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General information

following international symbols are used on the analyzer and in this manual:

Warning;
A See explanation in J— Functional earth terminal | #™~_»

Alternating voltage/

- current
manual

— Direct voltage/ @ Double Insulation c € European Union direc-

Conforms to relevant

tives (Conformité
Européenne)

current (Protection Class)

=]

Do no dispose of

this product as un- [N Lo . Conforms to relevant
sorted %@ Recycling information 0 Australian standards

municipal waste

@ tories (UL) in accordance with the following Standards:

UL/cUL Safety Certification Mark
The PQM-700 (US model) analyzer has been investigated and certified by Underwriters Labora-

UL 61010-1, 3rd Edition, May 11, 2012, Revised July 15 2015,

IEC 61010-2-030: 2010 (First Edition),

UL 61010-2-030: 2012 (First Edition),

CAN/CSA-C22.2 No. 61010-1-12, 3rd Edition, Revision dated July 2015,
CAN/CSA-C22.2 No. 61010-2-030-12 (First Edition).

Itis UL/cUL listed under the UL File: E490376.

1.1

Safety

A Warning

To avoid electric shock or fire, you must observe the following guidelines:

Before you proceed to operate the analyzer, acquaint yourself thoroughly with the pre-
sent manual and observe the safety regulations and specifications provided by the
producer.

Any application that differs from those specified in the present manual may result in
damage to the device and constitute a source of danger for the user.

Analyzers must be operated only by appropriately qualified personnel with relevant cer-
tificates authorizing the personnel to perform works on electric systems. Operating the
analyzer by unauthorized personnel may result in damage to the device and constitute
a source of danger for the user.

The device must not be used for networks and devices in areas with special conditions,
e.g. fire-risk and explosive-risk areas.

Before starting the work, check the analyzer, wires, current probes and other accesso-
ries for any sign of mechanical damage. Pay special attention to the connectors.

It is unacceptable to operate the device when:

= it is damaged and completely or partially out of order,

= its cords and cables have damaged insulation,

= of the device and accessories mechanically damaged.

Do not power the analyzer from sources other than those listed in this manual.

Do not connect inputs of the analyzer to voltages higher than the rated values.



1 General information

e Use accessories and probes with a suitable rating and measuring category for the test-
ed circuit.

e Do not exceed the rated parameters of the lowest measurement category (CAT) of the
used measurement set consisting of the analyzer, probes and accessories. The meas-
urement category of the entire set is the same as of the component with the lowest
measurement category.

* If possible, connect the analyzer to the de-energized circuits.

e Opening the device socket plugs results in the loss of its tightness, leading to a possi-
ble damage in adverse weather conditions. It may also expose the user to the risk of
electric shock.

o Do not handle or move the device while holding it only by its cables.

e Do not unscrew the nuts from the cable glands, as they are permanently fixed. Un-
screwing the nuts will void the guarantee.

e Repairs may be performed only by an authorized service point.

The analyzer is equipped with an internal Li-lon battery, which has been tested by an inde-
pendent laboratory and is quality-certified for compliance with the standard UN Manual of Tests
and Criteria Part Ill Subsection 38.3 (ST/SG/AC.10/11/Rev.5). Therefore, the analyzer is ap-
proved for air, maritime and road transport.

1.2 General characteristics

Power Quality Analyzer PQM-700 (Fig. 1) is a high-tech device providing its users with a
comprehensive features for measuring, analysing and recording parameters of 50/60 Hz power
networks and power quality in accordance with the European Standard EN 50160. The analyzer is
fully compliant with the requirements of IEC 61000-4-30, Class S.

The device is equipped with four cables terminated with banana plugs, marked as L1, L2, L3,
N. The range of voltages measured by the four measurement channels is max. +1150 V. This
range may be extended by using external voltage transducers.



PQM-700 User Manual

Buttons

Serial number

Input ratings

AC adapter

microSD
card slot

USB slot /

Current clamps
inputs

Voltage
L1, L2, L3, N

measurement
inputs L1, L2, L3, N

Fig. 1. Power Quality Analyser PQM-700. General view.

Current measurements are carried out using four current inputs installed on short cables ter-
minated with clamp terminals. The terminals may be connected to the following probe types: flexi-
ble probes with nominal rating up to 6000 A and hard clamps. Also in case of current, the nominal
range may be changed by using additional transformers.

The device has a built-in 2 GB microSD memory card. Data from the memory card may be
read via USB slot or by an external reader.

Note
microSD card may be removed only when the analyzer is turned off. Removing the
card during the operation of the analyser may result in the loss of important data.
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Mounting space for fasteners for bands
(for mounting the analyzer on a pole),
or positioning catches
(for mounting the analyzer on a DIN rail)

B Mounting space for
DIN rail bracket

Fig. 2. The rear wall of PQM-700 analyzer.

Recorded parameters are divided into groups that may be independently turned on/off for re-
cording purposes and this solution facilitates the rational management of the space on the
memory card. Parameters that are not recorded, leave more memory space for further measure-
ments.

PQM-700 has an internal power supply adapter operating in a wide input voltage range
(100...415V AC / 140...415 V DC), which is provided with independent cables terminated with
banana plugs.

An important feature of the device is its ability to operate in harsh weather conditions — the
analyzer may be installed directly on electric poles. The ingress protection class of the analyzer is
IP65, and operating temperature ranges from -20°C to +55°C.

Uninterrupted operation of the device (in case of power failure) is ensured by an internal re-
chargeable lithium-ion battery.

The user interface consists of five LEDs and 2 buttons.

The full potential of the device may be released by using dedicated PC software Sonel Analy-
Sis.

Communication with a PC is possible via USB connection, which provides the transmission
speed up to 921.6 kbit/s

1.3 Power supply of the analyzer

The analyzer has a built-in power adapter with nominal voltage range of 100...415 V AC /
140...415V DC (90...460 V AC / 127...460 V DC including fluctuations). The power adapter has
independent terminals (red cables) marked with letter P (power) To prevent the power adapter
from being damaged by undervoltage, it automatically switches off when powered with input volt-
ages below approx. 80 V AC (110 V DC).

To maintain power supply to the device during power outages, the internal rechargeable bat-
tery is used. It is charged when the voltage is present at terminals of the AC adapter. The battery
is able to maintain power supply up to 6 hours at temperatures of -20 °C...+55 °C. After the bat-
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tery is discharged the meter stops its current operations (e.g. recording) and switches off in the

emergency mode. When the power supply from mains returns, the analyzer resumes interrupted
recording.

Note
The battery may be replaced only by the manufacturer's service de-
partment.

1.4 Tightness and outdoor operation

PQM-700 analyzer is designed to work in difficult weather conditions — it can be installed di-
rectly on electric poles. Two bands with buckles and two plastic fasteners are used for mounting
the analyzer. The fasteners are screwed to the back wall of the housing, and bands should be
passed through the resulting gaps.

Fig. 3. Fasteners for bands (for mounting the analyzer on a pole)

The ingress protection class of the analyzer is IP65, and operating temperature ranges
from -20°C to +55°C.

Note
In order to ensure the declared ingress protection class IP65, the fol-
lowing rules must be observed:
e Tightly insert the stoppers in the slots of USB and microSD card,
e Unused clamp terminals must be sealed with silicone stoppers.

At ambient temperatures below 0°C or when the internal temperature drops below this point,
the internal heater of the device is switched on — its task is to keep the internal temperature above
zero, when ambient temperatures range from -20°C to 0°C.

The heater is powered from AC/DC adapter, and its power is limited to approx. 5 W.
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Due to the characteristics of the built-in lithium-ion rechargeable battery, the process of charg-
ing is blocked when the battery temperature is outside the range of 0°C...60°C (in such case,
Sonel Analysis software indicates charging status as "charging suspended").

1.5 Mounting on DIN rail

The device is supplied with a bracket for mounting the analyzer on a standard DIN rail. The
bracket must be fixed to the back of the analyzer with the provided screws. The set includes also
positioning catches (in addition to fasteners for mounting the analyzer on a pole), which should be
installed to increase the stability of the mounting assembly. These catches have special hooks
that are supported on the DIN rail.
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Fig. 4. The rear wall of the analyzer with fixtures for mounting on DIN rail.
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1.6 Measured parameters

PQM-700 analyzer is designed to measure and record the following parameters:

o RMS phase and phase-to-phase voltages — up to 760 V (peak voltages +1150 V),
e RMS currents:

e upto 6000 A (peak currents up to +20 kA) using flexible probes,

e up to 1400 A using hard clamps,

crest factors for current and voltage,

mains frequency within the range of 40...70 Hz,

active, reactive and apparent power and energy, distortion power,
harmonics of voltages and currents (up to 50th),

Total Harmonic Distortion THDr and THDg for current and voltage,
power factor, cos®, 4-quadrant tane,

unbalance factors for three-phase mains and symmetrical components,
flicker Pstand Pt

inrush current for up to 60 s.

Some of the parameters are aggregated (averaged) according to the time selected by the us-
er and may be stored on a memory card. In addition to average value, it is also possible to record
minimum and maximum values during the averaging period, and to record the current value oc-
curring in the time of measurement.

The module for event detection is also expanded. According to EN 50160, typical events in-
clude voltage dip (reduction of RMS voltage to less than 90% of nominal voltage), swell (exceed-
ing 110% of the nominal value) and interruption (reduction of the supplied voltage below 5% of the
nominal voltage) The user does not have to enter the settings defined in EN 50160, as the soft-
ware provides an automatic configuration of the device to obtain energy measurement mode
compliant with EN 50160 The user may also perform manual configuration — the software is fully
flexible in this area. Voltage is only one of many parameters for which the limits of event detection
may be defined. For example, the analyzer may be configured to detect power factor drop below a
defined value, THD exceeding another threshold, and the 9th voltage harmonic exceeding a user-
defined percentage value. Each event is recorded along with the time of occurrence. For events
that relate to exceeding the pre-defined limits for voltage dip, swell, interruption, and exceeding
minimum and maximum current values, the recorded information may also include a waveform for
voltage and current. It is possible to save two periods before the event, and four after the event.

A very wide range of configurations, including a multitude of measured parameters make
PQM-700 analyzer an extremely useful and powerful tool for measuring and analysing all kinds of
power supply systems and interferences occurring in them. Some of the unique features of this
device make it distinguishable from other similar analyzers available in the market.

Tab. 1 presents a summary of parameters measured by PQM-700, depending on the mains type.

11



1 General information

Tab. 1. Measured parameters for different network configurations.

