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MI 2883 Energy Master Introduction

1 Introduction

Energy Master is handheld multifunction instrument for power quality analysis and
energy efficiency measurements.

Figure 1.1: Energy Master instrument

1.1 Main Features

Full compliance with power quality standard IEC 61000-4-30 Class S.

Simple and powerful recorder with microSD memory card (sizes up to 32 GB are
supported).

3 voltage channels with wide measurement range: up to 1000 Vrms, CAT 1l /
1000 V, with support for medium and high voltage systems.

Simultaneous voltage and current (7 channels) sampling, 16 bit AD conversion
for accurate power measurements and minimal phase shift error.

4 current channels with support for automatic clamp recognition and range
selection.

Compliance with IEC 61557-12 and IEEE 1459 (Combined, fundamental,
nonfundamental power) and IEC 62053-21 (Energy).

7
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4.3” TFT colour display.

Powerful troubleshooting tools: transient recorder with envelope and level
triggering.

PC Software PowerView v3.0 is an integral part of a measuring system which
provides easiest way to download, view and analyse measured data or print
reports.

o PowerView v3.0 analyser exposes a simple but powerful interface for
downloading instrument data and getting quick, intuitive and descriptive
analysis. Interface has been organized to allow quick selection of data
using a Windows Explorer-like tree view.

o User can easily download recorded data, and organize it into multiple sites
with many sub-sites or locations.

o Generate charts, tables and graphs for your power quality data analysing,
and create professional printed reports.

o Export or copy / paste data to other applications (e.g. spreadsheet) for
further analysis.

o Multiple data records can be displayed and analysed simultaneously.

o Merge different logging data into one measurement, synchronize data
recorded with different instruments with time offsets, split logging data into
multiple measurements, or extract data of interest.

1.2 Safety considerations

To ensure operator safety while using the Energy Master instruments and to minimize
the risk of damage to the instrument, please note the following general warnings:

A

> B> B PP PP

The instrument has been designed to ensure maximum operator safety. Usage in
a way other than specified in this manual may increase the risk of harm to the
operator!

Do not use the instrument and/or accessories if any visible damage is noticed!

The instrument contains no user serviceable parts. Only an authorized dealer
can carry out service or adjustment!

All normal safety precautions have to be taken in order to avoid risk of electric
shock when working on electrical installations!

Only use approved accessories which are available from your distributor!

Instrument contains rechargeable NiMH batteries. The batteries should only be
replaced with the same type as defined on the battery placement label or in this
manual. Do not use standard batteries while power supply adapter/charger is
connected, otherwise they may explode!

Hazardous voltages exist inside the instrument. Disconnect all test leads,
remove the power supply cable and switch off the instrument before removing
battery compartment cover.

Maximum nominal voltage between any phase and neutral input is 1000 Vgrys.
Maximum nominal voltage between phases is 1730 Vgus.

8
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A Always short unused voltage inputs (L1, L2, L3) with neutral (N) input to prevent
measurement errors and false event triggering due to noise coupling.

@ Do not remove microSD memory card while instrument is recording or reading
data. Record damage and card failure can occur.

1.3 Applicable standards

The Energy Master are designed and tested in accordance with the following standards:

Electromagnetic compatibility(EMC)

EN 61326-2-2: 2013 Electrical equipment for measurement, control
and laboratory use — EMC requirements —
Part 2-2: Particular requirements - Test

configurations,  operational conditions  and
performance criteria for portable test, measuring
and monitoring equipment used in low-voltage
distribution systems
e Emission: Class A equipment (for industrial
purposes)
e Immunity for equipment intended for use in
industrial locations

Safety (LVD)

EN 61010-1: 2010 Safety requirements for electrical equipment for
measurement, control and laboratory use —
Part 1: General requirements

EN 61010-2-030: 2010 Safety requirements for electrical equipment for
measurement, control and laboratory use —
Part 2-030: Particular requirements for testing and
measuring circuits

EN 61010-031: 2002 + A1: 2008 Safety requirements for electrical equipment for
measurement, control and laboratory use —
Part 031: Safety requirements for hand-held
probe assemblies for electrical measurement and
test

EN 61010-2-032: 2012 Safety requirements for electrical equipment for
measurement, control and laboratory use
Part 031: Safety requirements for hand-held
probe assemblies for electrical measurement and
test

Measurement methods

IEC 61000-4-30: 2015 Class S Part 4-30: Testing and measurement techniques —
Power quality measurement methods

IEC 61557-12: 2007 Equipment for testing, measuring or monitoring of
protective measures — Part 12: Performance
measuring and monitoring devices (PMD)

IEC 61000-4-7: 2002 + Al: 2008 Part 4-7: Testing and measurement techniques —
General guide on harmonics and interharmonics
measurements and instrumentation for power

9
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supply systems and equipment connected thereto

IEC 61000-4-15 : 2010 Part 4-15: Testing and measurement techniques —
Flickermeter -  Functional and  design
specifications

IEC 62053-21 : 2003 Part 21: Static meters for active energy (Class 1)

IEC 62053-23 : 2003 Part 23: Static meters for reactive energy (Class
2)

IEEE 1459 : 2010 IEEE Standard Definitions for the Measurement of

Electric Power Quantities Under Sinusoidal,
Nonsinusoidal, Balanced, or Unbalanced

Conditions

EN 50160 : 2010 Voltage characteristics of electricity supplied by
public electricity networks

GOST R 54149 : 2010 Electric energy. Electromagnetic compatibility of

technical equipment. Power quality limits in the
public power supply systems

Note about EN and IEC standards:

Text of this manual contains references to European standards. All standards of EN
6XXXX (e.g. EN 61010) series are equivalent to IEC standards with the same number
(e.g. IEC 61010) and differ only in amended parts required by European harmonization
procedure.

1.4 Abbreviations

In this document following symbols and abbreviations are used:

Current crest factor, including CF, (phase p current crest
CF factor) and CFy (neutral current crest factor). See 5.1.3
for definition.

Voltage crest factor, including CFypy (phase p to phase g
CFy voltage crest factor) and CFy, (phase p to neutral voltage
crest factor). See 5.1.2 for definition.

Instantaneous phase power displacement (fundamental)
power factor or cos ¢, including 2DPFpinq (phase p power

oPE displacement).
- indicap Minus sign indicates generated power and plus sign

indicates consumed power. Suffix ind/cap represents
inductive/capacitive character.

10
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Recorded phase displacement (fundamental) power
factor or cos ¢, including DPFpingcap” (Phase p power

displacement).

PeE——» +P
Minus sign indicates generated 90°
power and plus sign indicates *Q I |
consumed power. Suffix S
ind/cap represents inductive/ 180 0°
capacitive  character.  This DPFna. | DPFosps
parameter is recorded " IV ‘A,J
separately for each quadrant ~
as shown on figure. See 5.1.5 270°

for definition.

%
°d

DF)Find/caplL

O

Instantaneous positive sequence fundamental power
factor.

lLDPF+totind ) ] ) ) )
LDPE* Minus sign indicates generated power and plus sign
- toteap indicates consumed power. Suffix ind/cap represents

inductive/capacitive character. See 5.1.5 for definition.

Recorded total effective
fundamental power factor. P > P

Minus sign indicates generated *Q I
DPE*. . & power and plus sign indicates )
totind consumed power. Suffix ind/cap | ggq PPF e
DPFﬂotcap-* represents inductive/capacitive DPF totind-
character. This parameter is "
recorded separately as shown -Q
on figure. See 5.1.5 for 270°
definition.

Phase current distortion power, including Di, (phase p
current distortion power). See 5.1.5 section: Power
measurement (Standard compliance: IEEE 1459-2010)
for definition.

Di

Total effective current distortion power. See 5.1.5 section:
Delyot Power measurement (Standard compliance: IEEE 1459-
2010) for definition.

Phase harmonics distortion power, including DH, (phase
p harmonics distortion power). See 5.1.5 section: Power
measurement (Standard compliance: |IEEE 1459-2010)
for definition.

DH

Total effective harmonics distortion power. See 5.1.5
DeH section: Total nonfundamental power measurements for
definition.

Phase voltage distortion power, including Dv, (phase p
voltage distortion power). See 5.1.5 section: Power
measurement (Standard compliance: IEEE 1459-2010)
for definition.

Dv

Devit Total effective voltage distortion power. See 5.1.5

11
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section: Power measurement (Standard compliance:
IEEE 1459-2010) for definition.

Ep”

Recorded phase combined (fundamental and
nonfundamental) active energy, including Epp”' (phase p
active energy). Minus sign indicates generated energy
and plus sign indicates consumed energy. See 5.1.6 for
definition.

E ptoti

Recorded total combined (fundamental and
nonfundamental) active energy. Minus sign indicates
generated and plus sign indicates consumed energy. See
5.1.6 for definition.

Eq”

Recorded phase fundamental reactive energy, including
Eqp”' (phase p reactive energy). Minus sign indicates
generated and plus sign indicates consumed energy. See
5.1.6 for definition.

ECItoti

Recorded total fundamental reactive energy. Minus sign
indicates generated and plus sign indicates consumed
energy. See 5.1.6 for definition.

f, freq

Frequency, including frequi2 (voltage frequency on Ujy),
frequ: (voltage frequency on U; and freq: (current
frequency on |;). See 5.1.4 for definition.

Negative sequence current ratio (%). See 5.1.10 for
definition.

Zero sequence current ratio (%). See 5.1.10 for definition.

Positive sequence current component on three phase
systems. See 5.1.10 for definition.

Negative sequence current component on three phase
systems. See 5.1.10 for definition.

Zero sequence current components on three phase
systems. See 5.1.10 for definition.

lRms(1/2)

RMS current measured over 1 cycle, commencing at a
fundamental zero crossing on an associated voltage
channel, and refreshed each half-cycle, including lprms(1/2)
(phase p current), Inrmsqsz) (neutral RMS current)

[fund

Fundamental RMS current |h; (on 1% harmonics),
including Ifund, (phase p fundamental RMS current) and
Ifundn (neutral RMS fundamental current). See 5.1.7 for
definition

n™ current RMS harmonic component including lphn

(phase p; "™ RMS current harmonic component) and Iyh,,
(neutral n™ RMS current harmonic component). See 5.1.7
for definition

lih,

n"™ current RMS interharmonic component including lpihn
(phase p; n RMS current interharmonic component) and
Inihn (neutral n" RMS current interharmonic component).

12
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See 5.1.7 for definition

INom

Nominal current. Current of clamp-on current sensor for 1

\Vrms at output.
| Peak current, including lerc (phase p current) including Inex
Pk (neutral peak current)
| RMS current, including Irms (phase p current), Inrms
Rms (neutral RMS current). See 5.1.3 for definition.
Instantaneous  phase active 90°
combined (fundamental and I I V&)
nonfundamental) power, - e \V
P including #P, (phase p active g9 00
power). Minus sign indicates -P +P
generated and plus sign >
g 1 VvV /%
indicates consumed power. See ~
5.1.5 for definitions. 270°
, Recorded phase active (fundamental and
P nonfundamental) power, including Ppi (phase p active
power). Minus sign indicates generated and plus sign
indicates consumed power. See 5.1.5 for definitions.
Instantaneous  total active
combined (fundamental and 90°
nonfundamental) power. Minus S
sign indicates generated and I\
Py plus sign indicates consumed Proc | Pt .
power. See 5.1.5 for definitions.
-Ptot +Ptot
| v 'é»
270°
Recorded total active (fundamental and nonfundamental)
Pt power. Minus sign indicates generated and plus sign
indicates consumed power. See 5.1.5 for definitions.
Instantaneous active fundamental power, including
Pfund _J_rP1fundIO (phase p active fundamgntal_ pqwer). Minus sign
indicates generated and plus sign indicates consumed
power. See 5.1.5 for definitions.
Recorded phase active fundamental power, including
Pfund’ Pfund,” (phase p active fundamental power). Minus sign
indicates generated and plus sign indicates consumed
power. See 5.1.5 for definitions.
Instantaneous positive sequence of total active
P, P o fundamental power. Minus sign indicates generated and
plus sign indicates consumed power.
See 5.1.5 for definitions.
P ot Recorded positive sequence of total active fundamental

power. Minus sign indicates generated and plus sign

13
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indicates positive sequence of consumed power.
See 5.1.5 for definitions.

Instantaneous phase active harmonic power, including
#Pup (phase p active harmonic power). Minus sign

P indicates generated and plus sign indicates consumed
power. See 5.1.5 for definitions.
. Recorded phase active harmonics power, including Py,”
Py (phase p active harmonic power). Minus sign indicates
generated and plus sign indicates consumed power. See
5.1.5 for definitions.
Instantaneous total active harmonic power. Minus sign
Pritot indicates generated and plus sign indicates consumed
power. See 5.1.5 for definitions.
Recorded total active harmonics power. Minus sign
Prtot” indicates generated and plus sign indicates consumed
active power. See 5.1.5 for definitions.
Instantaneous phase combined -P <—>900 +P
(fundamental and g ¢
nonfundamental) power factor, Il I S
including #PFpinacap (phase p PFeap | +PFind \
#PFig power factor). Minus sign |0 0
indicates generated power and -PFind | +PFeap
2PFcap plus sign indicates consumed & IV‘ZQ?’
power. Suffix ind/cap 5700
represents inductive/capacitive
character.
Note: PF = DPF when harmonics are not present. See
5.1.5 for definition.
_ Pe—— +P
Recorded phase combined 90
(fundamental and *Q 0l g,
nonfundamental) power factor. . \¢
PFcap PFind
PE. Minus sign indicates generated 180 0°
ind power and plus sign indicates PFine | PFeap’
PFesp” consumed power. Suffix 9 I 'V,z“?’
ind/cap represents inductive/ 5700
capacitive  character. This
parameter is recorded separately for each quadrant as
shown on figure.
Instantaneous total effective combined (fundamental and
PFewing nonfundamental) power factor.
JPFe _I\/Iinus sign indicates generated power and plus sign
- 7 toteap indicates consumed power. Suffix ind/cap represents
inductive/capacitive character. See 5.1.5 for definition.
+ Recorded total effective combined (fundamental and
PFetotind

nonfundamental) power factor.

14



MI 2883 Energy Master

Introduction

+
PFetotcap

Minus sign indicates Pe— <> +P
generated power and plus sign +qg
indicates consumed power. Il
Suffix  ind/cap  represents PFetotcap | PFetotind”
inductive/capacitive character. |10 0’
This parameter is recorded PFetotind” | PFetotcap”
separately for each quadrant g 1] (&

as shown on figure. 5700

Pt

Phase long term flicker (2 hours), including Pyyg (phase p
to phase g long term voltage flicker) and Py, (phase p to
neutral long term voltage flicker). See 5.1.9 for definition.

Pst

Short term flicker (10 minutes) including Psypg (phase p to
phase g short term voltage flicker) and Psy, (phase p to
neutral voltage flicker). See 5.1.9 for definition.

I:)st(lmin)

Short term flicker (1 minute) including Psyiminypg (Phase p
to phase g short term voltage flicker) and Psyiminy (Phase
p to neutral voltage flicker). See 5.1.9 for definition.

Pinst

Instantaneous flicker including Pinsipg (Phase p to phase g
instantaneous voltage flicker) and Pisp (phase p to
instantaneous voltage flicker). See 5.1.9 for definition.

Instantaneous combined (fundamental and
nonfundamental) nonactive phase power including #Np
(phase p nonactive phase power). Minus sign indicates
generated and plus sign indicate consumed nonactive
power. See 5.1.5 for definition.

_ Pe—— +P
Recorded phase combined 90

(fundamental and *Q 0l ¢,
nonfundamental) nonactive N B\¢
. . Ncap Nind
power including Ncapinap (Phase 180 0°
p nonactive phase power). N Neap
Suffix ind/cap represents " I '/0)
inductive/capacitive character. -Q <
Minus sign indicates generated 270°
and plus sign indicates consumed fundamental reactive
power. This parameter is recorded separately for each
guadrant as shown on figure. See 5.1.5 for definition.

#Qfund

Instantaneous fundamental reactive phase power
including #Q» (phase p reactive phase power). Minus sign
indicates generated and plus sign indicates consumed
fundamental reactive power. See 5.1.5 for definition.
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Recorded phase fundamental
reactive power. Suffix ind/cap +Q
represents inductive/capacitive
character. Minus sign indicates

Qfunding* generated and plus sign |0
Qfundeap” indicates consumed
fundamental reactive power. -Q
This parameter is recorded
separately for each quadrant as
shown on figure. See 5.1.5 for definition.
Instantaneous positive sequence of total fundamental
Q" otcap reactive power. Suffix ind/cap represents inductive/
. capacitive character. Minus sign indicates generated and
7Q totind plus sign indicates consumed reactive power. See 5.1.5
for definition.
Recorded positive sequence of total fundamental reactive
power. Suffix ind/cap represents inductive/capacitive
Qtotind” character. Minus sign indicates generated and plus sign
Q" orca” indicates consumed reactive power. This parameter is
totcap recorded separately for each quadrant.
Combined (fundamental and nonfundamental) phase
S apparent power including Sy (phase p apparent power).
See 5.1.5 for definition.
Se Combined (fundamental and nonfundamental) total
ot effective apparent power. See 5.1.5 for definition.
Phase fundamental apparent power, including Sfundp
Sfund (phase p fundamental apparent power). See 5.1.5 for
definition.
S* Positive sequence of total fundamental effective apparent
ot power. See 5.1.5 for definition.
Unbalanced fundamental apparent power. See 5.1.5 for
SUfundtot .
definition.
Phase nonfundamental apparent power, including Snp
SN (phase p nonfundamental apparent power). See 5.1.5 for
definition.
S Total nonfundamental effective apparent power. See
eN e
5.1.5 for definition.
Sk Phase harmonic apparent power, including SHp (phase p
harmonic apparent power). See 5.1.5 for definition.
S Total harmonic effective apparent power. See 5.1.5 for
CHiot ..
definition.
Total harmonic distortion current (in % or A), including
THD, THD, (phase p current THD) and THDy (neutral current

THD). See 5.1.7 for definition
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THDy

Total harmonic distortion voltage related (in % or V)
including THDy,q (phase p to phase g voltage THD) and
THDy, (phase p to neutral voltage THD). See 5.1.10 for
definition.

Negative sequence voltage ratio (%). See 5.1.10 for
definition.

Zero sequence Vvoltage See 5.1.10 for

definition.

ratio (%).

RMS voltage, including Upy (phase p to phase g voltage)
and U, (phase p to neutral voltage). See 5.1.2 for
definition.

Positive sequence voltage component on three phase
systems. See 5.1.10 for definition.

Negative sequence voltage component on three phase
systems. See 5.1.10 for definition.

Zero sequence voltage component on three phase
systems. See 5.1.10 for definition.

UDip

Minimal Urms1/2) VOItage measured during dip occurrence

Ufund

Fundamental RMS voltage (Uh; on 1% harmonics),
including Ufund,g (phase p to phase g fundamental RMS
voltage) and Ufund, (phase p to neutral fundamental RMS
voltage). See 5.1.7 for definition

Uhn,

n" voltage RMS harmonic component including Upghy

(phase p to phase g voltage n™ RMS harmonic
component) and Uphy (phase p to neutral voltage n" RMS
harmonic component). See 5.1.7 for definition.

Uihy

n™ voltage RMS interharmonic component including

Upgihn (phase p to phase g voltage n"" RMS interharmonic
component) and Upihy (phase p to neutral voltage nt"
RMS interharmonic component). See 5.1.7 for definition.

N™ RMS interharmonic voltage component measured
between phases. See 5.1.7 for definition.

UInt

Minimal Ugrms@) Voltage measured during
occurrence.

interrupt

UNom

Nominal voltage, normally a voltage by which network is
designated or identified.

UOver

Voltage overdeviation, difference between the measured
value and the nominal value of a voltage, only when the
measured value is greater than the nominal value.
Voltage overdeviation measured over recorded interval,
expressed in % of nominal voltage including Upgover
(phase p to phase g voltage) and Upover (phase p to
neutral voltage). See 5.1.11 for details.

Upk

Peak voltage, including Upgek (phase p to phase g

17
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voltage) and Upex (phase p to neutral voltage)

RMS voltage refreshed each half-cycle, including
Upgrms(12) (phase p to phase g half-cycle voltage) and

Urms(1/2) Usrms(/z) (Phase p to neutral half-cycle voltage). See
5.1.11 for definition.
U Maximal Ugrmsaz) Voltage measured during swell
Swell occurrence.
Mains signalling RMS voltage, including Usjgyq (Phase p to
phase g half-cycle signalling voltage) and Usig (phase p
Us, to neutral half-cycle signalling voltage). Signalling is a
ig

burst of signals, often applied at a non-harmonic
frequency, that remotely control equipment. See 5.2.6 for
details.

Voltage underdeviation, difference between the
measured value and the nominal value of a voltage, only
when the voltage is lower than the nominal value. Voltage

Uunder underdeviation measured over recorded interval and
expressed in % of nominal voltage, including Upgunder
(phase p to phase g voltage) and Upunger (phase p to
neutral voltage). See 5.1.11 for details.

Maximum absolute difference between any of the Urms(/2)
values during the RVC event and the final arithmetic
mean 100/120 Urms(1/2) Value just prior to the RVC event.

AUmax For poly-phase systems, the AUnax is the largest AUmax
on any channel. See 5.1.14 for details.

Absolute difference between the final arithmetic mean
100/120 Ugrms(/2) Value just prior to the RVC event and
AU the first arithmetic mean 100/120 Urms(1/2) Value after the
RVC event. For poly-phase systems, the AUss is the
largest AUss on any channel. See 5.1.14 for details.
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Description

2 Description

2.1 Front panel

Front panel layout:

1.

LCD

2. F1-F4

N o ok w

ARROW keys
ENTER key

ESC key
SHORTCUT keys

LIGHT key
(BEEP OFF)

- METREL’

sy

Figure 2.1: Front panel

Colour TFT display, 4.3 inch, 480 x 272 pixels.
Function keys.

Moves cursor and select parameters.

Step into submenu.

Exits any procedure, confirms new settings.
Quick access to main instrument functions.

Adjust LCD backlight intensity: high/low//off
If the LIGHT key is pressed for more than 1.5 seconds,
beeper will be disabled. Press & hold again to enable it.
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8. ON-OFF key Turns on/off the instrument.
9. COVER Communication ports and microSD card slot protection.

2.2 Connector panel

A Warnings!
A Use safety test leads only!

A Max. permissible nominal voltage
between voltage input terminals and
ground is 1000 Vgys !

A Max. short-term voltage of external power
supply adapter is 14 V!

Figure 2.2: Top connector panel

Top connector panel layout:

1 Clamp-on current transformers (I, I, I3, Iy) input terminals.
2 Voltage (L3, Ly, L3, N) input terminals.
3 12 V external power socket.

Figure 2.3: Side connector panel

Side connector panel layout:

1 MicroSD card slot.

2 Serial connector (used to connect printer).
3 Ethernet connector — not in use.

4 USB connector.
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2.3 Bottom view
Figure 2.4: Bottom view

Bottom view layout:

1. Battery compartment cover.

2. Battery compartment screw (unscrew to replace the batteries).

3. Serial number label.
2.4 Accessories
2.4.1 Standard accessories
Table 2.1: Energy Master standard accessories

Description Pieces

Flexible current clamp 3000 A /300 A/ 30 A (A 1227)

Colour coded test probe

Colour coded crocodile clip

Colour coded voltage measurement lead

USB cable

RS232 cable

12 V /1.2 A Power supply adapter

NiMH rechargeable battery, type HR 6 (AA)

Soft carrying bag

Compact disc (CD) with PowerView v3.0 and manuals

R ROoRIRIRPIMDMDMW

2.4.2 Optional accessories

See the attached sheet for a list of optional accessories that are available on request

from your distributor.

21




MI 2883 Energy Master

3 Operating the instrument

This section describes how to operate the instrument. The instrument front panel
consists of a colour LCD display and keypad. Measured data and instrument status are
display. Basic display symbols and keys description is shown on figure

shown on the
below.

Status bar

[ Function keys |

Operating the instrument

GEMERAL SETUP

Shortcut keys

Press & Hold for
waveform snapshoot

Cursor keys,

Enter s
(€
Press & Hold to = —

disable beeper

| Power On/Off |

Backlight On/Off

During measurement campaign various screens can be displayed. Most screens share

Figure 3.1: Display symbols and keys description

common labels and symbols. These are shown on figure below.

Figure 3.2:

Screen Name

Status Bar
Y-axsis scale

mmmmmmmmm

X-axsis
scale (time)

ul Ul [|[1238A A

Options  for
function keys

Common display symbols and labels during measurement campaign
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3.1 Instrument status bar

Instruments status bar is placed on the top of the screen. It indicates different
instrument states. Icon descriptions are shown on table below.

| Status bar |

MAIN MENU Q & @ I 09:19:07

| PN

Figure 3.3: Instrument status bar

Table 3.1: Instrument status bar description

Il Indicates battery charge level.
i Indicates that charger is connected to the instrument. Batteries will be
charged automatically when charger is present.
& Instrument is locked (see section 3.20.5 for details).

- AD converter over range. Selected Nominal voltage or current clamps
} range is too small.
09:19 Current time.

Recorder status:

General recorder is active, waiting for trigger.

G
@ General recorder is active, recording in progress.

Memory list recall. Shown screen is recalled from instrument memory.

Flagged data mark. While observing recorded data this mark will
indicate that observed measurement results for given time interval can

be compromised due to interrupt, dip or swells occurrence. See section
5.1.16 for further explanation.

Signalling voltage is present on voltage line at monitored frequencies.

See sections 3.13 and 3.19.4 for further explanation.

USB stick communication mode. In this mode selected record can be
transferred from microSD card to USB stick. USB communication with

PC is disabled while in this mode. See section 3.18 for details.

3.2 Instrument keys

Instrument keyboard is divided into four subgroups:
e Function keys
e Shortcut keys
e Menu/zoom manipulation keys: Cursors, Enter, Escape
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e Other keys: Light and Power on/off keys

Function keys are multifunctional. Their current

function is shown at the bottom of the screen and depends on selected instrument
function.

Shortcut keys are shown in table below. They provide quick access to the most
common instrument functions.

Table 3.2: Shortcut Keys and other Function keys

uIf Shows UIF Meter screen from MEASUREMENT submenu

) Shows Power meter screen from MEASUREMENT submenu

Shows Harmonics meter screen from MEASUREMENT submenu

Shows Connection Setup screen from MEASUREMENT SETUP
submenu

Shows Phase diagram screen from MEASUREMENT submenu

Hold o key for 2 seconds to trigger WAVEFORM SNAPSHOT.
Instrument will record all measured parameters into file, which can be
then analysed by PowerView.

Set backlight intensity (high/low/off).

Hold @ key for 2 s to disable/enable beeper sound signals.
Switch On/off the instrument.

Note: instrument will not power off if any recorder is active.

Note: Hold key for 5 seconds in order to reset instrument, in case of
failure.

< xo 2 00006

Cursor, Enter and Escape keys are used for moving through instrument menu structure,
entering various parameters. Additionally, cursor keys are used for zooming graphs and
moving graph cursors.

3.3 Instrument memory (microSD card)

Energy Master use microSD card for storing records. Prior instrument use, microSD
card should be formatted to a single partition FAT32 file system and inserted into the
instrument, as shown on figure below.
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microSD Card

Figure 3.4: Inserting microSD card

1. Open instrument cover

2. Insert microSD card into a slot on the instrument (card should be putted
upside down, as shown on figure)

3. Close instrument cover

Note: Do not turn off the instrument while microSD card is accessed:
- during record session
- observing recorded data in MEMORY LIST menu
Doing so may cause data corruption, and permanent data lost.

Note: SD Card should have single FAT32 partition. Do not use SD cards with multiple
partitions.

3.4 Instrument Main Menu

After powering on the instrument the “MAIN MENU” is displayed. From this menu all
instrument functions can be selected.
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@i 18:13
R °
= =
MEASUREMEHTS RECORDERS
MEASUREMENT SETUP GEHERAL SETUP

Figure 3.5: “MAIN MENU”

Table 3.3: Instrument Main menu

X" MEASUREMENT submenu. Provide access to various instrument
S measurement screens
® RECORDER submenu. Provide access to instrument recorders
: configuration and storage.
—\/' MEASUREMENT SETUP submenu. Provide access to the
measurement settings.
'/, GENERAL SETUP submenu. Provide access to the various instrument
settings.

Table 3.4: Keys in Main menu

.
‘ . Selects submenu.
4

@ Enters selected submenu.

3.4.1 Instrument submenus

By pressing ENTER key in Main menu, user can select one of four submenus:
e Measurements — set of basic measurement screens,
e Recorders — setup and view of various recordings,
e Measurement setup — measurement parameters setup,
e General setup — configuring common instrument settings.
List of all submenus with available functions are presented on following figures.
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MEASUREMENTS 100 15:22

M @kw l @kWhl

@i 18:13 POWER ENERGY

‘ Nt I ot | il &S
MEASUREMENTS RECORDERS HARMONICS FLICKERS PHASE DIAGRAM

7 §c >

‘ GENERAL SETUP | TEMPERATURE SIGNALLING UNDER/OVER DEV.

MEASUREMENT SETUP

V}a

Figure 3.6: Measurements submenu

RECORDERS i ]o1:43

o 8 |- ]

GENERAL REC. | MEMORY LIST | EVENTS TABLE

ALARM TABLE RVC TABLE

Figure 3.7: Recorders submenu

MEAS. SETUP

CONNECTION SETUP EVENT SETUP ALARM SETUP
SIGNALLING SETUP RYC SETUP

Figure 3.8: Measurement setup submenu

GENERAL SETUP {100 11:37

cH & | VO

TIME & DATE LANGUAGE INSTRUMENT INFO

LOCK/UNLOCK COLOUR MODEL

Figure 3.9: General setup submenu
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Table 3.5: Keys in submenus

‘ . Selects function within each submenu.

@ Enters selected function.

ESC Returns to the “MAIN MENU".

35U, I f

Voltage, current and frequency parameters can be observed in the “U, I, f° screens.
Measurement results can be viewed in a tabular (METER) or a graphical form (SCOPE,
TREND). TREND view is active only in RECORDING mode. See section 3.14 for

details.

