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INTRODUCTION

The manual describes a desktop/rack-mounted/portable multifunctional reference standard
meter ENERGOMONITOR-3.1KM (hereinafter referred to as “the EM-3.1K” or “the Device”)
and contains information about its operation, maintenance, transportation, storage, manufacturer’s
warranty conditions and calibration procedure.

In terms of design, accuracy and functionality, the EM 3.1KM comes in various options.

The legend (shown below) contains information about the options as specified in the pur-
chase order:

12 3 456 7 8 9 10 11

Position 1 — design version:
"S" — stationary (19” rack mount enclosure);

"D" — desktop;
"P" — portable.

Position 2 — accuracy:

"02" — measurement errors as specified in Tables 3, 4 and 9;
"05" — measurement errors as specified in Tables 5, 6 and 10;
"10™" — measurement errors as specified in Tables 7, 8 and 10.

Position 3 — extra functionality:

"000" - no additional functions;

"1XX" — DC current and DC power measurement functions available;

"X1X" — Contactless current measurements available (AC current probes of the required
type included in the delivery package);

"XX1" — Comparator function available (meant for calibration of voltage instrument trans-
formers (VTs) and current instrument transformers (CTs).

CTs are calibrated with use of the auxiliary device CTCS-3.1 (scaling converter + switch-
gear module) included in the delivery package.

Position 4 — AC voltage measurement ranges:

"0" - from 6 to 576 V [measurement subranges 60, 120, 240 and 480 V],

"1" —from 0.1 to 288 V [measurement subranges 1, 2, 5, 10, 30, 60, 120 and 240 V],

"2" —from 3 to 960 V[ measurement subranges 30, 60, 120, 240, 480 and 800 V],

"3" — from 0.1to 960 V [measurement subranges 1, 2, 5, 10, 30, 60, 120, 240, 480 and 800 V].

Position 5 — AC current measurement ranges for contact measurements (without AC current
probes):

"0" — from 0.005 to 120 A [measurement subranges 0.05; 0.1; 0.25; 0.5; 1; 2.5; 5; 10; 25; 50
and 100 A],

"1" —from 0.005 to 60 A [measurement subranges 0,05; 0,1; 0,25; 0,5; 1; 2,5; 5; 10; 25 u 50 A],

"2" —from 0.005 to 12 A [measurement subranges 0.05; 0.1; 0.25; 0.5; 1; 2.5; 5and 10 A].

Position 6 — nominal AC frequency (from):
"50" — fhom = 50 Hz; operating frequency range from 42.5 to 57.5 Hz;
"60" — foom = 60 Hz; operating frequency range from 51 to 69 Hz.

Position 7 — Nominal (rated) currents of AC current probes (accuracy class 0.1);
Position 8 — Nominal (rated) currents of AC current probes (accuracy class 0.2);

Position 9 — Nominal (rated) currents of AC current probes (accuracy class 0.5);
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Position 10 — Nominal (rated) currents of AC current probes (accuracy class 1.0);

Position 11 — Nominal (rated) currents of AC current probes (accuracy class 2.0).

NOTE!

1. When listed, nominal (rated) currents of AC current probes are separated by semicolon (;).
2. Nominal (rated) currents of the current probes available are:

= For clip-on CTs -5, 10, 100, 200 and 1000 A;

= For flexible current clamps — 300, 500, 3000, and 5000 A.
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1 SAFETY REQUIREMENTS

1.1 The Device is included in the product range of instruments compliant with the re-
quirements of “Interbranch Rules for Labor Safety (Safety Rules) When Operating Electrical Sys-
tems” (M, Energoatomizdat, 2001).

The symbol

placed on the panel of the Device is intended to alert the user to the presence of the important
operating instructions. See section 3, “Turning on”.

1.2 The Device is operated according to the safety requirements specified in IEC 61010-1;
Installation category: Il; degree of protection against pollution: 1.
IEC 60529 protection code: 1P20.

1.3 Electrical strength and resistance of insulation

1.3.1 Insulation between the mains supply plug pins connected together and galvanically
isolated from the Device’s enclosure (the “Power” switch is set to “ON”) from one side and the
“Ground” terminal of the Device from the other side provides for withstanding AC test voltage of
1350 V (rms), 50 Hz during 1 min.

1.3.2 Insulation between the mains supply plug pins connected together and galvanically
isolated from the Device’s enclosure (the “Power” switch is set to Position “ON”) from one side
and the Device’s voltage inputs (Ua; Ug; Uc; Uyn) and current inputs (1a; Is; Ic) connected together
from the other side provides for withstanding AC test voltage of 1350 V (rms), 50 Hz during 1 min.

1.3.3 Insulation between the voltage inputs (Ua; Ug; Uc; Uy) connected together from one
side and the current inputs (la; Is; Ic) connected together from the other side provides for withstand-
ing AC test voltage of 3200 V (rms) during 1 min.

1.3.4 Insulation between the voltage inputs (Ua; Ug; Uc; Un) connected together from one
side and the “Ground” terminal of the Device from the other side provides for withstanding AC test
voltage of 3200 V (rms), 50 Hz during 1 min.

1.3.5 Insulation resistance is at least 20 MOhm (under operating conditions):

= Between the mains supply plug pins connected together and galvanically isolated from
the Device’s enclosure (the “Power” switch is set to “ON”) from one side and the Device’s voltage
inputs (Ua; Ug; Uc; Uy) and current inputs (Ia; I; Ic) connected together from the other side;

= Between the mains supply plug pins connected together and galvanically isolated from
the Device’s enclosure (the “Power” switch is set to “ON’) from one side and the “Ground” termi-
nal of the Device from the other side;

= Between the voltage inputs (Ua; Ug; Uc; Un) connected together from one side and the
current inputs (1a; Is; Ic) connected together from the other side;

= Between the voltage inputs (Ua; Ug; Uc; Uy) connected together from one side and the
“Ground” terminal of the Device from the other side.
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2 GENERAL INFORMATION AND OPERATION PRINCIPLE

2.1 Sphere of application

As a reference standard, ENERGOMONITOR-3.1KM measures electrical parameters in-
cluding voltages, currents, phase shifts, active, reactive and apparent powers etc. in single- and
three-phase networks within the range of commercial frequencies.

The Device operates either as a stand-alone instrument (independently or with a PC that
provides extended functionality) or, as part of a meter test system, it can be used for accuracy
tests and calibration of reference-class and service-class measuring instruments, including:

m single- or three-phase meters of active or reactive electric energy;

m single- or three-phase wattmeters, varmeters, as well as instrument converters industri-
ally applied for measurements of active and reactive electric power;

m phase meters and frequency meters intended for use within the commercial range of
frequencies;

m voltmeters, ampermeters, and instrument converters of voltage and current intended for
use within the commercial range of frequencies;

m various instruments that make measurements and record electrical parameters and
power quality parameters in single- and three-phase networks;

m current (CTs) and voltage (VTs) instrument transformers.

The EM-3.1KM can be of service to various metrological labs or units run by industrial-
scale enterprises, electrical power systems, certification and testing centers etc.

As a nationally recognized tool, the EM-3.1K has been registered under N 52854-13 with
National Registry of Measuring Instruments, and granted Type Approval Certificate of Measuring
Instruments RU.C.34.001.A N 50014 of 28.02.2013.

2.2 Environmental Conditions

2.2.1 Environmental conditions are specified in Table 1.

Table 1
Operating and calibration conditions for EM 3.1KM
I Value (range of values)

Contributing parameter Calibration Operating
Ambient temperature, °C 20+£5 20 +£10
Relative humidity, % 30 to 80 up to 80 at 20 °C
Atmospheric pressure, kPa 84 t0 106.7 84 10 106.7
Power supply frequency, Hz 47 t0 63 47 t0 63
Power supply phase voltage, V 220 +22 220 +22
Total Harmonic Distortion of voltage, % uptob up to 5




() MARS-ENERGO LTD

2.3 Delivery Package

Particular delivery package for the Device may be agreed to include items specified in
Table 2.

Table 2

Name and description

P
&

Energomonitor 3.1KM

Mains cable 220V

User Manual

Manufacturer’s package

Cable lug for currents over 12 A

PC connection cable, RS232 interface

PC connection cable, USB interface
(USB A plug - USB B plug, 1.8 m)

N I

Software of Energomonitoring family

Accessories

Clip-on CTs5 A

Shunt 5A

Clip-on CTs 10A

Shunt 10 A

Clip-on CTs 100A

Shunt 100A Supplied with EM3.1KM,

Clip-on CTs 200 A modification x-x-x-x1x

Shunt 200A

Clip-on CTs 1000A

Shunt 1000A

Flexible current clamps 300/3000 A

WWRFRWRFRWRFRP WP WEFEPW

Flexible current clamps 500/5000 A

Transformer Calibration Switch CTCS-3.1 +
one mains cable 220V + two cables for
connection to EM 3.1KM

Supplied with EM 3.1KM,
modification X-x-x-xx1

“Fout” cable 1

“Meter — F\” cable 1

Test leads @ 4 mm for voltage inputs of EM3.1KM
(Umax=1000 V, 4 colors, wire cross section 1 mm?)

S

Test leads @ 4 mm for current inputs of EM3.1KM
(Imax = 12 A\, 2 colors, wire cross section 2.5 mm?)

6
Scanning Head SH-E 1
Scanning Head SH-I 1

Pulse Former 1
* Accessories are included in the delivery package as specified in the Supply Agreement.
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2.4 Technical Characteristics

Only the values for which measurement ranges and limits of permissible measurement error
are specified in the tables below must be considered as the declared accuracy data.
Other values specified in the tables below are given just for reference.

2.4.1 Modifications

2.4.1.1 Design version options are as follows:

Energomonitor 3.1KMS - stationary (19’ rack mount enclosure);
Energomonitor 3.1KMD - desktop;

Energomonitor KMP- portable (embedded in a plastic case).

2.4.1.2 Accuracy options:

Energomonitor 3.1KMx-02 — accuracy characteristics as specified in Tables 3, 4 and 9;
Energomonitor 3.1KMx-05 - accuracy characteristics as specified in Tables 5, 6 and 10;
Energomonitor 3.1KMx-10 - accuracy characteristics as specified in Tables 7, 8 and 10.

2.4.1.3 Options related to functionality:

Energomonitor 3.1KM x-x-000 — no additional functions;

Energomonitor 3.1KM x-x-1xx — DC current and DC power measurement functions are
added;

Energomonitor 3.1KM x-x-x1x — Contactless measurements of current available (delivery
package includes AC current probes of selected types);

Energomonitor 3.1KM x-x-xx1 — accuracy testing and calibration of current and voltage in-
strument transformers available (delivery package includes CTCS).

Several extra functions can be combined in one instrument.

2.4.1.4 Voltage measurement range options:

Energomonitor 3.1KM x-x-xxx-0 — 6 to 576 V [nominal values of subranges: 60, 120, 240
and 480 V];

Energomonitor 3.1KM x-x-xxx-1 — 0.1 to 288 V [nominal values of subranges 1, 5, 30, 60,
120 and 240 V];

Energomonitor 3.1KM x-x-xxx-2 — 3 to 960 V [nominal values of subranges 30, 60, 120,
240, 480 and 800 V]

Energomonitor 3.1KM x-x-xxx-3 — 0.1 to 960 V [nominal values of subranges 1, 2, 5, 10,
30, 60, 120, 240, 480 and 800 B].

2.4.1.5 AC current measurement range options (for measurements without AC current
probes):

Energomonitor 3.1KM x-x-xxx-x-0 — 0.005 to 120 A [nominal values of subranges 0.05;
0.1; 0.25; 0.5; 1; 2.5; 5; 10; 25; 50 and 100 A];

Energomonitor 3.1KM x-x-xxx-x-1 — 0.005 to 60 A [nominal values of subranges 0.05; 0.1;
0.25; 0.5; 1; 2.5; 5; 10; 25 and 50 A];

Energomonitor 3.1KM x-x-xxx-x-2— 0.005 to 12 A [nominal values of subranges 0.05; 0.1;
0.25; 0.5; 1; 2.5; 5and 10 A].

2.4.1.6 Frequency options (with respect to nominal frequency fy):
Energomonitor 3.1KM x-x-xxx-x-x-50 — fy = 50 Hz; frequency range 42.5 to 57.5 Hz,
Energomonitor 3.1KM x-x-xxx-x-x-60 — fy = 60 Hz; frequency range 51 to 69 Hz.

2.4.2 Measurement ranges and limits of permissible measurement errors are specified in:
= Tables 3 and 4 — for Energomonitor 3.1KM-02;
= Tables 5 and 6 — for Energomonitor 3.1KM-05;
= Tables 7 and 8 — for Energomonitor 3.1KM-10.
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Table 3

Measurement ranges and limits of permissible measurement errors for EM3.1KM-02
(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 Relative, %
RMS of fundamental volt- 0.1Un Uv>2V
age harmonic (U), V to 1.2Upn #[0.01+0.002(1.2Up/U-1)] Uy — nominal voltage
+[0.015+0.003(1.2U\/U-1)] Uy<2V
2 RMS of AC current and . In — nominal current
0.1l Relative, %
femsh‘g:#é‘ﬂi”(‘f)”f Ul o2 | £[0.01+0.002(1.21n/1-1)]
3 Active power and Relative, % Pn=Un: In
Active power of fundamen- 0.9 <|cos 0| <1.0
tal harmonic (P), W +[0.01+0.004(1.44Py/P - 1)] Un>2V
+[0.02+0.004(1.44Py/P - 1)] Un<2V
0.1Unto 0.2 <|cos 9| < 0.9
1.2Un; | +[0.015+0.004(1.44Py/P - 1)] Un>2V
+[0.025+0.004(1.44Py/P - 1)] Uns<2V
4 Reactive power and 0.1Into Relative, % Qu=Un" Iy
Reactive power of funda- 1.21n +[0.03+0.01(1.44Q4/Q - 1)] 0.9 <|sin ¢| < 1.0
mental harmonic ¥ (Q), Var +[0.05+0.01(1.44Qn/Q - 1) 0.2 <|sin g < 0.9
5 Apparent power (S), VA Relative, %
+[0.02+0.005(1.2Un/U+1.21n/1-2)] Un>2V
+[0.025+0.01(1.2Un/U+1.21n/1-2)] Uns<2V
6 Power factor (PF=P/S) 0.1 Absolute 0.21y to 1.2Iy;
to 1.0 +0.001 0.2Uy to 1.2Uy
40 Absolute, Hz 0.2Iyto 1.21y;
7 AC frequency (f,), Hz t0 70 +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 0.2Uynt0 1.2Uy
- Voltage and current in the +0.01 0.2Iyto 1.2In;
same phase, degrees e 0.2Uynt0 1.2Uy
9 RMS of ;/)oltage harmonic Absolute, V Uy p <0.01Uy
of order h ¥, h =2...50 +0.0005 Uy
(Unpn), V 0100.6Un Relative, %; Unp > 0.01Uy
+0.05
10 RMS of voltage inter- Absolute, V Ucm <0.01Un
harmonic of order m (fre- 0to +0.001 Uy
qutincy mt), . 0.15Un Relative, % Ucm>0.01Uy
m =0.5...50.5in 1.0 incre- +0.1
ments (Uc.m), V =
11 RMS of current har- Absolute, A Ihh < 0.01ln
monic of order h, 01006 +0.0005 Iy
h=21050 (Iup), A A Relative, % lip > 0.011y
+0.05

10
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Measure- | Error type and measurement
Measured parameter ment | unit, limits of permissible in- Note
range trinsic measurement error
12 RMS of current interhar- Absolute, A lem <0.01Uy
monic of order m (frequency +0.0005 Iy
m-f), m=0.5...50 in 1.0 incre- |0t0 0.15Iy Relative, % lcm > 0.01Ux
ments (I cm), A +0.05
13 Phase angle between h™ volt- Absolute, degrees 0.2Unto0 1.2Uy
age and h™ current harmonics in 0.2Into 1.2IN
the same phase, degrees 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 0.2Up to 1.2Uy
(in reference to fundamental Absolute, % Ky(h) < 1.0
harmonic); 0t049.9 +0.003
h=2...50 [Ku(h)], % Relative, % Kuy(h) > 1.0
+0.3
15 Current harmonic of order h 0.2Into 1.21In
(in reference to fundamental Absolute, % Ki(h) <1.0
harmonic); 01t049.9 +0.003
h=2..50 [Ki(h)], % Relative, % Ki(h) > 1.0
+0.3
16 Active power of h™ harmonic; 0.2Uy to 1.2Uy
h=2...50 (Pp), W 0to Absolute, W lcocs).leN_tg é.ZIN1 .
Kyth)=1...40%
17 Total Harmonic Distortion of 0.2Up to 1.2Uy
voltage (THDy), % Absolute, % THDy < 1.0
01t049.9 +0.003
Relative, % THDy > 1.0
+0.3
18 Total Harmonic Distortion of 0.2Iy 10 1.21y
current (THDy), % 0t049.9 Absolute, %: +0.01 THD; < 1.0
Relative, %: +1.0 THD, > 1.0
19 Negative sequence voltage 0.5Uy to 1.2Uy
ratio (K,u) and zero sequence 0to 15 Absolute, %
voltage ratio (Kou), % 0.05
20 Positive sequence voltage of Oto U Absolute, V
fundamental harmonic (Uyp), V N +(0.0002 Uy xV/3)
21 Zero sequence voltage of Oto U Absolute, V 0.5Uy to 1.2Uy
fundamental harmonic (Ug), V N +0.0005 Uy Koy < 15 %;
22 Negative sequence voltage of Absolute. V Kou <15 %
fundamental harmonic (Uz)), V 0to Un +(0.0003 Ur’\| A3)
23 Positive sequence current of 0tol Absolute, A
fundamental harmonic (l1(3)), A N +0.0002Iy
24 Zero sequence current of fun- Otol Absolute, A
damental harmonic (o), A N +0.00051y

11
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Table 3
Meas- | Error type and measurement
Measured parameter urement | unit, limits of permissible in- Note
range trinsic measurement error
25 Negative sequence current Absolute, A
of fundamental harmonic 0tolIn +0.0003|
TU. N
(I2m), A
26 Phase angle between volt- 0.2Iyto 1.2Iy
age ar_1d current of positive, or 0 1o 360 Absolute, degrees 0.2Unto 1.2Uy
negative, or zero sequence, +0.3 |1(1), |2(1), |0(1) >0.02 Iy
degrees U1(1), Upgy, Ugay>0.02 Uy
27 Flicker short-term sever- f = (fnom £1) Hz
ity, relative units Relative. % AU/U <20 %,
0.2t0 10 50 ’ provided that voltage
' waveforms are mean-
der-like
28 DC voltage (U), V Relative, %
0.1Uy +[0.01+0.005(1.7Uy/U-1)] Un from 5 to 480 V
to 1.7Uy | £[0.015+0.005(1.7U\/U-1)] Un<2V
0.1Uy Un=800V
t0 1.25Uy +[0.015+0.005(1.25Un/U-1)]
29 DC current ¥ (1), A 0.11y Relative, % Iy=100 A
to 1.21y +[0.015+0.005(1.21\/I - 1)]
0.1l Relative, % IN< 100 A
to 1.5y +[0.015+0.005(1.51\/I - 1)]
30 DC power ¥ (P), W Relative, %
Un up to 480 V;
0,01Py IN=100 A
{0 2.04Py, +[0.03+0.005(2.04Pn/P-1)] 0.1Uy 0 17U
0.1llnto 1.21n
Un up to 480 V;
0.01Py In< 100 A
{0 2.55Py, +[0.03+0.005(2.55Pn/P-1)] 0.1Uyto 1.7Uy
0.1llnto 1.51y
O.OlPN UN:800 V:ily= 100 A
{0 1.5Py +[0.03+0.005(1.5Pn/P-1)] 0.1Unto 1.25Uy
0.11yto 1.21y
0.01Py Un=800V; In< 100 A
10 1.875p,| *[0-03+0.005(1.875P/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 ¥ 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 4

MC3.055.026 UM

Measurement ranges and limits of permissible measurement errors for EM3.1KM-02
equipped with AC current probes