Network type, 1- 2.phase 3-phase wye with 3-phase triangle
channel | phase P N, 3-phase wye without N,
Parameter L1/A| N |L1/AlL2/B| N L1/AlL2/B|L3/C| N | ¥ [L12/AB|L23/BC|L31/CA| X
U RMS voltage . . . . . . . . .
Ubc VoltageDC . . . ° ° . . . .
component
| RMS current . o | o o | o . . o | o . ° .
Ioc Gl (DG . . . . . . . . . . . .
component
F Frequency ° ° . .
Voltage crest
CF U factor L] L] L] L] L] L] L] L[] L]
CF I Cur;:z;( O‘I:,reSt . . . o | o . . . ° . ° .
P Active power . o | o o | o | o . .
Q1, Qs Reacti;/? pow- . . . . . . . oM
Distortion
D, Sn power . . . . . ° .
S Apparee':t DOV L] L] L] L] L] L] L] L]
PF Power Factor . . . . . ° . .
Displacement
Cos® power factor . . . o ° ° °
tangc.,
tan@L+ Tangent ¢ fac- ™)
tanQL., tor (4-quadrant) ® ® ® ® ® ° ® ®
tan@c+
Voltage Total
THD U harmonic dis- . . . . . ° . . .
tortion
Current Total
THD I harmonic dis- . . . o | o . . ° . . . .
tortion
Active energy
Ep+, Ep- (consumed ° ° ° . . . . .
and supplied)
Eac., Eai+ Reactive ener- 0
Eal., Eac+ gy (4-quadrant) ° ° ° ® ® ° ® ®
Apparent en-
Es o . . . . . . . .
Voltage har-
Uhn1..Unso monic ampli- ° ° ° ° ° ° ° . °
tudes
Current har-
Ih1..lnhs0 monic ampli- . . . . . . . . . . . .
tudes
Symmetrical
Unbalance components . .
u, and unbalance
factors
Pst, Pit Flicker factors . o | o o [ o | o ° . °

Explanations: L1/A, L2/B, L3/C (L12/AB, L23/BC, L31/CA) indicate subsequent phases
N is a measurement for current channel I ,

12

¥ is the total value for the system.

(1) In 3-wire networks, the total reactive power is calculated as inactive power N = \/SZ — P?
(see discussion on reactive power in Power Quality Guide document)
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1.7 Compliance with standards

PQM-700 is designed to meet the requirements of the following standards.
Standards valid for measuring network parameters:
. IEC 61000-4-30:2009 — Electromagnetic compatibility (EMC) - Testing and measurement
techniques - Power quality measurement methods,
IEC 61000-4-7:2002 — Electromagnetic compatibility (EMC) — Testing and Measurement
Techniques - General Guide on Harmonics and Interharmonics Measurements and
Instrumentation for Power Supply Systems and Equipment Connected to them,
. IEC 61000-4-15:2011 — Electromagnetic compatibility (EMC) — Testing and Measurement
Techniques - Flickermeter — Functional and Design Specifications,
. EN 50160:2010 — Voltage characteristics of electricity supplied by public distribution
networks.

Safety standards:
. IEC 61010-1 — Safety requirements for electrical equipment for measurement control and
laboratory use. Part 1: General requirements

Standards for electromagnetic compatibility:
. IEC 61326 - Electrical equipment for measurement,
Requirements for electromagnetic compatibility (EMC).

control and laboratory use.

The device meets all the requirements of Class S as defined in IEC 61000-4-30. The sum-
mary of the requirements is presented in the table below.

Tab. 2. Summary of selected parameters in terms of their compliance with the standards

IEC 61000-4-30 Class S:

e Basic measurement time for parameters (voltage, current, harmonics, unbal-
ance) is a 10-period interval for 50 Hz power supply system and 12-period in-
terval for 60 Hz system,

 Interval of 3 s (150 periods for the nominal frequency of 50 Hz and 180 peri-
ods for 60 Hz),

o Interval of 10 minutes.

Aggregation of measure-
ments at different intervals

IEC 61000-4-30 Class S:

Real-time clock (RTC) un- o Built-in real-time clock, set via Sonel Analysis software, no GPS/radio syn-

certainty chronization.
o Clock accuracy better than + 0.3 seconds/day
F Compliant with IEC 61000-4-30 Class S of the measurement method and un-
requency certainty
Compliant with IEC 61000-4-30 Class S of the measurement method and un-
Power supply voltage certainty

The measurement method and uncertainty meets the requirements of

Voltage fluctuations (flicker) IEC 61000-4-15 standard

Dips, interruptions and
swells of supply voltage

Compliant with IEC 61000-4-30 Class S of the measurement method and un-
certainty

Supply voltage unbalance

Compliant with IEC 61000-4-30 Class S of the measurement method and un-
certainty

Voltage and current harmon-
ics

Measurement method and uncertainty is in accordance with IEC 61000-4-7
Class |

13




2 Operation of the analyzer

2

2.1

Operation of the analyzer

Buttons

The keyboard of the analyzer consists of two buttons: ON/OFF @@ and START/STOP

. To switch-on the analyzer, press ON/OFF button. START/STOP button is used to start

and stop recording.

2.2

Signalling LEDs

The analyzer is equipped with five LEDs that indicate different operating states:

ON (green) — the LED is on when the analyzer is turned on. During recording with activated
sleep mode, the LED is off.

LOG (yellow) — indicates recording in process. In standby mode the LED is lit continuously.
During recording it flashes. During recording with activated sleep mode — it is off and then
switched on in 10-sec. intervals.

ERROR (red) — blinking of this LED indicates a potential problem with connecting to the test-
ed network or the incompatibility of the active configuration with network parameters. Control
criteria are defined in section 2.6. Continuous light indicates one of the possible internal er-
rors of the analyzer (see also the description of additional statuses presented below).

MEM (red) — when this LED is on, it indicates that the data cannot be recorded on the
memory card. MEM LED is continuously lit when the entire space on the memory card is
filled. See also the description of additional statuses presented below.

BATT (red) - battery status. Blinking indicates that the battery is low (charged in 20% or
less). When the battery is completely discharged, LED lights up for 5 seconds (with beep)
and then the analyzer is switched off in emergency mode.

Additional statuses indicated by LEDs:

14

Continuous light of MEM and ERROR LEDs — no memory card, card damaged or card error.
When these LEDs are on after inserting a memory card, it may indicate that the card is in-
compatible with the analyzer. In this case there is no possibility of further work with the ana-
lyzer. START @ button is inactive.

Continuous light of ERROR LED and blinking MEM LED - card is not formatted (missing files
required by the analyzer or files damaged) — in this case you can press the START @
button (it is active), which will format the card (NOTE: all data on the card will be deleted).
If the process is successful, MEM and ERROR LEDs will go off and the analyzer will be
ready for further work.

Blinking ON LED — FIRMWARE.PQF file detected on the card, containing the correct firm-
ware update file. You may press the START button @ to begin the update process. Dur-
ing the update process ON and MEM LEDs blink simultaneously. After this process is com-
pleted, the meter will restart. You may skip the firmware update by pressing the ON/OFF but-
ton @ or by waiting 10 seconds.
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2.3  Switching the analyzer ON/OFF

e The analyzer may be switched-on by pressing button @ Green ON LED indicates that
analyzer is switched on. Then, the analyzer performs a self-test and when an internal fault is
detected, ERROR LED is lit and a long beep (3 seconds) is emitted — measurements are
blocked. After the self-test, the meter begins to test if the connected mains configuration is the
same as the configuration in analyzer's memory, and when an error is detected ERROR LED
flashes every 0.5 seconds. When ERROR LED flashes the analyzer still operates as normal
and measurements are possible.

e When the meter is switched on and detects full memory, MEM LED is lit — measurements are
blocked, only read-out mode for current data remains active.

e When the meter is switched on and fails to detect the micro-SD card or detects its damage,
ERROR and MEM LEDs are lit and measurements are blocked.

e If the connection test was successful, after pressing @ the meter enters the recording
mode, as programmed in the PC.

e To switch the analyzer OFF, keep button @ pressed for 2 seconds, when no button or
recording lock are active.

2.4 Auto-off

When the analyzer operates for at least 30 minutes powered by the battery (no power supply
from mains) and it is not in the recording mode and PC connection is inactive, the device automat-
ically turns-off to prevent discharging the battery.

The analyzer turns off automatically also when the battery is fully discharged. Such an emer-
gency stop is preceded by activating BATT LED for 5 s and it is performed regardless of the cur-
rent mode of the analyzer. In case of active recording, it will be interrupted. When the power sup-
ply returns, the recording process is resumed.

2.5 PC connection and data transmission

When the meter is switched-on, its USB port remains active.
e In the read-out mode for current data, PC software refreshes data with a frequency higher
than once every 1 second.
e During the recording process, the meter may transmit data already saved in memory. Data
may be read until the data transmission starts.
e During the recording process the user may view mains parameters in PC:
- instantaneous values of current, voltage, all power values, total values for three phases,
- harmonics and THD,
- unbalance,
- phasor diagrams for voltages and currents,
- current and voltage waveforms drawn in real-time.
e When connected to a PC, button @ is locked, but when the analyzer operates with key

lock mode (e.g. during recording), @ button is also locked.

e To connect to the analyzer, enter its PIN code. The default code is 000 (three zeros). The PIN
code may be changed using Sonel Analysis software.

 When wrong PIN is entered three times in a row, data transmission is blocked for 10 minutes.
Only after this time, it will be possible to re-entry PIN.

e When within 30 sec of connecting a PC to the device no data exchange occurs between the
analyzer and the computer, the analyzer exits data exchange mode and terminates the
connection.

15
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Notes
e Holding down buttons @ and @ for 5 seconds results in an
emergency setting of PIN code (000).
e If you the keys are locked during the recording process, this lock has a
higher priority (first the user would have to unlock buttons to reset the
emergency PIN). This is described in section 2.11.

USB is an interface that is continuously active and there is no way to disable it. To connect
the analyzer, connect USB cable to your PC (USB slot in the device is located on the left side and
is secured with a sealing cap). Before connecting the device, install Sonel Analysis software with
the drivers on the computer. Transmission speed is 921.6 kbit/s.

2.6 Indication of connection error

During operation, the analyzer continuously monitors the measured parameters for compli-
ance with the current configuration. Basing on several criteria listed below, the analyzer controls
the lighting of ERROR LED. If the analyzer does not detect any inconsistency, this LED remains
off. When at least one of the criteria indicates a potential problem, ERROR LED starts to blink.

The criteria used by the analyzer for detecting a connection error are as follows:

= deviation of RMS voltage exceeding £15% of nominal value,

= deviation of the phase angle of the voltage fundamental component exceeding +30° of the
theoretical value with resistive load and symmetrical mains (see note below)

= deviation of the phase angle of the current fundamental component exceeding +55° of the
theoretical value with resistive load and symmetrical mains (see note below)

= network frequency deviation exceeding +10% of the nominal frequency,

= in 3-phase 3- and 4-wire systems the analyzer also calculates the sum of all the currents (in-
stantaneous values) and checks if it totals to zero. This helps in determining if all current
probes are connected correctly (i.e. arrows on current probes facing to the load). If the calcu-
lated current sum RMS value is higher then 0.3% of Inom it is treated as an error and blinking
ERROR LED.

Note
To detect a phase error, the fundamental component of the measured se-
quence must be at least equal to 5% of the nominal voltage, or 1% of the
nominal current. If this condition is not fulfilled, the correctness of angles
is not verified.
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2.7 Warning about too high voltage or current

During its operation, the analyzer monitors continuously the value of voltages and currents
connected to the measuring inputs. If the voltage of any active phase exceeds approx. 20% of the
nominal voltage (>120% Unowm) set in the measurement configuration, a two-tone continuous beep
is activated. The same applies for currents — an alarm signal is activated if the measured current
in any of the active channels exceeds 20% of nominal current (range of clamps; >120% Inowm). In
such a situation, check whether the voltage and current in the measured network is within voltage
and current limits allowable for the analyzer or check if the analyzer configuration is correct and
change it, if necessary.

