < 1.0
) 1.44(Un-In) | o -
harmonic ~ (Q), Var +0.3";+0.75"; #15" 0.02I5100.051y
+0.2"+05" +1.0™: 0.05Iyto 1.21y
+2.0"V; 20V
0.5<|cos | <0.9
+03% " +075%"; #1.5 ™. ]0.02Iyt00.1ly
+0.2 405 " +10 ™ 0.1lnto1.2Iy
+2.0 V:+20 V
+0.3 :+0.75 " +15 0.2 <|cos 9| <0.5
+25 V. 425V 0.1lyto 1.2Iy
5 Apparent power (S), VA Relative, % 0.1Unto 1.2Uy
0.1Into 1.21y
+0.2 :; +0.4 :: +1.0 ::| S$<0,1Sy
ig:é 'V:_Lg'zz,o (0 0.1Snto 1.44Sy
6 Power factor (PF=P/S) 0.1 Absolute 0.21y to 1.2Iy
010 |¥0:02 :{/10.02’ "\;/10.05 . 0.2Uy to 1.2Uy
~#0.05"; #0.10
7 AC frequency (f1), Hz 40 Absolute, Hz 0.2U\ to 1.2Uy
to70  |+0.01 0.2ly to 1.21y
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Table B6

Meas- | Error type and measurement
Measured parameter urement | unit, limits of permissible in- Note
range trinsic measurement error
8 Phase angle between funda- Absolute, degrees
mental harmonics of: 0
- Phase voltages, degrees t0 360° 0.2 0.2Uy to 1.2Uy
- Voltage and current in the +0.5 0.2Un to 1.2Uy
same phase, degrees 0.2Into 1.21y
9 RMS of voltage harmonic of Absolute, V Unp <0.01Uy
order h?, h=2...50 0to  |+0.002 Uy
(Unn), V 0.6Un |Relative, % Unn > 0.01Uy
+0.2
10 RMS of voltage interhar- Absolute, V Ucem <0.01UN
monic of order m (frequency Oto [£0.002 Uy
m-f1), m=0.5...50.5in 1.0 in- 0.15UN  [Relative, % Ucm > 0.01Uy
crements (Ucm), V 0.2
11 RMS of current harmonic of Absolute, A Innh <0.01ly
order h, 010 0.6 £0:02In"; £0.04 Iy "
h=21050 (lup), A N Relative, % lin > 0.01ly
+5% ', +10 %"
12 RMS of current interhar- Absolute, A le,m <0.011y
monic of order m (frequency 0to |+0.02 Iy"; +0.04 I;;"
m-f;), m=0.5...50 in 1.0 incre- 0.15ly [Relative, % lem>0.01ly
ments (I ¢,m), A +5"+10"
13 Phase angle between h™ volt- Absolute, degrees 0.2Unt0 1.2Uy
age and h™ current harmonics in 0.2Into 1.21N
the same phase, degrees Ki(h) > 5%; Ky(h) > 1%
010360 [ om h=2..10
+10", +10" h=11...20
+20"; +20" h=21..50
14 Voltage harmonic of order h 0.2Uy to 1.2Uy
(in reference to fundamental Absolute, % Ku(h) <1.0
harmonic); 0 to0 49.9 |+0,05
h=2...50 [Ky(h)], % Relative, % Ku(h) >1.0
5
15 Current harmonic of order h l or 0,21y mo 1.21y;
(in reference to fundamental Absolute, % Ki(h) <1.0
harmonic); 00 49.9 |+0.05 "; +0.05 "
h=2...50 [Ki(h)], % Relative, % Ki(h)>1.0
+50" 5.0 "
16 Total Harmonic Distortion of 0.2Un to 1.2Uy
voltage (THDy), % Absolute THDy < 1.0
010 49.9 |+0.05 %
Relative THDy > 1.0
+5 %
17 Total Harmonic Distortion 0.2Iy to 1.21y
of current (THD)), % Absolute THD, < 1.0
0t049.9 |+0.1 %
Relative THD, > 1.0
+10 %
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Table B6