Error type and measure-

same phase, degrees

Measure- |ment unit, limits of permis-
Measured parameter ment range| sible intrinsic meagure- Note
ment error
1 RMS of AC voltage and Relative, %
RMS of fundamental voltage 0.1Uy +[0.01+0.002(1.2U\/U-1)] Un>2V
harmonic (U), V to 1.2Uy
’ +[0.015+0.003(1.2Un/U-1)] Un<2V
2 RMS of AC current and Relative, %
RMS of fundamental current +[0.1+0.01(In/l - 1)] '
harmonic (1), A 0.05Iy £[0.2+0.02(In/1 - D] | "
to 1.21y +[0.5+0.05(In/1 - 1)]
+[1.0+0.05(In/1 -
+[2.0+0. 1(IN/I 1)]
3 Active power and Relative, % 0.1Unt0 1.2Uy
Active power of fundamental 0.9<]cos ¢|<1.0
harmonic (P), W +02%#04", x1.0™ 0.01lyto 0.051y
+0.1"; +O 2 “, iO 5 0.05Intol.21y
+10V 42,0V
0.5<|cos 9| <0.9
+0.25 " +0.5"; 0.021yt0 0.1y
+0.15 " +O3“,i10“| 0.1Into 1.21N
12,0V 44,0V
+[0.25+0. 02(1 44P\/P -1)]1 | 0.2 <]|cos 9| <0.5;
+[0.5+0.05(1.44Py/P -1)[ " 0.1lytol.21y
+[1.0+0.1(1.44P\/P 1)]
+[2.0+0.1(1. 44PN/P np
4 Reactive power and 0.01(Un-In) Relative, % 0.1Unt01.2Uy
Reactive power of fundamental to 0.9 <|sin [ <1.0
harmonic ¥ (Q), Var 1.44(Un:1N)[ #0.3% #0.75 " +15 ™ 0.021yt0 0.051y
+0.2 05" 10 ™; 0.05Iyto 1.21y
+2.0"V; +2.0Y
0.5<|sin ¢|<0.9
+0.35+0.75 ", 15 ; 0.02Iyt0 0.11y
02 +05“, 110'“ 0.1linto 1.2y
20V 420V
+0.3"; £0.75 . ;+15 . 0.2 <|sin ¢| <0.5
+2 5 +2 5 0.1Intol.21y
5 Apparent power (S), VA Relative, % %%)Llji\l,\,t?olizzllJ,\T
+0.2 7, +0.4 I'I', +1.0 I'I'I S$<0.1Sy
*0. 11 U 0.1y to 1.44Sy
6 Power factor (PF=P/S) 01 Absolute 0.21y to 1.2Iy
w0io | 002 ,iO 02 - +0. 05 . 0.2Uy to 1.2Uy
+0.05 'V; +0.10 v
7 AC frequency (f1), Hz 40 Absolute, Hz 0.2Uy to 1.2Uy
to 70 +0.001 0.2Into 1.21y
8 Phase angle between funda- Absolute, degrees
mental harmonics of: 0
- Input voltages, degrees to 360 +0.01 0.2Unt0 1.2Uy
- Voltage and current in the +05 0.21yto 1.2In

OZUN to 12UN
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Table 4

Error type and measure-

Measure- | ment unit, limits of per-
Measured parameter R Note
ment range| missible intrinsic meas-
urement error
9 RMS %f voltage harmonic of Absolute, V Unh<0.01Uy
orderh?, h=2...50 (Uup), V +0.0005 Uy
0 to 0.6Un Relative, % Unn > 0.01Un
+0.05
10 RMS of voltage interhar- Absolute, V Ucm <0.01Uyn
monic of order m (frequency +0.0005 Uy
m-f;), m=0.5...50.5in 1.0 0100.15Un Relative, %, Ucm > 0.01Uy
increments (Ucm), V +0.05
11 RMS of current harmonic of Absolute, A I < 0.01ly
order h, 010 0.6l +0.02 Iy '; £0.04 1"
h=21t050 (Inp), A ' Relative, %, Ihn>0.01ly
+5% ', +10 %"
12 RMS of current interhar- Absolute, A lem <0.01ly
monic of order m (frequency | o o 1¢ +0.02 1y "; +0.04 1"
m-f;), m=0.5...50 in 1.0 in- N Relative, % lem > 0.01ly
crements (I cm), A +5 06 " +10 %"
13 Phase angle between h™ Absolute, degrees 0.2Unto 1.2Uy
voltage and h™ current harmon- 0.2Iyt0 1.21y
ics in the same phase, degrees 0 to 360 K;(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 reference to fundamental Absolute, % Ky(h) < 1.0
harmonic); 01t049.9 +0.003 %
h=2...50 [Kuy(h)], % Relative, % Ky(h) > 1.0
+0.3
15 Current harmonic of order h 0.2Into 1.2y
(in reference to fundamental Absolute, % Ki(h) <1.0
harmonic); 01t049.9 +0.05 ' +0.05 "
h=2..50 [Kh)], % Relative, % Ki(h) > 1.0
+50" 450"
16 Total Harmonic Distortion 0.2Un to 1.2Uy
of voltage (THDvy), % 0t049.9 Absolute, %: £0.003 Ky<1.0
Relative, %: +0.3 Ky>1.0
17 Total Harmonic Distortion 0.2Into 1.2y
of current (THD)) 0t049.9 Absolute, %,: £0.1 THD,<1.0
Relative, %: 10 THD, > 1.0
18 Active power of h™ harmonic; Relative, % 0.2Uy to 1.2Uy
h=2...50 (Pp), W 0.2In to 1.2y
Kith)=1... 40%
= 0
0.003Pw L I |§)Lé(2))| :%9 40 1/.00
to 0.1Py +5.0; +£10.0 hz=2 50
|cos | =0.5... 0.9
+5.0" +10.0" h=2...10
+10.0 '; +20.0 " h=11...50

14




MC3.055.026 UM

Table 4
Meas- Error type ar_ld measure-
ment unit, limits of permis-
Measured parameter urement| ..~ .- 7 Note
range sible intrinsic measurement
error
19 Positive sequence voltage of Oto U Absolute, V
fundamental harmonic (Uy), V N +(0.0002 Uy xV3)
20 Zero sequence voltage of Oto U Absolute, V 0.5Uy to 1.2Uy
fundamental harmonic (Ugy), V N +0.0005 Uy Kou < 15 %; Koy < 15 %
21 Negative sequence voltage of Oto U Absolute, V 0.5U\ to 1.2Uy
fundamental harmonic (Uypy), V N +(0.0003 Uy -V3) Koy < 15 %; Kou < 15 %
22 Negative sequence voltage 0.5Un to 1.2Uy
ratio (Kzu) and zero sequence 0to 15 Abs+o(:u(;[g, %
voltage ratio (Kou), % e
23 Positive, zero and negative Absolute, A
sequence currents of fundamental | 0 to Iy +(0.011y) "; #(0.011y) " 0.01ly tol.21y
harmonic (I, logoand lny), A +(0.021y) "; £(0.021y) "V 0.05Iy to 1.2l
24 Flicker short-term severity, f = (fnom £1) Hz
relative units Relative. % AU/U < 20 %j;
0.2t0 10 50 ’ provided that voltage
' waveforms are mean-
der-like
25 DC voltage (U), V Relative, %
0.1Uy | #[0.01+0.005(1.7Uy\/U-1)] Uy=5...480V
to 1.7Un | £[0.015+0.005(1.7Un/U-1)] Un<2V
0.1Uy Un=800V
t0 1.25Uy +[0.015+0.005(1.25U\/U-1)]

Notes:

1 Reactive power is calculated by 3 methods: cross-connection, geometrical and phase shift (volt-
age 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 the
EM3.1KM equipped with AC current probes of the following accuracy classes: 0.1 (1), 0.2 ("1™,
0.5 ("HI™), 1.0 ("IV"), and 2.0 (V™). Nominal values of AC current (ly) 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 5

Measurement ranges and limits of permissible measurement errors for EM3.1KM-05 (with-
out 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 0.1Uy Relative. %
ﬁall\r/lrﬁo%fiiu(ﬁj)?r{]/ental voltage | 451 2Uy | £[0.02+0.005(1.2Up/U-1)]
2 RMS of AC current and .
0.1l Relative, %
Ea'\r"ns]’o‘;fi(‘:“(rl‘fa;“e”ta' current | 45121y | +[0.02+0.005(1.21n/1-1)]
3 Aptive power and Relative. % Pv=Uy- In
ﬁ\ctlve power of fundamental 0.1Us £[0.05+0.01(1.44Py/P—1)] |cosg|=0.2... 1.0
armonic (P), W
. to 12UN
4 Reactive power and . Qn=Un"In
Reactive power of fundamental 01l 4101 +OR§2lat'1V2;1% 10-1 |sinp|=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+1.21\/1-2)]
6 Power factor (PF=P/S) 011010 Absolute 0.21y to 1.21y
' ' +0.005 0.2Uy to 1.2Uy
7 AC frequency (f1), Hz 40 t0 70 Absolute, Hz 0.2In to 1.2In
+0.003 0.2Uy to 1.2Uy
8 Phase angle between funda- Absolute, degrees
mental harmonics of:
-phase voltages, degrees 0 to 360 +0.03 0.2Uy to 1.2Uy
- voltage and current in the +0.03 0.2Into 1.2IN
same phase, degrees e 0.2Uy to 1.2Uy
9 RMS %f voltage harmonic of Absolute, V Unh < 0.01Uy
orderh <, h=2...50 +0.001 Uy
(Unp), V 0100.6Un Relative, % Unp > 0.01UyN
+0.1
10 RMS of voltage interhar- Absolute, V Ucm <0.01Uy
monic of order m (frequency 0to +0.001 Uy
m-f;), m=0.5...50.5in 1.0 0.15Uy Relative, % Ucm > 0.01Uy
increments (Ucm), V +0.1
11 RMS of current harmonic of Absolute, A I < 0.01ly
order h, +0.001 Iy
h=21t050 (lqp), A 0t0 0.6l Relative, % Inn>0.01ly
+0.05 %
12 RMS of current interhar- Absolute, A lem <0.01ly
monic of order m (frequency +0.001 Iy
m-f;), m=0.5...50in 1.0 in- 0100.151n Relative, % lcm > 0,011y
crements (Icm), A +0.05 %
13 Phase angle between h™ Absolute, degrees 0.2Unt0 1.2Uy
voltage and h™ current har- 0.2Into 1.2IN
monics in the same phase, de- Ki(h) =2...15%
grees 010 360 Kyh)=2...15%
1.0 h=2...10
+3.0 h=11...50
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Table 5

MC3.055.026 UM

Measured parameter

Measure-
ment

Error type and measurement
unit, limits of permissible

Note

range | intrinsic measurement error
14 Voltage harmonic of order h 0.2Uy to 1.2Uy
(in reference to fundamental Absolute, % Ku(h) < 1.0
harmonic); 0t049.9 +0.01
h=2...50 [Ky(h)], % Relative, % Ky(h) >1.0
1.0
15 Current harmonic of order h 0.2In 10 1.2Iy
(in reference to fundamental Absolute, % Ki(h) <1.0
harmonic); 0t049.9 +0.05
h=2...50 [K|h)], % Relative, % Ki(h)>1.0
15
16 Active power of h™ harmonic; 0.2U\ to 1.2Uy
h=2...50 (P(h)),W Absolute. W 0.21y to 1.21y
0 to 0.05Py +(0.00005P +(') 005P) |cos | =0.5... 1.0
= NTEEESEMm Kihy=1... 40%
Kyth)=1...40%
17 Total Harmonic Distortion 0.2Un to 1.1Uy
of voltage (THDy), % Absolute, % Ky<1.0
0to49.9 +0.003
Relative, % Ky>1.0
+0.3
18 Total Harmonic Distortion 0.2Into 1.1l
of current (THD)), % Absolute, % K <1.0
0to49.9 +0.01
Relative, % Ki>1.0
+1.0
19 Negative sequence voltage 0.5Up to 1.2Uy
ratio (K,y) and zero sequence 0to 15 Absﬁ%u;g, %
voltage ratio (Kou), % e
20 Positive sequence voltage of
fundamental h(lrmonic ’ 0 to Un +((')A‘ gggme’ >X/3)
(Vi) V ! "
21 Zero sequence voltage of 0.5Uy to 1.2Uy
fundamental harmonic 0to Uy i%sg:)ulteov Kou <15 %
(Uow), V — N Kou < 15 %
22 Negative sequence voltage Absolute. V
of fundamental harmonic 0 to Uy ’
(Ui, V +(0.0006Uy -V3)
23 Positive sequence current of 0to | Absolute, A
fundamental harmonic (l13)), A N +(0.00041y)
24 Zero sequence current of Otol Absolute, A
fundamental harmonic (lo)), A N +(0.0011y)
25 Negative sequence current of Otol Absolute, A
fundamental harmonic (loq), A N +(0.00061y)
26 Phase angle between voltage 0.21\ to 1.2Iy
and current of positive, or nega- 0t 360 Absolute, degrees 0.2Unt0 1.2Uy

tive, or zero sequence, degrees

+0.3

l10), 12y, loy 20.02 Iy
Uiy, Uoy, Uoy>0.02 Uy
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Table 5
Measure- | Error type and measurement
Measured parameter ment unit, limits of permissible in- Note
range trinsic measurement error
27 Flicker short-term severity, f=(fnomx 1) Hz
. ; o
relative units 0.2 Relative, % A_U/USZO %;
provided that voltage
to 10 5.0
waveforms are mean-
der-like
28 DC voltage (U), V Relative, %
O.lUN IN =100 A
to 1.7Uy +[0.02+0.005(1.7Un/U-1)]
0.1Uyn IN< 100 A
{0 1.25Uy, +[0.02+0.005(1.25Up\/U-1)]
29 DC current ¥ (1), A 0.11y Relative, %
to 1.21y +[0.02+0.01(1.21\/1 - 1)]
0.1In Relative, %
to 1.5y +[0.02+0.01(1.51y/I - 1)]
30 DC power ¥ (P), W Relative, %
Un up to 480 V
0.01Py In=100 A
t0204py | *[0-04+0.01(2.04P/P-1)] 0.1Unto 1.7Uy
0.1Iyto1.21y
Un Upto 480V
0.01Py IN< 100 A
t0255py | *[0-04+0.01(2.55Pn/P-1)] 0.1Unto 1.7Uy
0.11\to 1.51
Un=800V
0.01Py ] In=100 A
to 1.5Pn +[0.04+0.01(1.5Pn/P-1)] 0.1Unt0 1.25Uy
0.1Into 1.21y
Un=800V
0.01Py ) In< 100 A
0 1.875Py, +[0.04+0.01(1.875P\/P-1)] 0.1Uy to 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 6

MC3.055.026 UM

Measurement ranges and limits of permissible measurement errors for EM3.1KM-05
equipped with AC current probes

Error type and measurement

Measured parameter Measure- unit, limits of permissible Note
ment range|. . ..
Intrinsic measurement error
1 RMS of AC voltage and 0.1Uy, Relative. %
E;Y'rﬁo?]‘ci;“&?;“\”/e”ta' voltage | 512Uy | £[0.02+0.005(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 0.05ly +[0.2+0.02(In/1 - 1)] "
to 1.2l +[0.5+0.05(In/1 - 1)] "
+[1.0+0.05(In/1 - 1)] VY
+[2.0+0.1(In/1 - 1)] Y
3 Active power and Relative, % 0.1Unto 1.2Uy
Active power of fundamental 0.9 <|cos ¢| < 1.0
harmonic (P), W +0.2" 404" +1.0™ 0.01lnt0 0.051y
+0.1" 02" 05" 0.05Int0 1.21y
+1.0"V: 2.0V
0.5<|cos 9| <0.9
+0.25" +05"; 0.02Int0 0.1l
+0.15" +03™M +10™ 0.1lxto1.2Iy
+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)] " 0.1lnto1.21y
+[1.0+0.1(1.44Py/P -1)] "
+[2.0+0.1(1.44P\/P-1)] "V
4 Reactive power and 0.01(Un'1N) Relative, % 0.1Unto 1.2Uy
Reactive power of fundamental to 0.9 <|cos | <1.0
harmonic ¥ (Q), Var 1.44(Unlw)|  +03%+075™ +15™: 0.0215100.051y
+02"+05™ +10™: 0.05Into 1.21y
+2.0"V: 20V
0.5 <|sin @| < 0.9
+0.3"5 4075 +15™ 0.02Int00.11y
+0.2"+05" +x1.0™: 0.1Into 1.21y
+2.0"V: 20V
+03%+0.75": £15"; 0.2 <|sin g| <0.5
+25"V, +25" 0.1Int01.21y
5 Apparent power (S), VA Relative, % 0.1Unt01.2Uy
0.1Int01.21y
+0.2 I'; io.4|'|'; il.OI'I'I S<0.1Sy
io'}_rl'_(;‘r?v';z ié_Jf)OV'S 0.1Syto 1.44Sy
6 Power factor (PF=P/S) 01 Absolute 0.21y to 1.2Iy
1010 +0.02 "; £0.02 i +0.05 . 0.2Uy to 1.2Uy
' +0.05 'V; +0.10
7 AC frequency (f1), Hz 40 Absolute, Hz 0.2Un to 1.2Uy
to 70 +0.003 0.2l to 1.21y
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Table 6

Error type and measure-

Measure- |ment unit, limits of permis-
Measured parameter R Note
ment range|sible intrinsic measurement
error
8 Phase angle between funda- Absolute, degrees
mental harmonics of:
- Input voltages, degrees 0 to 360 +0.03 0.2Uynto 1.2Uy
- Voltage and current in the +05 0.2Iyto 1.2Iy
same phase, degrees s 0.2Uynt0 1.2Uy
9 RMS gf voltage harmonic of Absolute, V Unh < 0.01Uy
orderh“, h=2...50 +0.001 Uy
(Unpn), 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 0100.15Un Relative, % Ucm > 0.01Uy
increments (Uc m), V +0.1
11 RMS of current harmonic Absolute, A Ihh < 0.01ln
of order h, 010 0.6l +0.02 Iy '; £0.04 1"
h=21050 (I4n), A ' Relative, % Ihp > 0.01ly
+5' +10"
12 RMS of current interhar- Absolute, A lem <0.011y
monic of order m (frequency | ¢ 15, +0.02 Iy '; £0.04 1y "
m-f1), m=0.5...50in 1.0 in- ' Relative, % lcm > 0.01ly
crements (I c.m), A +5" +10"
13 Phase angle between h™ Absolute, degrees 0.2Unt0 1.2Uy
voltage and h™ current harmon- 0.2Into 1.2IN
ics in the same phase, degrees Ki(h) > 5%; Ky(h) > 1%
010 360 LYY h=2..10
+10" +10" h=11...20
+20'; +20" h=21...50
14 Voltage harmonic of order 0.2Uy to 1.2Uy
h (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 0.2Into 1.21y
(in reference to fundamental Absolute, % Ki(h) <1.0
harmonic); 010 49.9 +0.05 '; +0.05 "
h=2...50 [K(h)], % Relative, % Ki(h) > 1.0
+50" 5.0 "
16 Total Harmonic Distortion 0.2Un to 1.2Uy
of voltage (THDy), % 0t049.9 Absolute, %: £0.05 THDy < 1.0
Relative, %: +5 THDy > 1.0
17 Total Harmonic Distortion 0.2Into 1.2y
of current (THD)), % Absolute, % THD, < 1.0
01t049.9 0.1
Relative, % THD, > 1.0
+10
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Table 6
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 0.2Int0 1.21N
Ki(h)=1...40%
- 0,
to 0.1Py +5.0%; £10.0 h=2 50
|cosp|=0.5...0.9
+5.0" +10.0" h=2..10
+10.0 "; +20.0 " h=11...50
19 Negative sequence voltage 0.5Uy to 1.2Uy
ratio (Kou) and zero sequence Oto 15 Astro(;uztS, %
voltage ratio (Kqu), % —
20 Positive sequence voltage of Oto U Absolute, V
fundamental harmonic (Uypy), V N +(0.0004Uy xV3)
21 Zero sequence voltage of Oto U Absolute, V 0.5Uy to 1.2Uy
fundamental harmonic (Ug), V N +0.001 Uy Kou < 15 %
22 Negative sequence voltage of 0to U Absolute, V Kou <15 %
fundamental harmonic (Uyy), V N +(0.0006Uy -V3)
23 Positive sequence current, zero Absolute, A
sequence currentfa}ndcrj]egativelse- 0101y +(0.011y) '; £(0.011y) " 0.01ly to 1.21y
uence current of fundamenta . v 0.05Iy to 1.21
ﬂarmonic (liwy, loyand ly), 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 50 ’ provided that voltage
' waveforms are me-
ander-like
25 DC voltage (U), V Relative, %
LN 1f0.02+0.005(1.7UNU-L)] | INUPTOAEOV
TUy
tooi.lzLé'EJN +[0.02+0.005(1.25Un/U-1)] Un =800V

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 Figures marked with indices "I", "I1", "HI", "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 ("1™,
0.5 ("HI"), 1.0 ("IV"), and 2.0 ("V"). Nominal values of AC current (ly) 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 7

Measurement ranges and limits of permissible measurement errors for EM3.1KM-10 (with-
out AC current probes)