3.5.1 Meter

By entering U, |, f option, the U, I, f — METER tabular screen is shown (see figures
below).

U,I,;:METER L1 @ mm 17:53

LU1
RMS 220.2v
i — i
e R e
S E—— s
e R 5a g
T R asaia
p— — e
| HoLD || |[123n 4 || SCOPE |

Figure 3.10: U, I, f meter phase table screens (L1, L2, L3, N)

U,,:METER A @ mm 17:53
(L1 L3 (N

uL 220.2 225.2 215.2v 9.994v
e S s e o
| 500.0 400.0 300.0a 0.858a |
L e s e
L - I T bl

HoLD || |[12au A a|| SCOPE |
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U,I,:METER A @ 17:53

L12 L23 L31
uL 398.4 398.4 398.4v
| ST St S
| — ek — Tl Li— e
| Caa e foa
P — i R i -
| HoLD || |[123ux A|| SCOPE |

Figure 3.11: U, I, f meter summary table screens

In those screens on-line voltage and current measurements are shown. Descriptions of
symbols and abbreviations used in this menu are shown in table below.

Table 3.6: Instrument screen symbols and abbreviations

RMS
UL True effective value Ugrms and lrms
IL
THD
ThdU Total harmonic distortion THDy and THD,
Thdl
CF Crest factor CFy and CF,
PEAK Peak value Upk and Ipy
MAX Maximal Urms(1/2) VOltage and maximal Irms(1/2) Current, measured
after RESET (key: F2)
MIN Minimal Urms(1/2) Voltage and minimal Irms(1/2) Current, measured after
RESET (key: F2)
f Frequency on reference channel

Note: In case of overloading current or overvoltage on AD converter, icon N il be
displayed in the status bar of the instrument.

Table 3.7: Keys in Meter screens

Holds measurement on display. Hold clock time will be
HOLD ) : )
F1 displayed in the right top corner.

RUN Runs held measurement.

RESET Resets MAX and MIN values (Urms(1/2) and Irms(1/2))-

l23n4a Shows measurements for phase L1.

- 123N 44 Shows measurements for phase L2.

N

123N4A Shows measurements for phase L3.
123N Shows measurements for neutral channel.
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123n4Aa  Shows measurements for all phases.
123N4A A Shows measurements for all phase to phase voltages.
12 23314 Shows measurements for phase to phase voltage L12.

12 23318 Shows measurements for phase to phase voltage L23.

122331a Shows measurements for phase to phase voltage L31.

1223310 Shows measurements for all phase to phase voltages.
METER Switches to METER view.

SCOPE Switches to SCOPE view.
TREND Switches to TREND view (available only during recording).

Triggers Waveform snapshot.
ESc Returns to the “MEASUREMENTS” submenu.
3.5.2 Scope

Various combinations of voltage and current waveforms can be displayed on the
instrument, as shown below.

U,I,;:SCOPE L1 @ 17:53 U,L,E:SCOPE L1 @ 17:53
*zaall diy *5EEA-d1w

U1 1

220.2v 500.04

\ \
/ /

18m=-diu 18ms-div

[ HOLD HUlu,l url”‘lzsu.\f.\” TREND ] [ HOLD Hulu,l uxl”‘lzau&.".‘.” TREND ]
Figure 3.12: Voltage only waveform Figure 3.13: Current only waveform
@cm 1753 @ 1755
Ul a5aEL SBEER U1 ZaaL div

e / R0 2

woonll N N\ o0 |
/ 7
J /

18ms diu 18ms div

| HOLD |[uv i Ug w [[125uanl[ TREND | | HOLD |[u i uiUA |[412:504 4] TREND |
Figure 3.14: Voltage and current Figure 3.15: Voltage and current
waveform (single mode) waveform (dual mode)

30



MI 2883 Energy Master Operating the instrument

Table 3.8: Instrument screen symbols and abbreviations

Ui, U2, U3 True effective value of phase voltage: Uy, Uy, U
Ul2, U23, U3l True effective value of phase-to-phase (line) voltage: Uiz, Uzs, Uss
11,12, 13, In True effective value of current: Iy, I, I3, In

Table 3.9: Keys in Scope screens

HOLD Holds measurement on display.
RUN Runs held measurement.

Selects which waveforms to show:

Uiuiun Shows voltage waveform.

uluiun Shows current waveform.
utU,lun Shows voltage and current waveform (single graph).
uiu, U/ Shows voltage and current waveform (dual graph).

Selects between phase, neutral, all-phases and line view:
l23n4a  Shows waveforms for phase L1.
123N4a  Shows waveforms for phase L2.
123N4Aa  Shows waveforms for phase L3.
123N 4a  Shows waveforms for neutral channel.

123n4A a  Shows all phase waveforms.
123N4A A  Shows all phase-to-phase waveforms.
12 23314  Shows waveforms for phase L12.
12233184  Shows waveforms for phase L23.
122331a  Shows waveforms for phase L31.
122331A  Shows all phase waveforms.

METER Switches to METER view.
SCOPE Switches to SCOPE view.
TREND Switches to TREND view (available only during recording).

Selects which waveform to zoom (only in U/l or U+I).

Sets vertical zoom.

Sets horizontal zoom.

Triggers Waveform snapshot.

22600 0

ESC Returns to the “MEASUREMENTS” submenu.
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3.5.3 Trend

While GENERAL RECORDER is active, TREND view is available (see section 3.14 for
instructions how to start recorder).

Voltage and current trends

Current and voltage trends can be observed by cycling function key F4 (METER-
SCOPE-TREND).

U,LFTREND A (O@ITRFZ I U,I,F:TREND L1 ©c¢m 17:53

10.May.2013 (*1000/div : : 10.May.2013 166 0U-di
12:08:60 H H H 12:02:60

252.0v : : 230.0v

s e =

.304.1v ' 5 : 239.5v

L - 2 g /’ > ui= H

.52.29v " : 3 : 252.0v \
38m 00s jloainzdiv ; j 3%m 00s t1@ninsdiv “

1L U o ¢ |[123n8 A]] [ J[Uifuium|[12ana]f |

Figure 3.16: Voltage trend (all voltages) Figure 3.17: Voltage trend (single

voltage)

U,L,TREND L1 (Ol RTETIN U1, TREND L1 @ 17:53

10.May.2013 *lw@.ol 280, 6A 10.May.2013 (*l00.6U/di
12:02:60 12:02:60
UiE U1iE
239.5v 239.5v —
[EE [t )
624.1a —q 624.1A Howinui \
\ S
‘\ |
32m 00s 18minsdiv 22m 00s 18min-div \
[ HU|fU,Iu1|H123NAH ] [ ”ulfu,lUle‘lzsNA” ]

Figure 3.18: Voltage and current trend Figure 3.19: Voltage and current trend
(single mode) (dual mode)

U,,TREND L1 (O ETREL I .1, TREND (TN 17:34

10.May.2013 *Z08. BA-di 13.May.2013 B, 8098Hz div
12:02:60 22:45:50
f=

.500.0a 49.9844:
MM § 0 i s R
62448 “ = WW
M= 49,993 u:
s 1a \\ _____ st b L

50.005H:
32m 00s 18minzdiy ‘ 0dh 46m 00s oh0dlv
[ [lutsurum][4235nal]] | I | IR I |

Figure 3.20: Trends of all currents Figure 3.21: Frequency trend
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Table 3.10: Instrument screen symbols and abbreviations

U1, U2, U3, Maximal (X), average (£) and minimal (x) value of phase RMS voltage
Ul2, U23, Uy, Uy, Ujzor line voltage Ujo, Usys, Usy for time interval (IP) selected by
U3l cursor.
Maximal (&), average (£) and minimal (®) value of current Iy, I, I3, Iy
for time interval (IP) selected by cursor.
f Maximal (&), active average (¥) and minimal (x) value of frequency at
synchronization channel for time interval (IP) selected by cursor.

10.May.2013 Timestamp of interval (IP) selected by cursor.
12:02:00

11, 12, 13, In

Current GENERAL RECORDER time

32m 00s (d - days, h - hours, m - minutes, s - seconds)

Table 3.11: Keys in Trend screens

Selects between the following options:

Uifuiun Shows voltage trend.
ulfuun Shows current trend.

uifuun Shows frequency trend.
uttU,lun Shows voltage and current trend (single mode).
urtu U/ Shows voltage and current trend (dual mode).

Selects between phases, neutral channel, all-phases view:

lo3ana Shows trend for phase L1.
123N A Shows trend for phase L2.
123N4 Shows trend for phase L3.
123N 4 Shows trend for neutral channel.

123N A Shows all phases trends.
12 23314 Shows trend for phases L12.
12 23314 Shows trend for phases L23.
1223314 Shows trend for phases L31.
122331 Shows all phase-to-phase trends.
METER Switches to METER view.

SCOPE Switches to SCOPE view.

TREND Switches to TREND view.

" Moves cursor and selects time interval (IP) for observation.

ESC Returns to the “MEASUREMENTS” submenu.

3.6 Power

In POWER screens instrument shows measured power parameters. Results can be
seen in a tabular (METER) or a graphical form (TREND). TREND view is active only
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while GENERAL RECORDER is active. See section 3.14 for instructions how to start
recorder. In order to fully understand meanings of particular power parameter see
sections 5.1.5.

3.6.1

By entering POWER option from Measurements submenu

Meter

the tabular POWER

(METER) screen is shown (see figure below).

o 1794 T 94
L3 L3

P | 1880  189.6 1922  569.8:w P | 1427 0907 1055  3.089uw

N -98.33 -98.21  92.94 =103.6 kvar a -0.199  -0.157 0.0 =0.343kvar

s 2124 2135  213.5  639.2uwa S 1144  0.921  1.055  3.133uwa

PF | 089c  o0.s9c 0.90i  0.89c DPF|  0.98c  0.99c 1.00i  0.99¢c

[ HoD || wiIEW |[1:2: A 7] | [ nop || wviEw |[1:: A 1]/ |

Figure 3.22: Power measurements
summary (combined)

Figure 3.23: Power measurements
summary (fundamental)

. SOPN ower o 47234
[ L1 TOT

P| 1880w |P 188.0iw |SN| 92.20wa| [P 358.9 ww | P+ 368.3 kw |[SeN| 22.06wa
N =98.33 kvar | |Q =33.84 kvar ||DI 89.86 kvar =20.76 kvar | QO+ =10.02 kvar || Del 19.91 kvar
] 212 1wva |8 191.0kva | DV 0.201 kvar Se 359.7 kva | S+ 358.5 kva |DeV| 0.555 kvar
PF 0.89c DPF 0.98c PH| -0.011ww PFe| 0.99c PFe+| 0.99c Pu 0.525 ww
- S LN A S

[Harmonic pollut.: 48.3% ] [Harmonic pollut.: 1.36% ][Load unbalance: 8.47 % j
| HoLD || 1[12:4 7] | [ Howp || [[1234T]| |

Figure 3.24: Detailed power
measurements at phase L1

Figure 3.25: Detailed total power
measurements

Description of symbols and abbreviations used in POWER (METER) screens are shown
in table below.

Table 3.12: Instrument screen symbols and abbreviations (see 5.1.5 for details) —
instantaneous values

Depending on the screen position:
In Combined column: Combined (fundamental and

P nonfundamental) active power (#Py, #P,, #P3, #Piot,)
In Fundamental column: Fundamental active phase power
(#Pfund,, #Pfund,, #Pfunds)

N Combined (fundamental and nonfundamental) nonactive power
(lLN].’ i-N21 i-N31 i-NtOta)

Q Fundamental reactive phase power (#Qfund;, #Qfund,, #Qfunds)

S

Depending on the screen position:
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In Combined column: Combined (fundamental and
nonfundamental) apparent phase power (Si, S, S3)

In Fundamental column: Fundamental active phase power
(Sfund;, Sfund,, Sfunds)

P+ Positive sequence of total active fundamental power (#P" o)
Q+ Positive sequence of total reactive fundamental power (2Q" o)
S+ Positive sequence of total apparent fundamental power (£S" )
DPF+ Positive sequence power factor (fundamental, total)
Se Combined (fundamental and nonfundamental) total effective
apparent power (Seo)
SN Phase nonfundamental apparent power (SN;, SN2, SN3)
SeN Total effective nonfundamental apparent power (Sen)
Di Phase current distortion power (Diy, Di,, Di3)
Del Total effective current distortion power (Del)
Dv Phase voltage distortion power (Dv;, Dv,, Dv3)
Dev Total effective voltage distortion power (Deviq)
PH Phase and total harmonic active power (Pu:",Ph2’,Pha’, #2Phtor)
PE Phase combined (fundamental and nonfundamental) power factor
(#PFy, #PF,, #PF3)
Total effective combined (fundamental and nonfundamental)
PFe
power factor (#PFe)
DPF Phase fundamental power factor (+#DPF,, #DPF,, #DPFs3,) and

positive sequence total power factor (+DPF")

Harmonic Pollut.

Harmonic pollution according to the standard IEEE 1459

Load unbalance

Load unbalance according to the standard IEEE 1459

Table 3.13: Keys in Power (METER) screens

Holds measurement on display. Hold clock time will be

LoD displayed in the right top corner.
RUN Runs held measurement.
VIEW Switches between_Comblned, Fundamental and
Nonfundamental view.
lo3aT Shows measurements for phase L1.
123AT Shows measurements for phase L2.
12347 Shows measurements for phase L3.
A Shows brief view on measurements on all phases in a single
123 T
screen.
LasaT Shows  measurement results for TOTAL  power

measurements.
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METER Switches to METER view.
F4 TREND Switches to TREND view (available only during recording).

Triggers Waveform snapshot.
ESC Returns to the “MEASUREMENTS” submenu.
3.6.2 Trend

During active recording TREND view is available (see section 3.14 for instructions how
to start GENERAL RECORDER).

POWER:TREND A @ 17:53

07.Jul.2013 1.Bkk-div
21:18:40

P1+E

192. 21w

01m 35s iminsdiv

[ VIEW HPNiN:spFipr:H1 23 AT ” METER W

Figure 3.26: Power trend screen

Table 3.14: Instrument screen symbols and abbreviations

View: Combined power
P1+, P24, Maximal (&), average (£) and minimal (%) value of consumed
P34+, Pt+ (P.*, Py', P3', Pw') or generated (Pi, Py, P3, Py) active
combined power for time interval (IP) selected by cursor.

View: Fundamental power
Maximal (%), average (£) and minimal () value of consumed

Eéi gi‘r (Pfund,”, Pfund,’, Pfunds®, P+,;') or generated (Pfund;’, Pfund,,
- Pfunds, P+y:) active fundamental power for time interval (IP)
selected by cursor.
View: Combined power
Nil+ Ni2+ Maximal (%), average (%) and minimal (®) value of consumed
Ni3+ Nit+ (N1ina", Naina', Naind’, Nioina’) Or generated (Niind, Naind, Naind,
- Niwoting ) INductive combined nonactive power for time interval (IP)
selected by cursor.
View: Combined power
Ncl+ Nc2+ Maximal (%), average (£) and minimal (x) value of consumed
NC3: NCt"'_’ (Nlcap+1 Nanp+a NSCap+y Ntotcap+) or generated (Nlcap_a N2cap_, N3cap_a
- B Niotcap ) Capacitive combined nonactive power for time interval (IP)
selected by cursor.
View: Combined power
S1 S2 S3 Se Maximal (%), average (X) and minimal (%) value of combined

apparent power (S1, Sy, Ss, Sey) for time interval (IP) selected by
cursor.
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View: Fundamental power
Maximal (&), average (£) and minimal (z) value of fundamental

S1,82, S3, S+ apparent power (Sfund;, Sfund,, Sfunds, S*) for time interval
(IP) selected by cursor.
View: Combined power
PEil+ PFi2+ Maximal (%), average () and minimal (®) value of inductive
PFi3t PFitt power factor (1% quadrant: PF1ing", PFaing", PFaina”, PFoting” and 3"

quadrant: PFijnd’, PFaind, PFsing, PFiwing) for time interval (IP)
selected by cursor.

View: Combined power
Maximal (&), average (%) and minimal (:) value of capacmve
power factor (4" quadrant: PFicap", PFacap’, PFacap’s PFrotcap’ and
2nd quadrant: PFicap, PFacap, PFacap, PFiotcap) fOr time interval
(IP) selected by cursor.

PFclt, PFc2+,
PFc3+, PFctt

View: Fundamental power
Qilt, Qi2+, Qi3+, Maximal (X), average (Z) and minimal (x) value of consumed

Q+i (Quina", Qaind’s Qaind’s Qtoing”) OF generated (Quind’, Qaind’, Qaind
Q"oting) fundamental reactive inductive power for time interval (IP)
selected by cursor.

View: Fundamental power
Qclt, Qc2+, Maximal (&), average (E) and minimal () value of consumed

Qc3t, Q+c+ (Qlcap Qanp Q3cap Q captot ) or generated (Q1cap , Q2cap s Qscap »
Qcaptot) fundamental reactive capacitive power for time interval

(IP) selected by cursor.

View: Fundamental power

i1+
DPF!L’ Maximal (Z), average (£) and minimal (x) value of inductive
DPFi2t, ot by
DPFi3+ dlsplacement power factor (1% quadrant: DPFing’, DPFaing’,
DPF+|t_+ DPF3|nd y DPFtotmd y and 3r quadrant DPFlmd, DPF2|nd DPF3|nd
B DPFting ,) for time interval (IP) selected by cursor.

View: Fundamental power
DPFc1lt,

Maximal (%), average (¥) and minimal (x) value of capaC|t|ve
DPFc24, th ’

DPEC3+ dlsplace+ment power factor (4 quadrant: DPFicap , DPFZC&1p
DPF+Ct_+ DPFSCap DPFtotcap y and 2n quadrant DPFlcap-, DPFZCap-,
- DPF3cap DPFtotcap+) for time interval (IP) selected by cursor.

View: Nonfundamental power
Snl, Sn2, . .
Maximal (Z), average (£) and minimal (x) value of consumed or
Sn3, Sen
generated nonfundamental apparent power (Sn1, SN,, SN3, SeNyo)
for time interval (IP) selected by cursor.
View: Nonfundamental power
Di1, Di2, Maximal (%), average (¥) and minimal (x) value of consumed or
Di3, Dei generated phase current distortion power (Diy, D1y, Diz, Delyy) for
time interval (IP) selected by cursor.
View: Nonfundamental power
Dvl, Dv2, Maximal (Z), average (¥) and minimal (x) value of consumed or
Dv3, Dev generated phase voltage distortion power (Dv;, Dv,, Dvs, Deviy)
for time interval (IP) selected by cursor.
Phlt, Ph2+, View: Nonfundamental power
Ph3%, Phtt Maximal (%), average (£) and minimal (¥) value of consumed
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(Pu1", Puz2', Pus’, Phiot') OF generated (Pui’, Prz', Phs’, Phior) active
harmonic power for time interval (IP) selected by cursor.

Table 3.15: Keys in Power (TREND) screens

F1

Selects which measurement should instrument
represent on graph:

Consumed or Generated
Measurements related to consumed (suffix: +)
or generated power (suffix: -).

Combined, Fundamental or Nonfundamental
Measurement related to fundamental power,
nonfundamental power or combined.

Keys in VIEW window:

@&
. . Selects option.
v

@ Confirms selected option.

Exits selection window without

ESC
change.

P Ni Nc s PFi Pfc
P Ni Nc s PFi Pfc
P Ni NC s PFi Pfc
P Ni Nc S PFi Pfc
P Ni Nc s PFi pfc

P Ni Nc s Pfi PFC

If Combined power is selected:

Shows combined active power trend.

Shows combined inductive nonactive power trend.

Shows combined capacitive nonactive power trend.

Shows combined apparent power trend.

Shows inductive power factor trend.

Shows capacitive power factor trend.

P i oc s bPFi DPfc
P QI Qc S DPFi DPfc
P Qi QC s DPFi DPfc
P Qi Qc S DPFi DPfc
P Qi oc s DPFi ppfc
P Qi Qc s Drii DPFC

If Fundamental power is selected:

Shows fundamental active power trend.

Shows fundamental inductive reactive power trend.

Shows fundamental capacitive reactive power trend.

Shows fundamental apparent power trend.

Shows inductive displacement power factor trend.

Shows capacitive displacement power factor trend.

Sn pibv Ph
sn Di pv Ph

snDi DV ph

If Nonfundamental power is selected:

Shows nonfundamental apparent power trend.

Shows nonfundamental current distortion power.

Shows nonfundamental voltage distortion power.

38



MI 2883 Energy Master Operating the instrument

snDiDv Ph Shows nonfundamental active power.
Selects between phase, all-phases and Total power
view:
losarT Shows power parameters for phase L1.
12347 Shows power parameters for phase L2.
123AT Shows power parameters for phase L3.
Los A Shows power parameters for phases L1, L2 and L3 on

the same graph.
1234T Shows Total power parameters.
METER  Switches to METER view.
TREND Switches to TREND view (available only during recording).

‘. Moves cursor and selects time interval (IP) for observation.

ESC Returns to the “MEASUREMENTS” submenu.

3.7 Energy
3.7.1 Meter

Instrument shows status of energy counters in energy menu. Results can be seen in a
tabular (METER) form. Energy measurement is active only if GENERAL RECORDER is

active. See section 3.14 for instructions how to start GENERAL RECORDER. The
meter screens are shown on figures below.

@ 1501 @ 1503
RN (L2 ] L3

Consumed in TOTAL Consumed in LAST INTERVAL

Ep+ | 00000633.03 00000618.56 00000834.90 xwn Ep+ | 000000026.276 kwhn

Eq+ | 00000000.00 00000000.00 00000000.00 kvarh Eq+ 000000000.000 k varh

Generated in TOTAL Generated in LAST INTERVAL

Ep- | 00000000.00 00000000.00 00000000.00 kwh Ep- 000000000.000 kwh

Eg- | 00000365.80 00000109.35 00000463.28 kvarh Eg- | 000000011.8415kvam

START: 14.Nov.2013 13:42 Duration: 01h 19m 24s START: 14.Nov.2013 13:42 Duration: 01h 21m 09s

[ HOLD |[TOTi.astcur|[1:35 A 7 |[ TREND | [ HOLD ||rorLASTcur| 1:2: 4 T || TREND |

Figure 3.27: Energy counters screen

Table 3.16: Instrument screen symbols and abbreviations

Ep+ Consumed (+) phase (Ep:*, Ep,", Eps’) or total (Epy:’ ) active energy
Ep- Generated (-) phase (Ep1, Ep2, Eps) or total (Epw:) active energy

Eq+ Consumed (+) phase (Eq:", Eq,’, Eqs’) or total (EQw:) fundamental
reactive energy

Eg- Generated (-) phase (Eq:, Eqgz, Eqs) or total (Eqi: ) fundamental reactive
energy

Start Recorder start time and date
Duration Recorder elapsed time
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Table 3.17: Keys in Energy (METER) screens

HOLD Holds measurement on display.
RUN Runs held measurement.

TOT Lastcur  Shows energy registers for whole record.

ToTLAST cur  Shows energy registers for last interval.

m
H E

TorLAsTCUR  Shows energy registers for current interval.

losarT Shows energy parameters for phase L1.
123AT Shows energy parameters for phase L2.
12347 Shows energy parameters for phase L3.
123 A7 Shows all phases energy.
1234T Shows energy parameters for Totals.
METER Switches to METER view.
TREND Switches to TREND view.
EFF Switches to EFFICIENCY view.
Triggers Waveform snapshot.
ESC Returns to the “MEASUREMENTS” submenu.
3.7.2 Trend

TREND view is available only during active recording (see section 3.14 for instructions
how to start GENERAL RECORDER).

ENERGY:TREND A ©c 11 08:22

08.Nov.2013 £5aE, Blhdiu
11:20:00
Ep+i . N S
9952Wh .................................................................................................................................
EP+2 UL SO
908.1wn :
""""""""""""""""" Y
o 1
940.3wh e R ) TR | T,
00s Mo oine e . ;
[ HEp+Eq+Ep-Eq-”1 23 AT ” ]

Figure 3.28: Energy trend screen

Table 3.18: Instrument screen symbols and abbreviations

Ep+ Consumed (+) phase (Ep:*, Ep,", Eps’) or total (Epw:’) active energy

Ep- Generated (-) phase (Ep:1’, Ep2, Eps) or total (Epywt) active energy

Eq+ Consumed (+) phase (Eq:", Eq,’, Eqs’) or total (EQw:) fundamental
reactive energy

Eg- Generated (-) phase (Eqi, EQy, Eqs) or total (Eqiwt) fundamental reactive
energy

Start Recorder start time and date

Duration Recorder elapsed time
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Table 3.19: Keys in Energy (TREND) screens

Shows active consumed energy for time interval (IP)
selected by cursor.

Ep+ EQ+ Ep-Eq-  Shows reactive consumed energy for time interval (IP)

Ep+ Eq+ Ep- Eg-

selected by cursor.
Ep+Eq+ EP- Eo-  Shows active generated energy for time interval (IP)
selected by cursor.

Ep+Eq+Ep-EQ-  Shows reactive generated energy for time interval (IP)
selected by cursor.

losarT Shows energy records for phase L1.
12347 Shows energy records for phase L2.

12347 Shows energy records for phase L3.
123 A7 Shows all phases energy records.
1234T Shows energy records for Totals.
METER Switches to METER view.

TREND Switches to TREND view.
EFF Switches to EFFICIENCY view.

ESC Returns to the “MEASUREMENTS” submenu.

3.7.3 Efficiency

EFFICIENCY view is available only during active recording (see section 3.14 for
instructions how to start GENERAL RECORDER).

EFFICIENCY:L 1 @i 00:32
Fundamental: Conductors utilisation

* Active
# Reactive
#* Harmonic

Eq+ 0.000varh Maxdmal Povrer demand {P+): (3 s)

............................................................... 1. 02.Jal‘l.2000 oo:s-‘:z? - 29.98 kw
Eq- 369.2varh | 2. 02.Jan.2000 00:31:24 - 29.36 kW
3. 02.Jan.2000 00:31:18 - 27.13 kW

| VIEW | [TOTiastumax|/[1 23 4 1| METER |

Figure 3.29: Energy efficiency screen

Table 3.20: Instrument screen symbols and abbreviations

P avg+ Consumed phase fundamental active power (Pfund,*, Pfund,®, Pfunds®)
P+ avg+ Positive sequence of total fundamental consumed active power (P ")
P avg- Generated phase fundamental active power (Pfund;’, Pfund,’, Pfunds’)
P+ avg- Positive sequence of total fundamental generated active power (Pr)
Shown active power is averaged over chosen time interval (key: F2)
e TOT — shows total average (for complete record) active power
e LAST — shows average active power in the last interval
e MAX - shows average active power in interval where Ep was
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maximal.
Qi avg+ Consumed phase fundamental inductive reactive power (Qfunding:’,
Qi+ avg+ Qfundingz”, Qfundings”)
Positive sequence of total inductive fundamental consumed reactive power
Qiavg- (Qwr)
Qi+ avg- Generated phase fundamental inductive reactive power (Qfunding:’,
Qfundingz’, Qfundings’)
Positive sequence of total inductive fundamental generated reactive power
Q")
Shown fundamental inductive reactive power is averaged over chosen time
interval (key: F2)
e TOT - shows total average (for complete record) fundamental
inductive reactive power
e LAST - shows average fundamental inductive reactive power in the
last interval
¢ MAX — shows average fundamental inductive reactive power in
interval where Ep was maximal.
Qcavg+ Consumed phase fundamental capacitive reactive power (Qfundcap:’,
Qc+ avg+ qundcap2+1 qundcap3+)
Positive sequence of total capacitive fundamental consumed reactive
Qcavg-  power (Q'wr)
Qc+avg- Generated phase fundamental capacitive reactive power (Qfundcap:’,
Qfundcapz, Qfundcaps)
Positive sequence of total capacitive fundamental generated reactive
power (Q"ot")
Shown fundamental capacitive reactive power is averaged over chosen
time interval (key: F2)
e TOT - shows total average (for complete record) fundamental
capacitive reactive power
e LAST - shows average fundamental capacitive reactive power in
the last interval
e MAX — shows average fundamental capacitive reactive power in
interval where Ep was maximal.
Sn avg Phase nonfundamental apparent power (SNni, SN2, SNs)
Senavg Total effective nonfundamental apparent power (Sen).
Shown nonfundamental apparent power is averaged over chosen time
interval (key: F2)
e TOT — shows total average (for complete record) of nonfundamental
apparent power
e LAST - shows average nonfundamental apparent power in the last
interval
e MAX — shows average nonfundamental apparent power in interval
where Ep was maximal.
Su Fundamental unbalanced power, according to the IEEE 1459-2010
Ep+ Consumed phase (Ep:*, Ep.", Eps") or total (Epy:’) active energy
Ep- Generated phase (Ep:, Ep2’, Eps) or total (Epywt) active energy

Shown active energy depends on chosen time interval (key: F2)
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e TOT - shows accumulated energy for complete record
e LAST - shows accumulated energy in last interval
¢ MAX —shows maximal accumulated energy in any interval

Eq+ Consumed (+) phase (Eq:", Eqg.’, Egs’) or total (Eqw;) fundamental
Eg- reactive energy
Generated (-) phase (Eq:’, EQ., EQ3) or total (Eqw:) fundamental reactive
energy
Shown reactive energy depends on chosen time interval (key: F2)
e TOT - shows accumulated energy for complete record
e LAST - shows accumulated energy in last interval
¢ MAX — shows accumulated reactive energy in interval where Ep
was maximal.
Shows conductor cross section utilisation for chosen time interval
(TOT/LAST/MAX):
Conducto e GREEN colour — represents part of conductor cross section
_Is (wire) used for active energy transfer (Ep)
utilisation

e RED colour — represents part of conductor cross section
(wire) used for fundamental reactive energy transfer (Eq)

e BLUE colour — represents part of conductor cross section
(wire) used for nonfundamental (harmonic) apparent energy
transfer (SN)

e BROWN colour — represents unbalanced power (Sy) portion
flowing in polyphase system in respect to phase power flow.