2.8 Taking measurements

2.8.1 Start/ stop of recording

Recording may be triggered in three ways:

. immediate triggering - manually by pressing @ button after configuring the meter from a
PC - LOG LED flashes,

e scheduled triggering - according to time set in the PC. The user must first press @
button to enter recording stand-by mode; in this case pressing @ button does not trigger
the recording process immediately (the meter waits for the first pre-set time and starts
automatically). In standby mode LOG LED is lit continuously, after triggering it flashes,

e threshold triggering. The user must first press @ button to enter recording stand-by
mode; in this case pressing @ button does not trigger the recording process immediately
— the normal recording starts automatically after exceeding any threshold set in the settings.
In standby mode LOG LED is lit continuously, after triggering it flashes.

Stopping the recording process:

e Recording may be manually stopped by holding for one second button @ or from the PC
application.

e Recording ends automatically as scheduled (if the end time is set), in other cases the user
stops the recording (using button @ or the software).

e Recording ends automatically when the memory card is full.

e After finishing the recording, when the meter is not in the sleep mode, LOG LED turns off and
the meter waits for next operator commands.

e If the meter had LEDs turned-off during the recording process, then after finishing the
recording no LED is lit; pressing any button activates ON LED.

2.8.2 Approximate recording times

The maximum recording time depends on many factors such as the size of the memory card,
averaging time, the type of system, number of recorded parameters, waveforms recording, event
detection, and event thresholds. A few selected configurations are given in Tab. 3. The last col-
umn presents approximate recording times for 2 GB memory card. The typical configurations
shown in Tab. 3 assumes that Iy current measurement is enabled.
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Tab. 3. Approximate recording times for a few typical configurations.

Approximate

" . . Systemitype Waveforms recording
Configuration | Averaging (current Bl Event wave- ey — time with
mode/profile time measurement forms ing perioc? 2GB allocat-
2 ed space
according to EN ) ° °
50160 10 min 3-phase wye (1000 (1000 events) 60 years
events)

according to the
"Voltages and 1s 3-phase wye 270 days
currents" profile

according to the
"Power and har- 1s 3-phase wye 23 days
monics" profile

according to the
L] L]

"Power and har- 1s 3-phase wye 22.5da
ey Y€ 1 (1000 events) | (1000 events) Y
all possible pa- .

rameters 10 min 3-phase wye 4 years
all possible pa- 10s 3-phase wye 25 days
rameters

all possible pa- 10s 1-phase 64 days

rameters

all possible pa- y *

‘:ametersp 10s 1-phase (1000 events | (1000 events 22 days
/ day) / day)

2.9 Measuring arrangements

The analyzer may be connected directly and indirectly to the following types of networks:
e 1-phase (Fig. 5),

2-phase (split-phase) with split-winding of the transformer (Fig. 6),

3-phase wye with a neutral conductor (Fig. 7),

3-phase wye without neutral conductor (Fig. 8),

3-phase delta (Fig. 9).

In three-wire systems, current may be measured by the Aron method, which uses only two
clamps that measure linear currents I and I3. I.» jest current is then calculated using the follow-
ing formula:

Iy ==l — 113

This method can be used in delta systems (Fig. 10) and wye systems without a neutral con-
ductor (Fig. 11).

Note
As the voltage measuring channels in the analyzer are referenced to N
input, then in systems where the neutral is not present, it is necessary to
connect N input to L3 network terminal. In such systems, it is not required
to connect L3 input of the analyzer to the tested network. It is shown in
Fig. 8, Fig. 9, Fig. 10 and Fig. 11 (three-wire systems of wye and delta
type).
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In systems with neutral conductor, the user may additionally activate current measurement in
this conductor, after installing additional clamps in Iy channel. This measurement is performed af-
ter activating in settings the option of Current in N conductor.

Note
In order to correctly calculate total apparent power Se and total Power Factor (PF) in
a 4-wire 3-phase system, it is necessary to measure the current in the neutral con-
ductor. Then it is necessary to activate option Current in N conductor and to install
4 clamps as shown in Fig. 7. More information may be found in Power Quality Guide
document.

Pay attention to the direction of current clamps (flexible and CT). The clamps should be in-
stalled with the arrow indicating the load direction. It may be verified by checking an active power
measurement - in most types of passive receivers active power is positive. When clamps are in-
correctly connected, it is possible to change their polarity using Sonel Analysis software.

The following figures show schematically how to connect the analyzer to the tested network
depending on its type.

Receiver

OPTIONAL

%P oeo®

Voltage input terminals Current input

Fig. 5. Wiring diagram — single phase.

Transformer
Receiver

ﬁk ............

! :
Q@ ® - @@@ OPTIONAL

Voltage input terminals| | Current input terminals

®

Fig. 6. Wiring diagram — 2-phase.
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Transformer

Receiver

Voltage input terminals.

OO

Current input terminals

OPTIONAL

Fig. 7. Wiring diagram — 3-phase wye with a neutral conductor.

OPTIONAL 0 0 @
Voltage input terminals

POOE

Current input terminals

___________________ , =
L1 " ) iL1
. ] i N !
' : =
: . L2 /\ L2
P ' & Y : :
L E : = 5 g
18 iL3 M\ L3 3
= * - D .
EE & /% \/ . oo

Fig. 8. Wiring diagram — 3-phase wye without neutral conductor.
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‘L2

/'d>\

S
/:_D\ :
N

Transformer

QQ@

Fig. 9. Wiring diagram — 3-phase delta.

OPTIONAL

clelelc

Current input

%L1 {& 6 %L1

i

Voltage input terminals

Fig. 10. Wiring diagram — 3-phase delta (current measurement using Aron method).

Transformer

L
o
N

-
=
N

| S |
Receiver

OPTIONAL

©ee0

Current input terminals

21



2 Operation of the analyzer

L2 ‘L2

L3

OPTIONAL 0 @ @
Voltage input terminals

Fig. 11. Wiring diagram — 3-phase wye without neutral conductor (current measurement
using Aron method).

Receiver

Transformer

OOO@|

Current input terminals

L1/A < L

e
N

L2/B 2 L

e
&~

L1 -
I i_& e

L3/C

!‘ . Q:@ ® e 10)0)
l Voltage input terminals| | Current input terminals

Fig. 12. Wiring diagram — indirect system with transducers — wye configuration.
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: L1 L1

5,_ S 5
:g . .
= ‘L2 o
18 ’ 2 Hg:
L@ =
« £ il
.E H '
= ! ' :
: L3 L3

OEO®

l L Voltage inputs Current inputs

Fig. 13. Wiring diagram - indirect system with transducers — delta configuration.

2.10 |Inrush current

This function allows user to record half-period values of voltage and current within 60 sec after
starting the measurement. After this time, the measurements are automatically stopped. Before
the measurement, set aggregation time at %2 period. Other settings and measurement arrange-
ments are not limited.

2.11 Key Lock

Using the PC program, the user may select an option of locking the keypad after starting the
process of recording. This solution is designed to protect the analyzer against unauthorized stop-
ping of the recording process.

To unlock the keys, follow these steps:
e press three times in a row @ button in steps of 0.5 s and 1 s,

e then press @ button within 0.5 sto 1 s,

When buttons are pressed, the user hears the sounds of inactive buttons — after completing
the whole sequence the meter emits a double beep.

2.12 Sleep mode

PC software has the feature that can activate the sleep mode. In this mode, when the user
starts recording, the meter turns off LEDs after 10 seconds. From this moment the following op-
tions are available:

e immediate triggering — after LEDs are turned off, LOG LED blinks every 10 s signalling the
recording process,

e triggering by event — after LEDs are turned off, LOG LED blinks every 30 s in stand-by mode,
and when the recording process starts LOG LED starts to blink every 10 s,

e scheduled triggering — after LEDs are turned off, LOG LED blinks every 30 s in stand-by
mode, and when the recording process starts LOG LED starts to blink every 10 s.
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In addition to the above cases:

o if the user interrupts the recording process by pressing @ then LEDs are lit, unless the
next recording is triggered,

o if the analyzer finishes the recording process due to the lack of space on the memory card or
due to a completed schedule, the LEDs remain off.

Pressing any button (shortly) activates ON LED (and possibly other LEDs e.g. MEM depend-
ing on the state) and activates desired feature (if available).

2.13 Firmware update

Firmware of the analyzer must be regularly updated in order to correct discovered errors or in-
troduce new functionalities. When the firmware is updated, check whether a new version of Sonel
Analysis (and vice versa) is available, if yes — proceed with the upgrade.

2.13.1 Automatic update

Automatic update (recommended) is carried out with Sonel Analysis software. If the user acti-
vates option Check online updates in the software settings, the software will connect to the up-
date server during startup. If updates are available, they are displayed (with a list of changes) and
the user can confirm their download. The check for updates may be also activated manually by
entering the menu and selecting Help - On-line update. If the firmware update is available and
has been downloaded, you can upgrade the firmware of the meter. To do this:

1.Before starting the update, download all the data from the analyzer to a computer (download
and save the recorded data on the disk).

2.Connect the analyzer to the mains for battery charging.

3.Connect the analyzer to the computer via a USB cable and establish a connection between
the analyzer and the application. Immediately after connecting, Sonel Analysis should display

a message about the option of updating the firmware (if the user sets in software options

"Check firmware updates while connecting").

4. After confirming the update, wait until the process is completed.
5.NOTE: After a successful update, it is necessary to program the analyzer at least once before
starting recording, in order to avoid inconsistencies in the recorded data.

2.13.2 Manual update

Manual update requires saving the appropriate firmware file on the memory card and starting
the update with the button.

1.Before starting the update, download all the data from the analyzer to a computer (download
and save the recorded data on the disk).

2.Connect the analyzer to the mains for battery charging.

3.Download a new firmware from the manufacturer's website www.sonel.com. If the file is com-
pressed, extract file FIRMWARE.PQF.

4. FIRMWARE.PQF file must be saved in the root directory of the microSD card using an exter-
nal card reader.

5.Insert the card into the analyzer. ON LED indicates that the firmware file was recognized and
readiness to start the update.

6.Press START @ button to begin the update. If the START button is not pressed within 10 sec-
onds, the update is cancelled. The process progress is indicated by blinking LEDs ON and MEM.

7.NOTE: After a successful update, it is necessary to program the analyzer at least once before
starting recording, in order to avoid inconsistencies in the recorded data.
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"Sonel Analysis" software

Sonel Analysis is an application required to work with PQM-700 analyzer. It enables the user

configure the analyzer,

read data from the device,

real-time preview of the mains,

delete data in the analyzer,

present data in the tabular form,

present data in the form of graphs,

analysing data for compliance with EN 50160 standard (reports), or other user-defined refer-
ence conditions,

independent operation of multiple devices,

upgrade the software and the device firmware to newer versions.

Detailed manual for Sonel Analysis is available in a separate document (also downloadable

from the manufacturer's website www.sonel.com).
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4 Design and measurement methods

4.1 Voltage inputs

The voltage input block is shown in Fig. 14. Three phase inputs L1/A, L2/B, L3/C have com-
mon reference line, which is the N (neutral) input. Such inputs configuration allows reducing the
number of conductors necessary to connect the analyzer to the measured mains. Fig. 14 presents
that the power supply circuit of the analyzer is independent of
the measuring circuit. The power adapter has a nominal input ‘
voltage range 100...415V AC (140...415 V DC) and has a . ‘ 28;”,3;
separate terminals.