Error type and measurement

degrees

Measured parameter ml\gﬁﬁl;%e unit, limits of permissible in- Note
trinsic measurement error
1 RMS of AC voltage (U), V 0.1Uy Relative, %
to 1.2Uy + [0.04+0.01(1.2Uy\/U-1)]
2 RMS of AC current and .
0.1ly Relative, %
Ea'\r"rﬁo‘;figu(r:)‘ﬂ"e”ta' current | 151,21, £[0.04+0.01(1.2ly/I1-1)]
3 Active power and 0.1Unto Pnv=Uy: In
Active power of fundamental 1.2Uy Relative, % |cos | =0.2t0 1.0
harmonic (P), W 0.1llyto +[0.1+0.01(1.44P\/P-1)]
1.2l
4 Reaptive power and Relative. % Qn=Un-In
Reactive pon of fundamen £[02+0.02(144QuQ-1)] | ¥in 017 021010
5 Apparent power (S), VA Relative, %
+[0.1+0.01(1.2Un/U+1.21\/1-2)]
6 Power factor (PF=P/S) 0110 1.0 Absolute 0.2Into 1.2IN
' ' +0.02 0.2Un to 1.2Uy
7 AC frequency (f1), Hz 40 t0 70 Absolute, Hz 0.2Into 1.21In
+0.01 0.2Un to 1.2Uy
8 Phase angle between fun- Absolute, degrees
damental harmonics of: 0
- Input voltages, degrees t0 360 +0.05 0.2Uy to 1.2Uy
- Voltage and current in the +0.05 0.2Into 1.21N
same phase, degrees e 0.2Uy to 1.2Uy
9 RMS of voltage harmonic h=2...50
of order h 2, h =2...50 (U uy), Absolute, V Upn < 0.01Uy
Vv 0 to 0.6Uy +0.002 Uy
Relative, % Unn > 0.01UN
+0.2
10 RMS of voltage interhar- Absolute, V Ucm < 0.01Uy
monic of order m (frequency +0.002 Uy
m-f;), m=0.5...50.5 in 1.0 00 0.15Uy Relative, % Ucm > 0.01Uy
increments (Ucm), V +0.2
11 RMS of current harmonic Absolute, A Ihh < 0.01ly
of order h, +0.002 Iy
h=21t050 (Iqn), A 010 0.6 Relative, % I >0.01ly
+0.1
12 RMS of current interhar- Absolute, A lcm <0.01ly
monic of order m (frequency 010 0.15| +0.0021y
m-f,), m=0.5...50 in 1.0 in- o Relative, % le.m > 0.01lIy
crements (Icm), A +0.1
13 Phase angle between h™ Absolute, degrees 0.2Un10 1.2Up
voltage and h™ current har- 0.2Iyto 1.2Iy
monics in the same phase, 0 to 360 Ki(h) =2...15%

Kuh)=2...15%

h=2..10

h=11...50
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Table 7
Meas- |Error type and measurement
Measured parameter urement | unit, limits of permissible Note
range | intrinsic measurement error
14 Voltage harmonic of order 0.2U\ to 1.2Uy
h (in reference to fundamental 0.21yto 1.2In
harmonic); 010499 Absolute, % Ku(h) <1.0
h=2... 50 [Ku(h)], % ' +005 Ki(h) < 1.0
Relative, % Ky(h) > 1.0
5 Ki(h) > 1.0
15 Active power of h" har- h=2...50
monic; 0.2U\ to 1.2Uy
h=2...50 (Pp), W 0 to Absolute, W 0.2Into 1.21y
0.05Py +(0.0001Py +0.005P 1) |cos(h(§| =05..1.0
Kih)=1...40%
Kyth)=1...40%
16 Total Harmonic Distortion of 0.2U\ to 1.2Uy
voltage (THDy) and Total Har- 0.2Inyto 1.21N
monic 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 0.5U\ to 1.2Uy
ratio (K,u) and zero sequence | 0to 15 Abs+oolu2tg, %
voltage ratio (Kou), % e
18 Positive sequence voltage Absolute. V/
?C‘Jf:J)n)di/mental harmonic 0to Un £(0.001Uy x3)
1(1))s
19 Zero sequence voltage of 0.5Un to 1.2Uy
fundamental harmonic 0 to Uy é%sg:)uzteov Kou < 15 %;
(Uoy), V e N Kou <15 %
20 Negative sequence voltage
of fundamental harmonic 0 to Uy +(A0b§8;3e’li//3)
Uo), V - !
21 Positive sequence current
of fundamental harmonic 0toly ét()go(:gtﬁ ')A‘
(i), A N
22 Zero sequence current of
fundamental harmonic (loq)), 0to I él:()go(;gtzel ')A‘
A =\V. N
23 Negative sequence current
of fundamental harmonic 0toly élz(s)o(:gtzel ')A‘
(I2), A e
24 Phase angle between volt- 0.2Into 1.21N
age and current of positive, or 0 to 360 Absolute, degrees 0.2Unto 1.2Uy
negative, or zero sequence, *+1.0 l12), L2y, loy 20.02 Iy
degrees U1(2), Upgy, Ugay>0.02 Uy
25 Flicker short-term severity, f = (fnom £1) Hz
. . 0
relative units Relative, %, A_U/U <20 %,
0.2t0 10 50 provided that voltage
' waveforms are mean-
der-like
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Table 7
Meas- Error type and measurement
Measured parameter urement | unit, limits of permissible in- Note
range trinsic measurement error
26 DC voltage (U), V 0.1Uy Relative, % Uy up to 480 V
to 1.7Uy +[0.04+0.01(1.7Un/U-1)]
0.1Un Relative, % Un=800V
to 1.25Uy +[0.04+0.01(1.25U\/U-1)]
27 DC current ¥ (1), A 0.1y Relative, % In=100 A
to 1.21y +[0.04+0.01(1.21\/1 - 1)]
0.1l Relative, %, In< 100 A
to 1.51y +[0.04+0.01(1.51\/1 - 1)]
28 DC power ¥ (P), W Relative, %,
e
N=
to 2.04Py +[0.08+0.01(2.04P\/P-1)] 0.1U to 1.7Uy
0.1lyto 1.21y
Unup to 480 V,
0.01Py INn< 100 A
{0 2.55Py, +[0.08+0.01(2.55P\/P-1)] 0.1Uy o 1.7Uy
0.1lyto 1.51y
Un =800V
0.01Py In=100 A
0 1.5Py +[0.08+0.01(1.5Pn/P-1)] 0.1Un o 1.25Un,
0.1lyto 1.21y
Un =800V
0.01Py INn< 100 A
t0 1.875Py, +[0.08+0.01(1.875P\/P-1)] 0.1Un to 1.25Uy,
0.1lyto 1.51y

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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Measurement ranges and limits of permissible measurement errors for EM3.1KM-10
equipped with AC current probes

Error type and measurement

Measured parameter Measure- unit, limits of permissible in- Note
ment range L.
trinsic measurement error
1 RMS of AC voltage and 0.1Uy Relative. %
ﬁa'\r"rﬁoc:]figu(rbo')‘f”{}e”ta' voltage | 451 2Uy | +[0.04+0.01(12Up/U-1)]
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 1.2l +[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™ 0.01151t00.051y
+0.1" 02" 05" 0.05Int0 1.21y
+1.0"V: 20V

0.5<|cos 9| <0.9

+0.25"; +0.5" 0.02Int0 0.1l
+0.15" +0.3™ +10™: 0.1lxto1.2Iy
+2.0"V; +4.0"

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(1.44P\/P-1)] "V

. 0.01(Un-In) :
4 Reactive power and to Relative, % 0.1Uy to 1.1Uy
Reactive power of fundamental . 0.9 <|cos ¢| < 1.0
=5 1.44(Un-In) : . -
harmonic ~ (Q), Var +0.3"+0.75"; +1.5"; 0.0215t00.051y
+0.2%+05™+10™ 0.05Iyto 1.21y
+20": +20V

0.5<|cos | <0.9

+0.3%";+0.75%"; #1.5 " 0.02I51t0 0.1y
+02 +05 " +10 ™ 0.1lnto1.2Iy
+20 V420V
+0.3 4075 ;15 0.2 <|cos 9| <0.5
+25 V425V 0.1lyto1.2Iy
5 Apparent power (S), VA Relative, % 0.1Unto 1.2Uy
0.1Into 1.21y
+0.2 I'; io.4|'|'; +1.0 |I|I| $<0,1Sy
iO.il,.(;:(l)\};Z iézo\./s 0.1Snto 1.44Sy
6 Power factor (PF=P/S) 01 Absolute 0.21y to 1.2Iy
0 1.0 +0.02 ; £0.02 . £0.05 . 0.2Uy to 1.2Uy
' +0.05 ': +0.10
7 AC frequency (f1), Hz 40 Absolute, Hz 0.2U\ to 1.2Uy
to 70 +0.01 0.2y to 1.21y
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Table 8
Meas- |Error type and measurement
Measured parameter urement | unit, limits of permissible Note
range |intrinsic measurement error
8 Phase angle between funda- Absolute, degrees
mental harmonics of: 0
- Phase voltages, degrees to 360° +0.2 0.2Uy to 1.2Uy
- Voltage and current in the +0.5 0.2Un to 1.2Uy
same phase, degrees 0.21yto 1.2Iy
9 RMS of voltage harmonic of Absolute, V Unp <0.01Uy
order h?, h=2...50 0to +0.002 Uy
(Unn), V 0.6Uy Relative, % Unp > 0.01Uy
+0.2
10 RMS of voltage interhar- Absolute, V Ucm <0.01UN
monic of order m (frequency 0to +0.002 Uy
m-f;), m=0.5...50.5in 1.0 0.15Uy Relative, % Ucm > 0.01Uy
increments (Ucm), V +0.2
11 RMS of current harmonic of Absolute, A Inp <0.01ly
order h, 010 0.6l +0.02 Iy '; £0.04 Iy"
h=21050 (Iup), A N Relative, % lp > 0.011y
+5% " +10%"
12 RMS of current interhar- Absolute, A lc,m < 0.01ly
monic of order m (frequency 0to +0.02 Iy '; £0.04 1y, "
m-f;), m=0.5...50 in 1.0 incre- | 0.15ly Relative, % lcm > 0.01ly
ments (I ¢,m), A +5' +10"
13 Phase angle between h™ Absolute, degrees 0.2Unt0 1.2Uy
voltage and h™ current harmon- 0.2Iyto 1.2IN
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 reference to fundamental Absolute, % Kuy(h) < 1.0
harmonic); 0t049.9 0,05
h=2... 50 [Ky(h)], % Relative, % Ky(h) > 1.0
5
15 Current harmonic of order h | or 0,2l mo 1.21y;
(in reference to fundamental Absolute, % Ki(h) <1.0
harmonic); 0t0 49.9 +0.05 '; +£0.05 "
h=2...50 [K(h)], % Relative, % Ki(h) > 1.0
+50" 450"
16 Total Harmonic Distortion 0.2Un to 1.2Uy
of voltage (THDy), % Absolute THDy < 1.0
0to49.9 +0.05 %
Relative THDy > 1.0
+5 %
17 Total Harmonic Distortion 0.2Into 1.2y
of current (THD)), % Absolute THD, < 1.0
01t049.9 0.1 %
Relative THD, > 1.0
+10 %
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Error type and measurement

Measured parameter Measure- unit, limits of permissible intrin- Note
ment range :
sic measurement error
18 Active power of h™ Relative, % 0.2Uy to 1.2Uy
harmonic; 0.2Into 1.21N
h=2...50 (Pp), W Ki(h)=1...40%
0.003Py Kyth)=1...40%
to 0.1Py +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, % 0.5Up to 1.2Uy
voltage ratio (Kzy) and 0to 15 +0.20
zero sequence voltage
ratio (Kou), %
20 Positive sequence Absolute, V
voltage of fundamental 0 to Uy +(0.001Uy x/3)
harmonic (Ui, V
21 Zero sequence volt- Absolute, V 0.5Uy to 1.1Uy
age of fundamental 0 to Uy +(0.002 Uy) Koy < 15 %j;
harmonic (Ugy), V Kou <15 %
22 Negative sequence Absolute, V
voltage of fundamental 0 to Uy +(0.002Uy \3)
harmonic (Uyyy), V
23 Positive sequence Absolute, A
current, zero sequence +(0.011y) '; £(0.011y) " 0.01ly to 1.21y
current and negative 0to Iy +(0.021y) ™ £(0.021y) v 0051y 10 .21y
sequence current of fun-
damental harmonic (1),
|0(1) and |2(1)), 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, %
0.1Uy +[0.04+0.01(1.7Un/U-1)] Un up to 480 V
to 1.7Uy
0.1Uy +[0.04+0.01(1.25UN/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 ("1I"),
0.5 ("HI™), 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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2.4.3 Instruments of the Energomonitor-3.1KM x-x-xx1 modification meant for calibration
of voltage instrument transformers (VTs) and current instrument transformers (CTs) determine elec-
trical parameters in compliance with measurement ranges and limits of permissible measurement

error specified in:

= Table 9 — for Energomonitor 3.1KM x-02;
= Table 10 - for Energomonitor 3.1KM x-05 and Energomonitor 3.1KM x-10.

Table 9

Measurement ranges and limits of permissible measurement errors of EM3.1KM-02
as applied to calibration of VTs and CTs

Measured pa- Measurement range Elg)re)(:rrrnti)grs)ieb?g]?nltlrrir]r:;?COf Note
rameter and measurement units measurement error
1 Voltage Absolute, %
instrument +0.1999 % +0.002
transformer (VT) +1.999 % +0.02
ratio error +19.99 % 0.2 02U o to f'lz)up"‘z’“”
2 Voltage instru- Absolute, min T ANoM =
ment transformer +600 min +0.1
(VT) angle error +180 degrees +1.0
3 Current Absolute, %
instrument +0.1999 % +0.002
transformer (CT) +1.999 % +0.02
ratio error +19.99 % 102 PP iou 10 1. <inom
4 Current instru- Absolute, min C oM
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 10

Measurement ranges and limits of permissible measurement errors of EM3.1KM-05 and
EM3.1KM-10 as applied to calibration of VTs and CTs

Measured pa- Measurement range E:)Ce(:r:nti% Eieb?(?idnltlrr?r:;?c()f Note
rameter and measurement units measurement error
1 Voltage Absolute, %
instrument +0.1999 % +0.005
transformer (VT) +1.999 % +0.05
ratio error +19.99 % +0.5 0'f2 Y '21?“" o +1 '12)U|_“|‘§M
2 Voltage instru- Absolute, min T UNOM =
ment transformer +600 min +0.2
(VT) angle error +180 degrees +2.0
3 Current Absolute, %
instrument +0.1999 % +0.005
transformer (CT) +1.999 % +0.05
ratio error £19.99 % 105 00 o t°+11'§ now
4 Current instru- Absolute, min T UNoM =
ment transformer +600 min +0.2
(CT) angle error +180 degrees +20
Unom— Nominal (rated) secondary voltage of the VT under test (from 100/v/3 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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2.4.4 Measurement results are averaged over averaging intervals selectable among 1.25 s,
2.55,55s,105s, 1 min, 15min and 30 min.

2.4.5 The EM 3.1KM measures, calculates and displays the following parameters (in addi-
tion to the parameters listed in Tables 1-10):

= Deviation of frequency from a user-specified value fo, Hz;

= Underdeviation or overdeviation of voltage from a user-specified value Uy, V.

2.4.5.1 Frequency deviation is calculated as the difference between the measured frequency
value fy, and the value fo, set in the EM 3.1KM.

2.4.5.2 Underdeviation 83Uy and overdeviation U+ of voltage from a value set by the user
(Uo) are calculated from the formulae:

dU(y = [(Uo —Umy) / Up)-100, %, (1)
U = [(Umy — Uop) / Ug]-100, %, (2)

where Un stands for a measured voltage value lesser than U, V;
Um+) — Stands for a measured voltage value greater than U, V.

2.4.6 Additional measurement errors of the EM 3.1KM

2.4.6.1 Under the effect of self-heating, measurement error of the EM 3.1KM changes by no
more than % of the declared permissible error limit.

2.4.6.2 On changing the input signal frequency by +5 % with respect to the nominal fre-
quency fnom (50 or 60 Hz), measurement error of the EM 3.1KM changes by no more than Y2 of the
declared permissible error limit. On changing the input signal frequency by +15 % of fyom, meas-
urement error of the EM 3.1KM does not exceed the declared permissible error limit.

2.4.6.3 On changing power supply voltage by 10 %, measurement error of the EM 3.1KM
changes by no more than % of the declared permissible error limit.

2.4.6.4 Under the presence of harmonics in the current and voltage circuits [test conditions
as specified in IEC 62053-22:2003], measurement error of the EM 3.1KM changes by no more than
200 % of the permissible error limit.

2.4.6.5 Under the presence of subharmonics in the current circuits [test conditions as speci-
fied in IEC 62053-22:2003], measurement error of the EM 3.1KM changes by no more than 300 %
of the permissible error limit.

2.4.6.6 The EM 3.1KM has three channels for AC voltage measurements and three channels
for AC current measurements. Crosstalk of the measurement channels causes changing of meas-
urement error of the EM 3.1KM by no more than Y2 of the declared permissible error limit.

2.4.6.7 Measurement error of the EM 3.1KM changes by no more than:

= 15 of the associated permissible error limit — on changing environment temperature from

20 to 15 °C and from 20 to 25 °C.
= Associated permissible error limit — on changing environment temperature from 20 to 10
°C and from 20 to 30 °C.

2.4.7 The EM 3.1KM has a pulse input for testing and calibration of electric energy meters.

2.4.7.1 The pulse input accepts signals from electric energy meters of electronic type with
the pulse output characteristics as follows:

= Meter constant — from 1 to 999999999 pulses/(kW-h);

= Pulse amplitude — from 5to 15 V;

= Pulse duration — at least 14 microseconds.

2.4.7.2 The pulse input supports connection of a scanning head (SH) or Pulse Former (PF)
meant for testing of induction (disk type) meters.

2.4.7.3 Connection to the pulse input is available via connectors of two types: basic and co-
axial (BNC).
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2.4.8 The EM 3.1KM is provided with a frequency output generating pulse signal of fre-
quency proportional to measured power.

2.4.8.1 The signal on the frequency output is a sequence of square pulses of voltage with
characteristics as follows:

= Pulse duration — at least 10 microseconds;

= Polarity — positive;

= Logical 0-Up<0.4V,

= Logical1-U; >4.0V,

= Load resistance — 10 kOhm as a minimum.

2.4.8.2 The EM 3.1KM is equipped with an additional frequency output generating pulse
signal synchronously with the main frequency output.

The additional frequency output can be used as an “open collector” output, which has two
states differing by output impedances:

Output impedance < 200 Om — “closed” state;

Output impedance > 50 kOhm — “open” state.

Maximal current that the output circuitry of the additional frequency output can sustain is 30
mA.

Maximal voltage on the output pins of the additional frequency output is 30 V.

The additional frequency output can also be used to generate pulses with amplitude of about
24 V (e.g., for testing reference-class energy meters not equipped with a frequency output but
equipped with a pulse input).

2.4.8.3 Instrument constant of the EM 3.1KM, which depends on the active measuring
range, is determined according to the formula:

C = [(144 x 10%) / (Un % IN)] / Fo (3)

where: C — instrument constant of the EM 3.1KM (for active power measurements — imp/kW-h; for
reactive power measurements — imp/kVar-h; for apparent power measurements — imp/kVA-h);

Uy —value of nominal voltage set in the EM 3.1KM, V;

In— value of nominal current set in the EM 3.1KM, A,

Fp — division factor selected among 1 (no division), 2, 64, 1024 or 8192.

2.4.9 At the normal or operating conditions, the EM3.1KM is considered set for stable op-
eration in 30 min after applying power. Its specifications are as declared from this point.

2.4.10 Time of continuous operation of the EM 3.1KM is maximum 16 hours. At least 15
min break is required before the next switching on.

2.4.11 EM 3.1KM supports data exchange with a personal computer (PC) via RS-232 and
USB interfaces.

2.4.12 Logging function of the EM 3.1KM allows the following data to be recorded and
stored (for further transfer to a PC) without rewriting:
= Test results for up to 100 electrical energy meters (up to 20 test points per each);
= Test results for up to 200 CTs and up to 200 VTs (up to 10 test points per each);
= Magnitudes and durations of voltage dips/swells; 80000 events may be recorded continu-
ously before being overridden;
= Instantaneous values of 3 input phase voltages and 3 input phase currents taken directly
from the ADC at 12.8 kHz. The memory size permits recording in this mode (called the
oscilloscope mode) to last for 9 min without rewriting the data.
Measurement ranges and limits of permissible measurement errors of the EM 3.1KM when
it makes measurements on dips/swells are specified in Table 11.
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Table 11
Error type and measure-
Measure- | ment unit, limits of permis-
Measured parameter ment range | sible intrinsic measurement Note

error
Duration of voltage dip, s From 0.02 Abiglgtze, S
Voltage dip depth, % From 10 to Relative, %

100 +10.0 -

Voltage swell height (over- FromI.1to Relative, % f1 = (fvowm +1) Hz
voltage factor), relative units 7.99 +2.0
Duration of voltage swell, s From 0.02 AbJsrglgtze, S

2.4.13 The built-in real time clock provides a time stamp for every measurement being re-
corded into the internal memory of the EM 3.1KM.

Date / time in the clock are changeable. The clock’s daily drift does not exceed £2 s; it is
powered by a built-in battery with at least 2 years lifetime.

2.4.14 Power consumed by the EM 3.1KM together with the Transformer Calibration
Switch (CTCS-3.1) from mains is 100 VA, or less.

2.4.15 Power consumed by each current measurement channel of the EM 3.1KM at a nomi-
nal input current (Iy) is 15 VA, or less.