Date End time of shown interval.
Max. Shows three intervals where measured active power was maximal.
Power

Demand

Table 3.21: Keys in Energy (TREND) screens

VIEW

TOT LasT MAX

Switches between Consumed (+) and Generated (-) energy
view.

Shows parameters for complete record duration

ToT LAST MAX  Shows parameters for last (complete) recorded interval

TorLasTtMAX  Shows parameters for interval, where active energy was
maximal

losarT Shows energy records for phase L1.
123AT Shows energy records for phase L2.

12347 Shows energy records for phase L3.
123 A7 Shows all phases energy records.
1234T Shows energy records for Totals.
METER Switches to METER view.

TREND Switches to TREND view.
EFF Switches to EFFICIENCY view.

Returns to the “MEASUREMENTS” submenu.
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3.8 Harmonics / interharmonics

Harmonics presents voltage and current signals as a sum of sinusoids of power
frequency and its integer multiples. Sinusoidal wave with frequency k-times higher than
fundamental (k is an integer) is called harmonic wave and is denoted with amplitude
and a phase shift (phase angle) to a fundamental frequency signal. If a signal
decomposition with Fourier transformation results with presence of a frequency that is
not integer multiple of fundamental, this frequency is called interharmonic frequency and
component with such frequency is called interharmonic. See 5.1.7 for details.

3.8.1 Meter

By entering HARMONICS option from Measurements submenu the tabular
HARMONICS (METER) screen is shown (see figure below). In this screens voltage and
current harmonics or interharmonics and THD are shown.

HARMONICS: A (OUETTRYE T INTERHARM.: A @i 00:10
V, A w1 O & @& vz a8 v,Aa wh O ¢ €©& v G
RMS| 230.3 497.6 229.9 740.4 2299 087.2] [RMS| 230.3 497.6 2299 740.4 229.9 987.1
THD | 14.16 61.43 0.8 07411 048 0.742 |THD | 44.15 61.45 0.48 0.738 0.7 0.675

k 1.4 1.0 1.0 |iho 0.00 0.0 0.00 0.0 0.00 0.0
11 0.00 1.220 0.02 0.0 1.18 1.095 |ih1 0.00 0.0 0.00 0.0 0.00 0.0
h 1 229.6 493.3 229.6 739.7 229.6 986.2 |ih2 0.04 0.079 0.04 0.100 0.04 0.141

h 2 0.00 0.0 0.00 0.0 0.00 0.0 |ih3 0.05 0.100 0.04 0.186 0.05 0.223

HoLD || WVIEW |[i:3w A|[ BAR | | HoOD | WVIEW |[:i::5u A|[ BAR

Figure 3.30: Harmonics and interharmonics (METER) screens

Description of symbols and abbreviations used in METER screens are shown in table
below.

Table 3.22: Instrument screen symbols and abbreviations

RMS RMS voltage / current value

THD Total voltage / current harmonic distortion THDy and THD, in % of
fundamental voltage / current harmonic or in RMS V, A.

k k-factor (unit-less) indicates the amount of harmonics that load
generate

DC Voltage or current DC component in % of fundamental voltage /
current harmonic or in RMS V, A.

h1 ... h50 n-th harmonic voltage Uh, or current lh, component in % of
fundamental voltage / current harmonic or in RMS V, A.

ihO ... ih50 n-th interharmonic voltage Uih, or current lih, component in % of

fundamental voltage / current harmonic or in RMS V, A.

Table 3.23: Keys in Harmonics / interharmonics (METER) screens

Holds measurement on display. Hold clock time will be
HOLD . : .
displayed in the right top corner.
RUN Runs held measurement.
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Switches view between Harmonics and Interharmonics.
Switches units between:

e RMS (Volts ,Amperes)
e 9% of fundamental harmonic

Keys in VIEW window:

VIEW =

. . Selects option.

@ Confirms selected option.

Exits selection window without
change.

ESC

Selects between single phase, neutral, all-phases and line
harmonics / interharmonics view.

l23n4 Shows harmonics / interharmonics components for phase L1.
123N A Shows harmonics / interharmonics components for phase L2.
123N4 Shows harmonics / interharmonics components for phase L3.

Shows harmonics / interharmonics components for neutral

123N &
channel.

Laan A Shows harmonics / interharmonics components for all phases
on single screen.

Shows harmonics / interharmonics components for phase

12 23314 L12.

Shows harmonics / interharmonics components for phase
12 23314

L23.

Shows harmonics / interharmonics components for phase
122331a

L31.
12 2331 A Shows harmonics / interharmonics components for phase-to-

phase voltages.

METER Switches to METER view.
BAR Switches to BAR view.

Switches to AVG (average) view (available only during

4
A recording).

TREND Switches to TREND view (available only during recording).

Shifts through harmonic / interharmonic components.

200 @

Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.
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3.8.2 Histogram (Bar)

Bar screen displays dual bar graphs. The upper bar graph shows instantaneous voltage
harmonics and the lower bar graph shows instantaneous current harmonics.

HARMONICS: L1 ©i 1 00:58

w1EL iy

U1 ho?D) ||
4.59v

u ........... S i

| HoLD || VI.EW 1114235 n | Ave |

Figure 3.31: Harmonics histogram screen

Description of symbols and abbreviations used in BAR screens are shown in table
below.

Table 3.24: Instrument screen symbols and abbreviations

Ux hO1 ... h50 Instantaneous voltage harmonic / interharmonic component in Vgrus
and in % of fundamental voltage

IXx hO1 ... h50 Instantaneous current harmonic / interharmonic component in Agrus
and in % of fundamental current

Ux DC Instantaneous DC voltage in V and in % of fundamental voltage

Ix DC Instantaneous DC current in A and in % of fundamental current

Ux THD Instantaneous total voltage harmonic distortion THDy in V and in %
of fundamental voltage

IXx THD Instantaneous total current harmonic distortion THD, in Agrus and in

% of fundamental current

Table 3.25: Keys in Harmonics / interharmonics (BAR) screens

HOLD Holds measurement on display.
RUN Runs held measurement.

Switches view between harmonics and interharmonics.

Keys in VIEW window:

VIEW . . Selects option.

Confirms selected option.

Exits selection window without

ESC
change.
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Selects between single phases and neutral channel
harmonics / interharmonics bars.

123N Shows harmonics / interharmonics components for phase L1.
123N Shows harmonics / interharmonics components for phase L2.
123N Shows harmonics / interharmonics components for phase L3.
123N Shows harmonics / interharmonics components for neutral
channel.
12 Shows harmonics / interharmonics components for phase
2331
L12.
Shows harmonics / interharmonics components for phases
12 2331
L23.
Shows harmonics / interharmonics components for phases
12 2331
L31.
METER Switches to METER view.
BAR Switches to BAR view.
AVG Switches to AVG (average) view (available only during
recording).
TREND Switches to TREND view (available only during recording).

D
v»

Scales displayed histogram by amplitude.

‘. Scrolls cursor to select single harmonic / interharmonic bar.

@ Toggles cursor between voltage and current histogram.

Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.

3.8.3 Harmonics Average Histogram (Avg Bar)

During active GENERAL RECORDER, Harmonics average histogram AVG view is
available (see section 3.14 for instructions how to start GENERAL RECORDER). In this
view average voltage and current harmonic values are shown (averaged from beginning
of the recording to the current moment). Harmonics average histogram screen displays
dual bar graphs. The upper bar graph shows average voltage harmonics and the lower
bar graph shows average current harmonics.
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@4t ouss

01.Jan.2000 (wTE07310
00:06:30

AL e
[ | wviIEw |[1 : 3 w || TREND

Figure 3.32: Harmonics average histogram screen

Description of symbols and abbreviations used in AVG screens are shown in table

below.

Table 3.26: Instrument screen symbols and abbreviations

Ux hO1 ... h50 Average voltage harmonic / interharmonic component in Vgus and in
% of fundamental voltage (from beginning of the recording)

Ix hO1 ... h50 Average current harmonic / interharmonic component in Agus and in
% of fundamental current

Ux DC Average DC voltage in V and in % of fundamental voltage

Ix DC Average DC current in A and in % of fundamental current

Ux THD Average total voltage harmonic distortion THDy in V and in % of
fundamental voltage

IXx THD Average total current harmonic distortion THD, in Agrms and in % of

fundamental current

Table 3.27: Keys in Harmonics / interharmonics (AVG) screens

VIEW

Switches view between harmonics and interharmonics.

Keys in VIEW window:

‘ . Selects option.

Confirms selected option.

Exits selection window without

ESC
change.

123N
123N
123N
123N

Selects between single phases and neutral channel
harmonics / interharmonics bars.

Shows harmonics / interharmonics components for phase L1.
Shows harmonics / interharmonics components for phase L2.
Shows harmonics / interharmonics components for phase L3.
Shows harmonics / interharmonics components for neutral
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channel.
Shows harmonics / interharmonics components for phase
12 2331
L12.
Shows harmonics / interharmonics components for phases
12 2331
L23.
Shows harmonics / interharmonics components for phases
122331
L31.
METER Switches to METER view.
BAR Switches to BAR view.
AVG Switches to AVG (average) view (available only during
recording).
TREND Switches to TREND view (available only during recording).

D
»

Scales displayed histogram by amplitude.

.. Scrolls cursor to select single harmonic / interharmonic bar.

@ Toggles cursor between voltage and current histogram.

Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.

3.8.4 Trend

During active GENERAL RECORDER, TREND view is available (see section 3.14 for
instructions how to start GENERAL RECORDER). Voltage and current harmonic /

interharmonic componen
AVG-TREND).

14.Hov. 2013

10:05:0
Uho5

=2.59v

I8.749a

18h 40m 005

HARMONICS:TREND L1 @1 17:53

ts can be observed by cycling function key F4 (METER-BAR-

BT R |
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INTERHARMONIC §:TRE @ 17:53

18.Hov.2013 1,885 d1w
23:30:00

Uih03
=0.07

X0.06 Zdsdiy

............................... T

T wvew K i:snl 1

Figure 3.33: Harmonics and interharmonics trend screen

Table 3.28: Instrument screen symbols and abbreviations

ThduU Interval maximal (%) and average () value of total voltage harmonic
distortion THDy, for selected phase

Thdl Interval maximal (%) and average () value of total current harmonic
distortion THD, for selected phase

Udc Interval maximal (X) and average () value of DC voltage component
for selected phase

Idc Interval maximal (&) and average (Z)value of selected DC current

component for selected phase

Uh01...Uuh50 Interval maximal (X) and average () value for selected n-th voltage
Uih01...Uih50 harmonic / interharmonic component for selected phase

Ih01...1hS0 Interval maximal (%) and average (Z)value of selected n-th current
lih01...1h50 harmonic / interharmonic component for selected phase

Table 3.29: Keys in Harmonics / interharmonics (TREND) screens

Switches between harmonics or interharmonics view.

Switches measurement units between RMS V,A or % of
fundamental harmonic.

Selects harmonic number for observing.

Keys in VIEW window:

F2 VIEW _
Selects option.

@ Confirms selected option.

Exits selection window without
change.
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Selects between single phases and neutral channel harmonics /
interharmonics trends.

Shows selected harmonics / interharmonics components for

D2l phase L1.
Shows selected harmonics / interharmonics components for
123N
phase L2.
Shows selected harmonics / interharmonics components for
123N
phase L3.
123N Shows selected harmonics / interharmonics components for
neutral channel.
Shows selected harmonics / interharmonics components for
12 2331
phase to phase voltage L12.
Shows selected harmonics / interharmonics components for
12 2331
phase to phase voltage L23.
122331 Shows selected harmonics / interharmonics components for

phase to phase voltage L31.
METER Switches to METER view.

BAR Switches to BAR view.

AVG Switches to AVG (average) view (available only during
recording).

TREND Switches to TREND view (available only during recording).

‘. Moves cursor and select time interval (IP) for observation.

ESC Returns to the “MEASUREMENTS” submenu.

3.9 Flickers

Flickers measure the human perception of the effect of amplitude modulation on the
mains voltage powering a light bulb. In Flickers menu instrument shows measured
flicker parameters. Results can be seen in a tabular (METER) or a graphical form
(TREND) - which is active only while GENERAL RECORDER is active. See section
3.14 for instructions how to start recording. In order to understand meanings of
particular parameter see section 5.1.8.

3.9.1 Meter

By entering FLICKERS option from MEASUREMENTS submenu the FLICKERS tabular
screen is shown (see figure below).
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FLICKERS @1 17:53

| HoLD || il || TREND |

Figure 3.34: Flickers table screen

Description of symbols and abbreviations used in METER screen is shown in table
below. Note that Flickers measurement intervals are synchronised to real time clock,
and therefore refreshed on minute, 10 minutes and 2 hours intervals.

Table 3.30: Instrument screen symbols and abbreviations

Urms True effective value U, U, Uz, Uqs, Uz, Uzg

Pinst,max  Maximal instantaneous flicker for each phase refreshed each 10 seconds

Pst(Imin)  Short term (1 min) flicker Psumin for each phase measured in last minute

Pst Short term (10 min) flicker P for each phase measured in last 10 minutes

Plt Long term flicker (2h) P for each phase measured in last 2 hours

Table 3.31: Keys in Flickers (METER) screen

Holds measurement on display. Hold clock time will be
HOLD ) : .
- displayed in the right top corner.
RUN Runs held measurement.
[S]

F1
METER Switches to METER view.
TREND Switches to TREND view (available only during recording).
@)
Returns to the “MEASUREMENTS” submenu.

Triggers Waveform snapshot.

3.9.2 Trend

During active recording TREND view is available (see section 3.14 for instructions how
to start recording). Flicker parameters can be observed by cycling function key F4
(METER -TREND). Note that Flicker meter recording intervals are determinate by
standard IEC 61000-4-15. Flicker meter therefore works independently from chosen
recording interval in GENERAL RECORDER.
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FLICKERS:TREND L2 @ 17:53

07.5ep.2013 2.880-diy
03:07:59

pstax b

1T [ S ————— —

13h 00m 005

HPSTPLTPSTmi.” 1- 2 3 A H METEER ]

Figure 3.35: Flickers trend screen

Table 3.32: Instrument screen symbols and abbreviations

Pstimil,
Pstim2, . - ,
Pstim3 Maximal (%), average (¥) and minimal () value of 1-minute short
. term flicker Psy1min) for phase voltages U;, U, U; or line voltages
Pstiml2, Uss Use U
Pstlng, 12, 23y 31
Pstim31
Pstl,
Pst2, . - .
Maximal (), average (£) and minimal () value of 10-minutes
Pst3, . :
Pst12 short term flicker Pg for phase voltages U;, U,, Uz or line voltages
; Ui, Ugs, U
PSt23, 12 23 31
Pst31
PIt1,
Plt2, . -
Maximal (X), average (¥) and minimal () value of 2-hours long
PIt3, ; : .
P12 term flicker Py in phase voltages U;, U,, U; or line voltages U,
; Uys, U
PIt23, 2o e
PIt31
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Table 3.33: Keys in Flickers (TREND) screens

Selects between the following options:
Pst pitpstmin -~ Shows 10 min short term flicker Pg;.
pst PIt pstmin Shows long term flicker Py.
pstPit Pstmin ~ Shows 1 min short term flicker Psimin.

Selects between trending various parameters:

1234 Shows selected flicker trends for phase L1.
1234 Shows selected flicker trends for phase L2.
1234 Shows selected flicker trends for phase L3.
A Shows selected flicker trends for all phases (average
32 only).
12 23314 Shows selected flicker trends for phases L12.
12 23314 Shows selected flicker trends for phases L23.
122331a Shows selected flicker trends for phases L31.

Shows selected flicker trends for all phases (average
only).
METER  Switches to METER view.

12 2331 A

TREND  Switches to TREND view (available only during recording).

" Moves cursor and selects time interval (IP) for observation.

Returns to the “MEASUREMENTS” submenu.

3.10 Phase Diagram

Phase diagram graphically represent fundamental voltages, currents and phase angles
of the network. This view is strongly recommended for checking instrument connection
before measurement. Note that most measurement issues arise from wrongly
connected instrument (see 4.1 for recommended measuring practice). On phase
diagram screens instrument shows:

e Graphical presentation of voltage and current phase vectors of the measured

system,
e Unbalance of the measured system.

3.10.1 Phase diagram

By entering PHASE DIAGRAM option from MEASUREMENTS submenu, the following
screen is shown (see figure below).
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PHASE DIAGRAM [_IEE 12:50

=l
#1006, BU div
9. BER-div

aesy o | N .

IE° i
278"

| HoLD || u . || || UNBAL. |

Figure 3.36: Phase diagram screen

Table 3.34: Instrument screen symbols and abbreviations

ul, U2, U3 Fundamental voltages Ufund;, Ufund,, Ufunds with relative phase
angle to Ufund,

U12, U23, U31 Fundamental voltages Ufund;,, Ufund,s, Ufunds; with relative phase
angle to Ufund;,

11,12, 13 Fundamental currents Ifund;, Ifund,, Ifunds with relative phase angle
to Ufund; or Ufundq»

Table 3.35: Keys in Phase diagram screen

Holds measurement on display. Hold clock time will be

HOED displayed in the right top corner.
RUN Runs held measurement.

u i Selects voltage for scal.ing (w.ith cursors).
| U Selects current for scaling (with cursors).
METER Switches to PHASE DIAGRAM view.

UNBAL. Switches to UNBALANCE DIAGRAM view.
TREND Switches to TREND view (available only during recording).

: Scales voltage or current phasors.
Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.

3.10.2 Unbalance diagram

Unbalance diagram represents current and voltage unbalance of the measuring system.
Unbalance arises when RMS values or phase angles between consecutive phases are
not equal. Diagram is shown on figure below.
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UNBALANCE DIAGRAM [_I0E 17:34
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S.BaA-diu

i 223.0v LR
uo..8:37v | 2155
52.5- . - :
............................................................ 12@ a
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HoLD || u . || || METER |
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Figure 3.37: Unbalance diagram screen

Table 3.36: Instrument screen symbols and abbreviations

uo Zero sequence voltage component U°

10 Zero sequence current component 1°

U+ Positive sequence voltage component U*
I+ Positive sequence current component |
U- Negative sequence voltage component U
- Negative sequence current component I’
u- Negative sequence voltage ratio u’

i- Negative sequence current ratio i’

uo Zero sequence voltage ratio u°

i0 Zero sequence current ratio i°

Table 3.37: Keys in Unbalance diagram screens

Holds measurement on display. Hold clock time will be

Scales voltage or current phasors.

Triggers Waveform snapshot.

= O displayed in the right top corner.

RUN Runs held measurement.

U | Shows voltage unbalance measurement and selects voltage
for scaling (with cursors)

| U Shows current unbalance measurement and selects current

for scaling (with cursors)

METER Switches to PHASE DIAGRAM view.
UNBAL. Switches to UNBALANCE DIAGRAM view.

TREND Switches to TREND view (available only during recording).

Returns to the “MEASUREMENTS” submenu.
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3.10.3 Unbalance trend

During active recording UNBALANCE TREND view is available (see section 3.14 for
instructions how to start GENERAL RECORDER).

UNBAL.:TREND ©rm 17:53

0%.5ep.2013 [Z.00%/diy
06:15:59

01d 16h 08m

) oot et tati= ) | || METER |

Figure 3.38: Symmetry trend screen

Table 3.38: Instrument screen symbols and abbreviations

u- Maximal (%), average (¥) and minimal (¥) value of negative
sequence voltage ratio u-
uo Maximal (&), average (¥) and minimal (%) value of zero sequence

voltage ratio u°

i- Maximal (&), average (¥) and minimal (x) value of negative
sequence current ratio i-

i0 Maximal (&), average (£) and minimal () value of zero sequence
current ratio i

U+ Maximal (Z), average (£) and minimal (x) value of positive sequence
voltage U”

U- Maximal (&), average (¥) and minimal (®) value of negative
sequence voltage U

uo Maximal (&), average (£) and minimal () value of zero sequence
voltage U°

I+ Maximal (), average (£) and minimal (x) value of positive sequence
current I

B Maximal (XZ), average (X) and minimal (x) value of negative
sequence current I

10 Maximal (&), average (¥) and minimal (x) value of zero sequence
current |

Table 3.39: Keys in Unbalance trend screens

U+ U- U0 Shows selected voltage and current unbalance
I+ 1- 10 measurement (U*, U, U°, I*, I, 1°, u, u°, i, i°).
u+ u0 i+ i0
METER Switches to PHASE DIAGRAM view.
UNBAL. Switches to UNBALANCE DIAGRAM view.
TREND Switches to TREND view (available only during recording).
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‘. Moves cursor and selects time interval (IP) for observation.

ESC Returns to the “MEASUREMENTS” submenu.

3.11 Temperature

Energy Master instrument is capable of measuring and recording temperature with
Temperature probe A 1354'. Temperature is expressed in both units, Celsius and
Fahrenheit degrees. See following sections for instructions how to start recording. In
order to learn how to set up neutral clamp input with the temperature sensor, see

section 4.2.4.

! Optional accessory

3.11.1 Meter
T 17:34

 +11.40 |
 +52,52

[ Howp || 11 || TREND |

Figure 3.39: Temperature meter screen

Table 3.40: Instrument screen symbols and abbreviations

°Cc Current temperature in Celsius degrees
OF Current temperature in Fahrenheit degrees

Table 3.41: Keys in Temperature meter screen

Holds measurement on display. Hold clock time will be

HOED displayed in the right top corner.

RUN Runs held measurement.
METER Switches to METER view.

Triggers Waveform snapshot.

TREND Switches to TREND view (available only during recording).

Returns to the “MEASUREMENTS” submenu.
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3.11.2 Trend

Temperature measurement TREND can be viewed during the recording in progress.
Records containing temperature measurement can be viewed from Memory list and by
using PC software PowerView v3.0.

Temperature:TREND 100 17:34
29.5ep.2013 [20.0°Codiv
14:09:59

Tx

40.7c

T=

40.6c

40.5c
18m 205 minsdio

1L e = | || METER |

Figure 3.40: Temperature trend screen

Table 3.42: Instrument screen symbols and abbreviations

Maximal (&), average (¥) and minimal (x) temperature value for last

T recorded time interval (IP)

Table 3.43: Keys in Temperature trend screens

- °C % Shows temperature in Celsius degrees.
F2

°cOF Shows temperature in Fahrenheit degrees.
METER Switches to METER view.
TREND Switches to TREND view (available only during recording).
ESC Returns to the “MEASUREMENTS” submenu.

3.12 Underdeviation and overdeviation

Underdeviation and overdeviation parameters are useful when it is important to avoid,
for example, having sustained undervoltages being cancelled in data by sustained
overvoltages. Results can be seen in a tabular (METER) or a graphical form (TREND)
view - which is active only while GENERAL RECORDER is active. See section 3.14 for
instructions how to start recording. In order to understand meanings of particular
parameter see section 5.1.11.

3.12.1 Meter

By entering DEVIATION option from MEASUREMENTS submenu the UNDER/OVER
DEVIATION tabular screen is shown (see figure below).
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UNDER/OVER DEV.

Urms

Uunder

| HoLD || I A 2 || TREND |

Figure 3.41: Underdeviation and overdeviation table screen

Description of symbols and abbreviations used in METER screen is shown in table
below.

Table 3.44: Instrument screen symbols and abbreviations

urms True effective value U1, Uy, Usz, Upo, Usz, Uz

Uunder Instantaneous underdeviation voltage Uynger €Xpressed in voltage and %
of nominal voltage

Uover Instantaneous overdeviation voltage Uoer €Xxpressed in voltage and % of

nominal voltage

Table 3.45: Keys in Underdeviation and overdeviation (METER) screen

Holds measurement on display. Hold clock time will be

LoD displayed in the right top corner.
RUN Runs held measurement.
Selects between trending various parameters
A, Shows under/over deviations measurements for all phase

ﬂ

3 voltages

Shows under/over deviations measurements for all phase to
phase voltages

METER Switches to METER view.
4 TREND Switches to TREND view (available only during recording).

A A

8

Triggers Waveform snapshot.
ESC Returns to the “MEASUREMENTS” submenu.

3.12.2 Trend

During active recording TREND view is available (see section 3.14 for instructions how
to start recording). Underdeviation and overdeviation parameters can be observed by
cycling function key F4 (METER -TREND).
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DEV.: TREND A @ 17:53

07.5ep.2013 2. 868 di
03:07:59

Uunder‘l 3 ._ .................................................... , .................

0.55°% .................................................... .................

13h 00m 00s

[ | [Under ©ver || A A | METEER |

Figure 3.42: Underdeviation and overdeviation TREND screen

Table 3.46: Instrument screen symbols and abbreviations

Uunderl
Uunder2 . L
Uunder3 Interval average () value of corresponding underdewatlon_voltage
UlUnder, U2Under, U3Under, U12Under, U23Under, U31Unden expressed in % of
Uunder12 nominal voltage
Uunder22 '
Uunder31
Uoverl
Uover2 . i
Interval average () value of corresponding overdeviation voltage
Uover3 0
Uoverl? Usovers U2over, Uzover, U120vers U23over, Usiover, €Xpressed in % of
nominal voltage.
Uover23
Uover3l

Table 3.47: Keys in Underdeviation and Overdeviation (TREND) screens

Selects between the following options:
Under over Shows underdeviation trends
under OVer  Shows overdeviation trends

Selects between trending various parameters:
A Shows trends for all phase under/over deviations
A A Shows trends for all lines under/over deviations

METER Switches to METER view.
TREND Switches to TREND view (available only during recording).

‘. Moves cursor and selects time interval (IP) for observation.

EsC Returns to the “MEASUREMENTS” submenu.
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3.13 Signalling

Mains signalling voltage, called “ripple control signal” in certain applications, is a burst of
signals, often applied at a non-harmonic frequency, that remotely control industrial
equipment, revenue meters, and other devices. Before observing signalling
measurements, user should set-up signalling frequencies in signalling setup menu (see
section 3.19.4).

Results can be seen in a tabular (METER) or a graphical form (TREND) - which is
active only while GENERAL RECORDER is active. See section 3.14 for instructions
how to start recording. In order to understand meanings of particular parameter see
section 5.1.8.

3.13.1 Meter

By entering SIGNALLING option from MEASUREMENTS submenu the SIGNALLING
tabular screen is shown (see figure below).

SIGNALLING C_INN 13:45
a, L2

0.06 3.05v

230.5 230.5v

[ noLp || I I ]

Figure 3.43: Signalling meter screen

Description of symbols and abbreviations used in METER screen is shown in table
below.

Table 3.48: Instrument screen symbols and abbreviations

Sigl True effective value signal voltage (Usigi, Usig2, Usiga, Usigiz, Usigzs,

316.0 Hz Usiga1) for a user-specified carrier frequency (316.0 Hz in shown
example) expressed in Volts or percent of fundamental voltage

Sig2 True effective value signal voltage (Usig1, Usig2, Usiga, Usigi2, Usig2a,

1060.0 Hz Usiga1) for a user-specified carrier frequency (1060.0 Hz in shown
example) expressed in Volts or percent of fundamental voltage

RMS True effective value of phase or phase to phase voltage Ugrms (U1, Uy,

Us, U1z, Uas, Usg)

Table 3.49: Keys in Signalling (METER) screen

HOLD Holds measurement on display. Hold clock time will be
displayed in the right top corner.
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RUN Runs held measurement.
METER Switches to METER view.

TREND Switches to TREND view (available only during recording).
TABLE Switches to TABLE view (available only during recording).

Triggers Waveform snapshot.
Esc Returns to the “MEASUREMENTS” submenu.

3.13.2 Trend

During active recording TREND view is available (see section 3.14 for instructions how
to start recording). Signalling parameters can be observed by cycling function key F4
(METER -TREND).

SIGNALLING:TREND L1 @i 17:02

03.Dec.2013 [l.@BU-di
17:01:36

Usig1=)

Figure 3.44: Signalling trend screen

Table 3.50: Instrument screen symbols and abbreviations

Maximal (&), average (¥) and minimal (z) value of (Usg,

Usigl, Usig2, Usig3, Usig2, Usigs, Usig12, Usig2s, Usiga1) signal voltage for a user-

Usigl2, Usig23, Usig31  specified Sigl/Sig2 frequency (Sigl = 316.0 Hz / Sig2 =
1060.0 Hz in shown example).

14.Nov.2013 . .
13:50:00 Timestamp of interval (IP) selected by cursor.
29h 25m 00s Current GENERAL RECORDER time  (Days

hours:min:sec)

Table 3.51: Keys in Signalling (TREND) screen

Selects between the following options:
Shows signal voltage for a user-specified signalling

ke frequency (Sigl).

a2 Shows signal voltage for a user-specified signalling

frequency (Sig2).
Selects between trending various parameters:
1234 Shows signalling for phase 1
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1234 Shows signalling for phase 2
1234 Shows signalling for phase 3
123 A Shows signalling for all phases (average only)

12 23314 Shows signalling for phase to phase voltage L12.
12 23314 Shows signalling for phase to phase voltage L23.
1223314 Shows signalling for phase to phase voltage L31.

Shows signalling for all phase to phase voltages (average
only).

METER Switches to METER view.

TREND  Switches to TREND view (available only during recording).
TABLE Switches to TABLE view (available only during recording).

12 2331 A

‘. Moves cursor and select time interval (IP) for observation.

EsC Returns to the “MEASUREMENTS” submenu.

3.13.3 Table

During active recording TABLE view is available (see section 3.14 for instructions how
to start recording), by cycling function key F4 (METER —TREND - TABLE). Signalling
events can be here observed as required by standard IEC 61000-4-30. For each
signalling event instrument capture waveform which can be observed in PowerView.