Error type and measurement
Measurement b

Measured parameter range unit, Iimits of permissible intrin- Note
sic measurement error
18 Active power of h" Relative, % 0.2Uy to 1.2Uy
harmonic; 0.2Into 1.21IN
h=2...50(Pwn), W Ki(h)=1... 40%
0.003Py Kyth)=1...40 %
t00.1Py [#5.0"; +10.0" lcos 9| =0.9... 1.0
|cos | =0.5... 0.9
+5.0" +10.0" h=2..10
+10.0 '; +20.0 " h=11...50
19 Negative sequence Absolute, % 0.5Uy to 1.2Uy
voltage ratio (Kzy) and 010 15 +0.20

zero sequence voltage
ratio (Kou), %

20 Positive sequence Absolute, V
voltage of fundamental OtoUy  |+(0.001Uy x\3)
harmonic (U, V

21 Zero sequence volt- Absolute, V 0.5Uy to 1.1Uy
age of fundamental OtoUn  |£(0.002 Uy) Koy < 15 %;
harmonic (Upwy), V Kou < 15 %

22 Negative sequence Absolute, V

voltage of fundamental OtoUy  [+(0.002Uy -V3)
harmonic (Uyny), V

23 Positive sequence Absolute, A
current, zero sequence +(0.011y) ; £(0.011y) " 0.01ly to 1.2l
current and negative se- | o [£(0.02In) ™ £(0.021y) "V 0.05Iy to 1.2y

quence current of fun-
damental harmonic

(I, logyand lxy), A

24 Flicker short-term Relative, %, f = (fnom £1) Hz
severity, relative units 5.0 AU/U <20 %,
0.2t0 10 provided that voltage
waveforms are mean-
der-like
25 DC voltage (U), V Relative, %
0.1Uyn +[0.04+0.01(1.7U\N/U-1)] Uy up to 480 V
to 1.7Uy
0.1Un +[0.04+0.01(1.25U\/U-1)] Uy =800V
to 1.25Uy
Notes

1 Reactive power is calculated by 3 methods: method of cross-connection, geometrical and phase shift
(voltage is shifted by ¥ T, where T is the fundamental period) methods.

2 Frequency of the h™ harmonic equals h-f;.

3 Figures marked with indices "I", "lI", "I11", "IV" and "V" relate to measurements made by
EM3.1KM equipped with AC current probes of the following accuracy classes: 0.1 ("I'), 0.2 ("lI"),
0.5 ("1™, 1.0 ("IV"™), and 2.0 ("V"). Nominal values of AC current (Iy) are referred, in this case, to
nominal (rated) currents of the AC current probes in use.

4 Figures specified in the table are valid only if amplitude values of input voltage and current do not
exceed 170% of the nominal values of measurement ranges (Uy and Iy respectively).
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Table B7

Measurement ranges and limits of permissible measurement errors
of Energomonitor 3.1KM-x-02-xx1 as applied to calibration of VTs and CTs

Measurement range

Error type and limits of per-

Measured e Lt
and measurement missible intrinsic measure- Note
parameter units ment error
1 Voltage Absolute, % 0.2Unom t0 1.2Unom
instrument +0.1999 % +0.002 f=(fvom £ 1) Hz
transformer (VT) +1.999 % +0.02
ratio error +19.99 % 102
2 Voltage instru- Absolute, min
ment transformer +600 min +0.1
(VT) angle error +180 degrees +1.0
3 Current Absolute, % 0.01Inom t0 1.21nom
instrument +0.1999 % +0.002 f=(fnom £ 1) Hz
trapsformer (CT) +1.999 % +0.02
ratio error +19.99 % +02
4 Current instru- Absolute, min
ment transformer +600 min +0.1
(CT) angle error +180 degrees +1.0

Unom— Nominal (rated) secondary voltage of the VT under test (from 100/v3 to 800 V);
Inom— Nominal (rated) secondary current of the CT under test (1 A or 5 A);
Fnom — Nominal (rated) frequency of the CT or VT under test (50 Hz or 60 Hz).