Power consumption of each voltage measurement channel at a nominal input voltage (Uy)
never exceeds 1VA.

Input impedance of the EM 3.1KM voltage circuitry:

1060 kOhm at a nominal voltage of 30, 60, 120, 240, 480, or 800 V;

176 kOhm at a nominal voltage of 1, 2, 5, or 10 V.

Power consumed by each input channel of the CTCS-3.1 at a nominal current (ly) never ex-
ceeds 1 VA.

2.4.16 Overall dimensions, no more than:

485 x 450 x140 mm — for the EM 3.1KM-S (Stationary) and EM 3.1KM-D (Desktop);
480 x 380 x200 mm - for EM 3.1KM-P (Portable);

295 x 225 x 100 mm - for the CTCS-3.1.

2.4.17 Weight, no more than:

8 kg — for the EM 3.1KM-S (Stationary) and EM 3.1KM-D (Desktop);
10 kg — for the EM 3.1KM-P (Portable);

2.5 kg — for the CTCS-3.1.

2.5 Design and operation

2.5.1 The EM 3.1KM utilizes Analog-to-Digital Conversion (ADC) principles. Three-phase
input voltages and currents are converted into digital codes from which arrays of sampled instanta-
neous values are created. The arrays are used by the EM 3.1KM firmware (FW) to make all pro-
grammed calculations with measured values.

The EM 3.1KM consists of the following functional blocks:

= Multi-range Input Current Converters;

Multi-range Input VVoltage Converters;
Block of 6-channel ADCs (ADC Block);
Data Processing Block (DTB);
Measurement Range Selector;
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= Power Supply Unit (PSU);

= Data Display;

= Keypad.

Based on error-compensated instrument current transformers, Input Current Converters con-
vert input currents into proportional voltage signals.

Input Voltage Converters based on high-precision variable-gain inverting operational ampli-
fiers scale input voltages to match inputs of the ADCs.

ADC Block converts output signals coming from the Input Current Converters, Input Volt-
age Converters and CTCS-3.1 into 18-bit codes (17 significant and 1 sign bit). The circuitry pro-
vides galvanic isolation between the ADC block and Data Processing block.

Data Processing Block is designed on the basis of a Texas Instruments signal processor and
a FPGA available from Xilinx. Working under the operating firmware stored in the non-volatile
EEPROM memory, DTB provides full control over the EM 3.1KM. In particular, DTB provides
that calculations be done over the arrays of samples, the results be stored in flash memory and
displayed on LCD screen, time be kept and intervals marked as per real-time clock, data exchange
be supported with external devices (PCs), commands and data be received from operator’s key-
board, pulse signals from the device under test be accepted etc.

Measurement Range Selector designed on a Xilinx field-programmable gate array (FPGA)
produces control commands for the Multi-range Input Current/Voltage Converters and Trans-
former Calibration Switch CTCS-3.1 (supplied with the EM 3.1KM modifications meant for trans-
former testing).

PSU generates power supply voltages for all blocks and units of the EM 3.1KM.

Keypad and Data Display are both mounted on the front panel of the EM 3.1KM.

2.5.2 The Current Transformer Calibration Switch CTCS-3.1 is supplied with the EM
3.1KM intended for testing of instrument current transformers.

The CTCS-3.1 includes two error-compensated instrument current transformers and power
supply unit. The CTCS-3.1 is connected to the CURRENT input connector of the EM 3.1KM.

2.5.3 The CURRENT input connector can also be used for connection of AC current probes.
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3 PREPARING FOR OPERATION

3.1 Notes on Operating Conditions

3.1.1 Caution! If the Device has been moved from a cold environment (with ambient tem-
perature below minus 5° C) into a warm one, it shall be left to stand for at least 4 hours at room
temperature before applying power, to make sure that no condensation remains inside.

Warning! The Device shall not be used under the ingress of moisture inside its body.

3.1.2 Maximum value of AC voltage applied to the voltage inputs of EM 3.1KM must not
exceed 120 % of its highest voltage measuring range.

3.1.3 Maximum value of input AC current must not exceed 120 % of the highest measuring
range of the current input in use.

3.2 Unpacking

Check that the delivery package contains all parts specified in the Supply Agreement. Check
to see if the manufacturer’s seal is intact. Should anything in the package be found damaged, con-
tact the supplier immediately.

The delivery package is specified in Table 2.1.

3.3 Preparing for operation

3.3.1 Controls and connectors

The following section covers operation of the EM 3.1KM controlled manually from the
front panel display and keypad.

All functions of the EM 3.1KM can be controlled from the keypad and menu screens using
the cursor. The keys on the keypad are described in Table 3.1.

Table 3.1
Key Name and Function
0..9 Numeric keypad: used to type in numeric values
) Up arrow key: used to move the cursor up through menu items and to increase numeric values
U Down arrow key: used to move the cursor down through menu items and to decrease numeric
values

— Left arrow key: used to move the cursor to the left and to change numeric values

= Right arrow key: used to move the cursor to the right and to change numeric values
ENT Enter: used to open the selected screen, save values to the memory, or enable the selected mode
ESC |Escape: used to exit a mode or leave some current menu item for an upper level menu
Function: a hot key used to go to the Measuring range selection screen from the most of screens
F or menu items, or to enable/disable the mode of entering characters while specifying names of
objects

Press to insert a symbol in the mode of entering characters while specifying names of objects
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3.3.2 Making connections and turning on

Warning! To avoid electric shock, it is strongly recommended to connect (disconnect) the
EM 3.1KM to the measured circuits when they are de-energized. Otherwise, connection (disconnec-
tion) to the measured circuits shall be carried out by qualified service personnel in compliance with
local safety regulations in force.

Before making connections, inspect the cables. Ensure all joints are made properly to
avoid overheating and excessively high resistance.

3.3.2.1 The EM 3.1KM has voltage input connectors (phase and neutral) and current input
connectors. The phase current inputs are galvanically isolated from each other and from the voltage
inputs.

3.3.2.2 Voltage and current measuring inputs of Energomonitor 3.1KM-S (stationary) and Ener-
gomonitor 3.1KM-D (desktop) (see Fig. 3.1) are located on the rear panel (Fig. 3.2). Input currents above
12 A are applied to separate inputs.

3.3.2.3 All measuring inputs of the Energomonitor 3.1KM-P (portable) are located on the
front panel (Fig. 3.5).

3.3.2.4 The EM 3.1KM intended for testing of instrument current transformers is used in
combination with the Current Transformer Calibration Switch CTCS-3.1. Connections of the
CTCS-3.1 are shown in Fig. 3.3 and 3.4.

3.3.2.5 Turning on

As it is powered up, the EM 3.1KM turns on the display backlight and performs warm-up,
initialization and initial configuration procedures. During the initialization, performance of every
unit is checked and programs are loaded. At the conclusion (in 1...5 seconds), the “power up”
screen containing manufacturer’s name and logo, device type, firmware version and serial number
of the EM 3.1KM appears.

The EM3.1KM is considered set for stable operation in 30 min after applying power. Its
specifications are as declared from this point.

|
|
|
ol

= Ll
= T @ Pz -
)’% ""@} _ ) 2

Fig. 3.1 Front panel of the EM 3.1KM -S (stationary)
1 — Graphic display;
2 — Keypad;
3 —"Pulse input" connectors: SH (for connecting Scanning Heads or Pulse Former) and Fi;;
4 — "Pulse output” connectors: TTL (produces TTL-compatible output signal of frequency proportional to
power measured by the EM 3.1KM) and telemetry output TM (produces 24 V peak-to-peak voltage signal
of the same frequency as generated on the main frequency output)
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CURRENT INPUT
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Fig. 3.2 Rear panel of the EM 3.1KM-S
1 — Voltage input connectors;
2 — Current input connectors for currents below 12 A;
3 — Current input connectors for currents above 12 A;

4 — CTCS port (transmits control signals to the Transformer Calibration Switch CTCS-3.1);
5 — CURRENT connector (to be linked to AC current probes or “Output” terminal of the CTCS-3.1);
6 — Mains switch, socket for mains cord,;

7 — Ground terminal;

8 — Sync connector (to be linked to the Time Correction Module);

9 —RS-232 port;

10 -USB port;

11- Fuses

11

Transformer Calibration Switch CTCS-3.1
Reference CT

CT under test

1 2 3 4

Fig. 3.3 Front panel of the CTCS-3.1
1 — Power indicator;
2 — Sockets for connecting CT under test burden;
3 — Sockets for connecting CT under test output terminals;
4 — Sockets for connecting Reference CT output terminals
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Fig. 3.4 Rear panel of the CTCS-3.1
1 —“Control Input” connector (to be linked to CTCS port of the EM 3.1KM);
2 — “Output” connector (to be linked to CURRENT connector of the EM 3.1KM);
3 — Mains fuses;
4 — Mains switch;
5 — Socket for mains cord
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12
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Fig. 3.5 The EM 3.1KM-P (portable)
1 — Graphic display;
2 — Keypad;
3 — RS-232 port;
4 — Voltage input connectors;
5 — CTCS port (transmits control signals to the Transformer Calibration Switch CTCS-3.1);
6 — CURRENT connector (to be linked to AC current probes or “Output” terminal of the CTCS-3.1);
7 — Sync connector (to be linked to the Time Correction Module);;
8 — "Pulse input" connectors: SH (for connecting Scanning Heads or Pulse Former) and Fiy;
9 — USB port;

10 — "Pulse output™ connectors: TTL (produces TTL-compatible output signal of frequency proportional to
power measured by the EM 3.1KM) and telemetry output TM (produces 24 V peak-to-peak voltage signal
of the same frequency as generated on the main frequency output);

11 — Current input connectors for currents above 12 A;

12 — Socket for mains cord;

13 — Mains switch;

14 — Ground terminal;

15 — Current input connectors for currents below 12 A
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4 OPERATION

4.1 Operator interface and starting the work

4.1.1 The EM 3.1KM is a menu driven instrument. To navigate to a desired screen or menu
item, six keys are used: "ENT", "ESC", "{", "I, "<", "=,

Regardless of the screen or mode active at the moment, current date and time are shown on
the top of the display, while its bottom line shows active measurement ranges and circuit connec-
tion type.

4.1.2 When it is powered up, the EM 3.1KM performs self-testing, after which the welcome
screen (Fig. 4.1.1) appears. Press ENT to get to the password entry screen (Fig. 4.1.2).

ENERGOMONITOR

ENELRGO
3.1KM

- LY
version 2.01 et Y

INT@3.111.303 Veggl

= =
— malking energy visible

Fig. 4.1.1 Welcome screen

4.1.3 Menu options and configuration settings of the EM 3.1KM may be accessed at 3 lev-
els, each one protected by password. The 1% and 2" level passwords can be configured for use in
operation. Data protected by the 3-rd-level password can only be accessed by the manufacturer.

The 1% level password is 8 digits in length; the 2" level requires 9 digits.

Passwords set from the factory are:

1% (lower) level — 00000000 or no password (the menu is accessed on pressing ENT),

2" (higher) level — 222222222 (nine digits).

4.1.4 The second screen displayed after applying power is the password entry screen shown
in Fig. 4.1.2. No specific password is required for the first time (until configured otherwise).

Fig. 4.1.2 Password entry screen

Press ENT to go to the Circuit Connection screen (Fig. 4.1.3).

127027080 13 :01: 20

CIRCOT CONHECTION
o Three-Phase 4-wire
Three-Phase 3Z-uwire

Single-Phase 2-wire

r

Fig. 4.1.3 “Circuit Connections” screen
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Selecting the type of connection scheme is crucial to all calculations in the course of meas-
urements. The EM 3.1KM can be connected to networks of three types:

= 3-phase 4-wire,

= 3-phase 3-wire,

= Single-phase 2-wire.

When the EM 3.1K is connected to a 3-phase 4-wire network, it measures all phase voltage
and current values necessary for further calculations (Ua, Ug, Ug, Ia, Ig, Ic).

When the EM 3.1K is connected to a 3-phase 3-wire network, it measures 2 line voltages
and 2 phase currents (Uag, Ucg, Ia, Ic).

When the EM 3.1K is connected to a single phase 2-wire network, it measures voltage and
current in phase A only, as necessary for further calculations (Ua, 14).

4.1. Each option of the main menu (pictured below) corresponds to a particular mode of
operation or configuration procedure:

12707713 00 13:01: 20

CALTBRATION of Vs

CALTBRATION of CTs

YVOLTAGE PEARSAMPLITUDE

DATA EXHAMGE with PC

SETTINGS

EXTR
240V CA0R

Press the arrow keys U and 1! to move the cursor through the menu options and press ENT to
call up the selected option.

Note: The operator interface may be modified with respect to the order of displaying infor-
mation. These changes do not affect the Device’s accuracy and technical characteristics.

4.2 Settings menu

There are 7 options:

F 12/02/07 80 13:01: 20

BETTINGS
S5ELECT CUUREFENT INPUT
CIRCOT CONMECTION
MEASTRTHG RANGE (kev'F')

o EXCHANGE SPEED i2R523)
AYERAGING TIME
FLICKER. 0BSERY. FERIOD
FREQUEHRCY DIVIDEE

60U/0.05AH F-Fh d-wire

Press the arrow keys U and 1! to move the cursor through the menu options, press ENT to
call up the selected option and press ESC to return to the main menu.
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4.2.1 Selecting converters for current inputs

The SELECT CURRENT INPUT option determines the type of converters on the current
measurement inputs of the EM 3.1KM. There are three options:

f i2/02/07E) 13:04: 20
SELECT CUFFENT IHFUT
o> TRAHSFORMEER  OK

220U DA E i 3-Ph d-wire

“Transformer” - selected when the internal current transformers (built into the EM 3.1KM
current input circuitry) are used,;

“Clamp” - selected when current measurements are made via AC current probes;

“CTCS” — selected when the EM 3.1KM is used as a comparator for calibration of current
instrument transformers (CTSs).

Press the arrow keys U and T to move the cursor through the menu options, press the ENT
key to call up the selected option and press ESC to return to the main menu.

4.2.2 Circuit connection

CIRCUIT CONNECTION is a screen displayed at power up (see section 4.1, Fig. 4.2).
The user also may enter the “Circuit Connection” screen and declare another connection type gen-
tly, not forcing the EM-3.3T1 power down and up.

Three phase 4-wire, three phase 3-wire, and single phase 2-wire connection types are
available.

4.2.3 Selecting measuring range

The MEASURING RANGE screen is called up either by clicking on its name in the SET-
TINGS menu, or by pressing “F” hot key in the most of screens or menu items. The required
ranges are selected with the arrow keys U, I and ENT. Pressing the ESC key reverts back to the
SETTINGS menu without saving changes.

Active voltage and current measurement ranges are represented on the bottom line of each
screen (in the left corner).

If the measured voltage exceeds the limit of a currently active measuring range, an auto-
matic swap is made for the highest possible voltage range.

The EM-3.1K never makes swaps for lower ranges of current and voltage when the meas-
ured voltage or current drops below its active range limit.

4.2.4 Data transfer rate (via RS-232)

The EM 3.1KM supports data transfer to/from a PC via RS-232 at a speed of:
115200 bps;

38400 bps;

19200 bps;

9600bps.
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The required value is selected with the keys U, 1 and ENT.
“OK?” appears next to the selected speed.
19200 bps is the default value.

1270208 13:04: 20
EXCHANGE SPEED (12 R5237)

o 115200 bitfsec OK
J8300 bitfsec
19200 bitfsec
9600 bitfzec

Ha240VAC 100A 3-FPh d-wire

Pressing the ESC key reverts back to the SETTINGS menu without saving changes.

4.2.5 Averaging time

The AVERAGING TIME screen determines the period over which the sampled instantaneous
values of currents and voltages are averaged. The following values are available: 1.25, 2.5, 5, 10 sec-
onds and 1, 15, 30 minutes.

The required value is selected with the keys U, 1 and ENT.

“OK?” appears next to the selected value.

1.25 sec is set by default.

1270270807 13:01: 20
AVYERAGING TIME

oy 1.25 =zec OK
2.5 gec
9 =5ec
10 zec
1 min
15 min
30 min

240 \WSC 100R

Pressing the ESC key reverts back to the SETTINGS menu without saving changes.

4.2.6 Flicker observation period

The EM 3.1KM calculates flicker short-term severity for measurement periods of 10 min, 5
min and 1 min.

1202080 13:041: 20
Flicker observation period
1 min.

5 min.
> 10 min.

Haz40 VAT 100DR 3-Ph d-wire

The required value is selected with the keys U, Il and ENT.
Pressing the ESC key reverts back to the SETTINGS menu without saving changes.
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4.2.7 Frequency divider

The EM 3.1KM can also act as a frequency divider for pulse signals either coming to the
frequency input Fi,, or produced on its frequency output. The division ratio can be set to 2, 64,
1024, and 8192.

i 12,02/,07 @0 13:01: 20

FREQUENCY DIVIDEE

oy HO DIVISIOH oK
DI¥ISIOH BY 2
DI¥ISIOH BY 64
DI¥ISIOH BY 1024
DI¥VISIOH BY 8192

220U DA #

# 3-Ph d-wire

The required value is selected with the keys U, 1 and ENT.
Pressing the ESC key reverts back to the SETTINGS menu without saving changes.

4.3 Measurements

Before making measurements, the EM 3.1KM is configured as described in section 4.2.
Such settings as voltage and current measuring ranges and circuit connection type will be constantly
displayed on the bottom line. The “Measuring range selection” function may be called up prompt-
ly from the most of modes, just by pressing “F” hotkey.

For the EM 3.1KM with DC current measurement function, on selecting the MEASURE-
MENTS option from the main menu, the screen shown below will appear.

# 12,0207 00 43 :04: 30

MEASUEEMENTS OF PARAMETERS
o AITERHATIMG CURRENT
DIRECT CUERFRENT

220U 10AR

-Ph d-wire

Selection of the “ALTERNATING CURRENT” option calls up the screen where all AC-
related measured parameters are listed:

12/02/07 0 13 :04: 20
AC MEASUREMENTS
o> CURRENT AND VOLTAGE
PFOWER
EHERGY
PHASE ANGLES
HARMONICS
INTER HARMONICS
HARMOHNICS FPOWER
CORRENT FOQF VALUOESR

220U 10R

The required option is selected with the keys U, 1 and enabled with ENT.
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Pressing the ESC key reverts back to the previous menu.

Except for SIGNAL SHAPE, the measurement modes listed in the menu show actual values
calculated in real time.

The PHASE ANGLES and all harmonic-related screens are updated with 1 Hz frequency.

Measurement results on the POWER and CURRENT AND VOLTAGE screens are up-
dated as per averaging time preset in the AVERAGING TIME window of the SETTINGS menu.

Progress bar reflecting elapsed time in the course of averaging appears at the left top part
of the screen (unless averaging time is set to 1.25 sec. default value).

4.3.1 AC measurements
4.3.1.1 Measuring currents and voltages

In this mode one screen is available (Fig. 4.3.1).
Pressing ESC returns you to the previous menu.

i2/s02/,07 03 13:01: 20 55 12/,02/,07 00 13:01: 20
CURRENT AHND VOLTAGE CURRENT AND VOLTAGE

A B H A B [H
U=l &0.0398 60.0253 60.04163 Urris 00
IrMsAl S.00449 5S5.00054a 5.00434 Irmz(A) S.00471 S5.00032 S.00433

Uaver(l] 004879 .004375 001225 Uaver L)
Ipver(Al = . ODD2E7 LOD0DO96s LO00DD266 Iaver(Al = . DOO274 LO0D0D09% 000256
Up-rel] S4.0511 o4d.04927 54.0327 Un-re L1
In-relfl 9.50311 g.504{68 49.50358 Inre(pl 4.50257 +4.50208 +49.50323

A-B B-C G-A A-B B-C C-A
UrM=0L] 4oz .978 103 .955 {03 .964 UrM= 01 103 .971 103 .95 103 .96

220U 10AH% % 3-Ph d-wire 220U10AR 3-Ph F-wire

1i2/,02/07 00 13:041: 20
CURRENT AND VOLTAGE
A B H

Urm=1 &0.0343
Irt=lAl S.001049

Uavertl . 0D0O4895
Lrver(Al = . DOD286
Ua-tel] 59,0527
In-relpl 4.50338

220U71 DA 5

i 4-Ph 2-wire

Fig. 4.3.1 CURRENT AND VOLTAGE screen for various circuit connections

Meaning of notations:

Urwms (V) — RMS of phase voltages; RMS of line (phase-to-phase) voltages (for 3-phase 4-
wire and 3-phase 3-wire networks);

Irvs (A) — RMS of currents;

Uaver (V) — average values (DC component) of phase voltages;

Iaver (A) — average values (DC component) of currents;

Ua-re (V) — average-rectified values of phase voltages;

Iare (A) — average-rectified values of currents.

Note: The screen line showing average values of current is informative for technical ser-
vice personnel only, as DC current component cannot pass through the input transformers and
current clamps.
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4.3.1.2 Measuring power

Selecting POWER mode from the MEASUREMENTS menu makes it possible to see three
different screens named ACTIVE POWER (Fig. 4.3.2), REACTIVE POWER (Fig. 4.3.3) and
APPARENT POWER (Fig. 4.3.4). Use <, = keys to cycle through these screens or <1>,< 2>,
<3> keys to select any particular one.