SIGNALLING @i 10:04

‘No| L F sig START MAX

0 a0 a0

2 1 1 f1 08.Jan.2016 10:03:29.405

3 08.Jan.2016 10:03:49.412

[ mﬁ. o °“l=[ o z,H=METER |

Figure 3.45: Signalling table screen

Table 3.52: Instrument screen symbols and abbreviations

No Signalling event number

L Phases on which signalling event occurred
Flag indication

= e 0 -none of intervals are flagged

e 1 - atleast one of intervals inside recorded
signalling is flagged
Sig Frequency on which signalling occurred, defined as “Sign.
1” frequency (f1) and “Sign. 2" frequency (f2) in
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SIGNALLING SETUP menu. See 3.19.4 for detalils.
Time when observed Signalling voltage crosses threshold

START

boundary.
MAX Maximal voltage level recorder captured during signalling
events
Level Threshold level in % of nominal voltage Un, defir!ed in
SIGNALLING SETUP menu. See 3.19.4 for details.
Duration Duration of captured waveform, defined in SIGNALLING
SETUP menu. See 3.19.4 for detalils.
f1 1% observed signalling frequency.
f2 2" observed signalling frequency.

Table 3.53: Keys in Signalling (TABLE) screen

METER  Switches to METER view.
TREND  Switches to TREND view (available only during recording).

TABLE Switches to TABLE view (available only during recording).

Moves cursor through signalling table.

T

Esc Returns to the “MEASUREMENTS” submenu.

3.14 General Recorder

Energy Master has ability to record measured data in the background. By entering
GENERAL RECORDER option from RECORDERS submenu, recorder parameters can
be customized in order to meet criteria about interval, start time and duration for the
recording campaign. General recorder setup screen is shown below:

INCLUDE EVENTS On (with waveforms - 2 s)

INCLUDE ALARMS Off

INCLUDE SIGNALLING On

START TIME Manual

DURATION 7 days (36MB)

R« ded. imal record duration: 60 days /60 days
Available memory: > 1 year (6698MB)

| START || || coNFIG || CHECKG. |

Figure 3.46: General recorder setup screen
Description of General recorder settings is given in the following table:

Table 3.54: General recorder settings description and screen symbols

General recorder is active, waiting for start condition to be
G met. After start conditions are met (defined start time),
instrument will capture waveform snapshot and start
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(activate) General recorder.

General recorder is active, recording in progress
Note: Recorder will run until one of the following end
conditions is met:

e STOP key was pressed by user

e Given Duration criteria was met

e Maximal record length was reached

e SD CARD is full
Note: If recorder start time is not explicitly given, recorder
start depends on Real Time clock multiple of interval. For
example: recorder is activated at 12:12 with 5 minute
interval. Recorder will actually start at 12:15.
Note: If during record session instrument batteries are
drained, due to long interruption for example, instrument
will shut down automatically. After power restauration, it
will automatically start new recording session.

Interval

Select General recorder aggregation interval. The smaller
the interval is, more measurements will be used for the
same record duration.

Include events

Select whether events are included in the record.
e On: Record events signatures in table form (see
3.15 for details)
e Off: Events are not recorded

Include alarms

Select whether alarms are included in the record.
e On: Record alarm signatures in table form (see
3.16 for details)
e Off: Alarms are not recorded

Include signalling

Select whether signalling events according to the IEC
61000-4-30 should be included in the record.

events e On: Signalling events included in the record
e Off: Signalling events are not recorded
Define start time of recording:
Start time o Manual,. pres;mg function key F1
e At the given time and date.
Define recording duration. General recorder will record
measurement for given time duration:
Duration e Manual,

e 1,6 o0r12 hours, or
e 1,2,3,7,15, 30, 60 days.

Recommended/maximal
record duration:

Show recommended and maximal Duration parameter for
giver recording Interval.

Available memory

Show SD card free space
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Table 3.55: Keys in General recorder setup screen
START  Starts the recorder.
STOP Stops the recorder.

CONFIG  Shortcut to Connection setup. See 4.2 for details.

CHECK C. Check connection settings. See 3.19.1 for details.

@ Enters recorder starting date/time setup.

Keys in Set start time window:

.. Selects parameter to be changed.

& )
Modifies parameter.
v

@ Confirms selected option.

ESC Exits Set start time window without modifications.

- Selects parameter to be changed.

.. Modifies parameter.

[ Esc ] Returns to the “RECORDERS” submenu.

3.15 Events table

In this table captured voltage dips, swells and interrupts are shown. Note that events
appear in the table after finishing, when voltage return to the normal value. All events
can be grouped according to IEC 61000-4-30. Additionally for troubleshooting purposes
events can be separated by phase. This is toggled by pressing function key F1.

Group view 4

In this view voltage event are grouped according to IEC 61000-4-30 (see section 5.1.11
for details). Table where events are summarized is shown below. Each line in table
represents one event, described by event number, event start time, duration and level.
Additionally in colon “T” event characteristics (Type) is shown (see table below for
details).
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EVENTS @i Jo02:33
Date 01.01.2000
No L START T Level Duration
1 1 02:22:01.240 D 179.92 0h00m4.010s
02:22:17.247 258.83 O0h00m9.990s

p@ hassvase D ber  oneomiaeic

| A pn

| ALL it H

[ STAT |

Figure 3.47: Voltage events in group view screen

By pressing “ENTER” on particular event we can examine event details. Event is split by
phase events and sorted by start time.

EVENTS @i J02:33
n-u u.u 2000
Deamtiog

unnm

1 02:22:39.250 0.06 Oh00m9.990s

5 2  02:22:41.237 D 0.06 OhO0m10.010s

6 3 02:22:41.244 D 1.03 Oh00m10.010s
CE v LR T menmee
______ e e Bt

0

||

Figure 3.48: Voltage event in detail view screen

Table 3.56: Instrument screen symbols and abbreviations

Date

Date when selected event has occurred

No.

Unified event number (ID)

L

Indicate phase or phase-to-phase voltage where event has occurred:
1 — event on phase U;
2 —event on phase U,
3 — event on phase U;
12 — event on voltage Ui,
23 — event on voltage U,z
31 — event on voltage Us;
Note: This indication is shown only in event details, since one grouped
event can have many phase events.

Start

Event start time (when first Urms(1/2)) value crosses threshold.

Indicates type of event or transition:

D - Dip
| — Interrupt
S — Swell

Level

Minimal or maximal value in event Upjp, Ujnt, Uswell

Duration

Event duration.
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Table 3.57: Keys in Events table group view screens

A py Group view is shown. Press to switch on “PHASE” view.
A PH Phase view is shown. Press to switch on “GROUP” view.

Shows all types of events (dips and swell). Interrupts are
treated as special case of voltage dip event. START time and
Duration in table is referenced to complete voltage event.

EVENTS @i 03:01

Date 01.01.2000
No L START T Level Duration
1 1 02:22:01.240 D 179.92  0h00m4.010s
ALLRE oot REEE 2
02:22:17.247 258.83  0h00m9.990s
"m 02:22:39.240 u 0h00m12.013s
123 02:39:45.237 0.06 0h00m14.017s
| A en. |[ ALL wr || || STAT

Shows poly-phase voltage interrupts only, according to the
IEC 61000-4-30 requirements. START time and Duration in
table is referenced to voltage interrupt only.

EVENTS @i Jo02:48

'M 01.01.2000
o R AT
123 02:39:47.254 0h00m7.987s
A en. || a INT || || STAT

Shows event statistics (by phases).

EVENTS @ mm 17:53

U L2 (L3

(U I 229.0 230.5 230.5v ]

EVENTS

START: 01.0ct.2013 09:40:05.605
Cumr. @ 01.0ct.2013 09:40:37.606

[ I i | [ EVENTS |

EVENTS Returns to “EVENTS” view.

- Selects event.
P
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@ Enters detail event view.

Returns to Events table group view screen.
Returns to “RECORDERS” submenu.

ESC

Phase view

In this view voltage events are separated by phases. This is convenient view for
troubleshooting. Additionally user can use filters in order to observe only particular type
of event on a specific phase. Captured events are shown in a table, where each line
contains one phase event. Each event has an event number, event start time, duration
and level. Additionally in colon “T” type of event is shown (see table below for details).

EVENTS @1 17:53

Date 13.09.2013

No L START T Level Duration
1 1  08:42:18.048 D 135.64 Oh00m0.060s
e 2 ............... 1 ........ e T o e T TR
B D 08:42:28.048 D 135.64  Oh0OOmO.060s |
nmnm
12 08:42:32.045 135.63 Oh00m0.090s
- G ............. i R D ............... e T PP
B ST e T o reaee T PP
[ A e ] I [ sTAT |

Figure 3.49: Voltage events screens

You can also see details of each individual voltage event and statistics of all events.
Statistics show count registers for each individual event type by phase.

Table 3.58: Instrument screen symbols and abbreviations

Date Date when selected event has occurred
No. Unified event number (ID)
L Indicate phase or phase-to-phase voltage where event has occurred:

1 — event on phase U;
2 — event on phase U,
3 — event on phase U;
12 — event on voltage Ui,
23 — event on voltage Uys
31 — event on voltage Us;

Start Event start time (when first Urms(1/2)) value crosses threshold.
T Indicates type of event or transition:

D -Dip

| — Interrupt

S — Swell
Level Minimal or maximal value in event Upp, Ujnt, Uswell

Duration Event duration.
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Table 3.59: Keys in Events table phase view screens

A py

.

Group view is shown. Press to switch on “PHASE” view.

Phase view is shown. Press to switch on “GROUP”
view.

A DIP INT SWELL

A DIP INT sWELL

ﬂ
N

A pip INT sweLL
A pipINT SWELL

Filters events by type:
Shows all event types.
Shows dips only.
Shows interrupts only.
Shows swells only.

Filters events by phase:

lo37 Shows only events on phase L1.
12371 Shows only events on phase L2.
- 1237 Shows only events on phase L3.
kS 123T Shows events on all phases.
12 23317 Shows only events on phases L12.
1223311 Shows only events on phases L23.
1223317 Shows only events on phases L31.
122331T Shows events on all phases.
Shows event summary (by types and phases).
@ 173
i L L2 ) (13
(v I 220.0 230.5 230.5v ]
STAT s v w 7
Dip: 5 5 5
Int: 0 0 0
START: 01.0ct2013 09:40:05.605
Cuwrr. @ 01.0cL2013 09:40:37.606
[ J I | EVENTS |
EVENTS Returns to EVENTS view.

Selects event.

Enters detail event view.

Returns to Events table phase view screen.
Returns to the “RECORDERS” submenu.

ESC

3.16 Alarms table

This screen shows list of alarms which went off. Alarms are displayed in a table, where
each row represents an alarm. Each alarm is associated with a start time, phase, type,
slope, min/max value and duration (see 3.19.3 for alarm setup and 5.1.13 for alarm

measurement details).
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@ 17:53
Date 13.09.2013
START Slope Min/Max Duration
n-mm
08:38:31.799 Rise 681.2 KW 52.400 sec
08:40:00.199 T P+ Rise 302.0 KW 12,000 sec
08:40:46.199 1 Uh3 Rise 9.83% 15.800 sec
08:41:16.399 1 1 Rise 900.1A 15.600 sec
08:41:16.399 T P+ Rise 260.2 KW 15.800 sec

[ | [Autpwrriicks] [1z3n 1 A || |

Figure 3.50: Alarms list screen

Table 3.60: Instrument screen symbols and abbreviations

Date Date when selected alarm has occurred
Start Selected alarm start time (when first Ugrms Value cross threshold)
L Indicate phase or phase-to-phase voltage where event has occurred:

1 — alarm on phase L;
2 — alarm on phase L,
3 —alarm on phase L3
12 —alarm on line L1,
23 —alarm on line L3
31 —alarm on line Lj;

Slope Indicates alarms transition:
e Rise — parameter has over-crossed threshold
e Fall — parameter has under-crossed threshold

Min/Max Minimal or maximal parameter value during alarm occurrence

Duration Alarm duration.

Table 3.61: Keys in Alarms table screens

Filters alarms according to the following
parameters:

A urc.pwrF. Pwr NEPwr  All alarms.
Flick Sym H iH Sig Temp
A UIF c.pwrF.Pwr NF.Pwr  Voltage alarms.
Flick Sym H iH Sig Temp
A urC. Pwrr.pwr NF.Pwr  Combined power alarms.

Flick Sym H iH Sig Temp
A uFc.pwr F. Pwr nF.pwr - Fundamental power alarms.
Flick Sym H iH Sig Temp
A uFc.pwrF.Pwr NF. Pwr Nonfundamental power alarms.
Flick Sym H iH Sig Temp
A UIF C. Pwr F. Pwr NF. Pwr Flicker alarms.
Flick Sym H iH Sig Temp

A UIF C. Pwr F. Pwr NF. Pwr Unbalance alarms.
Flick Sym H iH Sig Temp
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A UIF C. Pwr F. Pwr NF. Pwr
Flick Sym Hin Sig Temp
A UIF C. Pwr F. Pwr NF. Pwr
Flick Sym H iH Sig Temp
A UIF C. Pwr F. Pwr NF. Pwr
Flick Sym H iH Slg Temp
A UIF C. Pwr F. Pwr NF. Pwr
Flick Sym HiH Sig Temp

Harmonics alarms.

Interharmonics alarms.

Signalling alarms.

Temperature alarms.

123N122331TA
123N122331TA

123 N122331T A
123N 122331 T A
123N122331T A
123N122331T A
123N122331 T4

123N122331 T A

123N122331TA

Filters alarms according to phase on which

they occurred:

Shows only alarms on phase L1.

Shows only alarms on phase L2.
Shows only alarms on phase L3.

Shows only alarms on neutral channel.
Shows only alarms on phases L12.

Shows only alarms on phases L23.
Shows only alarms on phases L31.

Shows only alarms on channels which are not

channel dependent
Shows all alarms.

Selects an alarm.

ESC

Returns to the “RECORDERS” submenu.

3.17 Rapid voltage changes (RVC) table

In this table captured RVC events are shown. Events appear in the table after finish,
when voltage is in the steady state. RVC events are measured and represented
according to IEC 61000-4-30. See 5.1.14 for details.

RVC © 1T 11436
(No | L START Duration dUmax dUss
1 | 1 07.0ct.2015 14:30:07.842 | 0.010s | 10.0V
2 | 2 07.0ct.2015 14:33:52.839  0.010s 8.0V 1.1V
3 | 3 07.0ct.2015 14:34:30.835  0.010s  20.0V  20.0V
4 | 3 07.0c£.2015 14:36:10.836  0.010s  15.0¥ 44.9V
5 | 1 07.0ct.2015 14:36:28.832  0.010s  20.0V  20.0V
STAT

Figure 3.51: RVC Events table group view screen
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Table 3.62: Instrument screen symbols and abbreviations

No. Unified event number (ID)

L Indicate phase or phase-to-phase voltage where event has occurred:
1 — event on phase U;
2 —event on phase U,
3 — event on phase U;
12 — event on voltage U;»
23 — event on voltage Uzz
31 — event on voltage Us;

Start Event start time (when first Urms(1/2)) value crosses threshold.
Duration Event duration.
dMax AUmax - maximum absolute difference between any of the Ugrmsus)

values during the RVC event and the final arithmetic mean 100/120
Urms(1/2) Value just prior to the RVC event.

dUss AUss - is the absolute difference between the final arithmetic mean
100/120 Urms(12) Value just prior to the RVC event and the first arithmetic
mean 100/120 Urmsq/2) Value after the RVC event.

Table 3.63: Keys in RVC Events table group view screens

Shows event statistics (phase by phase).

RVC © 11 15:16
@& [ L2 ] (3)
v | 209.5 238.0 209.9 v )
Il RVC |
STAT [%ﬁ[ ............. | ” _____________ — MR R |
RVC
RVC Returns to RVC Events table group view screen.

Selects RVC Event.

Returns to RVC Events table group view screen.
Returns to “RECORDERS” submenu.

3.18 Memory List

Using this menu user can view and browse saved records. By entering this menu,
information about records is shown.
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MEMORY LIST

Record No. 1/3

[_I0E 17:34

FILE NAME
TYPE
INTERWAL
START
END

SIZE

| WIEW || CLEAR ||USB STICK|| CLRALL

Figure 3.52: Memory list screen

Table 3.64: Instrument screen symbols and abbreviations

Selected record number, for which details are shown / Number of all
records.

Record name on SD Card. By convention file names are created by
following rules: Rxxxxyyy.REC, where:
e xxxx if record number 0000 + 9999

FILE NAME e yyy represent record type
o SNP - waveform snapshot
o GEN - general record. General record generates also
AVG, EVT, PAR, ALM, SEL files, which can be found
on SD Card and are imported into PowerView.

Indicates type of record, which can be one of following:

Record No

Type e Snapshot,
e General record.
Interval General record recording interval (integration period)
Duration Record duration
Start General record start time.
End General record stop time.
Size Record size in kilobytes (kB) or megabytes (MB).

Table 3.65: Keys in Memory list screen

VIEW Views details of currently selected record.
CLEAR Clears selected record.
USB STICK Enable USB memory stick support.
COPY Copy current record to USB memory stick.
Opens confirmation window for clearing all saved
records.
CLR ALL

Keys in confirmation window:

.. Selects YES or NO.
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@ Confirms selection.

s Exits confirmation window without
clearing saved records.

.. Browses through records (next or previous record).
Returns to the “RECORDERS” submenu.

3.18.1 General Record

This type of record is made by GENERAL RECORDER. Record front page is similar to
the GENERAL RECORDER setup screen, as shown on figure below.

MEMORY LIST [N 17:34

Record No. 1.3

FILE NAME
TYPE
INTERVAL
START
END

SIZE

[ wiew || cLEarR || || cLRALL |

Figure 3.53: Front page of General record in MEMORY LIST menu

Table 3.66: Recorder settings description

Record No. Selected record number, for which details are shown.
FILE NAME Record name on SD Card

Type Indicate type of record: General record.
Interval General record recording interval (integration period)
Start General record start time.
End General record stop time.
Size Record size in kilobytes (kB) or megabytes (MB).

Table 3.67: Keys in General record front page screen

VIEW Switches to the CHANNELS SETUP menu screen.

Particular signal groups can be observed by pressing
on F1 key (VIEW).
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I 1748
POWER

ENERGY

FLICKERS

UHNBAL.

HARMOHMICS

TEMPERATURE

SIGNALLING v
| wviEw || I I |

Keys in CHANNELS SETUP menu screen:

- Selects particular signal group.

Enters particular signal group

@ (TREND view).

ESC Exits to MEMORY LIST menu.

CLEAR Clears the last record. In order to clear complete
memory, delete records one by one.

Opens confirmation window for clearing all saved
records.

Keys in confirmation window:

F4 CLR ALL ‘. Selects YES or NO.

Confirms selection.

Exits confirmation window without
clearing saved records.

Browses through records (next or previous record).

ESC

Selects parameter (only in CHANNELS SETUP menu).

ESC Returns to the “RECORDERS” submenu.

By pressing VIEW, in CHANNELS SETUP menu, TREND graph of selected
channel group will appear on the screen. Typical screen is shown on figure below.

e
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U,L,ETREND A [R] T 17:48

10.May.2013 (*106U/diy -

12:08:60

U1E

.252.0v

U2¥

304.1v ; : | ¢

..................... /7 )

| §2.29y |-t X ‘\ .

38m 00s 18min/div ',‘ H
U 1 123N A

Figure 3.54: Viewing recorder U,I,f TREND data

Table 3.68: Instrument screen symbols and abbreviations

[R] Memory list recall. Shown screen is recalled from memory.

| Indicates position of the cursor at the graph.

U1, U2, U3: Maximal (&), average (£) and minimal (x) recorded value of phase
voltage Uirms, U2rms, Usrms, fOr time interval selected by cursor.

U12, U23, Maximal (&), average (£) and minimal () recorded value of phase-to-

U31: phase voltage Uizrms, U2srms, Usirms fOr time interval selected by
' cursor.

Io: Maximal (&), average (£) and minimal (x) recorded value of current
P l1rRms, l2rms: I3rRms: INrRms, fOF time interval selected by cursor.

38m 00s Time position of cursor regarding to the record start time.

10.May.2013 Time clock at cursor position.
12:08:50

Table 3.69: Keys in Viewing recorder U,l,f TREND screens

Selects between the following options:

Uifulun Shows voltage trend.
ulfuun Shows current trend.
uifuun Shows frequency trend.
uttU,lun Shows voltage and current trends (single mode).
urtu U/ Shows voltage and current trends (dual mode).
Selects between phase, neutral, all-phases and view:
lo3na Shows trend for phase L1.
123N4A Shows trend for phase L2.
123N4 Shows trend for phase L3.
123N A Shows trend for neutral channel.
123N A Shows all phases trends.
12 23314 Shows trend for phases L12.
12 23314 Shows trend for phases L23.
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122331A Shows trend for phases L31.
1223310 Shows all phase to phase trends.

.. Moves cursor and select time interval (IP) for observation.

ESC Returns to the “CHANNELS SETUP” menu screen.

Note: Other recorded data (power, harmonics, etc.) has similar manipulation principle
as described in previous sections of this manual.

3.18.2 Waveform snapshot
This type of record can be made by using key (press and hold « key).

MEMORY LIST 0N 17:34
Record No. 4/4

FILE NAME
TYPE
START
SIZE

| wvIEwW || CLEAR || || CLRALL |

Figure 3.55: Front page of Snapshot in MEMORY LIST menu

Table 3.70: Recorder settings description

Record No. Selected record number, for which details are shown.
FILE NAME Record name on SD Card

Indicate type of record:

T
ype e Snapshot.

Start Record start time.

Size Record size in kilobytes (kB).

Table 3.71: Keys in Snapshot record front page screen

Switches to CHANNELS SETUP menu screen.

VIEW Particular signal group can be observed by pressing on F1
key (VIEW).
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I 1740
POWER

ENERGY

FLICKERS

UNBAL.

HARMONICS

TEMPERATURE

SIGHALLING v
| wiEw || i i ]

Keys in CHANNELS SETUP menu screen:

Selects particular signal group.

Enters particular signal group
(METER or SCOPE view).

ESC Exits to MEMORY LIST menu.

CLEAR Clears the last record. In order to clear complete memory,
delete records one by one.
Opens confirmation window for clearing all saved records.

Keys in confirmation window:

CLR ALL ‘.

ESC

Selects YES or NO.

Confirms selection.

Exits confirmation window without
clearing saved records.

.. Browses through records (next or previous record).

ESC Returns to the “RECORDERS” submenu.

By pressing VIEW in CHANNELS SETUP menu METER screen will appear.
Typical screen is shown on figure below.

RIC8 17:40
uL 220.2 2252 215.2v

Thdu 4.54 0.10 0.11%

IL 500.0 400.0 300.0a 0.858a
Thdl 0.0 0.068 0.083% 7.756%

f ~ 50.00 Hz

| _HOLD || |l123n A al| SCOPE

Figure 3.56: U,l,f meter screen in recalled snapshot record
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Note: For more details regarding manipulation and data observing see previous
sections of this manual.

Note: WAVEFORM SNAPSHOT is automatically created at the start of GENERAL
RECORDER.

3.19 Measurement Setup submenu

From the “MEASUREMENT SETUP” submenu measurement parameters can be
reviewed, configured and saved.

MEAS. SETUP t 108 15:32
CONNECTION SETUP EVENT SETUP ALARM SETUP
(@ L
SIGNALLING SETUP RYC SETUP

Figure 3.57: MEASUREMENT SETUP submenu

Table 3.72: Description of Measurement setup options

Connection setup Setup measurement parameters.

Event setup Setup event parameters.

Alarm setup Setup alarm parameters.

Signalling setup Setup signalling parameters.

RVC setup Setup “Rapid voltage changes” (RVC) parameters.

Table 3.73: Keys in Measurement setup submenu screen

. ' Selects option from the “MEASUREMENT SETUP” submenu.

@ Enters the selected option.

ESC

Returns to the “MAIN MENU” screen.

3.19.1 Connection setup

In this menu user can setup connection parameters, such as nominal voltage,
frequency, etc. After all parameters are provided, instrument will check if given
parameters complies with measurements. In case of incompatibility instrument will show
Connection check warning (X) before leaving menu.
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CONNECTION SETUP i ]os:08

Nominal voltage L-N

Phase Curr. Clamps
Neutral Curr. Clamps
Connection

Synchronization

Connection check
Factory reset

Figure 3.58: “CONNECTION SETUP” screen

Table 3.74: Description of Connection setup

Set nominal voltage. Select voltage according to the
network voltage. If voltage is measured over potential
transformer then press ENTER for setting transformer
parameters:

1 | 'ED)

( 10.87kV 10.94kV 10.94kV ]

Nominal voltage L-N 10.0kV

Voltage ratio ~  |100:4¢
A= A L 1

Nominal voltage

Voltage ratio: Potential transformer ratio A <> 4:

Transformer type Additional
Primary | Secondary | Symbol | transformer ratio
Delta Star A=A 1 / 3

Star Delta LA V3

Star Star A A 1

Delta Delta A~ A 1

Note: Instrument can always measure accurately at up
to 150% of selected nominal voltage.

Phase Curr. Clamps Selects phase clamps for phase current measurements.
Neutral Curr. Clamps
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Select Clamps

Smart clamps

Custom

A1120 (30A, 300A, 3000A) v

Note: For Smart clamps (A 1227, A 1281) always select
“Smart clamps”.
Note: Use “None" option for voltage measurements
only.
Note: See section 4.2.3 for details regarding further
clamps settings.
Method of connecting the instrument to multi-phase
systems (see 4.2.1 for details).

e 1W: 1-phase 3-wire system;

Connection

Connection

_] [1w2W3w4w0p

-phase 3-wire system;
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e 4W: 3-phase 4-wire system;

(_IEFE 08:03
—_—
U e Q ]
GT"D — — — |— —GND
N T ks
L3 L2*
L3TF

&é & $$£$

| | [rw 2w sw W op| | \

o OpenD 3-phase 2 -wire (Open Delta) system.
[IEEH 08:05

L1

/\F TET

doé i !

( ‘ ‘swawopenﬂ ‘ ‘ [

Synchronization

Synchronlzatlon channel. This channel is used for
instrument synchronization to the network frequency.
Also a frequency measurement is performed on that
channel. Depending on Connection user can select:

o 1W, 2W, 4W: Ul or I1.

e 3W, OpenD: U12, or I1.

System frequency

Select system frequency. According to this setting 10 or
12 cycle interval will be used for calculus (according to
IEC 61000-4-30):

e 50 Hz - 10 cycle interval
e 60 Hz - 12 cycle interval
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Connection check

Check if measurement results comply with given limits.
Measurement will be marked with OK sign (¢) if
measurement results are within following limits:

Voltage: 90% + 110% of nominal voltage

Current: 10% + 110% of nominal current (Current clamp
range)

Frequency: 42.5 + 57.5 Hz for 50Hz and 51 + 69 Hz for
60Hz system frequency

U-l Phase angle: +90°

Voltage and current sequence: 1 —2 -3

Each measurement, which is not within those limits, will
be market with Fail sign (X).

Connection: Consumed __108:57
D (L2 ] (L3, CND

U -/ 229.5 229.8 229.5 v
1 2.500 3.750 5.000 1.567 a
P 0.574 0.862 1.147 KW
Phase 0.0 0.0 0.0 .
Useq | /123 Ptot | 2.583 kW
Iseq | /123 f 49.999 Hz
DATETIME || VIEW || LIMITS

Default parameters

Set factory default parameters. These are:
Nominal voltage: 230V (L-N);

Voltage ratio: 1:1;

Ao Al

Phase current clamps: Smart Clamps;
Neutral current clamps: None;
Connection: 4W;

Synchronization: Ul

System frequency: 50 Hz.

Dip voltage: 90 % Unom

Dip hysteresis: 2 % Uynom

Interrupt voltage: 5 % Unom

Interrupt hysteresis: 2 % Unom

Swell voltage: 110 % Unom

Swell hysteresis: 2 % Unom

Signalling frequencyl: 316 Hz
Signalling frequency2:1060 Hz
Signalling record duration: 10 sec
Signalling threshold: 5 % of nominal voltage
RVC threshold: 3 % of nominal voltage
RVC hysteresis: 25 % of RVC threshold
Clear Alarm setup table
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Table 3.75: Keys in Connection setup menu

Selects Connection setup parameter to be modified.

‘. Changes selected parameter value.

Enters into submenu.
Confirms Factory reset.

ESC Returns to the “MEASUREMENT SETUP” submenu.

3.19.2 Event setup

In this menu user can setup voltage events and their parameters. See 5.1.11 for further
details regarding measurement methods. Captured events can be observed through
EVENTS TABLE screen. See 3.15 and 5.1.11 for detalils.

EVENT SETUP 13:46
Nominal voltage L-N = 230V
Swell Threshold 110.0% (253.0V)
Swell Hysteresis 2%
Dip Threshold 90.0% (207.0v)
Dip Hysteresis 2%
Interrupt Threshold 5.0% (11.5V)
Interrupt Hysteresis 2%
| [ nHere | I |

Figure 3.59: Event setup screen

Table 3.76: Description of Event setup

Nominal voltage Indication of type (L-N or L-L) and value of nominal voltage.
Swell Threshold Set swell threshold value in % of nominal voltage.
Swell Hysteresis Set swell hysteresis value in % of nominal voltage.

Dip Threshold Set dip threshold value in % of nominal voltage.

Dip Hysteresis Set dip hysteresis value in in % of nominal voltage.

Interrupt Threshold Set interrupt threshold value in % of nominal voltage.
Interrupt Hysteresis  Set interrupt hysteresis in % of nominal voltage.

Table 3.77: Keys in Event setup screen

HELP Shows help screens for Dip, Swell and Interrupt. See
5.1.12 for details.
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EVENT HELP i 102:24

Voltage Dip Nominal
Voltage
Urms(1/2) Dip Duration J 9
>
e

Hysteresis
Time
Dip 0V ;
Threshold Start Time A EndTime
 PREV || NEXT || | |

EVENT HELP i 102:24

Voltage Swell

Urms(1/2) Swell Duration -
Swell
Threshold
\ Hysteresis . Time
Nominal | Jf- __________ —
Voltage ,' - ' =
Start Time End Time
| PREV || NEXT || I |
EVENT HELP i 102:25
Voltage Interrupt >
Urms(112) ¢ nterrupt Duration _, — 1
/ Hysteresis Level
Interrupt by
Threshold /X start Time A EndTime

| PREV || NEXT || | |

Keys in CHANNELS SETUP menu screen:

PREV Previous help screen

NEXT Next help screen

.. Move between help screens.
[ EsC

Move back to EVENT SETUP
screen

Selects Voltage events setup parameter to be modified.