The analyzer has one voltage range, with voltage range

+1150V. Q—(:)_

—{—

4.2 Current inputs

The analyzer has four independent current inputs with 1

identical parameters. Current transformer (CT) clamps with
voltage output in a 1V standard, or several types of flexible
(Rogowski) probes can be connected to each input.

A typical situation is using flexible clamps with built-in
electronic integrator. However, the PQM-700 allows connect-
ing the Rogowski coil alone to the input and a digital signal in-
tegration.

—T—1
—{

YYY

77 9

Fig. 14. Voltage Inputs
and integrated AC power
adapter.

4.2.1 Digital integrator

The PQM-700 uses the solution with digital integration of signal coming directly from the
Rogowski coil. Such approach has allowed the elimination of the analog integrator problems con-
nected with the necessity to ensure declared long-term accuracy in difficult measuring environ-
ments. The analog integrators must also include the systems protecting the inputs from saturation
in case DC voltage is present on the input.

A perfect integrator has an infinite amplification for DC signals which falls with the rate of
20 dB/decade of frequency. The phase shift is fixed over the whole frequency range and
equals -90°.

Theoretically infinite amplification for a DC signal, if present on the integrator input, causes the
input saturation near the power supply voltage and makes further operation impossible. In practi-
cally implemented systems, a solution is applied which limits the amplification for DC to a speci-
fied value, and in addition periodically zeroes the output. There are also techniques of active can-
cellation of DC voltage which involve its measurement and re-applying to the input, but with an
opposite sign, which effectively cancels such voltage. There is a term “leaky integrator” which de-
scribes an integrator with finite DC gain. An analog leaky integrator is just an integrator featuring a
capacitor shunted with a high-value resistor. Such a system is then identical with a low-pass filter
of a very low pass frequency.

Digital integrator implementation ensures excellent long-term parameters — the entire proce-
dure is performed by means of calculations, and aging of components, drifts, etc. have been elim-
inated. However, just like in the analog version, also here we can find the saturation problem and
without a suitable counteraction the digital integration may become useless. It should be remem-
bered that both, input amplifiers and analog-to-digital converters, have a given finite and undesir-
able offset which must be removed prior to integration. The PQM-700 analyzer firmware includes
a digital filter which is to remove totally the DC voltage component. The filtered signal is subjected
to digital integration. The resultant phase response has excellent properties, and the phase shift
for most critical frequencies 50 and 60 Hz is minimal.

Ensuring the least possible phase shift between the voltage and current components is very
important for obtaining small power measurement errors. It can be proven that approximate power
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measurement error can be described with the following relationship':
Power measurement error = phase error (in radians) x tan(g) x 100%

where tan(p) is the tangent of the angle between the fundamental voltage and current compo-
nents. From the formula, it can be concluded that the measurement errors are increasing as the
displacement power factor is decreasing; for example, at the phase error of only 0.1° and cose =
0.5, the error is 0.3%. Anyway, for the power measurements to be accurate, the phase coinci-
dence of voltage and current circuits must be the highest possible.

4.3 Signal sampling

The signal is sampled simultaneously in all eight channels at the frequency synchronized with
the frequency of power supply voltage in the reference channel. This frequency equals 10.24 kHz
for the 50 Hz and 60 Hz mains systems.

Each period includes then about 205 samples for 50 Hz systems, and about 170 samples for
60 Hz systems. A 16-bit analog-to-digital converter has been used which ensures 64-fold over-
sampling.

3-decibel channels attenuation has been specified for frequency of about 12 kHz, and the
amplitude error for the 2.4 kHz maximum usable frequency (i.e. the frequency of 40th harmonics
in the 60 Hz system) is about 0.3 dB. The phase shift for this frequency is below 15°. Attenuation
in the stop band is above 75 dB.

Please note that for correct measurements of phase shift between the voltage harmonics in
relation to current harmonics and power of these harmonics, the important factor is not absolute
phase shift in relation to the basic frequency, but the phase coincidence of voltage and current
circuits. The highest phase difference error for f = 2.4 kHz is maximum 15°. Such error is decreas-
ing with the decreasing frequency. Also an additional error caused by used clamps are transduc-
ers must be considered when estimating the measurement errors for harmonics power measure-
ments.

4.4 PLL synchronization

The sampling frequency synchronization has been implemented by hardware. After passing
through the input circuits, the voltage signal is sent to a band-pass filter which is to reduce the
harmonics level and pass only the voltage fundamental component. Then, the signal is sent to the
phase locked loop circuits as a reference signal. The PLL system generates the frequency which
is a multiple of the reference frequency necessary for clocking of the analog-to-digital converter.

The input voltage range for which the PLL system will work correctly is quite another matter.
The 61000-4-7 standard does not give here any concrete indications or requirements. The PQM-
700 PLL circuit needs L1-N voltage above 10 V for proper operation.

4.5 Frequency measurement

The signal for measurement of 10-second frequency values is taken from the L1 voltage
channel. It is the same signal which is used for synchronization of the PLL. The L1 signal is sent
to the 2™ order band pass filter which passband has been set to 40...70 Hz. This filter is to reduce
the level of harmonic components. Then, a square signal is formed from such filtered waveform.
The signal periods number and their duration is counted during the 10-second measuring cycle.
10-second time intervals are determined by the real time clock (every full multiple of 10-second
time). The frequency is calculated as a ratio of counted periods to their duration.

1 “Current sensing for energy metering”, William Koon, Analog Devices, Inc.
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4.6 Event detection

The PQM-700 analyzer gives a lot of event detection options in the tested mains system. An
event is the situation when the parameter value exceeds the user-defined threshold.
The fact of event occurrence is recorded on the memory card as an entry which includes:
e parameter type,
channel in which the event occurred,
times of event beginning and end,
user-defined threshold value,
parameter extreme value measure during the event,
parameter average value measure during the event.

Depending on the parameter type, you can set one, two or three thresholds which will be
checked by the analyzer. The table below lists all parameters for which the events can be detect-
ed, including specification of threshold types.

Tab. 4. Event threshold types for individual parameters

Parameter Interruption Dip Swell Minimum Maximum

U RMS voltage . . .
Unpc DC voltage .
f Frequency . .
CFU Voltage crest factor . .
uz Voltage negative sequence unbalance °
Pst Short-term flicker Pst °
Pt Long-term flicker Py .
| RMS current . °

CF | Current crest factor
i2 Current negative sequence unbalance .
P Active power . .
Q1, Qs Reactive power . .
S Apparent power . .
D, Sn Distortion power . .
PF Power factor . .
COS® Displacement power factor . .
tane tano (4-quadrant) . .
Ep+, Ep- | Active energy (consumed and supplied) .
Ea-, Ea- (consumedR::c? tzls\lls):lri]:c;?i-quadrant) *
Es Apparent energy .
THDe U Voltage THDF .
Unz..Unso Voltag(i rrgjaerlfr:]oglg irgg;ltudes .
THDkE | Current THDF .
Ih2..Ihso Current harmonic amplitudes .
(order n = 2...50)

Some parameters can take positive and negative values. Examples are active power, reactive
power, power factor and DC voltage. As the event detection threshold can only be positive, in or-
der to ensure correct detection for above-mentioned parameters, the analyzer compares with the
threshold their absolute values.
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Example
Event threshold for active power has been set at 10 kW. If the load has a
generator character, the active power with correct connection of clamps
will be a negative value. If the measured absolute value exceeds the
threshold, i.e. 10 kW (for example -11 kW) an event will be recorded — ex-
ceeding of the maximum active power.

Two parameter types: RMS voltage and RMS current can generate events for which the user

can also have the waveforms record.

The analyzer records the waveforms of active channels (voltage and current) at the event

start and end. In both cases, six periods are recorded: two before the start (end) of the event and
four after start (end) of the event. The waveforms are recorded in an 8-bit format with 10.24 kHz
sampling frequency.

The event information is recorded at its end. In some cases it may happen that event is active

when the recording is stopped (i.e. the voltage dip continues). Information about such event is al-
so recorded, but with the following changes:

no event end time,

extreme value is only for the period until the stop of recording,

average value is not given,

only the beginning waveform is available for RMS voltage or current related events.

In order to eliminate repeated event detection when the parameter value oscillates around the

threshold value, the analyzer has a functionality of user-defined event detection hysteresis. It is
defined in percent in the following manner:

for RMS voltage events, it is the percent of the nominal voltage range (for example 2% of
230V, that is 4.6 V),

for RMS current events, it is the percent of the nominal current range (for example for C-4
clamps and absence of transducers, the 2% hysteresis equals 0.02x1000 A = 20 A),

for remaining parameters, the hysteresis is specified as a percent of maximum threshold (for
example, if the maximum threshold for current crest factor has been set to 4.0, the hysteresis
will be 0.02x4.0 = 0.08.
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5 Calculation formulas

5.1 One-phase network

One-phase network

Parameter
N Des_lgna- Unit Method of calculation
tion
Voltage (True RMS) Ua \Y
where Ui is a subsequent sample of voltage Uan
M = 2048 for 50 Hz and 60 Hz
1 M
Uapc = MZ U;
Voltage DC component Unpc \ i=1
where Ui is a subsequent sample of voltage Uan
M = 2048 for 50 Hz and 60 Hz
number of full voltage periods Uan
Frequency F Hz counted during 10-sec period (clock time) divided by the
total duration of full periods
I =
Current (True RMS) Ia A
where i is subsequent sample of current /a
M = 2048 for 50 Hz and 60 Hz
1 M
Current constant compo- Iapc = MZ li
nent lapc A -1
where /iis a subsequent sample of current /a
M = 2048 for 50 Hz and 60 Hz
1 M
P= MZ Uil
. =1
Active power P w where Ui is a subsequent sample of voltage Uan
liis a subsequent sample of current /a
M = 2048 for 50 Hz and 60 Hz
40
Qs = ). Uplnsingy
. h=1
Budeanu reactive power Qs var where Un is h-th harmonic of voltage Ua-n
In jest h-th harmonic of current /a
¢n is h-th angle between harmonic Us and /n
1 = Uilysing,
Reactive power of fun- Q var where U1 is fundamental component of voltage Uan
damental component ! l1is fundamental component of current /a
¢1is angle between fundamental components U and /1
Apparent power S VA S = Uarmslarus
Apparent distortion
i power Sw VA Sy =82 = (U111)?
Budeanu distortion power Ds var Dp= |S2—P2—-Q2
p
PF =—
Power Factor PF - S

If PF < 0, then the load is of a generator type
If PF > 0, then the load is of a receiver type

30




PQM-700 User Manual

Displacement power fac-
tor

cosg
DPF

cos@ = DPF = cos((pu1 - ‘ph)
where gu1 is an absolute angle of the fundamental com-
ponent of voltage Uan
@1 is an absolute angle of the fundamental component
of current /a

Tangent ¢
(4-quadrant)

tang+)