Table B8

Measurement ranges and limits of permissible measurement errors
of Energomonitor-3.1KM-x-05-xx1 and Energomonitor -3.1KM-x-10-xx1

as applied to calibration of VTs and CTs

Measured pa-

Measurement range
and measurement

Error type and limits of per-
missible intrinsic measure-

Note

rameter units ment error
1 Voltage Absolute, % 0.2Unomto 1.2Unom
instrument +0.1999 % +0.005 f=(fnom £ 1) Hz
transformer (V'T) +1.999 % +0.05
ratio error £19.99% 05
2 Voltage instru- Absolute, min
ment transformer +600 min +02
(VT) angle error +180 degrees +2.0
3 Current Absolute, % 0.01Inom to 1.2Inom
instrument +0.1999 % +0.005 f=(fnom £ 1) Hz
transformer (CT) +1.999 % +0.05
ratio error £19.99% 05
4 Current instru- Absolute, min
ment transformer +600 min +02
(CT) angle error +180 degrees +2.0

Unom— Nominal (rated) secondary voltage of the VT under test (from 100/v3 to 800 V);
Inom— Nominal (rated) secondary current of the CT under test (1L A or 5 A);
Fnom — Nominal (rated) frequency of the CT or VT under test (50 Hz or 60 Hz).
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APPENDIX C
Calibration report (sample)

CALIBRATION REPORT
issued for
Multifunctional reference standard meter Energomonitor 3.1KM,
,serial N___ TS 4381-026-49976497-2012

modification
Date of manufacture

Month, year
1 Environmental conditions during calibration
- Ambient temperature, °C
- Relative humidity, %
- Atmospheric pressure, kPa (mm Hg)

2 Visual inspection
Conclusion: the DUT conforms (does not conform) to the requirements of Calibration Procedure
M(C3.055.500 MII.

3 Measuring resistance of insulation
Resistance of insulation > MOhm

Conclusion: the DUT conforms (does not conform) to the requirements of Calibration Procedure
M(C3.055.500 MII.

4 Clock / Memory function testing

The Date / Time setting function works correctly (incorrectly).

The date/time and other configuration settings are retained (not retained) in the memory after removing
power from the DUT.

The “Data Exchange with PC” mode works (does not work) correctly.

Conclusion: the DUT conforms (does not conform) to the requirements of Calibration Procedure
M(C3.055.500 MII.

5 Accuracy testing
5.1 The results of determining the relative intrinsic error in the measurements of RMS values of voltage
5y and fundamental (1) harmonic of voltage 8y, are listed in Table C1.

Table C1
U Measurement error of the DUT, %
V" | Urer, V Phase A Phase B Phase C
Sy du1 dy du1 dy du1
800 600
480 480
240 288
240 120
240 24
120 120
60 60
30 30
10 10
5 5
2 2
1 1
1 0.1
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5.2 The results of determining the relative intrinsic error in the direct (without AC current probes) meas-
urements of RMS values of current §, and fundamental (15‘) harmonic of current §,; are listed in Table C2.

Table C2
Measurement error of the DUT, %
Inows A | e A Phase A Phase B Phase C
6I 8I1 6I 6Il 6I 6Il
100 100
50 50
25 25
10 10
5 5
2.5 2.5
1 1
1 0.5
1 0.1
0.5 0.5
0.25 0.25
0.1 0.1
0.05 0.05

5.3 The results of determining the relative intrinsic error in the contactless (with AC current probes)
measurements of RMS values of current §, and fundamental (1“) harmonic of current §,; are listed in Table C3.

AC current probes:

Clip-on CTs; rated current Iyom = A; rated frequency fyom = Hz; accuracy class

The current measurement channels of the DUT were connected to MTS ME 3.1K via the Blocks of Cali-
brated coils (number of turnsinacoiln=_ ).

Table C3

Measurement error of the DUT, %
ler, A Phase A Phase B Phase C
6| 6|1 8| 8I1 8! 8I1

1.2lnom/n
0.5lyom/N
0.05lyom/n
0.01lyom/n

5.4 The relative intrinsic error in measuring apparent power ds conforms (does not conform) to the re-
quirements of Calibration Procedure MC3.055.500 MIT.

5.5 The results of determining the relative intrinsic error in measuring DC voltage dyp are listed in Table C4.

5.6 The relative intrinsic error in measuring DC power dpp conforms (does not conform) to the require-
ments of Calibration procedure MC3.055.500 MII.