.. Changes selected parameter value.

Returns to the “MEASUREMENT SETUP” submenu.
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3.19.3 Alarm setup

Up to 10 different alarms, based on any measurement quantity which is measured by
instrument, can be defined. See 5.1.13 for further details regarding measurement
methods. Captured events can be observed through ALARMS TABLE screens. See
3.16 and 5.1.13 for details.

ALARM SETUP 100 17:34 ALARM SETUP C_I0E 17:34
Quantity Phase Cond. Level Duration Quantity Phase ppf Duration

P+ TOT = 230.0 kW =200 ms P+ TOT

8.00 % =200 ms UhS L1

Uh5 L1 =
Lt L UL > L 05208 200 ms | T

Symetry
Harmonics
Interharmonics|
SIGNALLING
Temperature

| app || RemovE || EDIT || ] [ apbp || REmovE |[ EDIT || |

Figure 3.60: Alarm setup screens

Table 3.78: Description of Alarm setup

1% column - Select alarm from measurement group and then
Quantity measurement itself.
(P+ Uh5 | Select grou
on figure above) ﬂ
Flicker
H:!:ms;?{s Select quantity
Interharmonics| Pstmin
SIGNALLING Pst
Temperature Pit
2" column - Select phases for alarms capturing
Phase e L1 - alarms on phase Ly;
(TOT, L1, e L2 —alarms on phase Ly;
on figure above) e L3 - alarms on phase Ls;

e LN —alarms on phase N;

e L12—alarms online Lys;

e |23 —alarms on line Lyg;

e |31 -—alarmon line Lz;

e ALL —alarms on any phase;

e TOT - alarms on power totals or non-phase
measurements (frequency, unbalance).
3 column - Select triggering method:
Condition < trigger when measured quantity is lower than threshold

(“>” on figure above)  (FALL);
> trigger when measured quantity is higher than threshold

(RISE);
4™ column - Threshold value.
Level
5™ column - Minimal alarm duration. Triggers only if threshold is crossed
Duration for a defined period of time.

Note: It is recommended that for flicker measurement,
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recorder is set to 10 min.

Table 3.79: Keys in Alarm setup screens

ADD Adds new alarm.

Clears selected or all alarms:

Select otion
REMOVE Clear selected
Clear all
EDIT Edits selected alarm.

Enters or exits a submenu to set an alarm.

.. Cursor keys. Selects parameter or changes value.

- Cursor keys. Selects parameter or changes value.

Confirms setting of an alarm.
Returns to the “MEASUREMENT SETUP” submenu.

ESC

3.19.4 Signalling setup

Mains signalling voltage, called “ripple control signal” in certain applications, is a burst of
signals, often applied at a non-harmonic frequency, that remotely control industrial
equipment, revenue meters, and other devices.

Two different signalling frequencies can be defined. Signals can be used as a source for
the user defined alarm and can also be included in recording. See section 3.19.3 for
details how to set-up alarms. See section 3.14 for instructions how to start recording.

SIGNALLING SETUP 17:08

Nominal voltage L-N = 230V

SIGN. 1 FREQUENCY 130.0 H:

SIGN. 2 FREQUENCY 110.0 1:
DURATION 1205
TRESHOLD 0.3 % (0.7V)

Figure 3.61: Signalling setup screen

Table 3.80: Description of Signalling setup

Nominal voltage Indication of type (L-N or L-L) and value of nominal
voltage.

SIGN. 1 FREQUENCY 1 observed signalling frequency.

SIGN. 2 FREQUENCY 2" observed signalling frequency.
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DURATION Duration of RMS record, which will be captured after
treshold value is reached.
THRESHOLD Threshold value expressed in % of nominal voltage,

which will trigger recording of signalling event.

Table 3.81: Keys in Signalling setup screen

Enters or exits a submenu to set signalling frequency.

Toggles between given parameters.

Changes selected parameter.

ESC Returns to the “MEASUREMENT SETUP” submenu.

3.19.5 Rapid voltage changes (RVC) setup

RVC is a quick transition in RMS voltage occurring between two steady-state
conditions, and during which the RMS voltage does not exceed the dip/swell thresholds.
An voltage is in a steady-state condition if all the immediately preceding 100/120 Urmsx)
values remain within an set RVC threshold from the arithmetic mean of those 100/120
Urms(x) (100 values for 50 Hz nominal and 120 values for 60 Hz). The RVC threshold is
set by the user according to the application, as a percentage of Unom, Within 1 + 6 %.
See section 5.1.14 for details regarding RVC measurement. See section 3.14 for
instructions how to start recording.

RVC SETUP {100 15:26

Nominal voltage L-N = 230V

RVC Threshold 3.0% (6.9V)
RVC Hysteresis 25 (0.8% 5.2V)

Figure 3.62: RVC setup screen

Table 3.82: Description of RVC setup

Nominal voltage Indication of type (L-N or L-L) and value of nominal
voltage.

RVC THRESHOLD RVC threshold value expressed in % of nominal voltage for
steady state voltage detection.

RVC HYSTERESIS RVC hysteresis value expressed in % of RVC threshold.

Table 3.83: Keys in RVC setup screen

‘ Toggles between given parameters.
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.. Changes selected parameter.

Returns to the “MEASUREMENT SETUP” submenu.

3.20 General Setup submenu

From the “GENERAL SETUP” submenu communication parameters, real clock time,
language can be reviewed, configured and saved.

GENERAL SETUP {100 11:37

BeN & 2)

TIME & DATE LANGUAGE INSTRUMENT INFO

® ®

LOCK/UNLOCK COLOUR MODEL

Figure 3.63: GENERAL SETUP submenu

Table 3.84: Description of General setup options

Time & Date Set time, date and time zone.

Language Select language.

Instrument info Information about the instrument.

Lock/Unlock Lock instrument to prevent unauthorized access.
Colour Model Select colours for displaying phase measurements.

Table 3.85: Keys in General setup submenu

. . Selects option from the “GENERAL SETUP” submenu.

@ Enters the selected option.

ESC

Returns to the “MAIN MENU” screen.

3.20.1 Time & Date

Time, date and time zone can be set in this menu.

91



MI 2883 Energy Master

3.20.2 Time & Date

SET DATE/TIME i 116:40

Clock source

UTC+01:00
24.Nov.2014 16:40:18

Time zone
Current Date & Time

v

Figure 3.64: Set date/time screen

Table 3.86: Description of Set date/time screen

Clock source

Show clock source:
RTC - internal real time clock

Time zone

Selects time zone.

Current Time & Date

Show/edit current time and date

SET DATE/TIME 17:34

[Eloct.2013

Table 3.87: Keys in Set date/time screen

Selects parameter to be changed.

Modifies parameter.

Selects between the following parameters: hour, minute, second,

day, month or year.

Enters Date/time edit window.

ESC

Returns to the “GENERAL SETUP” submenu.

3.20.3

Language

Different languages can be selected in this menu.
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TURKGE v

Figure 3.65: Language setup screen

Table 3.88: Keys in Language setup screen

@
Selects language.
P

@ Confirms the selected language.
ESC Returns to the “GENERAL SETUP” submenu.

3.20.4 Instrument info

Basic information concerning the instrument (company, user data, serial number,
firmware version and hardware version) can be viewed in this menu.

INSTRUMENT INFO 17:34

Company Metrel d.d., Horjul, Slovenia
Serial Number 01234567

FW version 1.0.1278

HW version 5.0

SD card size 4095MB

Figure 3.66: Instrument info screen

Table 3.89: Keys in Instrument info screen
ESC Returns to the “GENERAL SETUP” submenu.

3.20.5 Lock/Unlock

Energy Master has the ability to prevent unauthorized access to all important instrument
functionality by simply locking the instrument. If instrument is left for a longer period at
an unsupervised measurement spot, it is recommended to prevent unintentional
stopping of record, instrument or measurement setup modifications, etc. Although
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instrument lock prevents unauthorized changing of instrument working mode, it does not
prevent non-destructive operations as displaying current measurement values or trends.
User locks the instrument by entering secret lock code in the Lock/Unlock screen.

PO 1736
PIN
Disabled LOCK Enabled

Enter PIN

Figure 3.67: Lock/Unlock screen

Table 3.90: Description of Lock/Unlock screen

Four digit numeric code used for Locking/Unlocking the
instrument.
Pin Press ENTER key for changing the Pin code. “Enter PIN”
window will appear on screen.

Note: Pin code is hidden (****), if the instrument is locked.

The following options for locking the instrument are
available:
Lock e Disabled
e Enabled

Table 3.91: Keys in Lock/Unlock screen

Selects parameter to be modified.
Change value of the selected digit in Enter pin window.

Selects digit in Enter pin window.
Locks the instrument.
Opens Enter pin window for unlocking.

Opens Enter pin window for pin modification.
Accepts new pin.
Unlocks the instrument (if pin code is correct).

ESc Returns to the “GENERAL SETUP” submenu.

Following table shows how locking impacts instrument functionality.

Table 3.92: Locked instrument functionality

Allowed access.

MEASUREMENTS Waveform snapshot functionality is blocked.

RECORDERS No access.

MEASUREMENT SETUP No access.
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GENERAL SETUP No access except to Lock/Unlock menu.

CONNECTION SETUP

Phase Curr. Clamps
Neutral Curr. Clamps
Connection
Synchronization
System frequency

Factory reset

Figure 3.68: Locked instrument screen

Note: In case user forget unlock code, general unlock code “7350” can be used to
unlock the instrument.

3.20.6 Colour model

In COLOUR MODEL menu, user can change colour representation of phase voltages
and currents, according to the customer needs. There are some predefined colour
schemes (EU, USA, etc.) and a custom mode where user can set up its own colour
model.

COLOUR MODEL

L@@
[ I I I l

Figure 3.69: Colour representation of phase voltages

Table 3.93: Keys in Colour model screens

EDIT Opens edit colour screen (only available in custom model).
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COLOUR MODEL [_I0N| 14:49
L1 L2 L3 N

I

u

[

[L1 LzLaN” ” ” ]

Keys in Edit colour screen:

L123an  Shows selected colour for phase L1.

LiL213n Shows selected colour for phase L2.
L1L2L3Nn  Shows selected colour for phase L3.
Shows selected colour for neutral
channel N.

L12L3 N

.. Selects colour.

Returns to the “COLOUR MODEL” screen.

Selects Colour scheme.

Confirms selection of Colour scheme and returns to the “GENERAL
SETUP” submenu.

m
(9]

S Returns to the “GENERAL SETUP” submenu without modifications.
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4 Recording Practice and Instrument
Connection

In following section recommended measurement and recording practice is described.

4.1 Measurement campaign

Power quality measurements are specific type of measurements, which can last many
days, and mostly they are performed only once. Usually recording campaign is
performed to:

e Statistically analyse some points in the network.

e Troubleshoot malfunctioning device or machine.

Since measurements are mostly performed only once, it is very important to properly set
measuring equipment. Measuring with wrong settings can lead to false or useless
measurement results. Therefore instrument and user should be fully prepared before
measurement begins.

In this section recommended recorder procedure is shown. We recommend to strictly
follow guidelines in order to avoid common problems and measurement mistakes.
Figure below shortly summarizes recommended measurement practice. Each step is
then described in details.

Note: PC software PowerView v3.0 has the ability to correct (after measurement is
done):

e wrong real-time settings,

e wrong current and voltage scaling factors.
False instrument connection (messed wiring, opposite clamp direction), can’t be fixed
afterwards.
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Start Prepare instrument for new measurement,
before going to measuring site. Check:
o Step 1: . Is it time and date correct?
£ Instrument Setup e Are batteries in good condition?
°cy @ e Is it Memory List empty? If it is not,
= e Time &Datesetup 77 download all data from previous
e Recharge batteries measurements and release storage for
e Clear memory new measurement.
¥
Step 2: \Q
Measurement Setup
/ Step 2.1: \ Setup Power Master according
Sync. & wiring ~-| to the measurement point
o Conn.Type(4W,3W,1W) nominal \{oltage, currents, load
® Sync channel:U1 | 11 | U12 type. Optlonally enable events or
Fregency: 50 Hz | 60 Hz alarms and define parameter
thresholds.
Step 2.2: w
| Voltage range & ratio
. Nominal voltage J
e  Transf. voltage ratio Step 3:
( Step 2.3: ™ Inspection
Clamps setup e Phase diagram
e Clamp type e U,lfmeter screen
e Clamprange / e  Power meter screen
/ Step 2.4: \
Event Setup '
. Nominal voltage Double check Measurement setup
e  Thresholds using Phase diagram, and various
2 ;/ scope and metering screens
g / Step 2.5: N\ Using power metering check if
£ Alarm Setup power is flowing in right direction
§ . Define alarm and (power sh(_)uld be positive for load
O its parameters and negative for generator
= . / / measurements)
o Step 2.6:
Signalling Setup
. Sig. Freq. 1
k- Sig. Freq. 2 J
Step 4:
On Line Measurement
e  Preform measuremement /
e  Save waveform snapshoots
Recording in progress Step 6:
( Step 5: \ Measurement conclusion
Recorder setup
Stop recorder
e  Select recording start Power off '.”?”“me”t
time and interval Remove wiring .
. Include alarms and Analyze recorderd dat_a with
events into recorder instrument (Memory List,
e  Start waveform recorder / Event and Alarm tables)
‘ \
'S
Step 7:
Report generation (PowerView v3.0)
()
é’ Download data
2 Analyse data
- Create report
Export to Excel or Word

Figure 4.1: Recommended measurement practice
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Step 1: Instrument setup

On site measurements can be very stressful, and therefore it is good practice to prepare
measurement equipment in an office. Preparation of Energy Master include following
steps:
e Visually check instrument and accessories.
Warning: Don’t use visually damaged equipment!

e Always use batteries that are in good condition and fully charge them before you
leave an office.
Note: In problematic PQ environment where dips and interrupts frequently occurs
instrument power supply fully depends on batteries! Keep your batteries in good
condition.

e Download all previous records from instrument and clear the memory. (See
section 3.17 for instruction regarding memory clearing).

e Set instrument time and date. (See section 3.20.1 for instruction regarding time
and date settings).

Step 2: Measurement setup

Measurement setup adjustment is performed on measured site, after we find out details
regarding nominal voltage, currents, type of wiring etc.

Step 2.1: Synchronization and wiring

e Connect current clamps and voltage tips to the “Device under measurement”
(See section 4.2 for details).

e Select proper type of connection in “Connection setup” menu (See section 3.19.1
for details).

e Select synchronization channel. Synchronization to voltage is recommended,
unless measurement is performed on highly distorted loads, such as PWM
drives. In that case current synchronization can be more appropriate. (See
section 3.19.1 for details).

e Select System frequency. System frequency is default mains system frequency.
Setting this parameter is recommended if to measure signalling or flickers.

Step 2.2: Nominal voltage and ratio

e Select instrument nominal voltage according to the network nominal voltage.
Note: For 4W and 1W measurement all voltages are specified as phase-to-
neutral (L-N). For 3W and Open Delta measurements all voltages are specifies
as phase-to-phase (L-L).

Note: Instrument assures proper measurement up to 150 % of chosen nominal
voltage.

e In case of indirect voltage measurement, select appropriate “Voltage ratio”
parameters, according to transducer ratio. (See section 3.19.1 and 4.2.2 for
details).
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Step 2.3: Current clamps setup

e Using “Select Clamps” menu, select proper Phase and Neutral channel current
clamps (see sections 3.19.1 for details).

e Select proper clamps parameters according to the type of connection (see
section 4.2.3 for details).

Step 2.4: Event setup

Select threshold values for: swell, dip and interrupts (see sections 3.19.2 and 3.15 for
details).

Step 2.5: Alarm setup

Use this step if you would like only to check if some quantities cross some predefined
boundaries (see sections 3.16 and 3.19.3 for details).

Step 2.6: Signalling setup

Use this step only if you are interested in measuring mains signalling voltage. See
section 3.19.4 for details.

Step 3: Inspection

After setup instrument and measurement is finished, user need to re-check if everything
is connected and configured properly. Following steps are recommended:

e Using PHASE DIAGRAM menu check if voltage and current phase sequence is
right regarding to the system. Additionally check if current has right direction.

e Using U, I, f menu check if voltage and current have proper values.

e Check voltage and current THD.
Note: Excessive THD can indicate that too small range was chosen!

Note: In case of AD converter overvoltage or overloading current, icon N il

be displayed.

e Using POWER menu check signs and indices of active, nonactive, apparrent
power and power factor.

If any of these steps give you suspicious measurement results, return to Step 2 and
double check measurement setup parameters.

Step 4: On-line measurement

Instrument is now ready for measurement. Observe on line parameters of voltage,
current, power, harmonics, etc. according to the measurement protocol or customer
demands.

Note: Use waveform snapshots to capture important measurement. Waveform
snapshot capture all power quality signatures at once (voltage, current, power,
harmonics, flickers).

Step 5: Recorder setup and recording

Using GENERAL RECORDER menu select type of recording and configure recording
parameters such as:
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e Time for data aggregation (Integration Period)
¢ Include events and alarms capture if necessary

e Recording start time (optional)

e After setting recorder, recording can be started. (see section 3.14 for recorder
details).

Note: Available memory status in Recorder setup should be checked before starting
recording. Max. recording duration and max. number of records are automatically
calculated according to recorder setup and memory size.

Note: Recording usually last few days. Assure that instrument during recording session
is not reachable to the unauthorized persons. If necessary use LOCK functionality
described in section 3.20.5.

Note: If during record session instrument batteries are drained, due to long interruption
for example, instrument will shut down. After electricity comes back, instrument will
automatically start new recording session.

Step 6: Measurement conclusion

Before leaving measurement site we need to:

¢ Preliminary evaluate recorded data using TREND screens.
e Stop recorder.

e Assure that we record and measure everything we needed.

Step 7: Report generation (PowerView v3.0)

Download records using PC software PowerView v3.0 perform analysis and create
reports. See PowerView v3.0 manual for details.

4.2 Connection setup

4.2.1 Connection to the LV Power Systems

This instrument can be connected to the 3-phase and single phase network.
The actual connection scheme has to be defined in CONNECTION SETUP menu (see

Figure below).
i os08

Nominal voltage L-N |110V

Phase Curr. Clamps A1120 (3000A)
Neutral Curr. Clamps (A1120 (3000A)
Connection 4w

SRR R R

Synchronization U1

System frequency 50Hz

Connection chechk

&g

Factory reset

Figure 4.2: Connection setup menu
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When connecting the instrument it is essential that both current and voltage connections
are correct. In particular the following rules have to be observed:

Clamp-on current clamp-on transformers

e The arrow marked on the clamp-on current transformer should point in the
direction of current flow, from supply to load.

¢ If the clamp-on current transformer is connected in reverse the measured power
in that phase would normally appear negative.

Phase relationships

e The clamp-on current transformer connected to current input connector I; has to
measure the current in the phase line to which the voltage probe from L; is
connected.

3-phase 4-wire system

In order to select this connection scheme, choose following connection on the
instrument:

&»é é Jaé@i.

[ ‘ |1N2W3W4W0p| \ ]

Figure 4.3: Choosing 3-phase 4-wire system on instrument

Instrument should be connected to the network according to figure below:

WIN =
LOAD

SOURCE

|||—ZI_I_I_

Figure 4.4: 3-phase 4-wire system
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3-phase 3-wire system

In order to select this connection scheme, choose following connection on the
instrument:

(1000 07:56

A? Th T

&»& ool

| | 1w 2w 3W aw o] | }

Figure 4.5: Choosing 3-phase 3-wire system on instrument

Instrument should be connected to the network according to figure below.

L1 ‘Q, L1
3 L3 L3 8
(7] |
L L

Figure 4.6: 3-phase 3-wire system

Open Delta (Aaron) 3-wire system

In order to select this connection scheme, choose following connection on the
instrument:

L1 ]
el — T — —lonp
L3 H A
&» ® é I
[ | fwawOpenDd || |

Figure 4.7: Choosing Open Delta (Aaron) 3-wire system on instrument
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Instrument should be connected to the network according to figure below.

L1 ‘% L1
o L2 7 L2 4
3 L3 L3 §
n |
+ +

Figure 4.8: Open Delta (Aaron) 3-wire system

1-phase 3-wire system

In order to select this connection scheme, choose following connection on the
instrument:

—_—
L1 X
bi"" — — |— —n
0 N

| [ ‘ ‘1W2w3w4w0p] | [

Figure 4.9: Choosing 1-phase 3-wire system on instrument

Instrument should be connected to the network according to figure below.
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SOURCE
|||— 2
-2 r
LOAD

Figure 4.10: 1-phase 3-wire system

Note: In case of events capturing, it is recommended to connect unused voltage
terminals to N voltage terminal.

2-phase 4-wire system

In order to select this connection scheme, choose following connection on the
instrument:

L1 ® > ? ]
hND — — — — —GND
i N L 4 N
L2 = L2
L=,
QL N ua£ o
[ | [ ‘ “1W2w3W4W0p“ | |

Figure 4.11: Choosing 2-phase 4-wire system on instrument

Instrument should be connected to the network according to figure below.
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rr
N =

SOURCE
LOAD

-2

Figure 4.12: 2-phase 4-wire system

Note: In case of events capturing, it is recommended to connect unused voltage
terminal to N voltage terminal.

4.2.2 Connection to the MV or HV Power System

In systems where voltage is measured at the secondary side of a voltage transformer
(say 11 kv /110 V), the voltage transformer ratio should be entered first. Afterward
nominal voltage can be set to ensure correct measurement. In the next figure settings
for this particular example is shown. See 3.19.1 for details.

ut ‘Un.
| 10.05kv V|

Nominal voltage L-N 11.0kV

Yoltage ratio
A== A L‘I J

Figure 4.13: Voltage ratio for 11 kV / 110 kV transformer example

Instrument should be connected to the network according to figure below.
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power plant
measuring instruments

@1@@

- — |
A2 <>

high
I
voltage - _{IA_)_ - - r°t-——r--"""7""°- Transformer
L3 XA/5A'_| Type: A+ A
AN
L2 XA/ 5A'_|
\ANJ
| L1 XA/ OA

Figure 4.14: Connecting instrument to the existing current transformers in medium
voltage system

4.2.3 Current clamp selection and transformation ratio setting

Clamp selection can be explained by two typical use cases: direct current
measurement and indirect current measurement. In next section recommended
practice for both cases is shown.

Direct current measurement with clamp-on current transformer

In this type of measurement load/generator current is measured directly with one of
clap-on current transformer. Current to voltage conversion is performed directly by the
clamps.

Direct current measurement can be performed by any clamp-on current transformer. We
particularly recommend Smart clamps: flex clamps A1227 and iron clamps A1281. Also
other Metrel clamp models A1033 (1000 A), A1069 (100 A), A1120 (3000 A), A1099
(3000 A), etc. can be used.

In the case of large loads there can be few parallel feeders which can’t be embraced by
single clamps. In this case we can measure current only through one feeder as shown
on figure below.
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2700A parallel load
>

feeding

900 A >

900 A, Load

900 A

Current clamps:
(11 ] [ 12 ] s a» \1033 (1000A/1V)
| 9264n 9264a 9264a 0.0k |
Clamps selected | A1033 Measurl.ng Situp'
StatL i | Range: 100%
Clamps range 1000A
Measuring range 100% (3000A -
" S g ! ) Measurlng setup:
Measuring on wires 1/3 .
Measurnig 1 of 3 cable

<

PowerQ4 display:
Irms = 2700 A

Figure 4.15: Parallel feeding of large load

Example: 2700 A current load is fed by 3 equal parallel cables. In order to
measure current we can embrace only one cable with clamps, and select:
Measuring on wires: 1/3]in clamp menu. Instrument will assume that we measure
only third part of current.

Note: During setup current range can be observed by “Current range: 100%
(3000 A)” row.

Indirect current measurement

Indirect current measurement with primary current transducer is assumed if user selects
5 A current clamps: A1122 or A1037. Load current is in that case measured indirectly
through additional primary current transformer.

In example below we have 100 A of primary current flowing through primary
transformer with ratio 600 A : 5 A. Settings are shown in following figure.
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Select Clamps 100 12:28 100A load feeding
Smart Clamps —
Custom 100 A

A1033 (10004, 100A) Load
A1069 (1004, 10A) 7

A1122 (5A, 500mA) Current Transformer: Current clamps:
A1037 5 A, 500mA) 600A - 5A — A1122 (5A/1V)
A1120 (:)QA, 3004, 3000A) Measuring Setup:
A1099 (3'}‘6’ 300A, 3000A) v | Range: 100%

16:20
TP D D Measuring setup:
Current transformer:

| 2.974n 2.3738 2.725a 15.44n | Prim- 600

Clamps selected | A1 122\ Sec: 5

Status N/A

Clamps range 5.000A
Measuring range 100% (600.0A)

Primary current 600A

PowerQ4 display:
Irms = 100 A

Secondary current | 5A

Figure 4.16: Current clamps selection for indirect current measurement

Over-dimensioned current transformer

Installed current transformers on the field are usually over-dimensioned for “possibility
to add new loads in future”. In that case current in primary transformer can be less than
10% of rated transformer current. For such cases it is recommended to select 10%
current range as shown on figure below.

SETUP 12:36
L 11 ) o« s a»
| 935.8a 935.8n 935.8n 0.0ka |
Clamps selected A1122
Status N/A
Clamps range 5.000A

Measuring range 10% (300.0A)

Primary current 600A

Secondary current | 1A

Figure 4.17: Selecting 10% of current clamps range

Note that if we want to perform direct current measure with 5 A clamps, primary
transformer ratio should be setto 5 A : 5 A.

A WARNINGS !

e The secondary winding of a current transformer must not be open when it is on a live
circuit.

e An open secondary circuit can result in dangerously high voltage across the terminals.
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Automatic current clamps recognition

Metrel developed Smart current clamps product family in order to simplify current
clamps selection and settings. Smart clamps are multi-range switch-less current clamps
automatically recognized by instrument. In order to activate smart clamp recognition, the
following procedure should be followed for the first time:

1. Turn on the instrument

2. Connect clamps (for example A 1227) to Energy Master

3. Enter: Measurement Setup = Connection setup =» Phase/Neutral Curr.

Clamps menu

4. Select: |Smart clamps

5. Clamps type will be automatically recognized by the instrument.

6. User should then select clamp range and confirm settings.

CONNECTION SETUP 14:27

Nominal voltage L-L |400V J
Phase Curr. Clamps A1227 (300.0A) 4
Neutral Curr. Clamps [A1227 (30.00A) J
Connection 3w J
Synchronization ui2

System frequency 50Hz

Factory reset J

Figure 4.18: Automatically recognised clamps setup

Instrument will remember clamps setting for the next time. Therefore, user only need to:
1. Plug clamps to the instrument current input terminals
2. Turn on the instrument
Instrument will recognize clamps automatically and set ranges as was settled on
measurement before. If clamps were disconnected following pop up will appear on the
screen (See Figure below). Use cursor keys to select Smart clamp current range.

MAIN MENU 100 14:24

{ Smart clamps status
N Phase TYPE Range

A1227 30.00A

MEASUREMENT SETUP GEMERAL SETUP

Figure 4.19: Automatically recognised clamps status

Table 4.1: Keys in Smart clamps pop up window

.. Changes Clamps current range.

- Selects Phase or Neutral current clamps.
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@ Confirms selected range and returns to previous menu.
ESC

Clamps Status menu indicates that there is an inconsistence between current clamps
defined in Clamps Setup menu and clamps present at the moment.
Note: Do not disconnect smart clamps during recording.

4.2.4 Temperature probe connection

Temperature measurement is performed using smart temperature probe' connected to
the any current input channel. In order to activate temperature probe recognition,
following procedure should be followed for the first time:
1. Turn on the instrument
2. Connect temperature probe to Power Master neutral current input terminal
3. Enter: Measurement setup =» Connection setup = Phase/Neutral curr.
clamps
4. Select: [Smart clamps|
5. Temperature probe should be now automatically recognized by the
instrument

Instrument will remember settings for the next time. Therefore, user only needs to plug
temperature probe to the instrument.

! Optional accessory

4.2.1 Printing support

Energy Master support direct printing to Seiko DPU 414 printer. User can print any
screen under MEASUREMENTS menu. In order to print, connect instrument with the
printer according to the figure below and press and hold key for 5 seconds.
Characteristic “beep” signal will indicate that printing is started.

&)
0Q00,
\

[ ]

0 0
NULL MODEM

Figure 4.20: Connecting printer DPU 414 with instrument
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lli_ Jﬂﬁ‘l?

U1, ESCOPE A

ISRVl

Figure 4.21: SCOPE screen print

Instructions for printer setup

Printer is configured to work with instrument directly. However if non original printer
device is used, printer should be properly configured before use, according to the
following procedure:

1.
2.
3.

4.
5.

o

Fit paper into printer.

Turn off printer.

Hold “On Line” key and turn on printer.

Printer will print settings of dip switches.

Press “On Line” key to continue.

Press “Feed” key in order to set Dip SW-1, SW No. 1 (OFF) according to the
table below.

Press “On line” key in order to set Dip SW-1, SW No. 2 (ON) according to the
table below.

Continue procedure according to the table below.

After Dip SW-1, SW No. 8 is set, press Continue — “On line” key.

Continue procedure according to the table below: Dip SW-2 and Dip SW-3.

O After Dip SW-3 No. 8 is set, press Write — “Feed” key for saving new

conflguratlon into memory.

11. Turn Off/On printer.

Table 4.2: DPU 414 Dip switches settings are shown on table below:

SW | Dip SW-1 Dip SW-2: Dip SW-3
No.
1. | OFF | Input = Serial ON | Printing Colums =40 | ON | Data Length = 8
bits
2. | ON | Printing Speed = | ON | User Font Back-up = | ON | Parity setting = No
High ON
3. |ON |Auto Loading =|ON |Character Sel. =|ON | Parity condition =
ON Normal Odd
4. | OFF | Auto LF = OFF ON | Zero = Normal OFF | Busy Control =
XON/XOFF
5. | OFF | Setting Cmd. = | ON | International OFF | Baud Rate Select
Disable = 19200 bps
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6. | OFF | Printing Density = | ON | Character Set U.S.A. | ON

7. |ON | 100% ON ON

8 ON OFF OFF

Note: Use “On Line” key as “OFF” and “Feed” key as “ON".