The pulse sequence of frequency proportional to the measured power of the type indicated
in the header of this screen (active, reactive or apparent) is produced on the EM 3.1KM frequency
output Foyt.

Meaning of notations in the ACTIVE POWER screen:

P (W) — active power values per each phase;

Py (W) — total active power for all phases (considering import and export directions of ac-
tive energy transfer);

Urwms, Irms and PF — RMS value of voltage (V), RMS value of current (A) and power factor
per each phase;

P1 (W), P2 (W) - values of active power measured by Power meter 1 and Power meter 2 in
case of 3 phase 3-wire configuration (Aron connection scheme);

PFs — power factor for the whole three-phase system.

F 12/02/,07 0013 :01: 20 i2-s02/,07 000 13:01: 20

ACTIVE POWER ACTIVE PFOWER
A B C P11y . 031000
P i i414.4980 288.870 288.900 Pa rid a50. 306
Pz Fa22.270 e if a50. 3252
A-B B-C C=-A
[1ILh)] 103 .987 103 . 965 103 .964
EMS UWMS? . 7747 57 .7669 57 . 7554 A E C
Iifvs.DD0238 S.00083 S.00274
Ith 5.00479 5.00000 S.00233
PF 0.499L 0.99L 0.99L PFz 0.50L
220U 10R 220US10AR %

12/02/,07 @0 13:01: 20

A B H

RMS Ui 5 7
Iils .00

Fa

PF 0.4q99L
220U 1 0AR

-Ph 2-wire

Fig 4.3.2 ACTIVE POWER SCREEN for various circuit connections

Meaning of notations in the REACTIVE POWER screen:

Q =+/S*-P?) —indicates per-phase values of reactive power calculated by the geometri-
cal method, Var;

cross-con. — indicates per-phase values of reactive power calculated by the method of cross
connection, Var;

Q =Ulsine- indicates per-phase values of reactive power calculated by the phase-shift
method (voltage is shifted by ¥4 T, where T is the fundamental period), Var;

Qs (Var) - total reactive power for all phases (considering import and export directions of
reactive energy transfer).

NOTE! With U , 11 keys, the heading At F-out: (T) can be placed above one of the reac-

tive power calculation methods displayed, and the pulse sequence produced on Fou will reflect the
exact total power Qs obtained by the method selected.
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12/,02/,07 013 :01: 20 F 12/02/,07E013:01: 20
REACTIVE POWER REACTIVE POWER

At Fout @ (4D A B [H AL Fout @44
VEE-RT 260.060 259.9410 259.980 WEE-FE
I (War 779.986 E (Wan 780.077

crozz-conn. 259 .980 259.8490 260. 1490 crozz-conn. 259 .. 960 259 .8490 260.4190
Gz (Wan 779.9738 BE (Van F79.979

TIzinlpl 260.070 259.920 259.980 |UI:zinlypl
Bz (War 779 Bz (Wan T80

220U510 E3-Fh d-wire 22001 0R &3

I-Ph F-wire

1i2/,02/,07 00 13:01:30
REACTIVE FOWER
AL Fout @44 A B [H

fEE-FT 260 . 0490
Bz (Wan 260.092

TIzinipl 260.050
Gz (Wan 260 .057

220U510H i 1-Ph 2-wire

Fig 4.3.3 REACTIVE POWER SCREEN for various circuit connections

NOTES on Reactive Power

When calculation of reactive power values follows the phase shift method, instantaneous
voltage values are multiplied by instantaneous current values displaced in phase by 90°.

The method of cross-connection takes the product of instantaneous values of phase cur-
rent, and instantaneous values of line voltage (voltage between 2 different phases).

In theory, if a three-phase system is symmetrical and free of non-linear distortions, the re-
active power would be of the same value, regardless of the calculation method. When the symme-
try is broken within the system of voltage vectors(U ,, #U 4. #U,), the reactive power calcu-

lated with cross-connection method turns out different from what the other two methods give.
Non-linear distortion makes the power calculated with the geometrical method differ from the
other two. Thus, under real conditions the three values of reactive power are never precisely the
same.

NOTE! When testing a reactive power meter, it is important to take into account its
operation principle (geometrical, phase-shift, or cross connection).

Meaning of notations in the APPARENT POWER screen:

S (VA) — values of apparent power per each phase;

Sy (VA) — total apparent power for all phases;

P (W) — values of active power per each phase;

Ps: (W) — total active power of the whole three-phase system (considering direction of active
energy transfer);

VS? — P? — each-phase values of reactive power calculated by the geometrical method:;
PF — each-phase values of power factor (for 3-phase 4-wire connection);
PFs — power factor of the three-phase system (for 3-phase, 3-wire connection).
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1i2/,02/07 00 13:041: 20 E 12/02/,07 0 13:01: 20
APPFARFHT PFOWER AFPARFHNT FOWER

A B [H

SR FJOo0.3F4i0 IJIOoO.4120 IJFOoO. 190 SR

SziURA) 900. 620 SziURA) QoD .712

Pty 1i50. 170 1i50.070 150 .050 Pty

Pz i 450 . 291 Pz i 450 .960

FEEFT 260.030 2%59.940 260.04i0 FEEFT

Bz (Man J79.9499 Bz (Man F79.981

PF 0.50L oOo.4q99L 0O.<d9L PFz 0.50L

220U 10R0 3-Ph d-wire 22001 0A E

F 12/02/07 00 i3:04: 20

APPARENT POWER
A B [H

SUAD J00.

SEiUAl 300.

Pty 1

Pz 1

VSE-FT 2

Bz (Wan 2

PF

2200 10R % 1-Ph Z-wire

Fig. 4.3.4 APPARENT POWER SCREEN for various circuit connections

4.3.1.3 Measuring phase angles

The following phase angles are measured in degrees:

Z/Up1—Ug; — between the 1st harmonics of phase voltages U and Ug;

Z/Ug1—Uc1 — between the 1st harmonics of phase voltages Ug and Ug;

ZUc1—Ua; — between the 1st harmonics of phase voltages Uc and U,

ZUpi—la1 — between the 1st harmonics of voltage and current in phase A,

ZUgi—lg1 — between the 1st harmonics of voltage and current in phase B;

ZUci—lc1 — between the 1st harmonics of voltage and current in phase C.

Phase angles in degrees are shown on the left part of the screen. Displayed on its right is a
vector diagram (Fig. 4.3.5). It reflects the same phase relations (long vectors are voltages, and
shorter vectors stand for currents).

To check phase rotation in three-phase systems, make sure that angles ZUa1—Ug,
ZUg1—Uc1, ZUc1—Ua; are positive (clockwise rotation).

1270270800 13:01: 20 1270270807 13 :01: 20
PHRSE ANGLES (degrees) . PHASE ANGLES (degrees) ;"

clla-lgay 4149 .9849 clar-lew 120 . 0514
clE-Ucay 119 .976 clgs-llow 120 . 082
clzi-Uagy 449 .976 slze-lUpm 119 . 734
cla-Iewy 59 . 968 cllo-Inwy &GO . 061
cle-Iew 59 .960 clEr-Iey 59 .883
cle-Icwy S9.968 cler-Icwy S9.962
' E c E

120 VS0 10

120V C40A

1270270800 13 : 01 20
PHASE ANGLES (deqgrees) .

zlai-Ugi:
el
2 le-Ugi a

zla-Ine 59.96
2UE- IE6
£ U- Toen

PhL 2-wire

120WAC 10R
Fig. 4.3.5 PHASE ANGLES screen for different circuit connections
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4.3.1.4 Measuring harmonics

In the HARMONICS mode, RMS of voltage and current fundamental components along
with the contribution of higher harmonic components up to the 50" (harmonic ratio, % of funda-
mental) to the full signal as well as related data (THDy and THD,) are displayed.

Three-phase 4 wire connection: results are viewed on 6 screens (3 phase voltages and 3
phase currents).

The arrow keys <=, = are used to cycle through the screens.

The arrow keys 11, are used to scroll up and down to see all of 50 harmonics.

The numeric keys are used to select the desired screen directly: "1" — Uu, "2" — Ug, "3" —
Uc, "6" = I, "7" - I, "8" = Ic.

Three-phase 3-wire connection: results are viewed on 6 screens (3 line voltages and 3
phase currents).

The arrow keys <=, = are used to cycle through the screens.

The arrow keys M1, are used to scroll up and down to see all of 50 harmonics

The numeric keys are used to select the desired screen directly: "1" — Ua.g, "2" — Ug.c, "3" -
Uca, "6" = lIa, "7" - I, "8" = Ic.

Single-phase 2-wire connection: results are viewed on 2 screens (U and I).

The desired screen is selected with the arrow keys <=, = or numeric keys ("1" - U, "6" - 1).

The arrow keys M1, are used to scroll up and down to see all of 50 harmonics

Meaning of notations in the HARMONICS screens (shown in Fig. 4.3.6):

Uaz1; Ugr and Uc; — RMS of the fundamental (1%) harmonic of voltage in phases A, B and C
(in volts);

F — frequency of the fundamental (1*) harmonic (Hz);

Numbers 1 to 50 - individual ratios of harmonics of order h (h=1...50) as percentages of the
fundamental voltage or current harmonic (Uaz, Ugi, Ucior a1, Is1, lc1) respectively;

laz, Ig1 and Ic; — RMS of the fundamental (1) harmonic of current in phases A, B and C (in
amperes);

THDya, THDys, THDyc — Total Harmonic Distortion of phase voltages in phases A, B and C (in %);

THDuyas, THDysc, THDyca — Total Harmonic Distortion of line (phase-to-phase) voltages for
3-phase 3-wire connection (in %);

THD,a THDg THD\c — Total Harmonic Distortion of phase currents in phases A, B and C (in %).

4.3.1.5 Measuring interharmonics

In the INTERHARMONICS mode, RMS of voltage and current fundamental components
along with the contribution of interharmonic components from the 0.5" to 50.5™ with 1.0 incre-
ments (interharmonic ratio, % of fundamental) to the full signal as well as related data (total inter-
harmonic distortion of voltage TIHDy and current TIHD,) are displayed.

Three-phase 4 wire connection: results are viewed on 6 screens (3 phase voltages and 3
phase currents).

The arrow keys <=, = are used to cycle through the screens.

The arrow keys M, are used to scroll up and down to see all of 50 harmonics

The numeric keys are used to select the desired screen directly: "1" — Uu, "2" — Ug, "3" —
Uc, "6" = I, "7" - Ig, "8" — Ic.

Three-phase 3-wire connection: results are viewed on 6 screens (3 line voltages and 3
phase currents).

The arrow keys <=, = are used to cycle through the screens.

The arrow keys M1, are used to scroll up and down to see all of 50 harmonics
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The numeric keys are used to select the desired screen directly: "1" — Ua.g, "2" — Ugc, "3" —
Uca, "6" = Ia, "7" - I, "8" = Ic.

Single-phase 2-wire connection: results are viewed on 2 screens (U and I).

The desired screen is selected with the arrow keys <, = or numeric keys ("1" - U, "6" - 1).

The arrow keys .U are used to scroll up and down to see all of 50 harmonics.
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Fig. 4.3.6 View of HARMONICS screens showing current and voltage harmonics

for different circuit connections
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Meaning of notations in the HARMONICS screens (shown in Fig. 4.3.7):

Ua1; Ugr and Uc; — RMS of the fundamental (1%) harmonic of voltage in phases A, B and C
(in volts);

F — frequency of the fundamental (1*) harmonic (Hz);

Numbers 0.5 to 50.5 - individual ratios of interharmonics of order m (m=0.5...50.5) as percent-
ages of the fundamental voltage or current harmonic (Ua;, Ugy, Ucyor las, Igy, Icy) respectively;

laz, Ig1 and Ic; — RMS of the fundamental (1) harmonic of current in phases A, B and C (in
amperes);

TIHDya, TIHDyg, TIHDyc — Total Interharmonic Distortion of phase voltages in phases A, B
and C (in %);

TIHDyag, TIHDygc, TIHDyca — Total Interharmonic Distortion of line (phase-to-phase) volt-
ages for 3-phase 3-wire connection (in %);

TIHDa, TIHDg, TIHD,c - Total Interharmonic Distortion of phase currents in phases A, B and
C (in %).
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Fig. 4.3.7 View of INTERHARMONICS screens showing current and voltage interharmonics for
different circuit connections

4.3.1.6 Power of harmonics

In the HARMONICS POWER mode, for three-phase measurement configurations, there are
3 screens:

Phase A, Phase B and Phase C related screens.

For single phase 2-wire configurations, 1 screen is available.

The arrow keys <=, = are used to cycle through the screens.

The arrow keys I, U are used to scroll up and down to see all of 50 harmonics

The numeric keys are used to select the desired screen directly: "1" — Phase A, "2" — Phase
B, "3" — Phase C.

Meaning of notations in the HARMONICS POWER screens (shown in Fig. 4.3.8):

Pi (W) — active power of a harmonic of order h,h=1 ... 50, W,

ZU; — l; — phase angle between current and voltage harmonics of order h in the same phase,
h=1... 50, degrees.

Note. Each time the RMS value of voltage or current is found less than 1 % of its nominal
range, the parameters are not calculated: zeroes (0) are displayed instead of measured values.
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Fig 4.3.8 HARMONICS POWER screens for different circuit connections

4.3.1.7 Current PQP values

In the CURRENT PQP VALUES mode, “real-time” power quality parameters can be
viewed on the screen as they are measured.

Meaning of on-screen notations:

= AF — deviation of frequency from a user-specified value fy, Hz (see section 2.4.5);

* dU()— underdeviation and 8U) — overdeviation of voltage from a user-specified value
Uo, % of Uy (see section 2.4.5);

= U;)— positive sequence voltage of fundamental harmonic, V;

= Up()— zero sequence voltage of fundamental harmonic, V;

= U,1)— negative sequence voltage of fundamental harmonic, V;

= K,y — negative sequence voltage ratio and Koy — zero sequence voltage ratio, %;

= |- positive sequence current of fundamental harmonic, A;

= lo)— zero sequence current of fundamental harmonic, A,

= |, — negative sequence current of fundamental harmonic, A;

= Uypy ™ lig) — phase angle between positive sequence voltage and positive sequence cur-
rent of fundamental harmonic, degrees;

= Uy Iy — phase angle between negative sequence voltage and negative sequence cur-
rent of fundamental harmonic, degrees;

= Upm ™ low) — phase angle between zero sequence voltage and zero sequence current of
fundamental harmonic, degrees.

The parameters are displayed on several screens cycled with <, = keys.

4.3.1.8 Flicker short-term severity

Flicker short-term severity is only determined for three-phase 4-wire and single-phase
2-wire configurations. The screen displays measured values of flicker short-term severity P
as well as:

= Flicker observation period (1, 5 or 10 minutes);

= Time remaining to the end of the current P observation period.

Flicker measurement procedure starts on opening the Flicker screen. The first measured Py
value appears on the “real-time” screen with a delay of 2 minutes plus the Flicker observation pe-
riod selected. Then Py values are updated in Flicker observation periods.
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4.3.1.9 Signal shape

In the SIGNAL SHAPE mode the EM 3.1KM plots waveforms of phase voltages and cur-
rents on its display (see Fig. 4.3.9). On entering the mode, the display shows voltage waveform in
phase A with its RMS value to the right of the plot. By pressing the number keys "1", "2", "3", "6",
"7", "8" you can make visible (or hide) the waveforms available (Ua, Ug, Ug, la, I, Ic respectively)
with their RMS values.

Each displayed waveform/RMS couple reflects the moment of entering the mode. To get
new waveforms, it is necessary to refresh the screen by pressing the ENT key.

F 127020807 13:041: 20 12702706000 13:01: 20

SIGHAL SHAPE Ua = 99.905 SIGHAL SHAPE Ua = 99.9051)
U = 1i3.73V
/\ / %\ | % | Ia 3.050A

% 78

Select Channel :G1EIE EEE Select Channel: 3 EE EEE
fezet Meazurement | [EHT] Rezet Measurernent ; [ENTI
220U 1 0A #3-Ph d-wire 220U 1 00A

Fig 4.3.9 SIGNAL SHAPE screen

4.3.2 DC measurements

Selecting the DIRECT CURRENT option from the MEASUREMENTS menu brings up a
screen with the following options:

GENERAL PARAMETERS

SIGNAL SHAPE

| - ZERO CALIBRATION

4.3.2.1 Zero calibration of current channels

Zero calibration (correction of characteristics of the current measurement channels) should
be made before each start of DC measurements. It is useful to repeat the procedure from time to
time while making DC measurements. It is recommended to carry out zero calibration after a con-
siderable (greater than 5 °C) drop in ambient temperature.

Zero calibration is carried out only in the absence of input signals on the measurement in-
puts.

To make zero calibration, in the DC MEASUREMENTS menu enable the I-ZERO CALI-
BRATION option and press ENT to bring up the SELECT RANGE OF CURRENT screen with the
list of all nominal (rated) currents available in this instrument. Select the value of nominal current
related to the range of DC measurements required and confirm with ENT. Then follow on-screen
instructions. On completing zero calibration, the mode is exited automatically.

If several ranges are required for making DC measurements, repeat zero calibration for all
appropriate nominal values of current.

4.3.2.2 General DC parameters

Before making measurements, the EM 3.1KM is configured as described in section 4.2.
Such settings as measuring ranges and circuit connection type will be constantly displayed on the
bottom line. The “Measuring range selection” function may be called up promptly from the most
of menus, just by pressing “F” hotkey.
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On opening the GENERAL PARAMETERS screen from the DC MEASUREMENTS menu,
the EM 3.1KM starts 3-channel DC measurements according to the selected measurement ranges.
The display shows 3 values of power P(W), voltage Uaver (V) and current Iaver (A).

4.3.2.3 Signal shape

The mode is used to display shapes of current and voltage signals per 3 measurement chan-
nels. On entering the mode, the display shows voltage signal in phase A (Ua). By pressing the num-
ber keys "1", "2", 3", "6", "7", "8" you can make visible (or hide) the signal shapes available (Ua,
Ug, Ug, la, I, Ic) with their respective values to the right of the graph.

Signals on the display reflect the moment of entering the mode. To get new signals, it is
necessary to refresh the screen by pressing the ENT key.

4.4 Calibration of meters

4.4.1 CALIBRATION OF METERS mode

In the CALIBRATION OF METERS mode, the EM-3.1KM follows certain established
methods and operates as an energy reference standard and pulse comparator. It provides for either
performance testing or accuracy testing (calibration) of electric energy meters (class 0.05 or less
accurate).

Meter-under-test measurement errors are recorded into the internal memory of the instru-
ment. Error measurements taken from up to 200 meters (up to 10 test points per each meter under
test) can be kept in the memory without rewriting. EmCounter software connects the EM 3.1KM
with a PC and makes it possible to upload, save to files and view logs of test results, create and
maintain databases of meters under test, automatically generate customer-specified calibration
reports etc.

To test a meter with a pulse (“telemetry”) output, connect the pulse output of the meter-
under-test to the Pulse Former via the manufacturer-supplied cable (the red wire is connected to (+)
terminal, and the black one - to (-) terminal of the meter). Connect the Pulse Former to the pulse
input (Fin) of the EM 3.1KM.

To test a meter with a pulse output (U; = 3...15 V, Uy = 0...0.4V), connect the meter-under-
test pulse output with the pulse input (Fi,) of the EM 3.1KM.

To test a meter with an optical pulse output, use the supplied scanning head SH-E, which is
mounted onto the meter. The output of the scanning head is connected to the pulse input (Fi,) of the
EM 3.1KM.

To test an induction (disk type) meter, use the supplied scanning head SH-I, which is
mounted onto the meter. The output of the scanning head is connected to the pulse input (Fi,) of the
EM 3.1KM

To bring up the METER CALIBRATION ENTRY screen with meter data (Fig. 4.4.1), en-
able the CALIBRATION OF METERS option from the main menu.

12702513 E1 13 :04: 20
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Fig. 4.4.1 METER CALIBRATION ENTRY screen
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The following data on the meter to be tested can be specified here:

= Meter type, serial number, year of manufacture, accuracy class and meter constant;

= INST. CTs TURNS RATIO - turns ratio of external instrument current transformers; this
field takes a value other than 1 only if the meter is tested together with external CTs as a whole unit;

= Nominal voltage and current of the meter under test;

= Type of power to be measured during testing / calibration: active, apparent, or reactive *).

* If the meter to be tested is a Var-h (reactive energy) meter, the reactive power meas-
urement method realized in this meter should be selected in this field.

The DELETE LOG option may be used to delete old logs from the internal memory.

It is possible to quickly change an active measuring range in the EM 3.1KM by pressing

‘F* hotkey.

On a startup, the EM 3.1KM will default to the settings specified before the last test pro-
cedure.

The METER TYPE option brings up the METER TYPE screen where one of the default
names or names of meters configured earlier (including their specifications) can be called up for use
in further test procedures (Fig. 4.4.2).