AEqu+
tang ) = Agi+ )
where: 4Eq+ is the increase in reactive energy Eq(+
(Budeanu/IEEE-1459) in a given averaging period,
AEp+ is the increase in active power taken Ep. in a given
averaging period

tangc,)

)
tangc—y = — AEp,
where: AEqcc. is the increase in reactive energy Eqc.)
(Budeanu/IEEE-1459) in a given averaging period,
AEp+ is the increase in active power taken Ep. in a given
averaging period

tangy-)

AEgq-
AEp,
where: AEqq, is the increase in reactive energy Equ.)
(Budeanu/IEEE-1459) in a given averaging period,
AEp. is the increase in active power taken Ep. in a given
averaging period

tang .y =

tangc+)

)
AEp,
where: AEq(c+ is the increase in reactive energy Eq(c+)
(Budeanu/IEEE-1459) in a given averaging period,
AEp. is the increase in active power taken Ep. in a given
averaging period

tan@cy) = —

Harmonic components of
voltage and current

Inx

method of harmonic subgroups according to
IEC 61000-4-7
X (harmonic) = 1..50

Total Harmonic Distortion
for voltage, referred to
the fundamental compo-
nent

THDUF

40 UZ
h=2%h
THDUp = ~—;—— % 100%
1

or

55, U

1

THDU; = x 100%

Q‘T
)
&

where Un is h-th harmonic of voltage Ua-n
Uy is fundamental component of voltage Ua-n

Total Harmonic Distortion
for voltage, referred to
RMS

THDUr

THDUg = ~;—— x 100%

where Un is h-th harmonic of voltage Ua-n
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Total Harmonic Distortion
for current, referred to
the fundamental compo-
nent

THDIF

40 F
h=2"'h

THDIp = ~———x 100%
1

or

THDIr = T X 100%
1

where Iy is h-th harmonic of current /a
11 is fundamental component of current /a

Total Harmonic Distortion
for current, referred to
RMS

THDIr

40 72
hzzh

THDIg = ~——x 100%
ARMS

or

THDIR = T X 100%

where Iy is h-th harmonic of current /a

TDD factor

TDD

a0k
TDD = T X 100%
L
where Iy is the h-th harmonic of current /a

I is demand current (in automatic mode /. it is the max-
imum average value of the fundamental component of
current, found in all measured current channels of the

entire recording range)

Voltage crest factor

CFU

max|U;|
CFU =

ARMS
max|U;|Where the operator expresses the highest abso-

lute value of voltage Ua.n samples
i = 2048 for 50 Hz and 60 Hz

Current crest factor

CFI

max|I;|
CFI =

QRMS
max|I;|Where the operator expresses the highest abso-

lute value of current /a samples
i = 2048 for 50 Hz and 60 Hz

Short-term flicker

calculated according to IEC 61000-4-15

Long-term flicker

P i P
LT — __7V__

where Psri is subsequent i-th indicator of short-term
flicker
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M
Epe = ) PLOTQ)

i=1

. _ (P forP(@{) >0
P = { 0 for PG) <0
M

Fp_ = Z PO

Active energy (consumed Ep+ izl .
’ Wh . P@)| forP@{) <0
and supplied) Ep- P_(i) = {l O]ICUC P(i) 2 0
where:
iis subsequent number of the 10/12-period measure-
ment window
P(i) represents active powerP calculated in i-th measur-
ing window
T(i) represents duration of i-th measuring window (in
hours)
M
Boun = ). Qs (DT
=1
Qu+(i) = Qi) if Q()>0i P(i)>0
Qu+(i) = 0 in other cases
M
Boey = ) Qe-OT(®)
i=1
Qc-(i) = Q(i) if Q(i)>0i P(i)<0
Qc-(i) = 0in other cases
M
Eouny = ). Qu-OT ()
i=1
Equ Qu(1) = 1Q()| if Q<01 P(i)<0
Reactive energy Eq(c) varh Qc-(i) = 0in other cases
(4-quadrant) Eawy
Eq(cy- M
Baen = ). QerOT()
=1
Qc+(i) = |Q(I)| if Q(i)<0i P(i)>0
Qc+(i) = 0in other cases
where:
iis subsequent number of the 10/12-period measure-
ment window
Q(i) represents active power (Budeanu or IEEE1459)
calculated in i-th measuring window
P(i) represents calculated active power in the i-th meas-
uring window
T(i) represents duration of i-th measuring window (in
hours)
M
Eg= Z SOTE)
=1
where:
Apparent energy Es VAh iis subsequent number of the 10/12-period measure-

ment window

S(i) represents apparent power S calculated in i-th
measuring window

T(i) represents duration of i-th measuring window (in
hours)
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5 Calculation formulas

5.2 Split-phase network

Split-phase network

(parameters not mentioned are calculated as for single-phase)

Parameter
Name Des_lgna- Unit Method of calculation
tion
Total active power Prot w Pior = P4+ Py
Total Budeanu reactive
power Qstot var Qptor = Qpa + Uss
Total reactive power of _
fundamental component Qrtor var Qitor = Qua+ Qip
Total apparent power Stot VA Stot = Sa + Sp
Total apparent distortion
pppower Shvot VA Sntot = Sna + Snp
Total Budeanu distortion
power Dot var Dgtot = Dga + Dpp
Ptot
Total Power Factor PFot - PFior =5—
to
Total displacement pow- COSProt _ _1
er factor DPFur - €OS Qior = DPFypr = E(cos ®a +cospp)
AE,
Qtot(L+)
tan =—
Ptot(L+) AEprors
where: AEauwtt+) is the increase in total reactive energy
tan grot(L+) - Eotot+) (Budeanu/IEEE-1459) in a given averaging peri-
od,
AEpiot+ is the increase in total active energy Eptor+ in @
given averaging period
AE,
Qtot(C-)
tan N
oD T T A B
where: AEowtc. is the increase in total reactive energy
tanguotc.) - Eatot(c) (Budeanu/IEEE-1459) in a given averaging peri-
od,
AEput+ is the increase in total active energy taken Eptot+
Total tangent ¢ in a given averaging period
(4-quadrant) _ DEgeoe-)
KOOt = R
where: AEowtL-) is the increase in total reactive energy
tangrot-) - Eatot) (Budeanu/IEEE-1459) in a given averaging peri-
od,
AEpiot+ is the increase in total active energy taken Epot+
in a given averaging period
AE
Qtot(C+)
tang =——
tot(C+) AEprors
where: AEowt(c+) is the increase in total reactive energy
tanguot(c+) - Eott(c+) (Budeanu/IEEE-1459) in a given averaging peri-

od,
AEpior+ is the increase in total active energy taken Epot+
in a given averaging period
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Total active energy (con-
sumed and supplied)

Ei Ptot+
Eptot-

Wh

M
Eptot+ = Z Proe+ (DT (D)

i=1
Prors (0) = {Ptot(i) for Py (i) >0
tot+ 0 for P () <0
M

Ertor- = ) Prae-(OT()
i=1

where:

i is subsequent number of the 10/12-period measure-
ment window,

Prot(i) represents total active power Py calculated in i-th
measuring window

T(i) represents duration of j-th measuring window (in
hours)

Total reactive energy
(4-quadrant)

Eatot+)
Eatot(cy
Eatot(i-)
Eatot(c+)

varh

M
Egtotws) = Z QL+ (DT()

i=1
Qu+(i) = Qi) if Q(i)>0i P(i)>0
Qc+(i) = 0 in other cases

M
EQtot(C—) = Z Qc—(i)T(i)

i=1
Qc(i) = Q) if Q()>0i P(i)<0
Qc-(i) = 0in other cases

M
Eqtot(-) = Z Q.-(T®)

i=1
Qu(i) = 1Q0)| if Q<0 P()<0
Q.-(i) = 0in other cases

M
Egtorcen) = ) Qe+ (DT @)

i=1
Qe+(i) = 1Q00)| if Q<01 P(i)>0
Qc+(i) = 0in other cases

where:

iis subsequent number of the 10/12-period measure-
ment window,

Q(i) represents total reactive power (Budeanu or
IEEE1459) calculated in i-th measuring window,

P(i) represents total active power calculated in i-th
measuring window,

T(i) represents duration of i-th measuring window (in
hours)

Total apparent energy

Estot

VAh

M
Estor = Z Stot (DT (D)
=1

where:

iis subsequent number of the 10/12-period measure-
ment window

Stot(i) represents total apparent power St calculated in i-
th measuring window

T(i) represents duration of i-th measuring window (in
hours)
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5 Calculation formulas

5.3 3-phase wye network with N conductor

3-phase wye network with N conductor

(parameters not mentioned are calculated as for single-phase)

Parameter
Designa- . Method of calculation
Name tion Unit
Total active power Prot w Prot = Pa+ P + P
Total Budeanu reactive
power Qsrot var Qptor = Upa + @ps + Upc
Qf =3U{I{ sing
where:
Total reactive power U1+ is the voltage positive sequence component (of the
ace. to IEEE 1459 Qr* var fundamental component
’ 11+ his the current positive sequence component (of the
fundamental component)
@1+ is the angle between components U;s* and 1+
S, = 3U,I,
where:
v~ B+ U + U7 + Up’ + Upe? + Ugs?
Effective apparent power Se VA ¢ 18
L L2+ Ig% + Ioc? + Iy?
e 3
Sen = A Sez +Selz
where:
Se1 = 3Ue1leq
Effective apparent distor- 2
tion power Sen VA v = 3(Uas® + Upr? + Uey?) + Uspy + Uper® + Ugar
el 18
L= \/IAIZ + g + e+ Iy
el —
3
Total Budeanu distortion
power Datot var Dgtor = Dpa + Dpp + Dpc
P
Total Power Factor PFiot - PFyor = %
e
Total displacement pow- COS rot 1
er factor DPIZ)::( - COS Pror = DPFr = 3 (cos @4 + cos@g + cospec)
tangrot(L+)
T?ia(:izgraer?:)(p ;aazz‘”(:')) - calculated as for the split-phase network
= fot(L-)
tan(p(ot(c+)
T‘:S?gﬁ“;ggi::’g“é%(;n' II:;'P;:o: Wh formula same as in split-phase system
-tol
Eatot+)
Tota(l ‘{eqaucatl(\j/reaﬁgergy ggtt"i((fj varh calculated as for the split-phase network
- oL
Earotc+)
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Total apparent energy

Estot

VAh

M
Esior = ) S:(OT()
i=1

where:
iis subsequent number of the 10/12-period measure-
ment window
Se(i) represents the effective apparent power Se, calcu-
lated in i-th measuring window
T(i) represents duration of j-th measuring window (in
hours)

RMS value of zero volt-
age sequence

1
Uy =3 (Uns + Upy + Ues)
Uy = mag(Uy)
where Ua1, Ug1, Uct are vectors of fundamental compo-

nents of phase voltages Ua, Us, Uc
Operator mag() indicates vector module

RMS value of positive
voltage sequence

Us

Uy =3 (Un + alp: +a*Usy)

U; = mag(Uy)

where Ua1, Us1, Ucr are vectors of fundamental compo-
nents of phase voltages Ua, Us, Uc
Operator mag() indicates vector module

. 1 V3
= Jj120° — _ 4 "

a=1le > + \2/_]