4.3 Instrument connection to powerView v3.0

Recorded data can be downloaded and observed by PowerView v3.0, accompanying
software. Additionally PowerView can be used for creating reports, real-time data
monitoring and instrument configuration. Before use instrument should be connected to
PC with USB cable. New, USB connection should be selected in PowerView - Tools -
Options menu. Instrument should be then automatically recognised as “Measurement
Instrument USB” device.

A

Instrument Connection | Environment I Troubleshooting I

— Connection Type
Connection type I IISE j

— USE port parameters
Port Mame IMeasurement [mstrument USE YCom Part (COMZ) j
Baud Rate [s21600 =l

Apphy Ok Cancel

Figure 4.22: USB communication settings in PowerView

Downloading data with microSD card

The fastest option to import/download the data into the PC SW is to take the microSD
card out of the instrument and insert it directly to computers card reader, in case there
isn’t one installed, use the one provided in standard set. Downloading of data via USB
connection will take much longer and it is not recommended. To import the data from
microSD card or from specific location on your HD, perform the following actions:

e Select: Tools / Import from directory
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o Metrel Po ew
: File View | Tools | Help

i 5 (|8 Options ory B Remote [ Real-time Scope & | @) 1 [Z[Z[E[F] ® B @ | = = [E[=[Z[E]H]
New Docur] #  Manage contacts
% Import » | @ Frominstrument
[ Remote instrument connection A From directory

& Instrument configuration
~ 33 Dump Instrument Memory (troubleshooting)

>

Alternatively user can Import data directly from instrument and use USB connection
e Select: Tools / Import from instrument

File  View | Tools | Help
DE || {8 optons ory [ Remote [ Real-time Scope @2 | -] i |~ | = ||
Welcome m Manage contacts
2. Import » ||  From instrument I
a Remote instrument connection M From directory
q & Instrument configuration
~ <» Dump Memory ing

Download window will be displayed, and PowerView v3.0 will immediately try to connect

to the instrument and detect the instrument model and firmware version.

EE ~loix]|

!' ~ Download Dialog
4" Usingthis dizlog, you can select individual records for download and define where you want to place them.

Detecting connected instrument model...

‘13 | =

Please wait. .

Figure 4.23: Detection of the instrument type
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After a moment, instrument type should be detected, or an error message will be
received, with the appropriate explanation. If connection can’'t be established, please
check your connection settings.

ol
£ Download Dialog

~up” Vi this dialog, you can select individual records for download and define where you want to place them.

"

Instrument Energy Master is connected
Mo Description: N/A
Company:

Retrieving list of records...

Caleulating time remaining.

(e
&,

Figure 4.24: Downloading a list of records

When the instrument model is detected, PowerView v3.0 will download a list of records
from the instrument. Any of the records from the list can be selected by simply clicking
on them. Additional, “Select/Deselect all’ tick box is available to select or deselect all
records on displayed page. Selected records entries will have a green background.

Before downloading, a destination site node for each record can be defined. Each entry
in a list contains a drop-down list of sites in all currently open documents in PowerView

v3.0. If no document is opened, all records will be downloaded to a new site and saved
into a new file.
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P Import =oix]
£  Download Dialog

\y Using this dialog, you can select individual records for download and define where you want to place them.

Instrument Energy Master is connected -

Model: MI 2883 Description: NfA
Instrument Name: Eneray Master Company:

Hardware version: 7.0 Serial No.:

Firmmware version: 1.0.1989 Other information: N/A

0. U/I/F Waveform Snapshot, recorded on 1/1/2000 0:01:49, duration: 200 ms.
~Jy  Fiename: ROOOISNP REC
Start time: 1/1/2000 0:01:48.005 el e
ol S et anen s =

1. General Logging, recorded on 1/1/2000 0:01:48, duration: 8 m 42 s 800 ms.
File name: ROD02GEN.REC
Start time: 1/1/2000 0:01:48.000 el e

e
Stop time: 2000 0:10:30.800
Fi\EDsAZS'ElQlJ 1]Ef B <Create a new site> =

2. U/I/F Waveform Snapshot, recorded on 1/13/2016 13:11:52, duration: 200 ms.
Ay Fiename: ROOO3SNP REC
‘ Start time: 1/13/2016 13:11:52.600 Download to:
Sto e /132015 13:11:52 00 e |

3. General Logging, recorded on 1/13/2016 13:11:52, duration: 47 m 43 s 800 ms.
File name: RODD4GEN.REC

Start tme: 1/13/2016 13:11:52.000 Dawnlosd o
Stop time: 1/13/2016 13:53:35.800 - =
File size: 103,88 MB <Create anew site> =

4. U/I/F Waveform Snapshot, recorded on 1/13/2016 14:05:18, duration: 200 ms.
File name: RO0OSSNP.REC
Start time: 1/13/2016 14:05:18.600 Download to:

Stop time: 1/13/2016 14:05:18.800 " =
File size: 0,07 MB <Create a new site> =

5. General Logging, recorded on 1/13/2016 14:05:18, duration: 2 s 800 ms.

File niame: ROD0SGEN.REC

Start time: 1/13/2016 14:05:18.000 Download to:
Stop time: 1/13/2015 14:05:20.500 . =
Fie size: 0.11 MB «<Create anew site> = |

6. U/I/F Waveform Snapshet, recorded on 1/13/2016 14:05:33, duration: 200 ms.
File name: RODO7SNP REC B

Show records
¥ General I™ waveform
I Transent ¥ Snapshot

7 select/peselect al Start importing \\t/ Cancel

Figure 4.25: Selecting records from a list for download

Figure above show example were first two records are select. To start download, click
on the “Start importing” button.

Real time scope

Click the button to open the Real time scope window. A new document
window will be opened, as shown on the picture below.
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¥ METREL® PowervView v3 (=13
Flle Edit View Acton Tools Help
DEE S 3 Q 23 Copy as Bitmap 53 Copy as Metafile % Download # Import from directory [ Remote [ Real-time Scope. 32 | 2 | @ W e I
Welcome New Di * -
 Data Explorer B x [ 11/7/2013 3:10:58 PM - X

[ sajpadoug u“] X w

|Group By: Quantity 7| | Record Information | Meter Waveform Scape |Tah|e | Phase Diagram

E|-_Q Power Master
=- & 11/7/2013 3:10:58 PM
B [@] vt 400.00

E @l 't:fe 300.00

[

L QOw 200.00 \ \

~Ous 100.00 \ \

En b

O uz -100.00 \ \

- ~0Ous -200.00 \

=-[3] Current \ \ \
B -300.00 \

O -400.00
-0
Om

-0z 80.00

. E E — 50.00 )k
= TZIF«‘:;E&EEM :EZZ //\\ Jﬂ \\‘l / \l‘ / \ I!\ /1 \-‘ \1\ )R‘ J)\

sisdjeUy JlUoWIEH f |

U]

e
I

,,
L
-
____.-——"_--
%
1+
_
i
R
e’ -
o ——
-
_——A—_’__

O uih
- uz \ \\ \

O ush -20.00 \

- [ unh 4000 1 rf
) E 3;: -50.00 A
O ush -80.00

- [@] Current Harmonic -100.00

' D Ith 0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00 160.00 180.00
[ 12h = Start time offset [ms]

I[A]

0.00

Ready.

Figure 4.26: Real time scope window in remote connection, with several channels
selected

The figure above shows an online window, with several channels selected. While online
view is active, data are automatically updated. Updating speed will depend on your
connection speed, and each new update is initiated as soon as the previous one has
been downloaded, to ensure fastest possible refresh rate. While Real time scope is
active, WdResTimescope. 1y \tton js displayed in green, to indicate that the connection is
active.

To close the online view, click the button again, or close the online
window.

Instrument configuration

Instrument configuration tool helps you to change instrument settings, manage
recording settings, start or stop recordings and manage instrument memory remotely. In
order to begin, select “Configure instrument” in PowerView v3.0 “Tools” menu. A form
shown on figure below should pop up on the screen.

Note: Remote connection procedure described in 4.3 should be performed successfully
before starting remote instrument configuration.
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-loix

File

", Instrument Configuration Tool

;’;E This windows allows you to change instrument configuration settings, manage recording settings, start/stop the recording,

and manage instrument's record/event/alarm memory.

— Connection setup
Read

Q) General Recorder — Nominal voltage L-N |

230 v (7] A Write

r— Potential transformer ratio
Voltage ratio |1 3: 1
AN T k|

Ph. Curr. Clamps (7] I'Smart Clamps 'l
N. Curr. Clamps L7] I'Smart Clamps 'l

Connection aw =
Synchronization IVoltage =~ I
System frequency (Hz) 50 =

Event setup | Signaling setup | RVC setup |
Threshald (%) Hysteresis (%)

Swell I 110 Ei (253.00 V) |2 Ei (4.60V)
Dip I 50 Ei (207.00 V) |2 Ei (4.60V)
Intermpt I 5 3: (11.50v) |2 3: (4.60V)

) Settings status : Done. 1/14/2016 11:24:32 AM

Figure 4.27: Remote Instrument Configuration form

Please click on the “Read” button in order to receive current instrument settings. After
retrieving data from the remote instrument, form should be filled with data, as shown on
figure below. Changed parameters, will be sent back to the instrument by clicking on the
“Write” button.

In order to remotely control instrument recorders, please click on the “Recorder” node
as shown on figure below. User can select any of the instrument recorders and
configure accompanying parameters. For description of particular recorder settings, see
appropriate section in this manual. Changed parameters, will be sent back to the
instrument by clicking on the “Write” button.
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-loix

File

", Instrument Configuration Tool

\|#¥— | This windows allows you to change instrument configuration settings, manage recording settings, start/stop the recording,
Y — and manage instrument's record/event/alarm memory.

4,

- Measurement Setup —General

B B General Recorder Fenl |

Interval 1s -
A Write
¥ Include events

™ Include alams
V¥ Include signalling

Duration [12h =l
Start time

& Manual

® T 14 jan 2016 11:24:31 =
J Start

) Settings status : Done. 1/14/2016 11:24:32 AM

Figure 4.28: Remote Recorder configuration

By clicking on “Start” button, instrument will start selected recorder in the same manner
as would user start recorder directly on instrument. Green icon indicates that Recorder
is active, while red icon indicates that recorder is stopped.

Additionally PowerView v3.0 will disable changing parameters during recording.
Recording can be terminated by pressing on “Stop” button, or will automatically finish,
after conditions are met, for example after given period of time or after event capturing.
By pressing on “Read” button, user can receive instrument status in any moment.
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¥ Instrument Configuration

Figure 4.29: Recording in progress

120



MI 2883 Energy Master

Recording Practice and Instrument Connection

4.4 Number of measured parameters and connection type
relationship

Parameters which Energy Master displays and measures, mainly depends on network
type, defined in CONNECTION SETUP menu — type. In example if user
choose single phase connection system, only measurements relate to single phase
system will be present. Table below shows dependencies between measurement
parameters and type of network.

Table 4.3: Quantities measured by instrument

Connection type

Menu 1w 2wW 3w OpenD AW
L1 |N|L1 |L2|N |L12 | Tot |L12 | L23 |L31 | Tot | L12 | L23 | L31 | Tot | L1 |L2|L3 L12 | L23 | L31 | Tot
RMS . . . . . . . . . . . . . . . .
THD L] L] L] L] L] L] L] L] L] L] L] L]
Crest Factor . . . . . . . . . . . . . . . .
Frequency . . . . .
Harmonics (0+50) o . . . . . . . 0 . . °
S
S
E Interharm. (0+50) 3 . . 3 . 3 . . . . . .
Unbalance . . . .
Flicker 3 [ . . [ 3 . . . ) . .
Slgnalllng 3 [ . 3 . 3 . . . . . .
Events 3 [ . . [ 3 . . . ) . .
L1 |{N|LL|L2|N |L12|Tot |L1 |L2 |L3 |Tot|L12 |L23 |L31|Tot|L1l|L2|L3 L12 | L23 | L31 | Tot
RMS L] L] L] L] L] L] L] L] L] L] L] L]
THD L] L] L] L] L] L] L] L] L] L] L] L]
é Harmonics (0+50) . . . . . . . . . . . .
3
Interharm. (050 . ) . . ) . . . . . . .
Unbalance . . o .
Combined . (] . 3 ° . ) ) . .
.- | Fundamental . o | o . . . o | o | o .
2 | Nonfundament. . . . 0 . . . . . .
5
S Energy . . . . . ) . . . .
O
Power factors . o | o . . o o | o | @ .
Combined . o | o . . . o | o | o .
o Fundamental [] . . . . . . . . .
2 | Nonfundament. . . . . . . . . . .
[E
% Energy o (] . 3 . . . . . .
o
Power Factors . . . . . . . . . .
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Note: Frequency measurement depends on synchronization (reference) channel, which

can be voltage or current.

In the same manner recording quantities are related to connection type too. Signals in

GENERAL RECORDER menu, channels selected for recording are chosen according to

the [Connection| type, according to the next table.

Table 4.4: Quantities recorded by instrument

Menu

E | [ g L =T [ e o o [
I e g R ] P i | o] 8 g
S k-] bl [A] Peft] e] [0 I+ ] Pie] 1] P g 8
wm ] B[ P | [0 ] P i | o] 9 3
T L O [ P o P P P e P i e P _
o [ e e - | e | e R P20 = o e e e = @ (] B[] ] o [ o
o[k e [ | ] | ke[ | ]| ] L P 0 = e e e e = o [ BE [l | [
o (] fbe ] b P | e[ 8 | B b | P 1+ | P P20 = o e e e = =[] BE [l | A b
= I [ g k=[RS (] ][] ] b S b
= I R S GRS R ] P b ] B L T P [0 e o = R B
g I O e e ] el P T [0 T o = R o
m T [ e e e e T T = (8 T T e T R E
m B -] P [ 2 I PE Pl ] B (ot ] ] 2 [ e
wm P (] ] Bl ] P 0 -] bl i] P T e [ T T 8 e B | i (| 3
SO O e ] e -] b i] B L e P[22 e B | e [ | o
S i ] ] el P [ B [ | ] o Pl ), S ] B[] e o e P o e
B | [ g L =T e e o o [
S ] B ] P ][0 I+ ] Pie] 1] P 9 9
3 | o [F] P ] el P e ] o ] | P -
o[ e [ Pl | e [ I | b1 | o] O P [ = e o e = o1 B [ ] | [ o]
o (] P (] b Pl ] [ | o [ e | o] O P [ = e o e = o [ BE [P ] DE ]
. 2 O [ e o e -
o k] o] [ P e [ | o ] e | o] O P [ = o o e = o [ BE [P ] DE ]

abeyon

jusaund
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Nonfundament.

[ [k | B [ A
[ [k | B [ A

Active Energy

Reactive Ener.

Power factors

el (] [ | B (e[l ] B A
el (] [ | B (e[l ] B A
I = T
el (] [ | B (e[l ] B A
el (] [ | B (e[l ] B A
el (] [ | B (e[l ] B A
el (] [ | B (e[l ] B A
el (] [ | B (e[l ] B A

Legend:

e - Quantity included.

71 - Maximal value for each interval is recorded.

= - RMS or arithmetic average for each interval is recorded (see 5.1.14 for details).

= - Minimal value for each interval is recorded.

# - Active RMS or arithmetic average (AvgON) for each interval is recorded (see 5.1.14
for details).
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5 Theory and internal operation

This section contains basic theory of measuring functions and technical information of
the internal operation of the Energy Master instrument, including descriptions of
measuring methods and logging principles.

5.1 Measurement methods

5.1.1 Measurement aggregation over time intervals
Standard compliance: IEC 61000-4-30 Class A (Section 4.4)

The basic measurement time interval for:

Voltage

Current

Power

Harmonics

Interharmonics

Signalling

Unbalance

is a 10/12-cycle time interval. The 10/12-cycle measurement is resynchronized on each
tick according to the IEC 61000-4-30 Class A. Measurement methods are
based on the digital sampling of the input signals, synchronised to the fundamental
frequency. Each input (4 voltages and 4 currents) is simultaneously sampled.

5.1.2 Voltage measurement (magnitude of supply voltage)
Standard compliance: IEC 61000-4-30 Class S (Section 5.2)
All voltage measurements represent RMS values of the voltage magnitude over a

10/12-cycle time interval. Every interval is contiguous, and not overlapping with adjacent
intervals.

L1
y N A
L2 5'7 b=
o L=
L3 O ) S 4
S mA
N Yy Vv oy
=1
O

Figure 5.1: Phase and Phase-to-phase (line) voltage

Voltage values are measured according to the following equation:

M
Phase voltage: U, = /ﬁZupf [V], p: 1,2,3,N 1)
j=1
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M
Line voltage: Upg =\/ﬁz‘(upj —ugj)2 [V], pg.: 12,23,31 (2)
j=1
UpPk
Phase voltage crest factor: CR, = T p: 1,2,3,N (3)
p
. Ungk
Line voltage crest factor: CF,, = T pg: 12, 23, 31 4)

pg

The instrument has internally 3 voltage measurement ranges, which are automatically
selected regarding to the nominal voltage.

5.1.3 Current measurement (magnitude of supply current)
Standard compliance: Class A (Section 5.13)

All current measurements represent RMS values of the samples of current magnitude
over a 10/12-cycle time interval. Each 10/12-cycle interval is contiguous and non-
overlapping.

Current values are measured according to the following equation:

Phase current:

1 ¥ _
l, M;uj [Al, p: 1,2,3,N (5)

Phase current crest factor: Jom :”[:—max, p: 1,2,3,N (6)
p

The instrument has internally two current ranges: 10% and 100% range of nominal
transducer current. Additionally Smart current clamps models offer few measuring
ranges and automatic detection.

5.1.4 Frequency measurement
Standard compliance: IEC 61000-4-30 Class A (Section 5.1)

During RECORDING with aggregation time \Interval: >10 sec\ frequency reading is
obtained every 10 s. The fundamental frequency output is the ratio of the number of
integral cycles counted during the 10 s time clock interval, divided by the cumulative
duration of the integer cycles. Harmonics and interharmonics are attenuated with digital
filter in order to minimize the effects of multiple zero crossings.

The measurement time intervals are non-overlapping. Individual cycles that overlap the
10 s time clock are discarded. Each 10 s interval begin on an absolute 10 s time clock,
with uncertainty as specified in section 6.2.19.

For RECORDING with aggregation time \Interval: <10 sec\ and on-line measurements,
frequency reading is obtained from 10/12 cycles frequency. The frequency is ratio of
10/12 cycles, divided by the duration of the integer cycles.
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Frequency measurement is performed on chosen |Synchronization| channel, in
CONNECTION SETUP menu.

5.1.5 Power measurement (Standard compliance: IEEE 1459-2010)

Instrument fully complies with power measurement defined in the latest IEEE 1459
standard. The old definitions for active, reactive, and apparent powers are valid as long
as the current and voltage waveforms remained nearly sinusoidal. This is not the case
today, where we have various power electronics equipment, such as Adjustable Speed
Drives, Controlled Rectifiers, Cycloconverters, Electronically Ballasted Lamps. Those
represent major nonlinear and parametric loads proliferating among industrial and
commercial customers. New Power theory splits power to fundamental and
nonfundamental components, as shown on figure below.

~———» Pfund
_— Sfund ™ (fundamental active power)
,,//”/(fuﬁdamenta| apparent power)
(apparent pow )
Qfund

(fundamental reactive power)

(non fundamental apparent power) Ny ~_ I Di
“(eurrent distortion power)
—
Dv

distortion power) [ P
S < (active harmonic power)

(harmonic apparent power)
> Dn

(harmonic distortion power)

Figure 5.2: IEEE 1459 phase power measurement organisation (phase)

In table below summary of all power measurement is shown. Combined power
represents “old power measurement” theory.

Table 5.1: Summary and grouping of the phase power quantities

Quantity Combined | Fundamental | Nonfundamental
powers powers Powers

Apparent (VA) S Stund SN, SH

Active (W) P Piund Ph

Nonactive/reactive (var) N Qtund Dy, Dy, Dy

Line utilization PFindicap DPFind/cap -

Harmonic pollution (%) - - Sn/Stund

Power measurement for three phase systems are slightly different as shown on figure
below.

126



MI 2883 Energy Master Theory and internal operation

s - S fund > P*fund
efund __——— (posmve sequen (positive sequence of

s - _{effective flindamer)ﬁaL fundamental apparent power) fundamental active power)

apparent power ~
(effective apparent T~ Su .
power) (unbalanced fundamental . Q fund
apparent power) (positive sequence of
PP P fundamental reactive power)
en

(effective non fundamental ~~—

§ "”’\" "””"’""’""’""} DEI
apparent power feffect oo
pp power) (effective current distortion power)

> Dev
voltage distortion power)

Sen _——(effective active harmonic power)
(effective harmonic apparent power)—_
~>Dn

(effective harmonic distortion power)

Figure 5.3: IEEE 1459 phase power measurement organisation (totals)

Table 5.2: Power summary and grouping of the total power quantities

Quantity Combined | Fundamental Nonfundamental
powers powers Powers

Apparent (VA) Se Seqng, ST, Su Sen, Sen

Active (W) P P ot PH

Nonactive/reactive (var) N Qo De,, Dey, Dey

Line utilization PFindicap DPF ot ind/cap -

Harmonic pollution (%) - - Sen/Stung

Combined phase power measurements

Standard compliance: IEEE STD 1459-2010

All combined (fundamental + nonfundamental) active power measurements represent
RMS values of the samples of instantaneous power over a 10/12-cycle time interval.
Each 10/12-cycle interval is contiguous and non-overlapping.

Combined phase active power:

10224 LS, s, WL p1,2,3 Q)
" = 1002 2 Pr = 1024457 P1 P I

Combined apparent and nonactive power, and power factor are calculated according to
the following equations:

Combined phase apparent power:
S, =U, *I [VA], p: 1,2,3 (8)

Combined phase nonactive power: (9)
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N, =Sign(Q,)-\/S;—P; [var], p:1,2,3

P
Phase power factor: PF, :S—p ,p:1,2,3 (10)
p
Total combined power measurements
Standard compliance: IEEE STD 1459-2010

Total combined (fundamental + nonfundamental) active, nonactive and apparent power
and total power factor are calculated according to the following equation:

Total active power: Pot=P1+P2+P3 [W], (1)
Total nonactive power: Niot = N1+ N2+ N3 [var], (12)

Total apparent power (effective):

Sewt=3-Ue- le [VA], (13)

Total power factor (effective): PFett = . (14)

In this formula U and I are calculated differently for three phase four wire (4W) and
three phase three wire (3W) systems.
Effective voltage Ue and current le in 4W systems:
Ie:\/lf+|§+|§+|,§ Ue:\/:a.(uf+U22+U§)+Ufz+u§3+u§1
3 18 (15)

Effective voltage U, and current I in 3W systems:

_ izl Uez\/U122+U223+U321 (16)
3 9

le

Fundamental phase power measurements
Standard compliance: IEEE STD 1459-2010

All fundamental power measurements are calculated from fundamental voltages and
currents obtained from harmonic analysis (see section 5.1.7 for details).

Fundamental phase active power:

I:)fundP =U fundpP I fundF’'COS(DUP—Ip [\N]’ p: 1’2’3 (17)

Fundamental apparent and reactive power and power factor are calculated according to
the following equations:

Fundamental phase apparent power: (18)
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SfundP =U fundpP I fundpP [VA]’ p: 1’2a3

Fundamental phase reactive power:
Qiunap =Y funap- IfundP'Sin(/’Up—lp [var], p: 1,2,3 (19) 4+

Phase displacement power factor: 180

P -DPFind | +DPFeca
_ _ . (20) DPFind p
DPFp — COS@p - Sp y p 1,2,3 I“ Ivz{g)

270°

re)

Positive sequence (total) fundamental power measurements

Standard compliance: IEEE STD 1459-2010

According to the IEEE STD 1459, positive sequence power (P*, Q, S*) are recognised
as very important intrinsic power measurements. They are calculated according to the
following equation:

Positive sequence active power:

(21)
P, =3-U"-1"cosgp" [W],
Positive sequence reactive power:
Qu=3-U"-1"sing" (22)
[var],
_P+<T> +P*
Positive sequence apparent power: 5 +Q* G
S =3-U"-1" [VA], (23) I N
-DPFcap | +DPFind
" 180 0°
Positive sequence power factor: OPEng | DPFems
P+
DPF., :$_ (24) o 1 |V'é”
tot 270°

U*, U, U%and ¢* are obtained from unbalance calculus. See section 5.1.10 for details.

Nonfundamental phase power measurements
Standard compliance: IEEE STD 1459-2010

Nonfundamental power measurements are measured according to following equations:

Phase nonfundamental apparent power:

Sy =D + D2 + 57, [VA] p: 1,2,3 (25)
Phase current distortion power

Dy =S tnap- THD, [VA], p: 1,2,3 (26)
Phase voltage distortion power: (27)
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DVp :SfundP'THQJp [Var]’ p: 1!2’3

Phase harmonic apparent power

Sip = Sunap- THD,, -THD,  [varl, p: 1,2,3 (28)

Phase active harmonic power:

P =P, —Punee W], p:1,2,3 (29)

Phase harmonic distortion power

Dy, =St —Pip  [var], p: 1,2,3 (30)

Total nonfundamental power measurements
Standard compliance: IEEE STD 1459-2010

Total nonfundamental power quantities are calculated according to the following
equations:

Total nonfundamental effective apparent power: (31)
SeN,,, = \/ Del?, +DevZ2 +SeH?,  [VA]

Total effective current distortion power:
Del,,, =3-Uey,, - leH [var]

where: (32)

2 2
leH = /le” —lef,q

Total effective voltage distortion power:
DeV,,, =3-Ue, - leg,.q [var]

tot

where: (33)

UeH = ,JUe’ —Ue?,

Total effective apparent power:

SeH,, =Ue, -le, [VA] (34)

Total effective harmonic power:

PH,, = PH,+PH, +PH, [W] (35)
where:

PH, =PF— Pfundl’ PH,=F — Pfund2’ PH3 = Ps - Pfund3

Total effective distortion power

36
DeH =+/SeH? — PH? [var] (36)

Harmonic pollution (37)
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HP = >Nt 100 (%]
Sefundot
where:

Sefundot = 3-Ue€fund - 1€fund

Load unbalance

LU = SU tyng (38)
St-;t
5.1.6 Energy

Standard compliance: IEC 62053-21 Class 1S, IEC 62053-23 Class 2

Energy measurement is divided in two sections: ACTIVE energy based on active power
measurement and REACTIVE energy, based on fundamental reactive power
measurement. Each of them has two energy counters for consumed and generated
energy.

Calculations are shown below:

Active energy:
Consumed: Ep; => P ()T (i) [kwh], p: 1,2,3, tot
i=1

(39)
Generated: Ep, = Zm: P, ()T (i) [kwWh], p: 1,2,3, tot
i=1
Reactive energy:
Consumed: Eq; =Y Qg ()T (i) + > Q, e, ()T (i) [kvarh], p: 1,2,3, tot )
i-1 i1 4

Generated: Eq, :iQ;cap(i)T(i)+iQ;nd(i)T(i) [kvarh], p: 1,2,3, tot
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Active Energy Fundamental Reactive Energy
90° 90°
< &
& %
Ep- Ep+ Eg+ Eg+
180 0° 180 0°
Ep- Ep+ Eg- Eqg-
& &
~ ~
270° 270°

Figure 5.4: Energy counters and quadrant relationship

Instrument has 3 different counters sets:
1. Total counters are used for measuring energy over a complete recording.
When recorder starts it sums the energy to existent state of the counters.
2. Last integration period counter measures energy during recording over last
completed interval. It is calculated at end of each interval.

3. Current integration period counter measures energy during recording over
current time interval.

Last interval
Recording Intervals LAST Current interval

l
1 i 2 i3 1 ¢ im-11 m |
(a >
StaMent
Recording Total Energy Ti
'me

Figure 5.5: Instrument energy counters

5.1.7 Harmonics and interharmonics

Standard compliance: IEC 61000-4-30 Class S (Section 5.7)
IEC 61000-4-7 Class Il

Calculation called fast Fourier transformation (FFT) is used to translate AD converted
input signal to sinusoidal components. The following equation describes relation
between input signal and its frequency presentation.
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Voltage harmonics and THD

Uhn

A
FFT
,,,,,, T » 123456 _5.(:?

10 periods

Current harmonics and THD

lhn

A
FFT
,,,,,, T » 123456 _5.‘:1’

10 periods

Figure 5.6: Current and voltage harmonics

1024 k
u(t) =c, +chsin[5-2z f1t+(pkj (41)

k=1

fi — frequency of signal fundamental (in example: 50 Hz)
Co — DC component

k — ordinal number (order of the spectral line) related to the frequency basis f., = Ti
N

Tn— is the width (or duration) of the time window (Ty = N*Ty; T, =1/f;). Time window is

that time span of a time function over which the Fourier transformation is

performed.
ck — Iisthe amplitude of the component with frequency f., = % f,
ok — Is the phase of the component ci

Uck— is the RMS voltage value of component ci
lcxk — Is the RMS current value of component cy

Phase voltage and current harmonics are calculated as RMS value of harmonic
subgroup (sg): square root of the sum of the squares of the RMS value of a harmonic
and the two spectral components immediately adjacent to it.