To select one of the meters configured earlier and stored in the library, put the cursor oppo-
site to its name and press ENT. This will call up the meter name entry screen shown in Fig. 4.4.3
with the name of the selected meter displayed in the ENTER NAME field (on the top).

E 12/02/13 O3 13:04: 20
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H 120 VAT 10 AE
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Fig. 4.4.2 METER TYPE screen

1270270800 13:01: 20
ENTER HAME @ METER &

ALAERBTAER=Z AECDEFGH
HHEIMHCII IJELMMOP
PCTWEREIY GQRSTULUMA
WWEHEZRNA Y20 2—.+_

Start selection of character: [E
Select character:

e=g=afeagen|
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Fig. 4.4.3 Meter name entry screen

If no changes to the selected name are required, press ENT to confirm the selection and go
to the METER CALIBRATION ENTRY screen (Fig. 4.4.1). The selected name of the meter will
appear in the METER TYPE field along with its data in other fields.

If, however, you want to declare a new meter name, do not escape from the Meter name en-
try screen (Fig. 4.4.3), but use it to modify or replace the alphanumeric characters displayed in the
ENTER NAME field (METER 6 in the above example).

Thus, if you want to change the meter name, proceed as follows:

1. Use <=, = to position the cursor (Cursor 1) exactly under a character in the meter name
you want to replace.

2. Press ‘F’ key to enter the character table and start selection of characters (as the prompt
suggests on the screen) with another cursor (Cursor 2). Then use ‘F’ key to switch between Cur-
sor 2 and Cursor 1.
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3. Use U, 1, <, = to move Cursor 2 within the table of characters; place Cursor 2 under
the character to be inserted in the meter name.

4. Press *.” (the “dot” key on the keypad) to insert the character into the meter name.

5. If required, press ‘F’ key once again to enable Cursor 1 and select a new character to be
replaced.

6. If you made a mistake while typing in the name, restart the procedure from point 1.

7. Character entry mode is not needed while typing in digits, not letters. Just press number
keys on the keypad.

8. Press ‘ENT’ to save the new name and return to the upper-level screen (Fig. 4.4.1 in this
case) with the new name on the top.

If you want to change other meter data in the METER CALIBRATION ENTRY screen (Fig.
4.4.1), position the cursor against the data field to be edited with the arrow keys U,7 and press ENT
to open an editing window. The meter characteristics changed this way will be recorded into the
EM 3.1KM memory under that name.

The INST. CTs TURNS RATIO field represents primary current / secondary current ratio
of external instrument current transformers (CTs) used together with the meter under test. When
CTs are not used, one and the same value stands on both sides of the fraction sign, which means
equal currents in primary and secondary windings.

The METER CALIBRATION ENTRY screen in conjunction with the METER TYPE
screen allows the user to maintain a kind of a library in the internal memory with names and data on
up to 10 meters. The dataset for each of 10 meters can be created either in the EM 3.1KM (as de-
scribed above) or on a PC and then downloaded to the instrument.

On selecting the GO TO CALIBRATION N option, the screen shown in Fig. 4.4.4 will be
displayed.

# 12027413 1 13:04: 20
CALIBRATION M G5
oy GOTO MEASUREMERAT H

Bl
HUMBER OF IHPMUT PULSES 0000000D4q
HUMBER OF OUTPUT PULSES 000141520

H 120VAC 10R

Fig. 4.4.4 CALIBRATION N screen

55 3-Ph d-wire

Meaning of on-screen fields:

* NUMBER OF INPUT PULSES - shows how many pulses (coming from the meter un-
der test and reflecting common energy flow) the EM 3.1KM shall accept on its pulse output Fi, to
be able to calculate a reliable value of meter-under-test error. This value can be changed by the us-
er;

* NUMBER OF OUTPUT PULSES - is the number of pulses that the EM-3.1KM is
supposed to generate on its pulse output Foy¢ while determining the error of the meter under test.
Calculated automatically, this value is proportional to the amount of energy associated with the
number of input pulses.

The EM 3.1KM calculates the recommended number of input and consequently output puls-
es, based on:

= [ts own instrument constant;
Meter’s accuracy class (specified in the METER CALIBRATION ENTRY screen);
Instrument constant of the meter under test;
Turns ratio of external CTs (if applicable);
Division factor (1, 2, 64, 1024, or 8192).
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= GO TO MEASUREMENT N - this field opens a screen where measurements related to
this particular test procedure are launched and measurement results are viewed and saved (Fig.
4.4.5).

The screen displays actual RMS values of voltage and current, values of power factor and

power of a certain type measured by both the meter and EM 3.1KM, and estimated time of error
calculation.

NOTE! You may change (e.g. reduce) the NUMBER OF INPUT PULSES in the previous
screen (Fig. 4.4.4), in order to reduce error calculation time. However, you must bear in mind that
reducing this count makes the calibration procedure less accurate. Error determined at the reduced
error calculation time may not fit the accuracy class of the meter under test.

# 12/°02°13 B 13:04: 20
A LA=B) B (B=C) C C=A)
Uer i) GD.0326 60.0189 6D0.0116
Len (A) 5.00004949 5.000498 5.00090
Lin«i% i03 . 961 4103 .9499 103 .961

FE 0.500L 0.500L 0. 999L
FF=z Pz il 450.205
Fulze counting SE (VAL

time (2] & 0z (Mard

ERROR. (% " 00
¢ START MEASUREMEAT HG 1 ot D00 11520

H120WAC 1D A

3-Ph d-wirx

Fig. 4.4.5 METER CALIBRATION screen

To launch a measurement, select and enable the START MEASUREMENT option. At this
point the prompt “Start measurement N __” turns to “Stop measurement N __”. The REMAINING
TIME indicator starts showing time to finish. On completing the measurement, meter-under-test
error is displayed (Fig 4.4.6).

Measurement being in progress can be stopped at any time by clicking on the STOP
MEASUREMENT option, which will turn to SAVE MEASUREMENT. By clicking on “SAVE...”
you may record the result into the log stored in the internal memory.

Before making the next measurement, you may change values of currents, voltages, PF,
etc. applied to the meter-under-test and repeat measurement procedure with other test conditions.

#Z 12/02/0800 13 : 01: 200
A LA=B] B (B=C) C oC=A)
Uer (V) GO.032 6&0.048 60.011
Ien (A1) S.0004 5S.0004 5.0009
Liin« (4 103 . 96 103 .94 103 . 96
PE 0O.50L 0.50L 0.499L

PF= Pz ) 450.205
Fulze counting SriVA
tithe (52 G 0z Mar)
ERROR (%) 0.25
oooooooa
o STOP MEASUREMERAT HA 1 ooo11520
REMAIHIHG TIME (5ec) o

[[l 120 AT 40 A8 55 3-Ph od-wire
Fig. 4.4.6 METER CALIBRATION screen (measurement in progress)

Press ESC to exit the mode and go to the previous screen.

Data on each meter calibrated are logged in the following format:
= Meter type or name;

= Serial number;

= Year of manufacture;

= Accuracy class;

= Meter constant Cpy;

= Nominal voltage Uy (V) and current Iy (A);

= Actual power type;
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= Turns ratio of external CTs;

= Date/time of calibration;

= Up to 10 records of calibration results.

Each record contains:

= Data on test signal applied to the meter while determining meter error;

= Calculated error.

The above information in the edited form is included in calibration reports. The reports
can only be viewed on a PC.

4.4.2 Pulse former

The delivery set of the EM 3.1KM may contain the Pulse Former, an auxiliary device that
can be used for calibration of electronic or induction (single- or three-phase) active or reactive en-
ergy meters instead of scanning heads SH-E and SH-1.

PF produces pulses which are applied to the frequency input of the instrument.

Manual mode

PF generates a pulse every time that the user presses the red button on its side. This may be
the case when automatic scanning is impossible or inconvenient.

Connect PF to the frequency input (Fi, connector) of the EM 3.1KM. In the METER CAL-
IBRATION screen, launch a measurement by clicking on the START MEASUREMENT field.
Repeatedly press the button on the Pulse Former each time the mark on the disk edge aligns with
that on the meter’s enclosure (or each time the LED flashes on an electronic meter). When the
button is first pressed, the EM-3.1KM starts meter error calculation. Keep pushing the button
until the result (calculated meter error) appears on the screen. This will happen when the actual
count of your button-strokes runs into the recommended number of input pulses.

NOTE! It is necessary to consider an additional error introduced by operator’s bias.

NOTE! When it takes less than 2 s for the meter to make one disk revolution (or one flash
of its LED), it is recommended to use a scanning head (SH-E or SH-I).

Automatic mode

In the automatic mode, PF converts each pulse coming from a pulse (telemetry) output of
the meter into another pulse that the EM-3.1KM can accept on its pulse input (Fi,). To test a me-
ter with an optical (telemetry) output, use the auxiliary “telemetry” (red/black) cable to connect
PF to the pulse output of the meter. Plug the red lead into the meter’s terminal marked “+ TM”,
and the black one — into another terminal marked “- TM”.
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4.5 Logging

To enable logging function, select the LOGGING option in the main menu. The logging
screen looks like shown in Fig. 4.5.1. There are 3 options:

= Logging type;

= Nominal values of voltage (Unom. phase =219.4 V, Unom. line = 380 V by default);

= “Start logging” command.

1270270700 13:041: 20

LOGGING
LOGGING TYPE! DECILLDOGR.AM
T nominal line (V) 380.0000
I nominal phaze(') 2419.3932

o START LOGGING

Fig. 4.5.1 LOGGING screen

On a startup the EM 3.1KM defaults to the settings specified in the LOGGING screen for
the previous logging session.

To change nominal values of voltage, put the cursor opposite to the selected option and
press ENT. Enter a new value using numeric keypad and the arrow keys <=, =. Press ENT to save
the new value in the memory, or press ESC to reject. Either of these actions will bring up the
LOGGING screen. Should you change the setting for one of the nominal voltages (line or phase),
the other will be recalculated automatically.

The LOGGING TYPE option makes it possible to select between the DIPS & SWELLS and
OSCILLOGRAM logging modes (Fig. 4.5.2).

1270270700 13:01: 20
LOGGING TYPE

oy DSCILLOGRAM Ok
DIPS & SWELLS

Flizows SA

E 3-Ph F-wire

Fig 4.5.2 LOGGING TYPE options

DIPS & SWELLS logging function collects detailed data on each event (dip or swell) for-
matted as follows:

= Event type: dip or swell;

= Phase (A, B or C) affected by the event;

= Start time of the event;

= Event duration;

= Dip depth or swell height (as a percentage of nominal voltage).

The above information is kept in the internal memory and can only be viewed on a PC.

In the OSCILLOGRAM mode, the EM 3.1KM logs data (3 phase voltages and three phase
currents) taken directly from the ADC at 12.8 kHz frequency. The information is recorded into the
internal memory and can only be viewed on a PC. This method makes it possible to restore the orig-
inal waveforms for each phase.
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The memory capacity permits continuous logging of:

= 2000 events — in the DIPS & SWELLS mode;

= Data taken directly from the ADC during 2 “/s minutes (in case of 3-phase connection)
and during 7 minutes (in case of single-phase connection) — in the OSCILLOGRAM mode.

Logging is started by selecting and enabling the START LOGGING command in the LOG-
GING screen. As soon as you press ENT, the screen displays type of logging (as a header) and the
STOP LOGGING command (Fig. 4.5.3).

1202078 i3:01: 20
OSCILLOGR.AM

o STOP LOGGING

120W" S AE 3-Fh F-wire

Fig. 4.5.3 STOP LOGGING screen

In this mode, the bottom line of the screen may contain one of the messages:

= “Waiting for start” (meaning that EM-3.1KM is about to start logging and initializes its
non-volatile memory);

= “Logging” (which means logging is in progress).

It takes few seconds for the EM-3.1KM to initialize its internal memory and start data log-
ging. The process stops when it either runs into end-of-memory, or is aborted by the user on ena-
bling (and confirming) the STOP LOGGING command.

NOTE! When a new logging session is initiated, the EM 3.1KM erases all old data kept in
its internal memory since the last session.

4.6 Calibration of voltage instrument transformers

4.6.1 General

The mode provides for either performance testing or accuracy testing (calibration) of voltage
instrument transformers (VTs) according to certain established methods. VTs under test may be of
0.05 accuracy class or less accurate. In this mode, the EM 3.1KM operates as a comparator. Permis-
sible limits of ratio and angle errors of the EM 3.1KM in this mode are specified in Tables 9 and 10.

Test results are recorded and stored in the internal memory. Each log may store results ac-
quired from up to 200 VTs (up to 10 measurements per each VT). EmCalibrTrans software con-
nects the EM 3.1KM with a PC and makes it possible to manage transformer data and test results,
including automatic generation of customer-configurable test/calibration reports.

To bring up the screen with VT-under-test data (Fig. 4.6.2), enable the CALIBRATION OF
V/Ts option from the main menu.

The following units are included in a typical VT test set (Fig 4.6.1):

= Adjustable High-Voltage source;

= Reference VT

= VT burden set;

= EM 3.1KM (comparator).

The adjustable High-Voltage Source provides voltage for high-voltage inputs (primary
windings) of both Reference VT and VT under test. The secondary (low-voltage) windings of
both VTs are connected to input terminals U, and Ug of the EM 3.1KM, and secondary neutral
terminals of both VTs are connected to the neutral terminal Uy of the EM 3.1KM (it has two Uy
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terminals for convenience). The VT Burden set is connected to the secondary winding of the VT
under test via separate cables.

Adjustable Energomonitor-3.1KM
High-Voltage Source
Variable Step-up
Transformer Transformer =
c = under test | |J*

ERNE I IIMIE

Reference

VT u*

{ 1] UB

@ Uc

\ ; E Uo i 5 UN
1

VT
Burden Set

L @ Ua

Fig 4.6.1 VT test set connection diagram

4.6.2 Setting up VT data

Before starting a calibration procedure, the VT-under-test data should be specified in the
screen shown in Fig. 4.6.2.

= 12/°07°13 B0 13 :01: 20
oy EHTER CALIBRATION M ag
UT TYPE : LURO 2n 52
SERIAL oooes 2
YEAR OF MAHUFACTURE 19986
UT ACCURACY CLASS (%] O.50
U nom. 2 (W] 100.0
U nom. 1 (K] 10.0
F nom. [Hz] S0.0
S nom. (LA 30.0
SET PLACE:
T4 rhazen
DELETE LODG
120V C 108/

Fig. 4.6.2 VT-under-test data screen

Meaning of on-screen notations:

= VT type — type or name of the VT under test;

= Serial N — its serial number;

= Year of manufacture;

= Accuracy class (%);

= Unom. 2 (V) — nominal (rated) secondary voltage;

= Unom. 1 (kV) — nominal (rated) primary voltage;

= Fnom. (Hz) — nominal frequency;

= Snom. (VA) — nominal value of apparent power taken for the transformer under test
load;

= Set place — location of the VT under test can be specified here;

= Delete log — used to delete old logs from the internal memory.

It is possible to quickly change an active measuring range in the EM 3.1KM by pressing

‘F* hotkey.
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On a startup, the EM 3.1KM will default to the settings specified before the last test pro-
cedure.

If you want to change VT under test data in the fields, position the cursor against the field to
be edited with the arrow keys U, and press ENT to open an editing window. Characteristics of the
VT under test changed this way will be recorded into the EM 3.1KM memory under the name spec-
ified in the VT TYPE field.

If you want to enter a new transformer type (name) or make changes to an existing one, en-
able the VT TYPE field in the VT-under-test data screen, select the name to be modified from the
list and click on it to open an editing window. Then follow the procedure for filling alphanumeric
fields described in section 4.4.1 (p. 53-54) for electric energy meters.

YT TYPE:

FLURED 2052

[
i |
B~ A b L B

Fig. 4.6.3 VT TYPE screen

If you want to activate calibration procedure for one of the VVTs existing in the list, select it,
press ENT (this will bring up the screen where you can change its name) and press ENT once again
to open the VT-under-test Data screen (Fig. 4.6.2) with the name of the selected VT on the top and
its data in the fields.

The VT-under-test data screen in conjunction with the VT TYPE screen allows you to main-
tain a kind of a library in the internal memory with names and data on up to 10 VTs. The dataset for
each of 10 VTs can be created either in the EM 3.1KM (as described above) or on a PC and then
downloaded to the instrument.

NOTE! Before starting calibration procedure, do not forget to select nominal (rated) volt-
ages for both Reference VT and VT under test. Click on the “U nom. 2” option (Fig. 4.6.2) to open
the SELECT NOMINAL screen (Fig. 4.6.4) and set the required value.

# 12,07 713 B3 13:041: 20
SELECT NOMIMNAL U nom. 2

F 100 ¥
100745 v

1200 10RA

Fig. 4.6.4 Selecting nominal secondary voltage
for Reference VT and VT under test

The SET PLACE field (Fig. 4.6.5) makes it possible to select one of 10 options stored in

the library, or enter a new location data (including a phase to which the VT under test is con-
nected).
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12707713 00 13:041: 20

SET PLACE:

b VRO 2052, phase B
voltage 12 phase A
voltage 13 phase A
voltage 19 Phase A
voltage 15 Phase A
voltage 16 Phase A
voltage 17 Phase A
voltage 18 Phase A
voltage 19 phase A
voltage 110 Phase A

120 VA2 40

Fig. 4.6.5 Selecting VT under test location

If you want to enter a new location of the VT under test, or make changes to an existing one,
select the location to be modified from the list and click on it to open an editing window. Then fol-
low the procedure for filling alphanumeric fields described in section 4.4.1 (p. 53-54) for electric
energy meters.

Alternatively, you may want to select any VT location existing in the list. Click on the de-
sired VT location (this will bring up the screen where you can change its name) and press ENT once
again to open the VT-under-test Data screen (Fig. 4.6.2) with the selected location data in the SET
PLACE field.

Each of 10 locations present in this list can be created either in the EM 3.1KM (as described
above) or on a PC and then downloaded to the instrument.

To start a calibration procedure, select the GO TO CALIBRATION N option from the VT-
under-test Data screen (Fig. 4.6.2) and press ENT. The screen devoted to a certain calibration pro-
cedure will appear:

12707713 00 13:041: 20

CALIBRATION M B&A

o START MEASUREMEAT M @ 1
CORRECTION
S lva) o030 .00
EXIT

12044 40

Fig. 4.6.6 “Actual calibration” screen

Calibration of VTs is carried out in 2 steps:

1 — Zero correction (compensation of differences in characteristics of voltage measurement
channels;

2 — Calibration.

4.6.3 Zero correction

Zero correction shall be carried out in 30 min (or later) after applying power to the EM
3.1KM.

To start zero correction, in the VT-under-test data screen select GO TO CALIBRATION N,
and then select GO TO MEASUREMENT N to display a screen shown below:
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12707713 81 13:04: 20

H Un 100 . 000U
S 30.0UA Wain 60.020U
S50 29 .0 % Wi 61 .013W
e AUn 64 .01%
ERROR
Rough Fina
{Uaay — Ueaaks e ?5. :

T ™ e
o START MEASUREMERT N @1

12050 {0 AE
Fig. 4.6.7 Calibration data screen

Manually adjust the variable High-Voltage Source to obtain the required test voltage across
primary windings of both Reference VT and VT under test by watching (and regulating) secondary
voltage of the Reference VT (displayed as voltage in phase B Ug) on the screen above).

Press ESC to return to the previous screen and select ZERO CORRECTION. The screen
shown in Fig. 4.6.8 will appear. At this time, one and the same voltage taken from the output termi-
nals of the Reference VT is applied to both voltage measurement channels (Ua and Ug) of the EM
3.1KM. The EM-3.1KM will carry out zero correction, namely it will electronically compensate
both amplitude difference and phase shift between voltages in channels A and B.

120770808 13:041: 20

CALIBRATION of YT

FERD GORREGTION
Processing ...

% Z-Ph d-wire

|_EI 120 VW0 SAE
Fig. 4.6.8 Zero correction in progress

The ZERO CORRECTION mode is exited automatically. The differences in characteristics
are recorded into the memory to be considered in further measurements.

To obtain the highest possible measurement accuracy, it is recommended to carry out zero
correction after a considerable (greater than 5 °C) drop in ambient temperature and after each chang-

ing of voltage range.