. 1 3
2 _qpj240° — _ = _ Y7
a le ) j

RMS value of negative
voltage sequence

U2

1 2
U, =§(l_]A1+a Upy + aUcy)

U; = mag(U,)

where Ua1, Ug1, Uct are vectors of fundamental compo-
nents of phase voltages Ua, Us, Uc
Operator mag() indicates vector module
1 V3

=1eft2e = _Z 4 X%
a=1le 7t

1 3

2 _ qpi2a0° — _Z_ 1725
a e 2 2]

Voltage unbalance factor
for zero component

Uo

%

= Y. 100%
Uy

Uy

Voltage unbalance factor
for negative sequence

uz

%

up = 3 100%
1

Current zero sequence

1
Iy =§(ZA1 + I +10)
Iy = mag(ly)
where [a1, Ig1, Ic1 are vectors of fundamental compo-
nents for phase currents /a, /s, Ic
Operator mag() indicates vector module

RMS value of positive
current sequence

L= %(Ltu +alp; + a’ly)
I, = mag (L)
where Ia1, Is1, Ic1 are vectors of fundamental current
components /4, Is, Ic
Operator mag() indicates vector module
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5 Calculation formulas

1
L= §(ZA1 +a?lg +alcy)
RMS value of negative I =mag(ly)
current sequence where la1, Ig1, Ic1 are vectors of fundamental compo-
nents for phase voltages Ia, /s, Ic
Operator mag() indicates vector module

I

Current unbalance factor i % io = 2. 100%
for zero sequence I
I

Current unbalance factor i % iy = 2-100%
for negative sequence Iy

5.4 3-phase wye and delta network without neutral conductor

3-phase wye and delta network without neutral conductor
(Parameters: RMS voltage and current, DC components of voltage and current, THD, flicker are calculated as for 1-phase circuits;
instead of the phase voltages, phase-to-phase voltages are used. Symmetrical components and unbalance factors are calculated
as in 3-phase 4-wire systems.)

Parameter
Name Des_lgna- Unit Method of calculation
tion
Phase-to-phase voltage
‘LCA 9 Uca \Y, Uca = —(Upp + Ugc)
Current I2 _

(Aron measuring circuits) l2 A L =—(+1)

M M
1
Prot = M(Z Uiaclia + Z Uch’iB)
i=1 i=1
where:
Total active power Prot W Uiac is a subsequent sample of voltage Ua.c

Uisc is a subsequent sample of voltage Us.c
lia is a subsequent sample of current /4
liz is a subsequent sample of current /s

M = 2048 for 50 Hz and 60 Hz

S, = 3U,I,
where:

U. = Uap” + Upc” + Uca®
Total apparent power Se VA ¢ 9
L2+ Ig? + Iog?
[g = f

Total reactive power o Q =N =signy/Sz — .‘_’2 . _
(Budeanu and IEEE Quot var where sign is equal to 1 or -1. The sign is determined
1459) basing on the angle of phase shift between standardized

symmetrical components of voltages and currents

Total Budeanu distortion

power Datot var Dptor = 0
) . Sen = A Sez +Selz
Effective apparent distor- Sen VA where:

tion power
P Se1 = 3Ue1ler
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_ Uspa” + Upci® + Ucai®
e
_ I® + Iy + 1e®
la= [P

Total Power Factor

PFot

Ptot
Se

PFior =

Active energy (consumed
and supplied)

E Ptot+
Eptot-

Wh

M
Epitor = Z Pitor (DT (D)

i=1

Peor (i) for Peoe(i) > 0

Prear(®) = { 0 for Proe(D) < 0

M
Ep_tor = Z P_ioe (DT (1)
i=1

Poror(D) = {chot(i)l for Pyo(and) <0

~tot 0 for Py (i) = 0
where:
iis subsequent number of the 10/12-period measure-
ment window
Prot(i) represents total active power Py calculated in i-th
measuring window
T(i) represents duration of j-th measuring window (in
hours)

Total apparent energy

Estot

VAh

M
Bstor = ) Se(DT()
i=1

where:

iis subsequent number of the 10/12-period measurement
window

Se(i) represents the total apparent power Se calculated in
i~th measuring window

T(i) represents duration of j-th measuring window (in
hours)
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5 Calculation formulas

5.5 Methods of parameter‘s averaging

Method of averaging parameter

Parameter Averaging method
RMS Voltage RMS

DC voltage arithmetic average
Frequency arithmetic average

Crest factor U, |

arithmetic average

Symmetrical components U, |

RMS

Unbalance factor U, |

calculated from average values of symmetrical components

RMS Current

RMS

Active, Reactive, Apparent and
Distortion Power

arithmetic average

Power factor PF

calculated from the averaged power values

Ccos¢ arithmetic average

tane calculated as the ratio of the reactive energy delta (in the related quadrant)
to the active energy delta

THD U, | calculated as the ratio of the average RMS value of the higher harmonics to

the average RMS value of the fundamental component (for THD-F), or the
ratio of the average of RMS value of higher harmonics to the average value
of RMS value (for THD-R)

Harmonic amplitudes U, |

RMS

Note:

RMS average value is calculated according to the formula:

RMS =

The arithmetic average (AVG) is calculated according to the formula:
N

where:

1
AVG = Nz,i
i=1

e X;is subsequent parameter value to be averaged,
¢ Nis the number of values to be averaged.
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6 Technical specifications

» Specifications are subject to change without prior notice. Recent revisions of technical docu-
mentation are available at www.sonel.com.
e Basic uncertainty is the uncertainty of a measurement instrument at reference conditions speci-

fied in Tab. 5.

o Provided uncertainties apply to PQM-700 without additional transformers and clamps.

o Abbreviations:

e m.v. —reference measured value,

Unom — NOminal voltage,

RMS — RMS value,
n — harmonic order,

lnom — Nominal current (of clamps),

s.d. — significant digits (or significant figures) — in reference to resolution of measurement

result, the value is recorded with the given number of significant digits, e.g. resolution for
230 V with 4 s.d. will be 0,1 V (notation 230,0 V); resolution for 5 A with 4 s.d. will be

0,001 A (notation 5,000 A),

e Jyn — additional uncertainty of error in the measurement of the phase between voltage and

current harmonics.

6.1 Inputs

Voltage input terminals

Number of inputs

4 (L1, L2, L3, N - 3 measuring channels)

Maximum input voltage

760 Vrws 40...70 Hz or DC

Measurement category

CAT IV 300V /CAT I 600V /CATI1I 760 V

Peak input voltage +1150 V
Analog passband (-3 dB) 12 kHz
Transducers defined by user
Impedance of measurement inputs 14 MQ

CMRR

70 dB (50 Hz)

Current input terminals

Number of inputs

4 (3 phases + neutral) not isolated galvanically

Nominal input voltage (CT clamps) 1 Vrvs
Peak input voltage (CT clamps; without +3.6 V
ADC overflow)

Nominal input voltage (flexible clamps) 0.125 VRrus
Peak input voltage (flexible clamps; without

ADC overflow) 045V
Maximum current probes input voltage re-

ferred to earth 5 Vrus
Analog passband (-3dB) 12 kHz

Input Impedance

CT clamps: 100 kQ
Flexible clamps: 12.4 kQ

Measurement range (without transducers)

Flexible probes F-1(A)/F-2(A)/F-3(A): 1..3000 A (+10 kA peak, 50 Hz)
Flexible probes F-2AHD/F-3AHD: 1..3000 A (+10 kA peak, 50 Hz)
Flexible probes F-1A6/F-2A6/F-3A6: 1..6000 A (+20 kA peak, 50 Hz)
Flexible probes F-1A1/F-2A1/F-3A1: 1..1500 A (£5 kA peak, 50 Hz)
CT probes C-4(A): 1..1000 A

CT probes C-5A: 1..1400 A

CT probes C-6(A): 0.01..12 A

CT probes C-7(A): 0..100 A

Transformers

defined by user

CMRR

60 dB (50 Hz)
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6 Technical specifications

6.2 Sampling and RTC

Sampling and RTC

A/D converter

16-bit

Sampling rate

10.24 kHz for 50 Hz and 60 Hz
Simultaneous sampling in all channels

Samples per period

204.8 for 50 Hz; 170.67 for 60 Hz

PLL synchronization

40..70Hz

Reference channel for PLL

L1/A

Real-time clock

+3.5 ppm max (approx. £ 9 sec./month)
in the temperature range of -20°C...+55°C

6.3 Measured parameters - accuracy, resolution and ranges

6.3.1 Reference conditions

Tab. 5. Reference conditions.

Reference conditions

Ambient temperature 23°C +2°C

Relative Humidity 40...60%

Voltage unbalance < 0.1% for unbalance factor of negative sequence (applies only to 3-phase
systems)

External continuous magnetic field <40A/mDC
<3 A/m AC for 50/60 Hz frequency

DC component of voltage and current none

Waveforms sinusoidal

Frequency

50 Hz £0.2% or 60 Hz £0.2%

6.3.2 Voltage

Voltage

Ranges and conditions

Resolution Basic uncertainty

Urms (AC+DC)

20% Unom < URMSS 120% Unom
for Unom 2 100 V

4s.d. +0.5% Unom

Crest Factor

1..10 (1..1.65 for 690 V voltage) 0.01 +5%
for Urms = 10% Unom
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6.3.3 Current
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Current

Ranges and conditions |

Resolution

Basic uncertainty

Irws (AC+DC)

Input path without clamps

CT line:
0..1V (3.6 V max)

flexible probes line:
0..125 mV (450 mV
max)

4sd.

0.2% lnom

Flexible probes F-1(A)/F-2(A)/F-3(A)

0..3000 A 4 s.d. Additional uncertainty

(£10 kA) See the probes user manual
Flexible probes F-2AHD/F-3AHD

0..3000 A Additional uncertainty

(10 kA max)

4 s.d.

See the probes user manual

Flexible probes F-1A6/F-2A6/F-3A6

0..6000 A
(20 kA max)

4s.d.