1
n™ voltage harmonic: U,h, = > U2 0 P:1,23 (42)
k=-1
1
n™ current harmonic: Lhy = D 1 wonay P:1,2,3 (43)
k=-1
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Total harmonic distortion is calculated as ratio of the RMS value of the harmonic
subgroups to the RMS value of the subgroup associated with the fundamental:

Total voltage harmonic distortion: THD, ) =

Total current harmonic distortion: THD,, =

Spectral component between two harmonic subgroups are used for interharmonics
assessment. Voltage and current interharmonic subgroup of n-th order is calculated
using RSS (root sum square) principle:

8

n™ voltage interharmonic: U jih, = /Zug(mnw p:1,2,3 (46)
k=2
8

n" current interharmonic: 1 ih, = > 12 1000y P2 1,2,3 (47)
k=2

Uc,k

A Uh1 Uih1 Uh2 Uih2 Uhs Uih3 Uha
A —— A ———— A —— A —

>
50 100 150 200 Fregency
Figure 5.7: lllustration of harmonics / interharmonics subgroup for 50 Hz supply

The K factor is a factor that is developed to indicate the amount of harmonics that the
load generates. The K rating is extremely useful when designing electric systems and
sizing components. It is calculated as:

50
S (1 h, -n)?
K - factor: K, =

> 1h
1

, p:1,2,3 (48)

5.1.8 Signalling
Standard compliance: IEC 61000-4-30 Class S (Section 5.10)
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Signalling voltage is calculated on a FFT spectrum of a 10/12-cycle interval. Value of
mains signalling voltage is measured as:
e RMS value of a single frequency bin if signalling frequency is equal to spectral
bin frequency, or
e RSS value of four neighbouring frequency bins if signalling frequency differs from
the power system bin frequency (for example, a ripple control signal with
frequency value of 218 Hz in a 50 Hz power system is measured based on the
RMS values of 210, 215, 220 and 225 Hz bins).
Mains signalling value calculated every 10/12 cycle interval are used in alarm and
recording procedures. However, for EN50160 recording, results are aggregated
additionally on a 3 s intervals. Those values are used for confronting with limits defined
in standard.

5.1.9 Flicker

Standard compliance: IEC 61000-4-30 Class A (Section 5.3)
IEC 61000-4-15 Class F3

Flicker is a visual sensation caused by unsteadiness of a light. The level of the
sensation depends on the frequency and magnitude of the lighting change and on the
observer. Change of a lighting flux can be correlated to a voltage envelope on figure
below.

voltage(V)
400

300 -

200 7

100 H 1

0O H

-100  F

-200 H

-300 |

. ~r_ et - S - o B et

-400

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time (s)

Figure 5.8: Voltage fluctuation

Flickers are measured in accordance with standard IEC 61000-4-15. Standard defines
the transform function based on a 230 V /60 W and 120 V / 60 W lamp-eye-brain chain
response. That function is a base for flicker meter implementation and is presented on
figure below.

Psumin — IS @ short flicker estimation based on 1-minute interval. It is calculated to give
quick preview of 10 minutes short term flicker.

Pst — 10 minutes, short term flicker is calculated according to IEC 61000-4-15
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P — 2 hours, long term flicker is calculated according to the following equation:

(49)

5.1.10 Voltage and current unbalance
Standard compliance: IEC 61000-4-30 Class S (Section 5.7)

The supply voltage unbalance is evaluated using the method of symmetrical
components. In addition to the positive sequence component U*, under unbalanced
conditions there also exists negative sequence component U and zero sequence
component Up. These quantities are calculated according to the following equations:

G- zg(al +al, +a’d,)

R,

U0:§(U1+U2+U3), (50)
U—:%(Ul+a202+a03),

where a =%+% jv/3=1e127

For unbalance calculus, instrument use the fundamental component of the voltage input
signals (U1, U, U3), measured over a 10/12-cycle time interval.
The negative sequence ratio u’, expressed as a percentage, is evaluated by:

U (%) = 8_ <100 (51)

The zero sequence ratio u®, expressed as a percentage, is evaluated by:
0

u° (%) = 3_ <100 (52)

+

Note: In 3W systems zero sequence components Ug and lp are by definition zero.
The supply current unbalance is evaluated in same fashion.

5.1.11 Underdeviation and overdeviation

Voltage Underdeviation (Uunger) and Overdeviation (Uovwer) measurement method:
Standard compliance: IEC 61000-4-30 Class A (Section 5.12)

Basic measurement for the Underdeviation and Overdeviation is RMS voltage
magnitude measured over a 10/12-cycle time interval. Each RMS voltage magnitude (i)
obtained through recording campaign is compared to nominal voltage Unom from which
we express two vectors according to the formulas below:

) (53)
U om if U RMS (10/12) ~ U

Nom

U _ U RMS (10/12),i if U RMS (10/12) <u Nom
Under,i —
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U JifuU >U om
UOver,i _ RMS(lO/lI%), RMS (10/12) N (5 4)
U Nom If U RMS (10/12) < U Nom
Aggregation is performed on the end of recording interval as:
Zujnder,i
U Nom — S (55)
U n %
Under U o [ ]
Zuéver,i
U Nom — e (56)
n
UOver = U [%]

Nom

Underdeviation and overdeviation parameters may be useful when it is important to
avoid, for example, having sustained undervoltages being cancelled in data by
sustained overvoltages.

Note: Underdeviation and Overdeviation parameters are always positive values.

5.1.12 Voltage events

Measurement method
Standard compliance: IEC 61000-4-30 Class S (Section 5.4)

The basic measurement for event iSs Urmsasz). Urmsasz) is value of the RMS voltage
measured over 1 cycle, commencing at a fundamental zero crossing and refreshed
each half-cycle.

The cycle duration for Urms1/2) depends on the frequency, which is determined by the
last 10/12-cycle frequency measurement. The Ugrmsaz) Value includes, by definition,
harmonics, interharmonics, mains signalling voltage, etc.

375 - -
25010 le o olo dle o o J\7 ° o oo(\oo/\o_
= = S ‘_._A_._A._.ﬂ_ _lo—" .. .. . — PP [ I I g 4.
R ®
125 * f 7 .
0
U (Voltage)
-125 ceoce |J )
Rms(1/2)
""""""""" Dip Threshold
-250 U  Dip Duration . , - Dip Hysteresis
| . URms'(l,z) l-cyclt? long | U |
375 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

Figure 5.9:Urms(1/2) 1-cycle measurement
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Urms(w2) [N]  Urms(u/2) [n+1]
* 7

half cycle period
(10 ms @ 50 Hz)
A
? Swell
) ¢ -
U Dip . =g duration
d N > ; 2]
uration HES
Swell limit /'T‘\\
- 1 r |1+ - — — — —— ?____J__
. Uswell
U nominal |. //"\_ \*
Dip limit -} kr — —/—L —X —————— J —————

sisalasAy
JUEYE]

|

limit

Interrupt
———>
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sispiaisAy ||
gnueu|

Figure 5.10 Voltage events definition

Voltage dip
Standard compliance: IEC 61000-4-30 Class S (Sections 5.4.1 and 5.4.2)

The Dip Threshold is a percentage of Nominal voltage defined in CONNECTION
menu. The Dip Threshold and Hysteresis can be set by the user according to the use.
Dip Hysteresis is difference in magnitude between the Dip start and Dip end
thresholds. Instrument event evaluation in Event table screen depends on Connection
type:

e On single-phase system (Connection type: 1W), a voltage dip begins when the
Urms(/2) Voltage falls below the dip threshold, and ends when the Ugrms(1/2) Voltage
is equal to or above the dip threshold plus the hysteresis voltage (see Figure
5.10 and Figure 5.9),.

e On poly-phase systems (Connection type: 2W, 3W, 4W, Open Delta) two
different views can be used for evaluation simultaneously:

o Group view A with selected ALL INT view (in compliance with IEC 61000-
4-30 Class S): a dip begins when the Ugrmsa2) Voltage of one or more
channels is below the dip threshold and ends when the Ugrms(1/2) Voltage on
all measured channels is equal to or above the dip threshold plus the
hysteresis voltage.

o Phase view Ph. (for troubleshooting): a voltage dip begins when the
Urms@r2) Voltage of one channel falls below the dip threshold, and ends
when the Ugrms1/2) Voltage is equal to or above the dip threshold plus the
hysteresis voltage, on the same phase.

138



MI 2883 Energy Master Theory and internal operation

EVENT SETUP IR REN EVENTS @i Jo02:24
Nominal voltage L-N = 230V Date 61.01.2000

Swell Threshold 100%  @siow uuum
Swell Hysteresis 20, 02:22:17.247 258.83 0h00m9.990s
Dip Threshold 90.0% (207.0v) 3 123 02:22:39.240 DI 0.06 0h00m12.013s
Dip Hysteresis 2%

Interrupt Threshold 5.0% (11.5V) | [7rmmmmmmmmmmmmmmmm—m——

Interrupt Hysteresis 2%

‘ \ ‘ HELP i \ \ ‘ A ph | ALL it STAT

Figure 5.11:Voltage dip related screens on the instrument

A voltage dip is characterized by following data: Dip Start time, Level (Upj,) and Dip
duration:
e Upj, —residual dip voltage, is the lowest Urms(1/2) Value measured on any channel
during the dip. It is shown in Level column in the Event Table on the instrument.
e The Dip Start time is time stamped with the time of the start of the Urms(1/2) Of the
channel that initiated the event. It is shown in START column in the Event Table
on the instrument. The Dip End time is time stamped with the time of the end of
the Urms(1/2) that ended the event, as defined by the threshold.
e The Dip Duration is the time difference between the Dip Start time and the Dip
End time. It is shown in Duration column in the Event Table on the instrument.

Voltage swell
Standard compliance: IEC 61000-4-30 Class S (Sections 5.4.1 and 5.4.3)

The Swell Threshold is a percentage of nominal voltage defined in CONNECTION
menu. The swell threshold can be set by the user according to the use. Swell
Hysteresis is difference in magnitude between the Swell start and Swell end
thresholds. Instrument event evaluation in Event table screen depends on Connection
type:
¢ On single-phase system (Connection type: 1W) , a voltage swell begins when the
Urms@/2) Voltage rises above the swell threshold, and ends when the Ugmsaro)
voltage is equal to or below the swell threshold plus the hysteresis voltage (see
Figure 5.10 and Figure 5.9),
e On poly-phase systems (Connection type: 2W, 3W, 4W, Open Delta) two
different view can be used for evaluation simultaneously:

o Group view A with selected ALL T view: A swell begins when the
Urms@/2) Voltage of one or more channels is above the swell threshold and
ends when the Ugrmsa/2) Voltage on all measured channels is equal to or
below the swell threshold plus the hysteresis voltage.

o Phase view Ph.: A swell begins when the Ugrms1/2) Voltage of one channel
rises above the swell threshold, and ends when the Ugrmsasz) Vvoltage is
equal to or below the swell threshold plus the hysteresis voltage, on the
same phase.

A voltage swell is characterized by following data: Swell Start time, Level (Uswen) and
Swell duration:
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Uswen— maximum swell magnitude voltage, is the largest Urms(1/2) value measured
on any channel during the swell. It is shown in Level column in the Event Table
on the instrument.

The Swell Start time is time stamped with the time of the start of the Ugrms(/2) Of
the channel that initiated the event. It is shown in START column in the Event
Table on the instrument. The Swell End time is time stamped with the time of the
Urms@/2) that ended the event, as defined by the threshold.

The Duration of a voltage swell is the time difference between the beginning and
the end of the swell. It is shown in Duration column in the Event Table on the
instrument.

Voltage interrupt
Standard compliance: IEC 61000-4-30 Class S (Section 5.5)

Measuring method for voltage interruptions detection is same as for dips and swells,
and is described in previous sections.

The Interrupt Threshold is a percentage of nominal voltage defined in CONNECTION
menu. Interrupt Hysteresis is difference in magnitude between the Interrupt start and
Interrupt end thresholds. The interrupt threshold can be set by the user according to the
use. Instrument event evaluation in Event table screen depends on Connection type:

On single-phase system (1W), a voltage interruption begins when the Ugrms/2)
voltage falls below the voltage interruption threshold and ends when the Ugrms(2)
value is equal to, or greater than, the voltage interruption threshold plus the
hysteresis (see Figure 5.10 and Figure 5.9),

On poly-phase systems (2W, 3W, 4W, Open Delta) two different view can be
used for evaluation simultaneously:

o Group view A with selected ALL INT view: a voltage interruption
begins when the Urmsq/2) Voltages of all channels fall below the voltage
interruption threshold and ends when the Ugrms1/2) VOltage on any one
channel is equal to, or greater than, the voltage interruption threshold
plus the hysteresis.

o Phase view Ph.: a voltage interrupt begins when the Urms(1/2) VOItage of
one channel fall below the interrupt threshold, and ends when the
Urms@/2) VOItage is equal to or above the interrupt threshold plus the
hysteresis voltage, on the same phase.

VB 15142 @i 02:48
Nominal voltage L-N = 230V Date 01.01.2000
s Level

Swell Threshold 110.0% (253.0V) “mum

Swell Hysteresis 20, 123 02:39:47.254 0h00m7.987s

Dip Threshold 90.0% (207.0Vv)

Dip Hysteresis 2%

Interrupt Threshold 5.0% (11.5\v)

Interrupt Hysteresis 2%

\ |[_HELP || I | [ A en |[ aw INT | STAT

Figure 5.12:Voltage interrupts related screens on the instrument
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A voltage interrupt is characterized by following data: Interrupt Start time, Level (Ujn)

and Interrupt Duration:

e U, — minimum interrupt magnitude voltage, is the lower Urms(1/2) Value measured
on any channel during the interrupt. It is shown in Level column in the Event

Table on the instrument.

e The Interrupt Start time of a interrupt is time stamped with the time of the start
of the Urmsasz) Of the channel that initiated the event. It is shown in START
column in the Event Table on the instrument . The Interrupt End time of the
interrupt is time stamped with the time of the end of the Urms(1/2) that ended the

event, as defined by the threshold.

e The Interrupt Duration is the time difference between the beginning and the end
of the interrupt. It is shown in Duration column in the Event Table on the

instrument.

5.1.13 Alarms

Generally alarm can be seen as an event on arbitrary quantity. Alarms are defined in
alarm table (see section 3.19.3 for alarm table setup). The basic measurement time
interval for: voltage, current, active, nonactive and apparent power, harmonics and

unbalance alarms is a 10/12-cycle time interval.

Each alarm has attributes described in table below. Alarm occurs when 10/12-cycle
measured value on phases defined as Phase, cross Threshold value according to

defined Trigger slope, minimally for Minimal duration value.

Table 5.3: Alarm definition parameters

Quantity

e Voltage

e Current

e Frequency

¢ Active, nonactive and apparent power
e Harmonics and interharmonics

e Unbalance

e Flickers

e Signalling

Phase

L1, L2, L3, L12, L23, L31, All, Tot, N

Trigger slope

<-Fall, > - Rise

Threshold value

[Number]

Minimal duration

200ms + 10min

Each captured alarm is described by the following parameters:

Table 5.4: Alarm signatures

Date Date when selected alarm has occurred

Start Alarm start time - when first value cross threshold.
Phase Phase on which alarm occurred

Level Minimal or maximal value in alarm

Duration Alarm duration
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5.1.14 Rapid voltage changes (RVC)
Standard compliance: IEC 61000-4-30 Class A (Section 5.11)

Rapid Voltage Change (RVC) is generally speaking an abrupt transition between two
“steady state” RMS voltage levels. It is considered as event, (similar to dip or swell) with
start time and duration between steady state levels. However, those steady state levels
does not exceed dip or swell threshold.

RVC event detection

Instrument RVC event detection implementation strictly follows IEC 61000-4-30
standard requirements. It begins with finding a voltage steady-state. RMS voltage is in a
steady-state condition if 100/120 Urms1/2) Values remain within an RVC threshold (this
value is set by the user in MEASUREMENT SETUP - RVC Setup screen) from the
arithmetic mean of those 100/120 Urms1/2) Values. Every time a new Urms1/2) Value is
available, the arithmetic mean of the previous 100/120 Ugrmsq/2) Values, including the
new value, is calculated. If a new Urmsq/2) Value crosses RVC threshold, RVC event is
detected. After detection instruments wait for 100/120 half cycles, before searching for
next voltage steady-state.

If a voltage dip or voltage swell is detected during an RVC event, then the RVC event is
discarded because the event is not an RVC event.

RVC event characterisation

An RVC event is characterized by four parameters: start time, duration, AUmax and
AUss.

RVC event duration
A RVC threshold

. . 0 .
2 RVC Threshold 5 . 100/120_ with 50% hysteresis

3 ________ /______E‘ . URMS(%)'

g b

% | Vo y—

>

Arithmetic mean
of the previous
100/120 URMS(%) values v

DIP Threshold

Figure 5.13: RVC event description

e Start time of an RVC event is time stamp when Ugrmsaz) value cross RVC
threshold level

e RVC event duration is 100/120 half cycles shorter than the duration between
adjacent steady states voltages.

e AUmax is the maximum absolute difference between any of the Ugrmsasp)
values during the RVC event and the final arithmetic mean 100/120 Ugrms(/2)
value just prior to the RVC event. For poly-phase systems, the AUmax is the
largest AUmax on any channel.
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e AUss is the absolute difference between the final arithmetic mean
100/120 Urms@/2) Value just prior to the RVC event and the first arithmetic mean
100/120 Urms(1/2) value after the RVC event. For poly-phase systems, the AUss is
the largest AUss on any channel.

5.1.15 Data aggregation in GENERAL RECORDING
Standard compliance: IEC 61000-4-30 Class A (Section 4.5)

Time aggregation period (IP) during recording is defined with parameter \Interval: X min\
in GENERAL RECORDER menu.

A new recording interval commence at real time clock thick (10 minutes + half cycle, for
Interval: 10 min) and it last until next real time clock plus time needed to finish current
10/12 cycle measurement. In the same time new measurement is started, as shown on
next figure. The data for the IP time interval are aggregated from 10/12-cycle time
intervals, according to the figure below. The aggregated interval is tagged with the
absolute time. The time tag is the time at the conclusion of the interval. There is overlap,
during recording, as illustrated on figure below.

RTC
End of
Interval
10 min interval (x+1) S
A X A
S 10 min interval (x) |
A A A/\\I:f[>
overla
i j k 1 2 3

| 10/12 cycles | 10/12 cycles | 10/12 ¢ycles |

10/12 cycles | 10/12 cycles | 10/12 cycles |

Figure 5.14: Synchronization and aggregation of 10/12 cycle intervals

Depending from the quantity, for each aggregation interval instrument computes
average, minimal, maximal and/or active average value., this can be RMS (root means
square) or arithmetical average. Equations for both averages are shown below.

RMS average As = WZ A
=1

Where:

Arnvs — quantity average over given aggregation interval

A — 10/12-cycle quantity value

N — number of 10/12 cycles measurements per aggregation interval.

N
Arithmetic average: Ay = %z A (58)
i1
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Where:

Aavg — quantity average over given aggregation interval
A — 10/12-cycle quantity value
N — number of 10/12 cycles measurements per aggregation interval.

In the next table averaging method for each quantity is specified:

Table 5.5: Data aggregation methods

Recorded values

Group Value Aggregation method
Urms RMS average Min, Avg, Max
Voltage THDy RMS average Avg, Max
CFy RMS average Min, Avg, Max
lrms RMS average Min, Avg, AvgOn, Max
Current THD, RMS average Min, Avg, AvgOn, Max
CF, RMS average Min, Avg, AvgOn, Max
Frequenc IEe) .
a y f(200ms) RMS average Min, AvgOn, Max
Combined Arithmetic average ~ Min, Avg, AvgOn, Max
Power Fundamental Arithmetic average Min, Avg, AvgOn, Max
Nonfundamental | Arithmetic average Min, Avg, AvgOn, Max
u* RMS Min, Avg, Max
U RMS Min, Avg, Max
u° RMS Min, Avg, Max
u- RMS Min, Avg, Max
Unbal u0 RMS Min, Avg, Max
nbalance I RMS Min, Avg, AvgOn, Max
I RMS Min, Avg, AvgOn, Max
1° RMS Min, Avg, AvgOn, Max
I- RMS Min, Avg, AvgOn, Max
i0 RMS Min, Avg, AvgOn, Max
Harmonics DC, Uhg:s9 RMS Avg, Max
DC, lhg:s0 RMS Avg, AvgOn, Max
: Uho-=50 RMS Avg, Max
IIBAETENES s RMS Avg, AvgOn, Max
Signalling Usig RMS Min, Avg, Max

An active average value is calculated upon the same principle (arithmetic or RMS) as
average value, but taking in account only measurement where measured value is not

M
ARMSact: iZ:Ajz; M <N
M i

Zero:

RMS active average

Where:

(59)

Arwmsact — quantity average over active part of given aggregation interval,
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A — 10/12-cycle quantity value marked as “active”,
M — number of 10/12 cycles measurements with active (non zero) value.

. . . _ 1 M (60)
Arithmetic active average: A et v > A M<N
i1

Where:

Aavgact — quantity average over active part of given aggregation interval,
A — 10/12-cycle quantity value in “active” part of interval,

M — number of 10/12 cycles measurements with active (non zero) value.

Power and energy recording

Active power is aggregated into two different quantities: import (positive-consumed P+)
and export (negative-generated P-). Nonactive power and power factor are aggregated
into four parts: positive inductive (i+), positive capacitive (c+), negative inductive (i+)
and negative capacitive (c-).

Consumed/generated and inductive/capacitive phase/polarity diagram is shown on
figure below:
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Figure 5.15: Consumed/generated and inductive/capacitive phase/polarity diagram

5.1.16 Flagged data
Standard compliance: IEC 61000-4-30 Class A (Section 4.7)

During a dip, swell, or interruption, the measurement algorithm for other parameters (for
example, frequency measurement) might produce an unreliable value. The flagging
concept avoids counting a single event more than once in different parameters (for
example, counting a single dip as both a dip and a voltage variation), and indicates that
an aggregated value might be unreliable.

Flagging is only triggered by dips, swells, and interruptions. The detection of dips and
swells is dependent on the threshold selected by the user, and this selection will
influence which data are "flagged".
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Voltage

I

[ 10-min interval (n-1) 10-min interval (n) | 10-min interval (n+1) |
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Figure 5.16: Flagging data indicate that aggregated value might be unreliable

5.1.17 Waveform snapshot

During measurement campaign Energy Master has the ability to take waveform
snapshot. This is particularly useful for storing temporary characteristics or network
behaviour. Snapshot stores all network signatures and waveform samples for 10/12
cycles. Using MEMORY LIST function (see 3.17) or with PowerView v3.0 software, user
can observe stored data. Waveform snapshot is captured by starting GENERAL

recorder or by pressing Q for 3 seconds in any of MEASUREMENTS sub
screens.

Long press on m triggers WAVEFORM SNAPSHOT. Instrument
will record all measured parameters into file.
Note: WAVEFORM SNAPSHOT is automatically created at the start of GENERAL
RECORDER.

5.2 EN 50160 Standard Overview

EN 50160 standard defines, describes and specifies the main characteristics of the
voltage at a network user’s supply terminals in public low voltage and medium voltage
distribution networks under normal operating conditions. This standard describe the
limits or values within which the voltage characteristics can be expected to remain over
the whole of the public distribution network and do not describe the average situation
usually experienced by an individual network user. An overview of EN 50160 Low
voltage limits are presented on table below.

147



MI 2883 Energy Master

Theory and internal operation

Table 5.6: EN 50160 standard LV limits (continuous phenomena)

Supply voltage Acceptable Meas. Monitoring | Acceptance
phenomenon limits Interval Period Percentage
Power frequency 23(5) : ggg E; 10s 1 Week igoijf
Supol " i 230V £ 10% 95%
U:fmp y voltage variations, . +10% 10 min 1 Week .
-15%
Flicker severity PIt Plt<1 2h 1 Week 95%
0+29%, i
Voltage unbalance u- . 10 min 1 Week 95%
occasionally 3%
Total harm. distortion, THD, | 8% 10 min 1 Week 95%
Harmonic Voltages, Uh, See Table 5.7 10 min 1 Week 95%
Mains signalling See Figure 5.17 2s 1 Day 99%

5.2.1 Power frequency

The nominal frequency of the supply voltage shall be 50 Hz, for systems with
synchronous connection to an interconnected system. Under normal operating
conditions the mean value of the fundamental frequency measured over 10 s shall be
within a range of:

50 Hz + 1 % (49,5 Hz .. 50,5 Hz) during 99,5 % of a year;

50Hz+4% /-6 % (i.e. 47 Hz .. 52 Hz) during 100 % of the time.

5.2.2 Supply voltage variations

Under normal operating conditions, during each period of one week 95 % of the 10 min
mean Ugrms Values of the supply voltage shall be within the range of Uyom £ 10 %, and all
Urms Values of the supply voltage shall be within the range of Uyom + 10 % / - 15 %.

5.2.3 Supply voltage unbalance

Under normal operating conditions, during each period of one week, 95 % of the 10 min
mean RMS values of the negative phase sequence component (fundamental) of the
supply voltage shall be within the range 0 % to 2 % of the positive phase sequence
component (fundamental). In some areas with partly single phase or two-phase
connected network users’ installations, unbalances up to about 3 % at three-phase
supply terminals occur.

5.2.4 THD voltage and harmonics

Under normal operating conditions, during each period of one week, 95 % of the 10 min
mean values of each individual harmonic voltage shall be less or equal to the value
given in table below.

Moreover, THDy values of the supply voltage (including all harmonics up to the order
40) shall be less than or equal to 8 %.

Table 5.7: Values of individual harmonic voltages at the supply

Odd harmonics Even harmonics
Not Multiples of 3 Multiples of 3
Order h Relative Order h Relative

voltage (Uy) voltage (Uy)

Order h Relative
voltage (Un)
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5 6,0 % 3 5,0% 2 2,0%
7 5,0 % 9 15% 4 1,0%
11 3,5 % 15 0,5% 6..24 0,5%
13 3,0 % 21 0,5 %

17 2,0%

19 15%

23 15%

25 15%

5.2.5 Interharmonic voltage

The level of interharmonics is increasing due to the development of frequency
converters and similar control equipment. Levels are under consideration, pending more
experience. In certain cases interharmonics, even at low levels, give rise to flickers (see
5.2.7), or cause interference in ripple control systems.

5.2.6 Mains signalling on the supply voltage

In some countries the public distribution networks may be used by the public supplier for
the transmission of signals. Over 99 % of a day the 3 s mean of signal voltages shall be
less than or equal to the values given in the following figure.

Voltage level in percent

0,1 1 10 100
Frequency in kHz

Figure 5.17: Mains signalling voltage level limits according to EN50160

5.2.7 Flicker severity

Under normal operating conditions, in any period of one week the long term flicker
severity caused by voltage fluctuation should be Pr< 1 for 95 % of the time.

5.2.8 Voltage dips

Voltage dips are typically originated by faults occurring in the public network or in
network users installations. The annual frequency varies greatly depending on the type
of supply system and on the point of observation. Moreover, the distribution over the
year can be very irregular. The majority of voltage dips have duration less than 1 s and
a retained voltage greater than 40 %. Conventionally, the dip start threshold is equal to
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90 % of the nominal voltage of the nominal voltage. Collected voltage dips are classified
according to the following table.

Table 5.8:Voltage dips classification

Residual Duration (ms)
voltage 10<st<200| 200<t< | 500<t< 1000 <t< | 5000 <t=<60000
500 1000 5000

90>U=80 |CellA1 Cell A2 Cell A3 Cell A4 Cell A5
80>U=70 |CellB1 Cell B2 Cell B3 Cell B4 Cell B5
70>U=40 |CellC1 Cell C2 Cell C3 Cell C4 Cell C5
40>U=5 Cell D1 Cell D2 Cell D3 Cell D4 Cell D5
U<>s Cell E1 Cell E2 Cell E3 Cell E4 Cell E5

5.2.9 Voltage swells

Voltage swells are typically caused by switching operations and load disconnections.
Conventionally, the start threshold for swells is equal to the 110 % of the nominal
voltage. Collected voltage swells are classified according to the following table.

Table 5.9:Voltage swell classification

Swell voltage Duration (ms)
10 <t <500 500 <t <5000 5000 <t < 60000
U=120 Cell A1 Cell A2 Cell A3
120> U > 110 | Cell B1 Cell B2 Cell B3

5.2.10 Short interruptions of the supply voltage

Under normal operating conditions the annual occurrence of short interruptions of the
supply voltage ranges from up to a few tens to up to several hundreds. The duration of
approximately 70 % of the short interruptions may be less than one second.

5.2.11 Long interruptions of the supply voltage

Under normal operating conditions the annual frequency of accidental voltage
interruptions longer than three minutes may be less than 10 or up to 50 depending on
the area.

5.2.12 Energy Master recorder setting for EN 50160 survey

Energy Master is able to perform EN 50160 surveys on all values described in previous
sections. In order to simplify procedure, Energy Master has predefined recorder
configuration (EN 50160) for it. By default all current parameters (RMS, THD, etc.) are
also included in survey, which can provide additional survey information. Additionally,
during voltage quality survey user can simultaneously record other parameters too,
such as power, energy and current harmonics.
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In order to collect voltage events during recording, [Include events| option in recorder
should be enabled. See section 3.19.2 for voltage events settings.

=T
INTERVAL 10 Min (EN 50160, GOST 32144)
INCLUDE EVENTS On

INCLUDE ALARMS Off

INCLUDE SIGNALLING On

S R
DURATION 7 days (36MB)

Recommended/maximal record duration: 60 days /60 days
Available memory: > 1 year (6698MB)

| _START || || _CONFIG || CHECKC. |

Figure 5.18: Predefined EN50160 recorder configuration

After recording is finished, EN 50160 survey is performed on PowerView v3.0 software.
See PowerView v3.0 manual for details.
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6 Technical specifications

6.1 General specifications

Working temperature range: -20 °C + +55 °C

Storage temperature range: -20 °C + +70 °C

Max. humidity: 95 % RH (0 °C + 40 °C), non-condensing
Pollution degree: 2

Protection classification:

Reinforced insulation

Measuring category:

CAT IV /600 V; CAT Ill / 1000 V;,
up to 4000 meters above sea level

Protection degree: IP 40

Dimensions: 23 cmx 14cm x 8 cm

Weight (with batteries): 0.96 kg

Display: Colour 4.3 TFT liquid crystal display (LCD) with
backlight, 480 x 272 dots.