4.6.4 Calibration of VTs

Before starting measurements, it is necessary to type in an actual value of apparent power
that was selected on the Burden Set for the VVT-under-test load (VA). This value will be printed in

the test report.
To do this, select S (VA) in the “Actual calibration” screen shown in Fig. 4.6.6, press ENT

to open an editing window and specify the required value.
To start calibration, click on GO TO MEASUREMENT N in the “Actual calibration” screen

(Fig. 4.6.6). When done, voltage taken from the Reference VT is applied to Ug input, and voltage
taken from the VT under test is applied to U, input of the EM 3.1KM. The screen shown below

will appear (Fig. 4.6.9):
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12/°07°13 00 13:041: 20
A Un 100 . 000U

S F0.0UR Wi 60.020U
S50 29 .0 % e 61 .0413 W
e AUn &4 .01%
ERROR
Fouah Fina
{Waay — Uewks Uea: B
Wacy ™ Wen " '

0 START MEASUREMERT M @ 1

1i20WAC 407
Fig. 4.6.9 “Calibration data” screen

Meaning of on-screen notations:
S — actual value of apparent power selected on the Burden Set for the VT-under-test load

before this measurement (and typed in via the previous screen);
Sn — nominal value of apparent power of the VT under test specified as Snom in the VT-
under-test Data screen (Fig. 4.6.2);
S/S, — apparent power of the VT under test as a percentage of the nominal apparent power;
U, — nominal secondary voltage of the VT under test specified as Unom in the VT-under-

test Data screen (Fig. 4.6.2);
Uaq) — RMS of fundamental harmonic of voltage across the secondary winding of the VT

under test;
Ug() - RMS of fundamental harmonic of voltage across the secondary winding of the Refer-

ence VT;

Ug)/ Un — secondary voltage of the reference VT as a percentage of the nominal voltage.

To launch a measurement, select and enable the START MEASUREMENT option. At this
point, the prompt START MEASUREMENT turns to STOP MEASUREMENT.

The EM 3.1KM will determine and display the ratio and angle errors of the VT under test

(Fig. 4.6.10).

E 13 :01: 20
S 7.5VA n 100 .000
S J0.0uUA Warn 60.020U
S5 29 .0 % e 61 .043W
Uexn AUn 64 .04 %
ERROR
Rouah Fine
(o — Uewd /Ueay =0 173 % =0.067 %
Wawy ™ Wews 0O.030 ¢ i.179"”
o STOP MEASUREMEAT N @ 1
1207 10R

Fig. 4.6.10 “Calibration data” screen with calibration results

Well-determined or “Fine” (considering zero correction results) and “Rough” (without zero cor-
rection) VT-under-test errors are displayed as follows:

» Ratio error Afy - [(U ao ~Y B(% }*100 . %:

= Angle error Ady = U ,;,"Ug,, (“Fine” error — in minutes, “Rough” error — in degrees).
Fine ratio and angle errors are considered representative within the ranges of +1° for angle

error and/or £2 % for ratio error.

When actual errors of the VT under test do not lie within these ranges, asterisks (****%*)
are displayed instead of "Fine" values. "Rough" error values shall be taken as calibration results
in such a case.

Owing to zero correction, measurement in this mode is fairly accurate, as compared to
other EM-3.1KM operating modes. To take the advantage of this, be sure to make zero correction

before each measurement.

B()
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A measurement can be stopped at any time by clicking on the STOP MEASUREMENT op-
tion, which will turn to SAVE MEASUREMENT. By clicking on “Save...”, you can record the
results into the memory.

Before the next measurement, you may change the actual value of apparent power S (VA)
by selecting a new one on the Burden Set. Do not forget to type in the new value via the Actual cal-
ibration screen (Fig. 4.6.6). Then you can repeat the procedure with other test conditions.

Data on each VT calibrated are logged in the following format:

= VT type (name);

Serial number;

Year of manufacture;

Accuracy class;

Nominal value of frequency (Hz);

Nominal primary voltage (kV);

Nominal secondary voltage (V);

Nominal value of apparent power (VA);

Location (installation place);

Connection phase;

Date/time of calibration;

Up to 10 records of calibration results; each record contains:
Actual value of apparent power of VT-under-test load (VA);
Test signal characteristics (RMS of fundamental harmonic of voltage across the secon-
dary winding of VT under test U , ,, , and Reference VT Uy, ;

= VT-under-test ratio error Afy and angle error Ady).
The above information in the edited form is included in each VT calibration test report.
The reports can only be viewed on a PC.

4.7 Calibration of current instrument transformers

4.7.1 General

The mode provides for either performance testing or accuracy testing (calibration) of current
instrument transformers (CTs) according to certain established methods. The CTs under test rated at
1A or 5A may be of 0.05 accuracy class or less accurate. In this mode, the EM 3.1KM operates as a
comparator. Permissible limits of ratio and angle errors of the EM 3.1KM in this mode are specified
in Tables 9 and 10.

Test results are recorded and stored in the internal memory. Each log may store results ac-
quired from up to 200 CTs (up to 10 measurements per each CT). EmCalibrTrans software con-
nects the EM 3.1KM with a PC and makes it possible to manage transformer data and test results,
including automatic generation of customer-configurable test/calibration reports.

To bring up the screen with CT-under-test data (Fig. 4.7.2), enable the CALIBRATION OF
CTs option from the main menu.

The following units are included in a typical CT test set (Fig 4.7.1):

= Adjustable Current source;

= Reference CT

= CT burden set;

= EM 3.1KM (comparator) complete with the Current Transformer Calibration Switch
(CTCYS).

The Adjustable Current source generates test current that passes through primary windings
of both Reference CT and CT under test. Their secondary windings are connected to the respective
inputs of the CTCS. The Burden Set provides an assortment of burdens for the CT under test.
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Fig 4.7.1 CT test set connection diagram

4.7.2 Setting up CT data

Before starting a calibration procedure, the CT under test data should be specified in the

screen shown in Fig. 4.7.2.

o 50 TO CALIBRATION M Az
CT TYPE :

ARM 3AH2F

SERIAL 9925316
YEAR OF MAHUFACTURE 1998
CT ACCURACY CLASS (%] O.50
I nom.2 (&) 5.0
I mom. 1 (&) 200.0
F nom. [Hz] S0.0
S nom. A 7.5

SET PLACE:

current T1, phaser

DELETE LOG

120V THi0R
Fig. 4.7.2 CT-under-test data screen

Meaning of on-screen notations:

= CT type — type or name of the CT under test;

= Serial N — its serial number;

= Year of manufacture;

= Accuracy class (%);

= | nom. 2 (A) — nominal (rated) secondary current;
= | nom. 1 (A) - nominal (rated) primary current;

= Fnom. (Hz) — nominal frequency;

= Snom. (VA) — nominal value of apparent power taken for the transformer under test

load;

= Set place — location of the CT under test can be specified here;

= Delete log — used to delete old logs from the internal memory.

It is possible to quickly change an active measuring range in the EM 3.1KM by pressing

‘F* hotkey.

On a startup, the instrument will default to the settings specified before the last test proce-

dure.

If you want to make changes to the CT under test data in the fields, position the cursor
against the field to be edited with the arrow keys U, and press ENT to open an editing window.
The transformer characteristics changed this way will be recorded into the EM 3.1KM memory un-
der the name specified in the CT TYPE field.

65



() MARS-ENERGO LTD

12707713 O3 13 : 01 : 20
CT TYPE :
kAR 3A/H2F
LT =

120V T 10RE

Fig. 4.7.3 CT type screen

If you want to enter a new transformer type (name) or make changes to an existing one,
click on the CT TYPE field in the CT-under-test data screen, select the name to be modified from
the list and click on it to open an editing window. Then follow the procedure for filling alphanu-
meric fields described in section 4.4.1 (p. 53-54) for electric energy meters.

If you want to activate calibration procedure for one of the CTs existing in the list, select it,
press ENT (this will bring up the screen where you can change its name) and press ENT once again
to open the CT-under-test Data screen (Fig. 4.7.2) with the name of the selected VT on the top and
its data in the fields.

The CT-under-test data screen in conjunction with the CT TYPE screen allows you to main-
tain a kind of a library in the internal memory with names and data on up to 10 CTs. The dataset for
each of 10 CTs can be created either in the EM 3.1KM (as described above) or on a PC and then
downloaded to the instrument.

NOTE! Before starting calibration procedure, do not forget to select nominal (rated) secon-
dary currents for both Reference CT and CT under test. Click on the “I nom. 2” option (Fig. 4.7.2)
to open the SELECT NOMINAL screen (Fig. 4.7.4) and set the required value.

12707713 81 13:04: 20
SELECT HOMIMNAL I nom. 2

[ 3 5
1

120V/T 10R#

Fig. 4.7.4 Selecting nominal secondary current
for Reference CT and CT under test

The SET PLACE field (Fig. 4.7.5) makes it possible to select one of 10 options stored in
the library, or enter a new location data (including a phase to which the CT under test is con-
nected).

123/707713 81 13:04: 20

SET PLACE:
- CUFrent 71 Phase A

current 17 rhase a
current 18 phase a
current 19 phase a
current 710 Phase a

120 VA T10RE

Fig. 4.7.5 Selecting CT-under-test location
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If you want to enter a new location of the CT under test, or make changes to an existing one,
select the location to be modified from the list and click on it to open an editing window. Then fol-
low the procedure for filling alphanumeric fields described in section 4.4.1 (p. 53-54) for electric
energy meters.

Alternatively, you may want to select any CT location existing in the list. Click on the de-
sired CT location (this will bring up the screen where you can change its name) and press ENT once
again to open the CT-under-test Data screen (Fig. 4.6.2) with the selected location data in the SET
PLACE field.

Each of 10 locations present in this list can be created either in the EM 3.1KM (as described
above) or on a PC and then downloaded to the instrument.

To start a calibration procedure, select the GO TO CALIBRATION N option from the CT-
under-test Data screen (Fig. 4.7.2) and press ENT. The screen devoted to a certain calibration pro-
cedure will appear:

12707713 0 13 : 04 : 20

CALIBRATION M 820

o START MEASUREMERT K @ 1
CORRECTION
= lva) o30. 00
EXIT

120V/T10
Fig. 4.7.6 “Actual calibration” screen

Calibration of CTs is carried out in 2 steps:
1 — Zero correction (compensation of differences in characteristics of current measurement

channels of the EM 3.1KM and CTCS);
2 — Calibration.

4.7.3 Zero correction

Zero correction shall be carried out in 30 min (or later) after applying power to the EM
3.1KM.

NOTE! Circuitry of the Current Transformer Calibration Switch (CTCS) provides
that the continuity of secondary circuits of both CTs is in no way affected by switching over

modes or ranges.
NOTE! The EM 3.1KM selects operation modes and ranges for both channels of the

CTCS automatically.

To start zero correction, in the CT-under-test data screen, select GO TO CALIBRATION N,
then select GO TO MEASUREMENT N to display a screen shown below:

12,0713 00 13:041: 20
A In 5 .000A

T i 5.0004
-;55. IEwn 5.001A
Iew” In 100D .02 %
ERROR
RoUgh Fine
{Lauy — Iewks Lea: 9‘:& *fi-

Ty ™ T
o START MEASUREMEAT M A 1

120WT 10A#
Fig. 4.7.7 Calibration data screen
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Manually adjust the variable transformer of the Current Source to pass the required primary
(test) current through primary windings of both Reference CT and CT under test by watching (and
regulating) secondary currents of both CTs displayed as Ia¢) (CT under test) and lg) (Reference
CT) on the screen above.

Press ESC to return to the previous screen and select ZERO CORRECTION. The screen
shown in Fig. 4.7.8 will appear. At this time, the current going through the secondary winding of
the Reference CT is simultaneously applied to both channels of the CTCS. The EM 3.1KM will
carry out zero correction, namely, it will electronically compensate both amplitude difference and
phase shift between currents in these channels.

120770800 13:04: 20

GALIBRATION of CTs

ZERD GORREGTIOH
Processing ...

% 3-Ph d-wire

[ 120 Y0 SA#
Fig. 4.7.8 Zero correction in progress

The ZERO CORRECTION mode is exited automatically. The differences in characteristics
are recorded into the memory to be considered in further measurements.

To obtain the highest possible measurement accuracy, it is recommended to carry out zero
correction after a considerable (greater than 5 °C) drop in ambient temperature and after each chang-
ing of current range.

4.7.4 Calibration of CTs

Before starting measurements, it is necessary to type in an actual value of apparent power
that was selected on the Burden Set for the CT-under-test load (VA). This value will be printed in

the test report.
To do this, select S (VA) in the “Actual calibration” screen shown in Fig. 4.7.6, press ENT

to open an editing window and specify the required value.
To start calibration, click on GO TO MEASUREMENT N in the “Actual calibration” screen

(Fig. 4.7.6). The screen pictured below will appear:

oi:r20
(=3 7.5 UA In S.000A
S J30.0UA Laa S.000A
S50 25.0 % | =10 S.001A
Iem# In 100.02 %
ERROR
RoUgh Fine
{Laoy — Iewmds IEm W %
Law ™ IEM) " '
o START MEASUREMEAT N A1
1204T 10

Fig. 4.7.9 Calibration data screen

Meaning of on-screen notations:
= S — actual value of apparent power selected on the Burden Set for the CT-under-test

load before this measurement (and typed in via the previous screen);
= S, — nominal value of apparent power of the CT under test specified as Snom in the

CT-under-test Data screen (Fig. 4.7.2);
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= S/S, — apparent power of the CT under test as a percentage of the nominal apparent
power;

= |, - nominal secondary current of the CT under test specified as Inom in the CT-under-
test Data screen (Fig. 4.7.2);

* laq) — RMS of fundamental harmonic of current in the secondary winding of the CT un-
der test;

* lg) - RMS of fundamental harmonic of current in the secondary winding of the Refer-
ence CT;

* |gu/ In— secondary current of the reference CT as a percentage of the nominal current.

To launch a measurement, select and enable the START MEASUREMENT option. At this
point, the prompt START MEASUREMENT turns to STOP MEASUREMENT.

The EM 3.1KM will determine and display the ratio and angle errors of the CT under test
(Fig. 4.7.10).

20
S 7.5VA In S .000d
S J0.0uUA T S.000A
S5 29 .0 % IEm S.0041A
Iew # In 100D.02 %
ERROR
RoUSh Fine
(I — Tewd/ Ieqy =0O. 173 % =0.067 %
Taoy ~ TE6) 0O.030 ¢ i.179"”
o STOP MEASUREMEAT M A 1
120VT 10

Fig. 4.7.10 Calibration data screen with calibration results

Well-determined or “Fine” (considering zero correction results) and “Rough” (without zero
correction) CT-under-test errors are displayed as follows:

» Ratio error 8 : {(I AD IB“’% }*100,%
B()

= Angleerror AS; : 1, I, (“Fine” error — in minutes, “Rough” error — in degrees).
AQ "B

Fine ratio and angle errors are considered representative within the ranges of +1° for angle
error and/or £2 % for ratio error.

When actual errors of the CT under test do not lie within these ranges, asterisks (****%*)
are displayed instead of "Fine" values. "Rough" error values shall be taken as calibration results
in such a case.

Owing to zero correction, measurement in this mode is fairly accurate, as compared to
other EM-3.1KM operating modes. To take the advantage of this, be sure to make zero correction
before each measurement.

A measurement can be stopped at any time by clicking on the STOP MEASUREMENT op-
tion, which will turn to SAVE MEASUREMENT. By clicking on “Save...”, you can record the
results into the memory.

Before the next measurement, you may change the actual value of apparent power S (VA)
by selecting a new one on the Burden Set. Do not forget to type in the new value via the Actual cal-
ibration screen (Fig. 4.7.6). Then you can repeat the procedure with other test conditions.

Data on each CT calibrated are logged in the following format:

= CT type (name);

= Serial number;

= Year of manufacture;

= Accuracy class;

= Nominal value of frequency (Hz);

= Nominal primary current, (A);

= Nominal secondary current (A);

= Nominal value of apparent power (VA);
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Location (installation place);
Connection phase;
Date/time of calibration;
Up to 10 records of calibration results; each record contains:
Actual value of apparent power of CT-under-test load (VA),
Test signal characteristics (RMS of fundamental harmonic of current in the secondary
winding of CT under test la(1), and Reference CT lgq), A;
= CT-under-test ratio error (35;) and angle error (Ad;).
The above information in the edited form is included in each CT calibration test report.
The reports can only be viewed on a PC.

4.8. Voltage Peak/Amplitude

In the VOLTAGE PEAK/AMPLITUDE mode, the EM 3.1KM measures amplitude and
peak values, as applied to AC voltages of up to 500Hz frequency, across its one / three channels
(including differential channel).

The mode includes three functions:

= PEAKDETECTOR;

» AMPLITUDE DETECTOR;

= AVERAGE AMPLITUDE.

Selectable parameters:

= Time constant for the AMPLITUDE DETECTOR mode;

= Time of bounce suppression for the AVERAGE AMPLITUDE mode;

= Selection of scaling factors.

The VOLTAGE PEAK/AMPLITUDE screen is shown in Fig. 4.8.1.

12708713 O7 13 :04: 20

o Pedk detector
Amphtude detector
Average amphtude
Voltage scale
Jettings

40T AODRE

F-Ph d-wire
Fig. 4.8.1 VOLTAGE PEAK/AMPLITUDE menu

4.8.1. Peak detector

The PEAK DETECTOR function meant for detection of maximum and minimum values
of a signal for the user-defined period is a programmatic (firmware-based) version of a peak de-
tector instrument (its operation principle is schematically shown in Fig. 4.8.2 and 4.8.3).
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DE— e
J pea
- - \W ——
Uin _Utf"!'
%‘ J = Ulﬁeak
Reset > \ %

Fig. 4.8.2 Operatlon principle of the PEAK DETECTOR mode

H
Upeak

Fig. 4.8.3 Signal processing in the PEAK DETECTOR mode

Meaning of notations in the figures:

Uin — input voltage;

fs — sampling rate (12.8 kHz);

Reset — signal that enables reset of captured data, selectable among 1.25; 2.5; 50r 10 s
(generated according to the AVERAGING TIME value selected in the SETTINGS menu);

H .
U ec — maximum recorded value of voltage;

UpLeak — minimum recorded value of voltage;

C — memory cell of the firmware-based peak detector;
—Ur — minimum threshold voltage;

+Ugs — maximum threshold voltage.

12703713 0F i3:01: 20

Peak detector
A B H
teHpe 849 .90V 84.59l Ba.87 U
Penr+ 84 .90 84.89l Ba.87 WU
ST 60.03W G0.03U 6GO.01W
teHP- =5 .93 -54.94U -54.94U
Penk- =59.93W -54.94U -54.94U
HT =60.05 -60.049V -60.07V
kM5 60.02W GO.01U 60 .00
Hz40 WD SAE 3-Ph d-urire

Fig. 4.8.4 Peak values displayed in the PEAK DETECTOR mode

The PEAK DETECTOR mode includes 1 screen shown in Fig. 4.8.4.

Meaning of on-screen notations (3-phase 4-wire configuration):

= Temp-; Temp+ — actual (temporary) peak values of voltage (both polarities) across
three channels;

= Peak-; Peak+ — peak values of voltage (both polarities) captured for the previous averag-
ing interval across three channels;
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= /,/2 — peak values of voltage (both polarities) captured for the previous averaging in-

terval across three channels divided by /2 ;

= RMS — RMS values of voltage across three channels.
For a single-phase configuration, the PEAK DETECTOR screen displays the same pa-
rameters for one channel (phase A).

4.8.2. Amplitude detector

The AMPLITUDE DETECTOR function is a programmatic (firmware-based) version of
the corresponding analogue instrument (its operation principle is schematically shown in Fig.
4.8.5 and 4.8.6).

f
: N s
) g
— S R
U I —Uthr
1 ol
N 1
= R
+Uth,’

Fig. 4.8.5 Operation principle of the AMPLITUDE DETECTOR mode

H
Um'lx n-= 1) Ur:l'lax (n)

rr1|n ” 1) UHm(n)

AN s
/

AvEY
Unax(n=1)  Upin(n-1) ~ Unin(n) Umax(n)

window (n—1) | window n

|

Fig. 4.8.6 Signal processing in the AMPLITUDE DETECTOR mode

Meaning of notations in the figures:

Ui — input voltage;

fs — sampling rate (12.8 kHz);

U™ — values of upper envelope curve of voltage;

U — values of lower envelope curve of voltage;

1= RC — time constant (selectable within 0.02 to 100 s range);
—Uinr — minimum threshold value of voltage;

+Uwnr — maximum threshold value of voltage.

The following values of voltage are calculated within a time interval (time window) of 0.16 s:
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Ut — maximum value of upper envelope curve of voltage;
U — minimum value of upper envelope curve of voltage;
U ., — maximum value of lower envelope curve of voltage;
U ., — minimum value of lower envelope curve of voltage.
H H H H
U, = Y e +Y e UH2 - Y nax +Ymin.
H 2 22
L L L L
U _YnatUnin G _YmetYma
= , , = :
) 2 - 242

Then the values calculated for U,,, U,,, U , U, are averaged over 1.25; 2.5 or 5 s in-

terval (according to the AVERAGING TIME value specified in the SETTINGS menu) and dis-
played. Parameter t corresponds to a time constant of the programmatically realized RC circuit.
Thus, by selecting the value of the time constant (via the “Settings” option of the VOLTAGE
PEAK/AMPLITUDE menu), you can achieve the balance between the rate of tracking of ampli-
tude values and dynamic (discharge related) measurement error.

In the AMPLITUDE DETECTOR mode two screens are available (Fig. 4.8.7) — ampli-
tude values measured across the basic three channels and across the differential channel. The

screens are selected with the arrow keys <=, = keys or "1" and "2" numeric keys.