5.7 The results of determining the relative intrinsic error in the direct (without AC current probes) meas-
urements of single-phase active power &p are listed in Table C5.

5.8 The results of determining the relative intrinsic error in the direct (without AC current probes) meas-
urements of three-phase active power 8p; are listed in Table C6.
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Table C4

Unowm, Ue V/ Measurement error of the DUT (8yp), %
\ o Phase A Phase B Phase C
800 1000
480 800
240 400
240 200
240 100
240 24
120 200
60 100
30 50
10 17
5 8.5
2 3.4
1 1.7
1 0.1
Table C5
Mearsaunrger)nent Parameters of test signal Measurement error of the DUT (Jp), %
U“{‘/”V" I'\‘X""’ U,V I, A Cos ¢ Phase A Phase B Phase C
800 5 600 5 1.0
480 5 480 5 1.0
480 5 480 5 0.5L
480 5 480 2.5 0.5C
240 1 220 1 1.0
240 1 220 1 0.5L
240 1 220 0.5 0.5C
240 1 220 0.1 0.5L
120 1 100 1 1.0
120 1 100 0.5 0.5L
120 1 100 0.5 0.5C
120 1 100 0.5 0.2C
120 1 100 0.5 0.2L
60 5 66 6 1.0
60 5 60 2.5 0.5L
60 5 60 0.5 0.5C
30 1 30 1 0.5L
10 1 10 1 0.5C
5 1 5 1 1.0
1 1 1 1 1.0

5.9 The results of determining the relative intrinsic error in the direct (without AC current probes) meas-
urements of three-phase active power dp3 are listed in Table C7.

5.10 The additional relative intrinsic error in measuring active power caused by crosstalk of measurement
channels dpsc, conforms (does not conform) to the requirements of Calibration procedure MC3.055.500 MIT.
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Table C6

Measurement Parameters of test signal
range Measurement error of the
0
Uh{(/)M, INXM, TRY; LA Cos ¢ DUT (ps), %
800 5 600 5 1.0
480 5 480 5 1.0
480 5 480 5 0.5L
480 5 480 2.5 0.5C
240 1 220 1 1.0
240 1 220 1 0.5L
240 1 220 05 0.5C
240 1 220 0.1 0.5L
120 1 100 1 1.0
120 1 100 0.5 0.5L
120 1 100 05 0.5C
120 1 100 0.5 0.2C
120 1 100 0.5 0.2L
60 5 66 6 1.0
60 5 60 2.5 0.5L
60 5 60 05 0.5C
30 1 30 1 0.5L
10 1 10 1 0.5C
5 1 5 1 1.0
1 1 1 1 1.0

5.11 The results of determining the intrinsic error in the contactless (with AC current probes) measure-
ments of active power &p are listed in Table B7.

AC current probes:

Clip-on CTs; rated current Iyom = A; rated frequency fyom = Hz; accuracy class

The current measurement channels of the DUT were connected to MTS ME 3.1K via the Blocks of Cali-
brated coils (number of turnsinacoiln=__).

Table C7
Measure- ; 9
ment range Parameters of test signal Measurement error of the DUT (5p), %
Unom, V | U,V I, A Cos @ Phase A Phase B Phase C

800 480 | 1.2lnom/n 1.0
480 480 | 1.2lnom/n 1.0
480 480 ] 0.2lnom/n | 0.5L
480 480 | 0.2lnyom/n | 0.5C
240 220 | 0.1lyom/n 1.0
240 220 |0.05lyom/n| 0.5L
240 220 |0.0llyom/n| 1.0
240 220 | 0.1lyom/n | 0.2C
240 100 | 0.1lyom/n | 0.2L
120 100 |NOM/n 0.5C

60 60 Inom/N 0.2C
30 30 Inom/N 0.2L
10 10 Inom/N 1.0
5 5 Inom/N 0.5L
2 2 Inom/N 0.5C
1 1 Inom/N 0.5L

5.12 The absolute intrinsic error in measuring power factor Apr conforms (does not conform) to the re-
quirements of Calibration procedure MC3.055.500 MII.
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5.13 The results of determining the absolute intrinsic error in measuring AC frequency Ag are listed in
Table C8.