Memory: 8 GB microSD card provided, max. 32 GB supported

Batteries: 6 x 1.2 V NiMH rechargeable batteries

type HR 6 (AA)

Provide full operation for up to 6 hours*

External DC supply - charger:

100-240 V~, 50-60 Hz, 0.4 A~, CAT Il 300 V
12V DC, mn1l2A

Maximum supply consumption:

12 V / 300 mA — without batteries
12 V /1 A — while charging batteries

Battery charging time: 3 hours*
Communication: USB 2.0 Standard USB Type B
Ethernet 10Mb

* The charging time and the operating hours are given for batteries with a nominal

capacity of 2000 mAh.

6.2 Measurements

6.2.1 General description

Max. input voltage (Phase — Neutral): 1000 Vgrus
Max. input voltage (Phase — Phase): 1730 Vgrus
Phase - Neutral input impedance: 6 MQ
Phase — Phase input impedance: 6 MQ

AD converter

16 bit 7 channels, simultaneous sampling

Sampling frequency:  Normal operation

Antialiasing filter

7 kSamples/sec

Passband (-3dB): 0 + 3.4 kHz
Stopband (-80dB): > 3,8 kHz

Reference temperature

23 C+2°C

Temperature influence

25 ppm/ C

NOTE: Instrument has 3 internal voltage ranges. Range is chosen automatically,
according to the chosen Nominal Voltage parameter. See tables below for details.
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Nominal phase (L-N) voltage: Unom Voltage range
50V =136 V (L-N) Range 1
137V + 374 V (L-N) Range 2
375V + 1000 V (L-N) Range 3

Nominal phase-to-phase (L-L) voltage: Unom | Voltage range

50V + 235V (L-L) Range 1
236 V + 649 V (L-L) Range 2
650V + 1730 V (L-L) Range 3

NOTE: Assure that all voltage clips are connected during measurement and logging
period. Unconnected voltage clips are susceptible to EMI and can trigger false events. It
is advisable to short them with instrument neutral voltage input.

6.2.2 Phase Voltages

10/12 cycle phase RMS voltage: Uirms, Uzrms, Uzrms, AC+DC

Measuring Range Resolution* Accuracy Nominal Voltage Unowm
10% Unom + 150% Unowm | 10 mV, 100mV + 0.5 % - Unom 50 + 1000 V (L-N)

* - depends on measured voltage

Half cycle RMS voltage (events, min, max): Uirms(/2), Uz2rms(2), Usrms(2/2), Uimin, Uzamin, Uamin,
Uimax, Uzmax, Uamax, AC+DC
Measuring Range Resolution* Accuracy Nominal Voltage Unowm
3% Unom = 150% Unom | 10 mV, 100mV | + 1.0 % - Unowm 50 + 1000 V (L-N)
* - depends on measured voltage

NOTE: Voltage events measurements are based on half cycle RMS voltage.

Crest factor: CFy1, CFy,, CFys, CFuN

Measuring range Resolution* Accuracy
1.00 + 2.50 0.01 +5 % - CFy
* - depends on measured voltage

Peak voltage: Uirk, Uzrk, Usr, AC+DC

Measuring range Resolution* Accuracy

Range 1: 20.00 + 255.0 Vpk 10 mV, 100 mV + 1.5 % - Ue«
Range 2: 50.0 V + 510.0 Vpk 10 mV, 100 mV + 1.5 % - U
Range 3: 200.0 V + 2250.0 Vpk 100 mv, 1V + 1.5 % - Ux

* - depends on measured voltage
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6.2.3 Line voltages

10/12 cycle line to line RMS voltage: Uizrms, U23rms, Uzirms, AC+DC

Measuring Range Resolution* Accuracy Nominal Voltage range
10% Unom + 150% Unom | 10 mV, 100mV | £ 0.5 % - Unowm 50 + 1730 V (L-L)

Half cycle RMS voltage (events, min, max): Uisrms(/2), U23rms(/2), Usirmsr2), Uzmin, U2amin,
Usimin: Uiamax, Uz2amax, Usimax, AC+DC

Measuring Range Resolution* Accuracy Nominal Voltage range
10% Unom + 150% Unom | 10 mV, 100mV | £ 1.0 % - Unowm 50 + 1730 V (L-L)

Crest factor: CFy,1, CFy23, CFus1

Measuring range Resolution Accuracy
1.00 + 2.50 0.01 +5 % - CFy

Peak voltage: Uizrk, Uzsek, Usirk, AC+DC

Measuring range Resolution Accuracy

Range 1: 20.00 + 422 Vpk 10 mV, 100 mV + 1.5 % - Up«
Range 2: 47.0 V + 884.0 Vpk 10 mV, 100 mV +1.5% - Up«
Range 3: 346.0 V + 3700 Vpk 100 mVv, 1V + 1.5 % - Us

6.2.4 Current
Input impedance: 100 kQ

10/12 cycle RMS current lirms, l2rms, l3rms, Inrms, AC+DC.

Clamps Range Measuring range Overall current accuracy
1000 A 100 A + 1200 A
100 A 10A+175A
A 1281 5 A 05A=10A 1.0 % - Irms
0.5A 50mA+1A
3000 A 300 A + 6000 A
A 1227 300 A 30 A+=600A +2.0 % - Irms
30 A 3A+60A
6000 A 600 A +12 000 A
A 1446 600 A 60 A+ 1200 A +2.0 % - Irms
60 A 6 A+ 120 A
A 1033 1000 A 20 A +1000 A
100 A 2 A+100 A t1.5% - lrus
A 1122 5A 100mA+5A +1.5 % - Irms

Note: Overall accuracy (as percent of measured value), is provided as guideline. For
exact measuring range and accuracy please check user manual of related current
clamps. Overall accuracy is calculated as:

OverallAccuracy = 1,15 -/ InstrumentAccuracy? + ClampAccuracy?
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Half cycle RMS current (min, max) lirmsq2), l2rms(w2), 13rms(w/2), InrRms(ir2), AC+DC

Clamps Range Measuring range Overall current accuracy
1000 A 100 A +1200 A
100 A 10A+175A
A 1281 5A 05 A+ 10 A +2.0 % - lruis
05A 50mA+1A
3000 A 300 A + 6000 A
A 1227 300 A 30 A+600 A +3.0 % - Irms
30 A 3A+60A
6000 A 600 A +12 000 A
A 1446 600 A 60 A +1200 A +3.0 % - Irms
60 A 6 A+120 A
A 1033 1000 A 20 A +1000 A
100 A 2A+100A 2.5 % - lrus
A 1122 5A 100 mA =10 A +2.5 % - Irus

Note: Overall accuracy (as percent of measured value), is provided as guideline. For
exact measuring range and accuracy please check user manual of related current
clamps. Overall accuracy is calculated as:

OverallAccuracy = 1,15 -/ InstrumentAccuracy? + ClampAccuracy?

Peak value lirk, l2rk, l3rk, Inec, AC+DC

Measurement accessory Peak value Overall current accuracy
1000 A 100 A 1700 A
A 1281 104 SN £3.0 % - Ik
0.5A 50mA + 1.4 A
3000 A 300 A =+ 8500 A
A 1227 300 A 30 A+850A +4.0 % - Irx
30A 3A+85A
6000 A 600 A = 17 000 A
A 1446 600 A 60 A +1700 A +4.0 % - Irx
60 A 6 A+170 A
A 1033 1000 A 20 A +1400 A
100 A 2 A+ 140 A £3.5% - In
A 1122 5A 100 mA + 14 A +3.5 % - Irx

Note: Overall accuracy (as percent of measured value), is provided as guideline. For
exact measuring range and accuracy please check user manual of related current
clamps. Overall accuracy is calculated as:

OverallAccuracy =1,15 -\/InstrumentAccuracy? + ClampAccuracy’

Crest factor CFy, p: [1, 2, 3, 4, N], AC+DC

Measuring range

Resolution

Accuracy

1.00 + 10.00

0.01

iS%CF|

Accuracy of 10/12 cycle RMS voltage measured on current input

Measuring range (Intrinsic instrument accuracy)

Accuracy Crest factor

Range 1: 10.0 mVgums * 200.0 mVgus

0.5 % - Ugrwms 15
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| Range 2: 50.0 MVgus *+ 2.000 Virus | |
Urvs — RMS voltage measured on current input

Accuracy of half cycle RMS voltage measured on current input

Measuring range (Intrinsic instrument accuracy) Accuracy Crest factor
Range 1: 10.0 mVgrus + 200.0 mVgus +1.0% - Urms 15
Range 2:50.0 mVgrums + 2.0000 VRMS +1.0% - URMS )

6.2.5 Frequency

Measuring range Resolution Accuracy
50 Hz system frequency: 42.500 Hz + 57.500 Hz
60 Hz system frequency: 51.000 Hz + 69.000 Hz 1 mHz * 10 mHz
6.2.6 Flickers
Flicker type Measuring range Resolution Accuracy*
Pinst 0.400 + 4.000 +5% - Pinot
Pst 0.400 + 4.000 0.001 +5% - Py
Pit 0.400 + 4.000 +5% - Py
6.2.7 Combined power
Combined Power Measuring range Accuracy
Excluding clamps 0
(Instrument only) 0.5%- P
Active power* | 0.000 k +999.9 M | Wit flex clamps
A 1227 /3000 A 0
(W) A 1446 /6000 A | *20%:-P
P11 P21 P3a PtOt 4 d|g|tS
With iron clamps
A1281/1000A | *L10%-P
Excluding clamps
(Instrument only) *0.8%-Q
. With flex clamps
Nonactive power** | 0.000k +999.9M | A 1227/3000 A .
(var) N A 1446 /6000 A | *20%-Q
N1, N2, N3, Niot 4 digits
With iron clamps
A1281/1000A | *H0%-Q
Excluding clamps N
+0.8%- S
Apparent power*** | 0.000 k + 999.9 M S\r;s :]rl]flmenlt only)
(VA) A 1227 3000 A
S1, Sy, S3, Seot 4 dlgItS A 1446 / 6000 A 120%- S
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With iron clamps

A1281/1000A | *10%-S

*Accuracy values are valid if cos ¢ >0.80, 1 >10 % lyom and U >80 % Uyem
**Accuracy values are valid if sin ¢ >0.50, | >10 % lyom and U >80 % Uyom
***Accuracy values are valid if cos ¢ >0.50, | >10 % Iyem and U >80 % Uyom

6.2.8 Fundamental power

Fundamental power Measuring range Accuracy
Excluding clamps N
+0.5 % - Pfund
Active fundamental S\r;;;“fjlr;xe (r:llta?:bg
power* (W) 0.000 k + 999.9 M P
A 1227 /3000 A £2.0% - Pfund
Pfunds. Pfund,, 4 digits A 1446 / 6000 A
Pfunds, Pt With iron clamps +1.0 % - Pfund
A 1281/1000A | **°7
Excluding clamps
(Instrument only) *0.5% - Qfund
Reactive fundamental With flex clamps
power** (var) 0.000k +999.9M | A 122773000 A o
N A 1446 /6000 A | ¥2:0% - Qfund
Qfund, Qfundy, 4 digits
Qfunds, Q"o With iron clamps | o oo o
A1281/1000 A | ¥1:0%:-Qfun
Excluding clamps 0
(Instrument only) +0.5%- Sfund
With flex clamps
Apparent fundamental A 1227/ 3000 A
power*** (VA) 0.000 k +999.9 M A 1446 | 6000 A +2.0 % - Sfund
Sfund,, Sfund,, 4 digits
Sfunds, St With iron clamps | ., 5o, ofing
A 1281/1000A | =+ 7

*Accuracy values are valid if cos ¢ >0.80, 1 >10 % lyom and U >80 % Uyem
**Accuracy values are valid if sin ¢ >0.50, | >10 % Iyom and U >80 % Uyom
***Accuracy values are valid if cos ¢ >0.50, 1 >10 % Iyem and U >80 % Uyom

6.2.9 Nonfundamental power

Nonfundamental
power

Measuring range Conditions Accuracy
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Active harmonic

0.000k +999.9 M

Excluding clamps

SH1, SH2, Shz,Sen

4 digits

SH>1%-S

power* (W) (Instrument only) £1.0% - Ph
. (VI
Phy, Phy, Phs, Phi, 4 digits Ph> 1% P
Current distortion . Excluding clamps
power* (var) 0.000k +999.9 M (Instrument only) £20%. D
Z.U /- D
Di1, Di2, D3, Dey, 4 digits D>1%-S
Voltage distortion . Excluding clamps
power* (var) 0.000k +999.9M (Instrument only) £20%- D
Z.U /% - Dy
Dv1, Dvz, Dys, Dey 4 digits Dy>1%-S
Harmonics distortion . Excluding clamps
power* (var) 0.000k +999.9 M (Instrument only) $20%. D
Z.U 7 - Dy
Divt, iz Dis. De 4 digits Di>1% - S
Apparent Excluding clamps
nonfundamental 0.000 k +999.9 M (Instrument only)
power* (VA) Y'I +10%- sy
4 digits 0
Sni1, Sn2, Sna.Sen Su>1%-S
Apparent harmonic . Excluding clamps
power* (VA) 0.000k +999.9 M (Instrument only) 420% . S
2. U7 - OH

*Accuracy values are valid if 1 >10 % Iyom and U >80 % Uyom

6.2.10 Power factor (PF)

Measuring range Resolution Accuracy
-1.00 + 1.00 0.01 + 0.02
6.2.11 Displacement factor (DPF) or Cos ¢)
Measuring range Resolution Accuracy
-1.00 + 1.00 0.01 + 0.02
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6.2.12 Energy

Measuring range Resolution | Accuracy
(KWh, kvarh, kVAh)
Excluding clamps . 0
. (Instrument only) 000,000,000.001 + 999,999,999.999 +0.5%- Ep
iy With
& A 1227, A 1446 | 000,000,000.001 + 999,999,999.999 +2.0% - Ep
o} Flex clamps -
S [ With A 1281 12 digits
~ Multirange 000,000,000.001 + 999,999,999.999 +1.0% - Ep
'*<3 clamps 1000 A
With A 1033
001 + . % -
1000 A 000,000,000.001 + 999,999,999.999 +2.0% - Ep
Excluding clamps . 0
% (Instrument only) 000,000,000.001 + 999,999,999.999 +0.5% - Eq
L With
§ A 1227, A 1446 | 000,000,000.001 + 999,999,999.999 +2.0% - Eq
Q Flex clamps .
c
o [ With A 1281 12 digits
2 Multirange 000,000,000.001 + 999,999,999.999 +1.0% - Eq
& clamps 1000 A
q) .
o With A 1033 . o
1000 A 000,000,000.001 + 999,999,999.999 +2.0% - Eq
*Accuracy values are valid if cos ¢ >0.80, 1 >10 % Iyem and U >80 % Uyem
**Accuracy values are valid if sin ¢ >0.50, | >10 % Iyom and U >80 % Uyom
6.2.13 Voltage harmonics and THD
Measuring range Resolution Accuracy
Uhyn < 3 % Unom 10 mV +0.15 % -
UNom
3 % Unom < Uhy < 20 % Unom 10 mV +5 % - Uhy
Unom: Nominal voltage (RMS)
Uhy:  measured harmonic voltage
N harmonic component 0™ + 50™
Measuring range Resolution Accuracy
0 % Unom < THDy < 20 % Unom 0.1% +0.4
Unom: Nominal voltage (RMS)
6.2.14 Current harmonics, THD and k-factor
Measuring range Resolution Accuracy
Ihy < 10 % Inom 10 mV +0.15 % - Inom
10 % Inom < Ihy < 100 % 10 mV +5 % - lhy

Inom:  NOminal clamp current (RMS)
Ihy:  measured harmonic current
N harmonic component 0™ + 50™
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Measuring range Resolution Accuracy
0 % Inom < THD; < 100 % Inom 0.1% +0.6
100 % Inom < THD; < 200 % Inom 0.1% +0.3
Inom:  NOminal current (RMS)
Measuring range Resolution Accuracy
0 <k<200 0.1 +0.6
6.2.15 Voltage interharmonics
Measuring range Resolution Accuracy
Uihy < 3 % Unom 10 mV +0.15 % - Unom
3 % Unom < Uihy < 20 % Unom 10 mV +5 % - Uihy
Unom: Nominal voltage (RMS)
Uihy: measured harmonic voltage
NG interharmonic component 0" + 50™
6.2.16 Current interharmonics
Measuring range Resolution Accuracy
Ihny <10 % Inom 10 mV £0.15% - Inom
10 % Inom < Ihy < 100 % 10 mV +5 % - lihy
Inom:  NOminal current (RMS)
lihy:  measured interharmonic current
NG interharmonic component 0" + 50™
6.2.17 Signalling
Measuring range Resolution Accuracy
1 % Unom < Usig < 3 % Unom 10 mV +0.15 % - Unom
3 % Unom < USig < 20 % Unom 10 mV +5 % - Usgig
Unom: Nominal current (RMS)
Usig:  Measured signalling voltage
6.2.18 Unbalance
Unbalance range Resolution Accuracy
u _ +0.3%
0 0.5% +5.0% 0.1% +0.3%
i . +1%
Ay 0.0 % + 20 % 0.1% 1%
6.2.19 Overdeviation and Underdeviation
Measuring range Resolution Accuracy
UOVer O - 50 % UNom 0001 % + 015 %
UUnder O - 90 % UNom 0001 % + 015 %
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6.2.20 Time and duration uncertainty

Standard compliance: IEC 61000-4-30 Class A (Section 4.6)

Real time clock (RTC) temperature uncertainty

Operating range Accuracy
-20°C +70 °C + 3.5 ppm 0.3 s/day
0°C+40°C 1+ 2.0 ppm 0.17 s/day
Event duration and recorder time-stamp and uncertainty
Measuring Range | Resolution Error
Event Duration 10 ms + 7 days 1ms + 1 cycle
Record and Event Time stamp N/A 1 ms + 1 cycle
6.2.21 Temperature probe
Measuring range Resolution Accuracy
-10.0 °C + 85.0 °C 0.1°C + 0.5°C
-20.0 °C +-10.0 °C and 85.0 °C + 125.0 °C ' + 2.0°C

6.3 Recorders

6.3.1 General recorder

Sampling

According to the IEC 61000-4-30 Class S requirements. The basic
measurement time interval for voltage, harmonics, interharmonics
and unbalance is 10-cycle time interval for a 50 Hz power system
and 12-cycle time interval for a 60 Hz power system. Instrument
provides approximately 3 readings per second, continuous
sampling. All channels are sampled simultaneously. For harmonics
measurement input samples are resampled, in order to assure that
sampling frequency is continuously synchronized with main
frequency.

Recording
guantities

Voltage, current, frequency, crest factors, power, energy, 50
harmonics, 50 interharmonics, flickers, signalling, unbalance, under
and over deviation. See section 4.4 for details which minimum,
maximum, average and active average values are stored for each
parameter.

Recording
interval

1s,3s(150/180 cycles), 5 s, 10 s, 1 min, 2 min, 5 min, 10 min,
15 min, 30 min, 60 min, 120 min.

Events

All events, without limitation can be stored into record.

Alarms

All alarms, without limitation can be stored into record.

Trigger

Predefined start time or manual start.

Note: If during record session instrument batteries are drained, due to long interruption
for example, instrument will shut down and after electricity comes back, it will
automatically restart recording session.
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Table 6.1: General recording max. duration

Recording interval

Max. record duration*

1ls 12 hours
3 s (150/ 180 cycles) 2 days
5s 3 days
10s 7 days
1 min 30 days
2 min 60 days
5 min
10 min
15 min
30 min > 60 days
60 min
120 min

*At least 2 GB of free space should be available on microSD card.

6.3.2 Waveform snapshot

Sampling

7 kSamples/s, continuous sampling per channel. All channels are

sampled simultaneously.

Recording time

10/12 cycle period.

Recording Waveform samples of: Uj, Uy, Uz, (U1z, Uaz, Usi), 11, 1o, I3, In,
guantities all measurements.
Trigger Manual
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6.4 Standards compliance

6.4.1 Compliance to the IEC 61557-12

General and essential characteristics

Power quality assessment function | -A
SD Indirect current and direct voltage
e . measurement
Classification according to 4.3 : —
ss Indirect current and indirect voltage
measurement
Temperature K50
Humidity + altitude Standard
Measurement characteristics
Function symbols | Class according to IEC 61557-12 Measuring range
P 2 2 % + 200% Inom ™
Q 2 2 % + 200% Inom ™
S 2 2 % + 200% Inom
Ep 2 2 % + 200% Inom ™
Eq 3 2 % + 200% lyom &
eS 2 2 % + 200% Inom™
PF 0.5 -1+1
I, Inom 0.5 2 % Inom * 200 % Inom
Ih, 1 0 % + 100 % Inom
THD:i 2 0% + 100 % Inom

(1) — Nominal current depends on current sensor.

163



MI 2883 Energy Master Technical specifications

6.4.2 Compliance to the to the IEC 61000-4-30

IEC 61000-4-30 Section and Parameter Energy Master Class
Measurement

4.4 Aggregation of measurements in time
intervals* Timestamp

e aggregated over 150/180-cycle : ' A

e aggregated over 10 min Duration

e aggregated over 2 h
4.6 Real time clock (RTC) uncertainty S
4.7 Flagging A
5.1 Frequency Freq A
5.2 Magnitude of the Supply U S
5.3 Flicker Pst, Pt A
5.4 Dips and Swells Upip, Uswer, duration S
5.5 Interruptions duration S
5.7 Unbalance u u’ S
5.8 Voltage Harmonics Uhg-s0 S
5.9 Voltage Interharmonics Uihg-s0 S
5.10 Mains signalling voltage Usig S
5.12 Underdeviation and overdeviation Uunder, Uover A

* Instrument aggregate measurement according to selected |Intervali parameter in
GENERAL RECORDER. Aggregated measurements are shown in TREND screens,
only if GENERAL RECORDER is active.
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7 Maintenance

7.1 Inserting batteries into the instrument

1. Make sure that the power supply adapter/charger and measurement leads
are disconnected and the instrument is switched off before opening battery

compartment cover (see Figure 2.4).
2. Insert batteries as shown in figure below (insert batteries correctly, otherwise

the instrument will not operate and the batteries could be discharged or
damaged).

vv3azis + ;

Figure 7.1: Battery compartment

1 Battery cells
2  Serial number label

3. Turn the instrument upside down (see figure below) and put the cover on the
batteries.
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Figure 7.2: Closing the battery compartment cover
4. Screw the cover on the instrument.

AWarnings!

e Hazardous voltages exist inside the instrument. Disconnect all test leads,
remove the power supply cable and turn off the instrument before
removing battery compartment cover.

e Use only power supply adapter/charger delivered from manufacturer or
distributor of the equipment to avoid possible fire or electric shock.

e Do not use standard batteries while power supply adapter/charger is
connected, otherwise they may explode!

e Do not mix batteries of different types, brands, ages, or charge levels.

e When charging batteries for the first time, make sure to charge batteries for
at least 24 hours before switching on the instrument.

Notes:

e Rechargeable NiMH batteries, type HR 6 (size AA), are recommended. The
charging time and the operating hours are given for batteries with a nominal
capacity of 2000 mAh.

e |If the instrument is not going to be used for a long period of time remove all
batteries from the battery compartment. The enclosed batteries can supply the
instrument for approx. 6 hours.

7.2 Batteries
Instrument contains rechargeable NiIMH batteries. These batteries should only be
replaced with the same type as defined on the battery placement label or in this manual.

If it is necessary to replace batteries, all six have to be replaced. Ensure that the
batteries are inserted with the correct polarity; incorrect polarity can damage the
batteries and/or the instrument.

Precautions on charging new batteries or batteries unused for a longer period

Unpredictable chemical processes can occur during charging new batteries or batteries
that were unused for a longer period of time (more than 3 months). NiMH and NiCd
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batteries are affected to a various degree (sometimes called as memory effect). As a
result the instrument operation time can be significantly reduced at the initial
charging/discharging cycles.

Therefore it is recommended:
e To completely charge the batteries
e To completely discharge the batteries (can be performed with normal working
with the instrument).
e Repeating the charge/discharge cycle for at least two times (four cycles are
recommended).
When using external intelligent battery chargers one complete discharging /charging
cycle is performed automatically.

After performing this procedure a normal battery capacity is restored. The operation
time of the instrument now meets the data in the technical specifications.

Notes

The charger in the instrument is a pack cell charger. This means that the batteries are
connected in series during the charging so all batteries have to be in similar state
(similarly charged, same type and age).

Even one deteriorated battery (or just of another type) can cause an improper charging
of the entire battery pack (heating of the battery pack, significantly decreased operation
time).

If no improvement is achieved after performing several charging/discharging cycles the
state of individual batteries should be determined (by comparing battery voltages,
checking them in a cell charger etc). It is very likely that only some of the batteries are
deteriorated.

The effects described above should not be mixed with normal battery capacity decrease
over time. All charging batteries lose some of their capacity when repeatedly
charged/discharged. The actual decrease of capacity versus number of charging cycles
depends on battery type and is provided in the technical specification of batteries
provided by battery manufacturer.

7.3 Firmware upgrade

Metrel as manufacturer is constantly adding new features and enhance existing. In
order to get most of your instrument, we recommend periodic check for software and
firmware updates. In this section firmware upgrade process is described.

7.3.1 Requirements

Firmware upgrade process has following requirements:
- PC computer with installed latest version of PowerView software. If your
PowerView is out of date, please update it, by clicking on “Check for
PowerView updates” in Help menu, and follow the instructions
- USB cable
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File View Tools

DEH SR I Contents F1 directo
[ Index

Search

Check for PowerView updates

Check for Firmware updates

About ...

Figure 7.3: PowerView update function

7.3.2 Upgrade procedure

1. Connect PC and instrument with USB cable
2. Establish USB communication between them. In PowerView, go to
Tools>Options menu and set USB connection as shown on figure below.

2|

Instrument Connection |5. i | Troubleshocti |
— Comnection Type

Connectiontyps | USB |
— USE port parameters

Port Name | Measuremert Instrumert USB VCom Port (COM2) > |

Baud Rate |9215m j

Apphy | Ok I Cancel |

Figure 7.4: Selecting USB communication

3. Click on Help - Check for Firmware updates.

File  View Tools

DA

Help

Contents F1 direc

= A
LS -

=]

Index

Search

Check for PowerView updates

o D8 &

Check for Eirmware updates
About ...

= |

Figure 7.5: Check for Firmware menu

4. Version checker window will appear on the screen. Click on Start button.
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REIE] 1%
ﬂ 1 [use - ﬂ 1 | ~
- ‘Measurement Instrument USB VCom Port {COMZ2) j Start - | J
oo 3 L =
@ [ Restore mode

@ [ Restore mode
This utiity will check the current version of your firmware.
Please connect your instrument and dlick Start to begin. Connecting to instrument...

Figure 7.6: Check for Firmware menu

5.
FW is available. Click on Yes to proceed.

o2 Metrel F -
Updated version is available

|\ 'o' Mew version found: 2.0.2259

Jﬂ_lﬁ

Do you want to downlead and install this update?

]

Yes No |

If your instrument have older FW, PowerView will notify you that new version of

Figure 7.7: New firmware is available for download

6. After update is downloaded, FlashMe application will be

launched. This

application will actually upgrade instrument FW. Click on RUN to proceed.

4. FlashMe 2.3

Project: upgrade.fmp

Instructions

FlashMe

firmware upgrade software

the Run b

4

Progress
Step:

Operation:

COM Port

Please select 8 communication port:

COM2 {Measurement Instrument USB VCom Port [

=10l

Figure 7.8: FlashMe firmware upgrade software
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7. FlashMe will automatically detect Power Master instrument, which can be seen in
COM port selection menu. In some rare cases user should point FlashMe
manually to COM port where instrument is connected. Click then on Continue to
proceed.

[ FashMe23 =lolx|
— Project: upgrade.fmp
— Instructions

[»

Connect instrument USB port
with PC.

hd

— Progress
Step: 1/3

Operation:

— COM Port

Please select a communication port: ICOMZ (Measurement Instrument USB VCom Port :] Continue Cancel

Figure 7.9: FlashMe configuration screen

8. Instrument upgrade process should begin. Please wait until all steps are finished.
Note that this step should not be interrupted; as instrument will not work properly.
If upgrade process goes wrong, please contact your distributor or Metrel directly.
We will help you to resolve issue and recover instrument.
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RI=T

— Project: upgrade.fmp
—Instructions

| »

Connect instrument USB port
with PC.

hd

— Progress
Step: 1/3

Operation: Programming FLASH

I

— COM Port

Please select a communication port: ICDF-V'.: (Measurement Instrument USB VCom Port 'I Cancel

Figure 7.10: FlashMe programming screen

7.4 Power supply considerations

AWarnings
e Use only charger supplied by manufacturer.
e Disconnect power supply adapter if you use standard (non-rechargeable)
batteries.

When using the original power supply adapter/charger the instrument is fully operational
immediately after switching it on. The batteries are charged at the same time, nominal
charging time is 3.5 hours.

The batteries are charged whenever the power supply adapter/charger is connected to
the instrument. Inbuilt protection circuit controls the charging procedure and assure
ma%dmal battery lifetime. Batteries will be charged only if their temperature is less than
40 “C.

If the instrument is left without batteries and charger for more than 2 minutes, time and
date settings are reset.

7.5 Cleaning

To clean the surface of the instrument use a soft cloth slightly moistened with soapy
water or alcohol. Then leave the instrument to dry totally before use.

AWarnings
e Do not use liquids based on petrol or hydrocarbons!
e Do not spill cleaning liquid over the instrument!
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7.6 Periodic calibration

To ensure correct measurement, it is essential that the instrument is regularly
calibrated. If used continuously on a daily basis, a six-month calibration period is
recommended, otherwise annual calibration is sufficient.

7.7 Service

For repairs under or out of warranty please contact your distributor for further
information.

7.8 Troubleshooting

If ESC button is pressed while switching on the instrument, the instrument will not start.
Batteries have to be removed and inserted back. After that the instrument will start
normally.

Manufacturer address:

METREL d.d.
Ljubljanska 77,
SI-1354 Horjul,
Slovenia

Tel: +(386) 1 75 58 200
Fax: +(386) 1 75 49 095
Email: metrel@metrel.si
http://www.metrel.si
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