% 1208713 (O 13:01: 20 2.5 =F 12706713 07 i3:01: 20
Amplitude detector Amplitude detector
A B [H A B A=B
Anies 89.16W 84. 16 84.13U Arap+ 84.16U 84.16U 2.33qu
MT 549,51 59,51 54,99 M 549,514 59,514 1.650U
Fre- =89.19Y =89.48. =849.4FU At~ =84.49) =84.18.0 =2.336U
ST =540 .53 =50.53. =549,52U L) =540 ,.53) =53.53U ={1.654l
RM5 6GO.01Y GO.04V 6GO.041Y RM5 GO.04V GO.04V
240Y40 SA B2 3-Ph d-wire 24040 SAE 3 3-Ph d-wire

Fig. 4.8.7 Amplitude values measured in the AMPLITUDE DETECTOR mode

Meaning of on-screen notations (3-phase 4-wire configuration):
= Amp-; Amp+ — amplitude values of voltage (both polarities) across three channels;

= /,/2 — amplitude values of voltage (both polarities) across three channels divided by

V2

= RMS — RMS values of voltage across three channels;

=  Amp-; Amp+ (channel A-B) — amplitude values of voltage (both polarities) across the
differential channel A-B;

= /,/2 (Channel A-B) — Amplitude values of voltage (both polarities) across the differen-
tial channel A-B divided by /2 .

For a single-phase configuration, the AMPLITUDE DETECTOR screen displays:

= Amplitude values of voltage (both polarities);

= Amplitude values of voltage (both polarities) divided by /2 ;

= RMS of voltage.
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4.8.3. Average amplitude

The AVERAGE AMPLITUDE function is a firmware-based version of the analogue circuit
shown in Fig. 4.8.8.

i N o
| > >
] — b
Uin
‘ _Utﬁr z
L1 vt
<] _ —
— / -
+Utﬂr

Zero crossing and bounce | |
suppression module

Fig. 4.8.8 Operation principle of the AVERAGE AMPLITUDE mode

Meaning of notations in the figures:

Uin — input voltage;

fs — sampling rate (12.8 kHz);

U™ — values of upper envelope curve of voltage;
U — values of lower envelope curve of voltage;
—Uwnr — minimum threshold value of voltage;
+Uwnr — maximum threshold value of voltage.

Uy
H H uH
H U U, 7
ET_ / Uz\\ ]‘ U;'\\ A’ i‘ N
/\'n| /P/\I ' £
i L
S M \A !
, L
Uiilr, Y Y Us U us

L
U,
4 UIS_

Fig. 4.8.9 Signal processing in the AVERAGE AMPLITUDE mode
U, — values of upper envelope curve;

U~ — values of lower envelope curve;
T, — time of bounce suppression

In case of a bipolar signal (polarity periodically becomes positive or negative, see Fig.
4.8.9), EM 3.1KM measures a maximum value on each positive half-period of voltage signal and
a maximum value (in absolute magnitude) on each negative half-period, records each measured
value into the memory and calculates a value of average amplitude (separately for signals of posi-
tive and negative polarity) over a time gate of 160 ms.

Then the average amplitude values are averaged once again over a user-selected period
(1.25, 2.5 or 5s).
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Parameter Ty, (the user-specified “time of bounce suppression”) determines a time interval
within which EM 3.1KM ignores changes in signal polarity to suppress voltage fluctuations about
zero (if present). Ty is selected within 0.2...100 ms range (via the “Settings” option of the
VOLTAGE PEAK/AMPLITUDE menu).

In case of a unipolar signal (there are no changes in signal polarity during the specified
averaging time (1.25, 2.5 or 5s) or the changes are within Ty, interval), EM 3.1KM records the
maximum signal value for positive signal or the maximum signal value (in absolute magnitude)
for negative signal detected within each 160 ms gate.

Then the unipolar voltage values recorded into the memory at 160 ms intervals are sequen-
tially passed for averaging over 1.25, 2.5 or 5 s intervals and displayed in the corresponding
screen fields. At this time, the screen fields related to undetected polarity display zeroes.

<l

Lge i

K
2
i=1
M
Ui
1

§||—\ X||—\

i=1
The operation algorithm is pictured in Fig. 4.8.9.

In the AVERAGE AMPLITUDE mode 2 screens are available (Fig. 4.7.10). They represent
amplitude values measured across the basic three channels and across the differential channel. The
screens are selected with the arrow keys <=, = or "1" and "2" numeric keys.

i1 . 25 =3 12708713 1 13::01: 20 il . 25 =5 12708713 1 13::01: 20

Average amphiude Average amphiude

A B G A B A-B

Atie+ &4.89. 84.838. 84.86W Atie+ 84.88. 84.87 . 2.336W

T &6D.02 &6D.02V 60D .00V T &6D.02 &60.01U 1i.652U

At~ 84.91. &4.90 84.89U At~ 84.91. &4.90 2.343u

fT 60 .04 60 .03 60 .03 fT 60 .04 60 .03 1i.656L
RHS 60.02U 60.01U 60.01V RHS 60.02U 60 .03

2400 S5A% 5 3-Ph d-wirs 24040 SAE

Fig. 4.8.10 Amplitude values measured in the AVERAGE AMPLITUDE mode

Meaning of on-screen notations (3-phase 4-wire configuration):
= Amp-; Amp+ — amplitude values of voltage (both polarities) across three channels;

= /\J2 — amplitude values of voltage (both polarities) across three channels divided
by /2 ;
= RMS — RMS values of voltage across three channels;

= Amp-; Amp+ (channel A-B) — amplitude values of voltage (both polarities) across dif-
ferential channel A-B;

= /,/2 (Channel A-B) — amplitude values of voltage (both polarities) across differential
channel A-B divided by /2 .

For a single-phase configuration, the AVERAGE AMPLITUDE screen displays:
= Amplitude values of voltage (both polarities);

= Amplitude values of voltage (both polarities) divided by /2 ;
= RMS of voltage.
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4.8.4. Voltage scaling factors

In the VOLTAGE PEAK/AMPLITUDE mode, the EM 3.1KM displays measured values
considering scaling factors (turns ratios) of external voltage dividers.

The scaling factors can be specified separately per each channel within 0.00001 to
99999.99999 range in 0.00001 increments (Fig. 4.8.11).

0270813 O i3:04: 230 |
Voltage scale

> Channel A ©DE406. ARE0AAE Enter walue

Channel B G80G81. 8088048 HEd00, 88868688
Channel C BAGA1. 40084

03708713 B0 13:04: 20

H240WA T 100RE

#3-Ph d-wire | [Al240WAC 100AE
Fig. 4.8.11 Specifying scaling factors

5 3-Ph d-wire

All values measured in the VOLTAGE PEAK/AMPLITUDE mode are automatically dis-
played in appropriate measurement units (V, kV, or MV).

Voltage measured across the differential channel is also displayed considering scaling fac-
tors:

Upp=K,-U,—Kg-U,.

4.8.5. Settings

In the VOLTAGE PEAK/AMPLITUDE, mode 2 parameters are selectable:

= Time of bounce suppression (AVERAGE AMPLITUDE submenu);
= Time constant (AMPLITUDE DETECTOR submenu).

4.8.5.1. Time of bounce suppression

In the AVERAGE AMPLITUDE mode (see section 4.8.3), time of bounce suppression Ty

represents a time interval within which the EM 3.1KM ignores changes in signal polarity to sup-
press voltage fluctuations about zero (if present).

Ty, can be selected within 0.02 to 100 ms range in 0.01lincrements (Fig. 4.8.12).

E 027085713 0 13:041: 20
Time of bounce [m=)

Enter walua
HA1. @A

240\WAC 100AE

Fig. 4.8.12 “Time of bounce suppression”,
AVERAGE AMPLITUDE
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If no changes in signal polarity have occurred during 160 ms, or the signal has changed its
polarity within T, interval, and thus such changes have not been registered, the EM 3.1KM mem-
orizes amplitude values measured on the unipolar part of signal curve.

4.8.5.2. Time constant

T is the parameter that corresponds to a time constant of programmatically realized RC cir-
cuit (see section 4.8.2). Thus, by selecting the value of the time constant, you can achieve the bal-
ance between the rate of tracking of amplitude values and dynamic (discharge related) measure-
ment error.

7 is selectable within the range of 0.02 to 100 in 0.01 increments (Fig. 4.8.13).

# 02708513 0 13:041: 20
T of ampl. detector (=)

Enter walue
HE1.8A8

Fig. 4.8.13 “Time constant”, AMPLITUDE DETECTOR

4.9 Data Exchange with PC

4.9.1 The following ports are available:

= USB (recommended),

= RS-232.

The port is enabled by selecting its option in the DATA EXCHANGE with PC screen of the
main menu. Selection is confirmed by pressing ENT.

#Z 12707713 10 13:041: 20

DATA EXHAMGE with PC

o EXCHANGE wvia RS232
EXCHANGE via TUSB

120 408

Fig. 4.9.1 DATA EXCHANGE screen

To connect the EM 3.1KM to a PC via USB, use the USB A-male / USB B-male cable from
the delivery package.

To connect the EM 3.1KM to a PC via RS-232, use the RS-232 null modem cable from the
delivery set. Do not forget to select the required data transfer rate (EXCHANGE SPEED option of
the SETTINGS menu, see section 4.2.4 of this manual).

A software package that supports EM 3.1KM / PC data exchange / processing shall be pre-
viously installed on the PC.
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4.10 Extra Settings

The number of options accessible from the EXTRA SETTINGS menu depends on the level
of password typed-in at power up.

The first-level password gives access to:

-> PASSWORD CHANGING
LANGUAGE
ABOUT
RESTART
The second-level password expands the options up to:

-> PASSWORD CHANGING
LANGUAGE
ABOUT
RESTART
CLOCK
MEMORY

4.10.1 Password changing

The level of the password being changed corresponds to that entered at the latest power up. Enter a
new one with number keys and press ENT. Confirm your password by typing it in again and press ENT.

12027088 13:01: 20

PASSWORD CHANGING

H240VWAT 100 A S

Fig. 4.10.1 Password entry screen

On accepting this change, the EM 3.1KM takes you back to the SETTINGS screen. Press
ESC to return to the SETTINGS screen without saving changes.

4.10.2 Language

Selecting the LANGUAGE option brings up the screen pictured below. The arrow U, I and ENT
keys are used to select the language. “OK” appears next to the value selected

1207708007 13:04: 20

LANGTAGE

o RUSSIAN oK
EHNGLISH

FA240VA 1008

Fig. 4.10.2 Language
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4.10.3 About

The option is used for product identification.

The display contains:

Identification code;

Firmware version (e.g. 2.01),

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

PROG CRC — Cyclic Redundancy Checksum for the firmware module;

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

4.10.4 Restart

The option is used to reset the EM 3.1KM firmware to the “soft off” state without removing
power. This may be needed, for example, to quickly access the menu with the 2" level password.

4.10.5 Clock setting

The menu can only be accessed with the 2nd level password. It consists of 2 options:

CLOCK SETTING — used to set new values for current date/time of the internal clock;

CLOCK CALIBRATION — used in calibration of the EM 3.1KM; in this mode, the
screen displays current date and time up to seconds, while the EM 3.1KM generates pulses with 1
s repetition period on its frequency output Foy.

# 12/07/08E) 16:54: 20

120772008

16 :51: 20

BE2d40VAC 100RE

2 3-Ph d-wire
Fig. 4.10.3 CLOCK CALIBRATION screen

Press ESC to return to the CLOCK submenu.

4.10.6 Memory

The menu pictured in Fig. 4.10.4 can only be accessed with the 2nd level password.

#0207 /0800 13:041: 20

MEMORY
o MEMORY FORMATTING
BAD BLOCHS MAF

240U 100 AE

Fig. 4.10.4 MEMORY screen
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The MEMORY FORMATTING option is used to delete logs from the internal memory. The
function deletes logs of all types upon on-screen confirmation: press the decimal point ([2) key to
confirm deletion, or ESC to reject.

MEMORY FORMATTING

DELETE LOG?
(*«'-WES F "EZC‘- HO)

HI 24 DO A E -Ph f-wire

Fig. 4.10.5 MEMORY FORMATTING screen
When the operation is finished, the EM-3.1KM returns to the MEMORY submenu auto-
matically.

The BAD BLOCKS MAP option is enabled to display addresses of bad blocks detected in
the internal memory.

5 USER MAINTENANCE

5.1 Maintenance is the care and servicing that the user provides for keeping the equipment
operational over its life cycle.

5.2 Every maintenance operation shall meet safety requirements described in this manual.

5.3 Routine maintenance includes self-testing, cleaning the display and keyboard with a
damp cloth, cleaning the oxidized contacts and checking reliability of their fixing.

5.4 Troubleshooting

Fault How to solve the problem
1 The EM 3.1KM is not turned on. Replace the fuse.
2 No connection between Check communication (data exchange rate and COM
the EM 3.1KM and PC port) settings both in the EM3.1KM and PC.

80



MC3.055.026 UM

6 STORAGE CONDITIONS

6.1. Storage conditions of the EM 3.1KM shall comply with National Standard GOST
15150-69.

6.2. The Device shall be stored in the manufacturer’s package and in a heated storeroom.

Storage conditions in the manufacturer’s package:

AMDbIeNnt teMPEratUre ........cccvvveiiee e 0to 40 °C;
Relative humidity ..o 80 % at 35 °C.
Storage conditions without the package:

Ambient teMPerature .........coocvvvvee i 10to 35 °C;
Relative humidity .........ccoooeiiiiii 80 % at 25 °C.

6.3. The storeroom should be free from current-conductive dust, acid or alkali fumes and
other aggressive substances.

7 TRANSPORTATION

The EM 3.1KM shall be transported packed in the manufacturer’s box. The EM 3.1KM
can be transported in any enclosed vehicle including air-tight heated plane cargo compartment.

Ambient conditions allowed during transportation:
AmDbIent teMPErature ........cccvveiiieeiie e -50 to 50 °C;
Relative humIdity ........ooovieiiiei e 95 % at 25 °C.

8 MARKING AND SEALING

8.1 Marking of the device

8.1.1 Panels of the EM 3.1KM bear:

= Model name (Energomonitor 3.1KM);

= Manufacturer’s trade mark;

= Protection rating I1P20;

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

8.1.2 The manufacturer’s nameplate contains:

= Model name;

= Serial number;

= Date of manufacture (month and year).

8.2 Marking of the transportation box

8.2.1 Side and face walls of the transportation box bear handling symbols “Fragile”, “Keep
dry” and “Top”.
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8.3 Sealing

8.3.1 The seal is installed:
= For stationary and desktop modifications — in the hole of a fastening screw on the rear
panel;
= For portable modifications — in the hole of a fastening screw on the front panel.
8.3.2 After opening the Device for repair, the seal should be reinstalled by authorized Ser-
vice Companies only.
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9 WARRANTY

9.1. All products of MARS-ENERGO are warranted against defects in manufacture or ma-
terial for a period of 2 (two) years from the date of purchase from MARS-ENERGO. Warranty
period for the batteries is 6 (six) months from the date of purchase from MARS-ENERGO.
Equipment believed to be defective may be sent within the warranty period to MARS-ENERGO
for inspection (Warranty Claim enclosed, transportation prepaid). If the inspection by MARS-
ENERGO confirms that the product is defective, it will be repaired or replaced (at MARS-
ENERGO option) at no charge, within the underlisted limitations (paragraph 9.3), and returned
prepaid to the location specified in the buyer’s Warranty Claim. All replaced parts become the
property of MARS-ENERGO.

Conditions

9.2 In the event of any Device’s failure or defect in manufacture or material during the
warranty period (provided that the transportation, storage and operating conditions outlined in this
Manual are fulfilled), send the Device to MARS-ENERGO along with the sales invoice or other
proof of Device's ownership and date of purchase. If the documents outlined in the previous sec-
tion are absent, the warranty period is calculated from the date of Device manufacture.

MARS-ENERGO retains the right to reject a warranty claim, if the documents listed in the
previous section are filled out incompletely, incorrectly or illegibly. This warranty will not be
applicable for the Devices whose serial number has been altered, removed or made illegible.

This warranty will not be applicable for damages to your Device caused during shipment
to and from MARS-ENERGO location.

This warranty will not be applicable:

1) For parts requiring regular maintenance or replacement due to natural wear;

2) For consumable parts (parts, the nature of which is to become worn or depleted with
use, such as batteries);

3) For damages to the Device caused by:

a) Any use other than correct use described in the User manual including:

= Handling the Device resulting in mechanical damages, cosmetic defects, Device modi-

fication, or damages to the LCD;

= Damages caused by incorrect installation;

= Damages caused by any maintenance other than correct maintenance described in the

User manual,

= Damages caused by installation and use inconsistent with the technical and safety stan-

dards in force in the country where the Device has been installed and used;

b) Damages caused by computer virus infection or by use of software not supplied by
MARS-ENERGO, or damages caused by incorrect software installation;

c) Damages caused by condition or defects of a system or its elements with which or as
part of which the Device was used, excluding the other MARS-ENERGO products intended for
use with the Device;

d) Damages caused by accessories or ancillary equipment not made or authorized by
MARS-ENERGO with respect to their type, condition or characteristics;

e) Damages caused by repairs or attempts to repair the Device executed by an unauthor-
ized person or company;

f) Damages caused by adjustments or modifications made to the Device without prior writ-
ten consent of MARS-ENERGO;

g) Damages caused by negligent handling;

h) Damages caused by accidents, fire, ingress of liquids, chemicals or other materials,
flood, vibration, heat, improper ventilation, variations of supply voltage, improper power supply
or input voltage, electrostatic discharge including lightning, or any other impacts or external ac-
tions beyond the reasonable control of MARS-ENERGO and not covered by the technical docu-
mentation for the Device.
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The present warranty only covers hardware failures. This warranty does not cover failures
of software (produced either by MARS-ENERGO or by other manufacturers ), which are the sub-
ject of express or implied end user license agreements, separate warranties, or exclusions.

9.3 MARS-ENERGO establishes the lifetime for the products outlined above (excluding
the batteries) of 4 (four) years from the date of purchase from MARS-ENERGO. Lifetime period
for the batteries is 2 (two) years from the date of purchase from MARS-ENERGO. Please note
that warranty period and lifetime differ from each other.

9.4 It is highly recommended to make a backup copy of the data from the Device's internal
memory and store it on another (external) media. MARS-ENERGO shall in no circumstances be
liable for any direct or indirect damages or losses, whether incidental, consequential or otherwise,
including but not limited to loss of profits, loss of use or any deletion, corruption, destruction or
removal of data, disclosure of confidential information or infringement of privacy, data recovery
expenses, losses arising out of interruption of commercial, production or other activities based on
use or loss of use of the Device.

Manufacturer’s address (for warranty claims):
Mars-Energo

V.0. 13 Line, 6 - 8, office 41H, St. Petersburg, Russia. A
Tel/Fax: (812) 327-21-11, (812) 331-87-35 (812) 334-72-41
E-mail: mail@mars-energo.ru

WWW.Mmars-energo.com

Manufacturer's address (Production and Service departments):
V.0. Kozhevennaja Line, 29-5, Saint-Petersburg, Russia, 199106
Tel/Fax: (812) 309-02-06

E-mail: service@mars-energo.ru
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10. PACKING FORM

Multifunctional reference standard Energomonitor-3.1KM

The aforesaid equipment has been packed by MARS-ENERGO in compliance with
the Technical Requirements in force.

Packer signature: (Initials and Name)

Date:

11. ACCEPTANCE FORM

Multifunctional reference standard Energomonitor-3.1KM

The aforesaid equipment has been manufactured in compliance with Technical Spec-
ifications TS 4381-026-49976497-2012 and conforms to the Technical Requirements in
force.

Head of Quality Control Department: (Initials and Name)

Corporate Seal:

Date:

Date of sale:

(Corporate Seal) (Initials and Name)
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12. WARRANTY CLAIM

In the event of any Device’s failure or defect in manufacture or material during the war-
ranty period (provided that the transportation, storage and operating conditions outlined in this
Manual are fulfilled), send the Device to MARS-ENERGO along with the Warranty Claim con-
taining the following information:

1) Device’s Model and Serial number;

2) Date of manufacture;

3) Date of putting the Device into operation;

4) Condition of the manufacturer’s seals (in place, destroyed, absent). See section 8 for the
location of the seals.

5) Description of the failure or defect;

6) Buyer details (Company name, address, etc., including name and phone number of
whom the reply may concern).

Find the Device’s Serial number and Date of manufacture on the nameplate located on the
lower panel.
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13. CALIBRATION

Energomonitor 3.1KM N

Calibration procedures shall be carried out in compliance with the calibration methods es-
tablished by D.I. Mendeleev Institute for Metrology (VNIIM, Saint-Petersburg, Russia). The De-
vice undergoes primary post-manufacture calibration, and then it is calibrated after each repair.

Regular calibration is performed during operation. A period of two calendar years is considered
maximum time between calibrations.

Date Type of Calibration Calibration Csézlig;il;?g's
of Calibration yp Results g ’

Initials and Name
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