Additional uncertainty
See the probes user manual

Flexible probes F-1A1/F-2A1/F-3A1

0..1500 A 4 s.d. Additional uncertainty
(£5 kA max) See the probes user manual
CT probes C-4(A)
0..1000 A 4 s.d. Additional uncertainty
See the probes user manual
CT probes C-5A
0..1400 A 4 s.d. Additional uncertainty
See the probes user manual
CT probes C-6(A)
0..12A 4sd. Additional uncertainty
See the probes user manual
CT probes C-7(A)
0..100 A 4 s.d. Additional uncertainty
See the probes user manual
Crest Factor 1..10 (1..3,6 for lnom) 0.01 +5%

for Irms 2 1% Inom
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6 Technical specifications

6.3.4 Frequency

Frequency

Ranges and conditions

Resolution

Basic uncertainty

40..70 Hz
10% Unom < Urms < 120% Unom

0.01 Hz

+0.05 Hz

6.3.5 Harmonics

Harmonics Ranges and conditions | Resolution Basic uncertainty
Harmonic (n) DC, 1..50, grouping: harmonics sub-groups acc. to IEC 61000-4-7
Urms amplitude 0..200% Unom 4sd. 40.15% Unom if m.v. <3% Unom
+5% m.v. if m.v. 2 3% Unom
(acc. to IEC 61000-4-7 Class Il)
Irvs amplitude Depending clamps 4s.d. +0.5% Inom if M.v. <10% lnom
used (see specifica- +5% of m.v. if m.v. = 10% Inom
tions for Irms) (acc. to IEC 61000-4-7 Class II)
Voltage THD-R 0.0...100.0% 0.1% +5%
(n=2..400orn = 2..50) for Urms 2 1% Unom
Current THD-R 0.0...100.0% 0.1% +5%
(n=2..40 or n = 2..50) for Irms 2 1% lnom
TDD Depending on I Depending on I Depending on I
(n = 2..40)

6.3.6 Power and energy

Conditions
Power and energy (for power and energy Resolution Basic uncertainty
80% Unom < Urms < 120% Unom)
Active power 2% lnom < IRms < 5% Inom 4s.d. 252 4 429
Active energy cosg =1 oA
5% lnom < lrus < |
Co/;$no;n1 RMS nom 2.02 + A?)h%
5% Inom < Irms < 10% lnom 2 2 o
cosp =0.5 \IZ'S A%
10% lnom < IrMs < lnom 2 2 o
cosp =0.5 \]2'0 A%
React!ve power 2_% Infm < Irms < 5% lnom 4s.d. 407 + 42 %
Reactive energy sing = 1 ph
5% | <l <l
Siﬁ)go n=0m1 RMS nom 3.02 + A?)h%
5% lnom < Irms < 10% lnom 2 2 o
sino = 0.5 4.0% + 42, %
10% Inom < IRms < lnom 2 2 o
sing = 0.5 3O A
10% Inom < IRMs < lnom 2 2 o
sing = 0.25 S
Apparent power 2% Inom < Irms < 5% Inom 4 sd. +2.5%
Apparent energy 5% lnom < Irms < lnom +2.0%
Power factor (PF) 0...1 0.01 +0.03
50% Unom < Urms < 150% Unom
10% lnom < Irms < Inom
Displacement power 0...1 0.01 +0.03
factor (cosq/ DPF) 50% Unom < Urms < 150% Unom
10% lnom < IrMs < Inom

(1) See sec. 6.3.7.
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6.3.7 Estimating the uncertainty of power and energy measurements

The total uncertainty of active and reactive power and energy measurements and the harmon-
ics power is based on the following relationship (additional time measurement uncertainty is omit-
ted in case of energy as much smaller than other uncertainty types):

AP.Q = /AZUh + A%h + Aih

where: pq — uncertainty of active or reactive power measurement,
oun — total uncertainty of voltage harmonic amplitude measurement (analyzer, transduc-
ers),
din — total uncertainty of current amplitude measurement (analyzer, transducers, clamps),
Jen — additional uncertainty caused by the error of phase measurement between the volt-
age and current harmonics.

The d,n uncertainty can be determined if we know the phase shift angle for a given frequency
ranges. Tab. 6 presents the phase difference error between the voltage and current harmonics for
the PQM-700 analyzer (without clamps and transducers).

Tab. 6. Phase error in the PQM-700 analyzer depending on the frequency

Phase difference error
Frequency range | 0..200 Hz | 200..500 Hz | 500 Hz..1 kHz | 1..2 kHz | 2..2.4 kHz
Error <1° <2.5° <5° <10° s15°

The phase error caused by used transducers and clamps can be usually found in their tech-
nical documentation. Such being the case, we need to estimate the resultant phase error between
the voltage and the current for a given frequency caused by all elements of the measuring circuit:
current and voltage transducers, clamps, and the analyzer.

The phase uncertainty of the harmonics active power measurements can be calculated according
to the following formula:

8pp, = 100 (1 _M) [%], cosp #0

cosp

On the other hand, the phase uncertainty of the harmonics reactive power measurements can be
calculated according to the following formula:

in(p—4¢) .
8,n = 100 (1 —%) [%], sing # 0

In both formulas, ¢ means the actual phase shift angle between the current and voltage com-
ponents, and Ap means the total phase error for a given frequency. The conclusion which can be
drawn from these relationships is that power measurement uncertainty for the same phase error
very clearly depends on the displacement power factor between current and voltage. It is shown in
Fig. 15.
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Example
Calculation of measurement uncertainty of active power fundamental
component.
Conditions: ¢ = 60° Urus = Upom , Irus = 5% lnom.

Fundamental uncertainty equals
For the 0..200Hz frequency range, the PQM-700 phase error is < 1° After
substituting to the equation:

Aypn =100 (1 — 22222 = 100 (1 -

cosp
then, the measurement uncertainty is:

§ ==+4/1,02 + 3,042 = +3,20%

Under the same conditions, but with the phase shift ¢ = 10, we will ob-
tain:

cos(61°)
cos(60°)

) =3,04%

_ _ cos(11°)
Aph =100 (1 cos(10°)
and the measurement uncertainty is:
§ =+,/1,024+0,322 = +1,05%
The above calculations do not take into account additional errors caused
by used clamps and transducers.

) =0,32%

100 4

50 1

80 1

70 4

B0 1

50 4

40 1

30 1

20 4

0 5 10 15 20 25 30

Fig. 15. Additional uncertainty from phase error depending on phase shift angle.

6.3.8 Flicker

Flicker Ranges and conditions Resolution Basic uncertainty
Pst (10 min), 0.4 ..10 0.01 +10% within the values presented in
P (2 h) for Urms = 80% Unom tables of IEC 61000-4-15 standard
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6.3.9 Unbalance
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Unbalance

Ranges and conditions Resolution Basic uncertainty
(voltage and current)
Unbalance factor for posi- | 0.0% ... 10.0% 0.1% +0.3%
tive, negative and zero for (absolute uncertainty)
sequence 80% Unom < Urms < 150% Unom

6.4 Event detection - voltage and current RMS

Urwms voltage
(dips, interruptions and Range Resolution Basic uncertainty
swells)
Urms(112) 0.0%...120.0% Unom 4s.d. +1% Unom
Detection thresholds Set by the user in percentage or absolute values. Event detection based on
the measurement of Urms(12) (1-period RMS refreshed every % period).

Duration hh:mm:ss.ms | % period [ One period
Waveform record Two periods before event + 4 periods after the event (total of 6 cycles)

204.8/170.67 (50 Hz/60 Hz) samples per period

IRMS. e Range Resolution Basic uncertainty
(min, max)
Irms(172) 0.0%...100.0% lnom 4 s.d. +0.5% Inom
Detection thresholds Set by the user in percentage or absolute values. Event detection based on
the measurement of Irus(i12) (1-period RMS refreshed every V2 period).
Duration hh:mm:ss.ms | % period [ One period
Waveform record Two periods before event + 4 periods after the event (total of 6 cycles)

204.8/170.67 (50 Hz/60 Hz) samples per period

6.5 Event detection - other parameters

Parameter Range Detection method
Frequency 40 ... 70 Hz (percentage | Detection based on 10-sec. measurement
(min, max) or absolute value) (acc. to IEC 61000-4-30)
Voltage crest factor 1.0...10.0 Basing on 10/12-period value
(min, max)
Current crest factor 1.0...10.0 Basing on 10/12-period value
(min, max)
Negative sequence unbalance factor | 0.0 ... 20.0% Basing on 10/12-period value
for voltage (max)
Negative sequence unbalance factor | 0.0 ... 20.0% Basing on 10/12-period value
for current (max)
Short-term flicker Pst (max) 0..20 Basing on 10-minute value
Long-term flicker Px (max) 0..20 Basing on 2-hour value

Active power P (min, max)

Depending on the con-

Basing on 10/12-period value

figuration (for consumed and supplied power)

Reactive power Q (min, max) Depending on the con- Basing on 10/12-period value
figuration (for consumed and supplied power)

Apparent power S (min, max) Depending on the con- Basing on 10/12-period value
figuration

Distortion power D / Apparent distor- | Depending on the con- Basing on 10/12-period value

tion power Sn figuration

(min, max)

Power Factor PF (min, max) 0...1 Basing on 10/12-period value

Displacement power factor cosg/ 0...1 Basing on 10/12-period value

DPF (min, max)

4-quadrant tang (min, max) 0...10 Basing on 10/12-period value
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Active energy Ep (max)

Depending on the con-
figuration

Exceedance checked every 10/12 periods
(for consumed and supplied energy)

4-quadrant reactive energy Eq (max)

Depending on the con-
figuration

Exceedance checked every 10/12 periods
(for consumed and supplied energy)

Apparent energy Es (max)

Depending on the con-

Exceedance checked every 10/12 periods

figuration
Total harmonic distortion for voltage 0...100% Basing on 10/12-period value
THD-F (max)
Total harmonic distortion for current 0...200% Basing on 10/12-period value
THD-F (max)

Voltage harmonic amplitudes (max)

0 ... 100% or absolute
values

Basing on 10/12-period value;
Independent thresholds for all harmonics in
the range of 2 ... 40

Current harmonic amplitudes (max)

0...200% or absolute Basing on 10/12-period value;

values Independent thresholds for all harmonics in
the range of 2 ... 40
6.5.1 Event detection hysteresis
Event detection hysteresis Range Calculation method
Hysteresis 0..10% See section 4.6.

in 0.1% steps

6.6 Inrush current me

asurement

Range [A,%]

Resolution [A,%] Basic uncertainty

0...100% Inom

4s.d. 40.5% Inom

e voltage and current measurement is carried out every % period in all channels (averaging set to 2 period)
e measurement time up to 60 seconds.

6.7 Recording

Recorder

Averaging time ()

1s,3s,10s, 30 s, 1 min, 5 min, 10 min, 15 min, 30 min.
Special mode: %2 period (for recording waveforms with a limited recording
time up to 60 sec, e.g. inrush current) @

Averaging min / max for Urus

Y, period, period, 200 ms, 1s,35s,5s®

Averaging min / max for Irvs

Y, period, period, 200 ms, 1s,35s,5s®

Waveforms

Event waveforms for voltage and current

Recording activation mode

manual
starting at the first detected event
scheduled (four defined time periods)

Measurement points

1, single user configuration

Recording time

Depending on the configuration

Memory Built-in 2 GB micro-SD memory card
Memory Model Linear
Security Key lock to prevent unauthorized access

(1)

Averaging times shorter than 10

seconds are in fact equal to a multiple of the mains period:

200 ms = 10/12 cycles, 1 s = 50/60 periods, 3 s = 150/180 periods, 5 s = 250/300 cycles.