Table C8

Test values of frequency, Measurement error of the DUT
Hz (Ag), Hz
42.5
53
60
70

5.14 The absolute intrinsic error in the direct (without AC current probes) measurements of phase angle
between the fundamental harmonics of voltage and current in the same phase (on condition that the phase angle

equals zero) Ay, conforms (does not conform) to the requirements of Calibration procedure MC3.055.500 MIT.

5.15 The results of determining the absolute intrinsic error in the contactless (with AC current probes)
measurements of phase angle between the fundamental harmonics of voltage and current in the same phase
(Agu) are listed in Table C9.

Table C9
Measure- . Measurement error of the DUT
ment range Parameters of test signal (Agu), °
Unom, V | U,V I, A 0, ° Phase A | Phase B Phase C

240 220 Inom/n 0
240 220 | 0.5lnom/n 45
240 220 01|No|\/|/n 60
240 220 [0.05Inom/n| -45
240 220 | 0.1lyom/n | -60

5.16 The results of determining the absolute intrinsic modular 8¢y and angular 6¢y errors of the DUT as
applied to testing of voltage instrument transformers are listed in Table C10.

Table C10
Parameters of test signals gener- | Expected values of modular | Modular and angular errors of
Nominal voltage of ated by MTS ME 3.1K and angle errors the DUT
the DUT (Unow), V Ua V | Ug V ‘PU&Z’E‘QG' S, % 0, min Scu, % Oy, Min
120 120 0.00 0.00 0.0
120 120.24 | 120 0.17 0.20 10.0
119.76 | 120 -0.17 -0.20 -10.0
100 100 0.00 0.00 0.0
120 100.2 100 -0.17 0.20 -10.0
99.8 100 0.17 -0.20 10.0
80 80 -0.17 0.00 -10.0
120 80.16 80 0.17 0.20 10.0
79.84 80 0.00 -0.20 0.0
60 60 0 0.00 0.0
60 60.12 60 0.17 0.20 10.0
59.88 60 -0.17 -0.20 -10.0
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5.17 The results of determining the absolute intrinsic modular ¢, and angular 6¢, errors of the DUT as
applied to testing of current instrument transformers are listed in Table C11.

Table C11
Nominal ng?{:g; rj g; tﬁ/ls.ﬁ_gl?\;:eés Explected values of modu- | Modular and angle errors of
ar and angle errors the DUT
Current of 3.1K
CTCS, A A | Ig A |PUAB L §i0 0i,min Sci, % 01, Min
rpang
10 6.01200 | 6.00000 | 0.17 0.2 10
5 4.99000 | 5.00000 | -0.17 -0.2 -10
5 1.00200 | 1.00000 | -0.17 0.2 -10
2.5 2.50500 | 2.50000 | -0.17 0.2 -10
1 1.00200 | 1.00000 | -0.17 0.2 -10
0.25 0.25050 | 0.25000 | -0.25 0.2 -15
0.05 0.04990 | 0.05000 | 0.50 -0.2 30

Conclusion: the DUT conforms (does not conform) to the requirements of Calibration Procedure
M(C3.055.500 MIT as applied to the accuracy characteristics.

6 Performance of frequency outputs and pulse input
6.1 Performance testing of the frequency outputs

6.1.1 The pulse signal characteristics on Four (TTL) conform (do not conform) to the requirements of
Calibration procedure MC3.055.500 MII.

6.1.2 The pulse signal characteristics on Four (TM) conform (do not conform) to the requirements of Cal-
ibration Procedure MC3.055.500 MIT.

6.2 Performance testing of the pulse input

6.2.1 The pulse input of the DUT works correctly (incorrectly) and provides (does not provide) for deter-
mining measurement errors of electrical energy meters.

Conclusion: The DUT conforms (does not conform) to the requirements of Calibration Procedure
M(C3.055.500 MIT as applied to the frequency outputs and pulse input performance.

7 Testing of firmware
7.1 The FW name, version and checksum of the metrologically significant component of the firmware
conform (do not conform) to the requirements of Calibration Procedure MC3.055.500 MITI.

Summary: The Energomonitor 3.1KM conforms (does not conform) to the requirements of Calibration
Procedure MC3.055.500 MII.

Date Calibrator’s signature

Seal
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