()
@)

Urwms(112) and Irus(12) are RMS values for one period, refreshed every half period.
Averaging periods min./max. 200 ms, 1 s, 3 s, 5 s are in fact equal to a multiple of the mains period: 200 ms

=10/12 cycles, 1 s = 50/60 periods, 3 s = 150/180 periods, 5 s = 250/300 cycles
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Recorded parameters

Mean val-
ue

Minimum
value

Maximum
value

Instanta-
neous
value

RMS phase/phase-to-phase (depending on the type of
system) voltage Urus

RMS phase-to-phase voltage Urums (only 3-phase wye
with N and split-phase systems)

RMS current lrus

Frequency f

Voltage crest factor CF U

Current crest factor CF |

Unbalance factors for negative and positive sequence,
symmetrical components: negative, positive, zero (volt-
age) Uo, Ui, Uz, Uo, U2

Unbalance factors for negative and positive sequence,
symmetrical components: negative, positive, zero (cur-
rent) lo, |4, Iz, io, iz

Flicker factor Pst and Py,

Active power (consumed and supplied) P-, P-

Reactive power (consumed and supplied) Qi+, Qi./ Qs+, Qs

Apparent power S

Distortion power D / Apparent distortion power Sy

Power factor PF

Displacement power factor cosg/DPF

tang factor (4 quadrants): tangs, tangc), tanew), tanecs

Active energy (consumed and supplied) Ep+, Ep-

Reactive energy (4 quadrants) Equ+, Eacy, Eaw, Eacs

Apparent energy Es

Total harmonic distortion for
Voltage THD-F

Total harmonic distortion for
current THD-F

TDD factor

Voltage harmonic amplitudes Un1...Unso

Current harmonic amplitudes In1...lnso

6.8 Power supply, battery and heater

Power supply

Input voltage range

100...415V AC, 40...70 Hz
140...415V DC

Input voltage range (including fluctuations)

90...460 V AC, 40...70 Hz
127...460 V DC

Overvoltage category

Altitude up to 4000 m: CAT IV 300 V / CAT Il 415V / CAT Il
460 V (including fluctiations)

Altitude 4000-5000 m: CAT Il 300 V / CAT 11 415 V / CAT Il 460
V (including fluctiations)

Power consumption max. 30 VA

Power consumption from mains depending on con-

figuration (typical) voltage 230 V AC

voltage 400 V AC

no battery charging, heater disabled, supply 6VA/3W
no battery charging, heater enabled, supply
voltage 230 V AC TVAIBW
with battery charging, heater disabled, supply
voltage 230 V AC H4VAI1TW
with battery charging, heater enabled, supply
voltage 230 V AC 2ZVAI16W
with battery charging, heater enabled, supply 27VA/ 16 W
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Rechargeable battery

Type Li-lon 4.4 Ah
Operating time on battery >6h

Battery charging time (fully discharged battery) <8h

Charging temperature range -10°C ...+60°C
Current consumption from battery in analyzer off | _ 1 mA

mode (mains power disconnected) m

Heater

Heater temperature threshold (activation) +5°C

Heater power supply from internal AC/DC adapter
Heater power max. 5 W

6.9

Supported networks

Types of supported networks (directly and indirectly)

1-phase

1-phase with a neutral conductor (terminals: L1/A, N)

2-phase (split-phase)

Split phase with a neutral conductor (terminals: L1/A, L2/B, N)

3-phase wye with N,

3-phase wye with a neutral conductor (terminals: L1/A, L2/B, L3/C, N)

3-phase delta

Three-phase delta (terminals: L1/A, L2/B, L3/C, N shorted with L3/C)

3-phase delta (Aron)

two current clamps

Three-phase delta (terminals: L1/A, L2/B, L3/C, N shorted with L3/C) with

3-phase wye without N,

shorted with L3/C)

3-phase wye without neutral conductor (terminals: L1/A, L2/B, L3/C, N

3-phase wye without N (Aron)

3-phase wye without neutral conductor (terminals: L1/A, L2/B, L3/C, N
shorted with L3/C) with two current clamps

6.10 Supported current probes

Types of supported current clamps

F-1(A) Flexible probes (Rogowski coil), perimeter: 120 cm, measuring range 3000 Arwvs
F-2(A) Flexible probes (Rogowski coil), perimeter: 80 cm, measuring range 3000 Arus
F-3(A) Flexible probes (Rogowski coil), perimeter: 45 cm, measuring range 3000 Arus
F-2AHD Flexible probes (Rogowski coil), perimeter: 91,5 cm, measuring range 3000 Arwvs
F-3AHD Flexible probes (Rogowski coil), perimeter: 45 cm, measuring range 3000 Arus
F-1A6 Flexible probes (Rogowski coil), perimeter: 120 cm, measuring range 6000 Arwvs
F-2A6 Flexible probes (Rogowski coil), perimeter: 80 cm, measuring range 6000 Arus
F-3A6 Flexible probes (Rogowski coil), perimeter: 45 cm, measuring range 6000 Arwvs
F-1A1 Flexible probes (Rogowski coil), perimeter: 120 cm, measuring range 1500 Arms
F-2A1 Flexible probes (Rogowski coil), perimeter: 80 cm, measuring range 1500 Arus
F-3A1 Flexible probes (Rogowski coil), perimeter: 45 cm, measuring range 1500 Arwvs
C-4(A) CT, AC probes, measuring range 1000 Arwvs
C-5A CT, AC/DC probes with Hall sensor, measuring range 1400 Arus
C-6(A) CT, AC probes for low currents, measuring range 12 Arvs
C-7(A) CT, AC probes, measuring range 100 Arus

NOTE: Clamps with letter 'A" in the marking (e.g. F-3A) are clamps with automatic type detection in compatible
devices. Other parameters are the same as in the case of clamps without automatic clamp type detection. Au-
tomatic clamp type detection is available in analyzers: PQM-700 with HWc hardware and later and with firmware

1.30 or later.

6.11 Communication

Communication

USB

Max. bitrate: 921.6 kbit/s,
Compatible with USB 2.0
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6.12 Environmental conditions and other technical data

Environmental conditions

Operating temperature range: -20°C...+55°C

Storage temperature range -30°C...+60°C

Humidity 10...90% with posible condensation
Operating altitude up to 4000 m

(4000-5000 m with derated measurement category
CAT 111 300 V / CAT 11 600 V)

Ingress protection (according to IEC 60529)

IP65 (not evaluated by UL)

Wet location

No

Reference conditions

Ambient temperature: 23°C +2°C
Humidity: 40...60%

Dimensions 200 x 180 x 77 mm (without cables)
Weight approx. 1.6 kg
Display 5 LEDs indicating operational status

Data memory

removable microSD memory card (2 GB as standard) option of extending
up to 32 GB (optional).

6.13 Safety and electromagnetic compatibility

Safety and EMC

Compliance with

IEC 61010-1, 3" Edition

Measurement Category
(Voltage measurement inputs)

Altitude up to 4000 m: IV 300 V / 111600 V / 11 760 V
Altitude 4000-5000 m: 111 300 V / 11 600 V
pollution class 2

Overvoltage Category
(AC/DC Power adapter)

Altitude up to 4000 m: IV 300 V / 11415 V /111 460 V (including fluctuations)
Altitude 4000-5000 m: 111 300 V / 11 415V / 11 460 V (including fluctuations)
pollution class 2

Insulation Double acc. to IEC 61010-1
Electromagnetic compatibility IEC 61326
Immunity to radio frequency interferences IEC 61000-4-3

sinusoidal modulation 80% AM, 1 kHz
80...1000 MHz, 10 V/m

1.4...2.0 GHz, 3V/m

2.0...2.7GHz, 1 V/m

Immunity to electrostatic discharge

IEC 61000-4-2
Air discharge: 8 kV
Contact discharge: 4 kV

Immunity to conducted disturbances, induced by
radio-frequency fields

IEC 61000-4-6
sinusoidal modulation 80% AM, 1 kHz
0.15...80 MHz, 10 V

Immunity to a series of electrical fast transi- | IEC 61000-4-4
ents/bursts Amplitude of 2 kV, 5 kHz
Surge immunity |IEC 61000-4-5

Amplitude 2 kV (L-L)
Emission of radiated RF disturbances IEC 61000-6-3

30...230 MHz, 30 dB(uV/m) at 10 m
230...1000 MHz, 37 dB(uV/m) at 10 m

Emissions of conducted interferences

IEC 61000-6-3

Levels for a quasi-peak detector:

0.15 kHz...0.5 MHz: 66 dBpV...56 dBuV
0.5 MHz...5 MHz: 56 dBpV

5 MHz...30 MHz: 60 dBuV

6.14 Standards

Standards

Measurement methods

IEC 61000-4-30 Class S

Measurement accuracy

IEC 61000-4-30 Class S

Power Quality EN 50160
Flicker IEC 61000-4-15
Harmonics IEC 61000-4-7
Safety IEC 61010
EMC IEC 61326

Quality standard

design, construction and manufacturing are 1ISO 9001 compliant
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7 Cleaning and maintenance

Note
Use only the maintenance methods presented by the manufacturer in this
manual.

Clean the analyzer casing with a wet cloth, using generally available detergents. Do not use
any solvents and cleaning media which could scratch the casing (powder, paste, etc.).

Clean the leads can with water and detergents, then wipe dry.

The analyzer electronic system is maintenance free.

8 Storage

When storing the device, observe the following recommendations:

e disconnect all leads from the analyzer,

e thoroughly clean the analyzer and all accessories,

e recharge the battery from time to time to prevent total discharging.

9 Dismantling and disposal

Used electric and electronic equipment should be collected selectively, i.e. not placed with
other types of waste.

Used electronic equipment shall be sent to the collection point according to the Used Electric
and Electronic Equipment Act.

Before sending the instrument to the collection point, do not dismantle any parts by yourself.
Observe local regulations on disposal of packages and used batteries.
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® The parameters apply to clamps currently on offer. For the parameters of all clamps in a given
series, please refer to the user manual of the respective accessory.

e The full list of accessories can be found on the manufacturer's website.

C-4A C-5A C-6A C-7A
WACEGC4AOKR WACEGC5A0KR WACEGC6AOKR WACEGC7AOKR
1000 A AC
Rated current 1000 AAC 1400 A DG 12AAC 100AAC
Frequency 30 Hz...5kHz DC...5kHz 40 Hz...10 kHz 40 Hz...1 kHz
Max. diameter
of measured 52 mm 39 mm 20 mm 24 mm
conductor
Minimurm <0.5% <15% 1% 05%
accuracy
Battery power — N — —
Lead length 22m 22m 22m 3m
Measurement 11600 V 11600 V
category IV 300V V300V V300 V ll1 300V
Ingress protection IP40
— — @ —
( \ ¢ 5 \ ! \
ONN< . S
NS
F-1A1/F-1A/F-1A6 | F-2A1/F-2A/F-2A6 | F-3A1/F-3A/F-3A6 F-2AHD F-3AHD
WACEGF1A10KR | WACEGF2A10KR | WACEGF3A10KR
WACEGF1AOKR WACEGF2AOKR WACEGF3AOKR | WACEGF2AHDOKR | WACEGF3AHDOKR
WACEGF1AB0OKR | WACEGF2A60KR | WACEGF3A60KR
Rated current 1500/3000/6000 A | 1500/3000/6000A | 1500/ 3000 /6000 A 3000A
AC AC AC AC
Frequency 40 Hz...10 kHz 10 Hz...20 kHz
Max. diameter
of measured 380 mm 250 mm 140 mm 290 mm 145 mm
conductor
Minimum accuracy 0.5% 0.5%
Battery power — —
Lead length 25m 25m
Measurement 111 1000 V 1111000 V
category IV 600 V IV 600 V
Ingress protection P67 IP65
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11 Manufacturer

The manufacturer of the device and provider of guarantee and post-guarantee services:

SONEL S.A.
Wokulskiego 11
58-100 Swidnica
Poland
tel. +48 74 884 10 53 (Customer Service)
e-mail: customerservice@sonel.com
web page: www.sonel.com

Note
Service repairs must be performed only by the manufacturer.
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