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l. Incoming Inspection

Immediately after receipt of the instrument and included
accessories, unpack and inspect for completeness and
any possible damage:

Unpacking

Other than the usual care required for the unpacking and
handling of electronic instruments, no special precautions
are necessary.

The transport packaging is made from recyclable material
and provides for sufficient protection under normal
transport conditions. Use equivalent material if the
instrument needs to be repacked.

Visual Inspection

Compare the order number and type designation shown
on the instrument and / or its packaging with those in the
shipping documents.

Make sure that all accessories have been included (—
1.4.1 included accessories

Inspect the packaging and the mechanical components of
the instrument for transport damage.

Complaints

If damage has determined, a complaint should be filed
immediately with the forwarding agent (save the
packaging!). If other defects occur, or if repair of the
instrument is required, please inform your local
representative, or contact us directly at the address
shown on the last page of these instructions.

ll.  Safety Precautions

The MAVOWATT 50 Energy and Power Quality Analyser
has been manufactured and tested as a protection class I
instrument with functional earth (for EMC reasons) in
accordance with safety regulations IEC/EN 61010-1/VDE
0411 T1. If used properly, the safety of the operator, as
well as that of the instrument, is assured. However, safety
cannot be guaranteed if the instrument is operated
incorrectly or handled improperly.

In order to maintain orderly technical safety conditions
and assure hazard-free operation, the user must observe
all warnings and safety precautions which are included in
these instructions. These have been identified with the
following terminology and visual highlights:

WARNING!

Instructions, concerning instrument operation or
application, which must absolutely be observed in order to
assure safe operation of the instrument and to prevent
bodily injury.

ATTENTION!

Instructions, concerning instrument operation or
applications which must absolutely be observed in order
to avoid damage to the instrument and to assure correct
operation.

The most important general safety precautions are
summarised below. Reference is made to these warnings
at the corresponding points within the operating
instructions.

WARNING 1

If connected to the mains, the instrument may only be
operated when the protective conductor has been
connected. Interruption of the protective conductor, either
inside or outside of the instrument, may result in
hazardous operating conditions. Intentional interruption is
prohibited.

The instrument is connected to the mains by means of a
3 conductor power cable with an earthing contact plug.
This plug may only be inserted into an appropriate outlet
socket with an earthing contact. Do not disable the
protective function through the use of an extension cable
without protective conductor.

Alternatively, the device an be operated for a short period
by its integrated rechargeable batteries or permanently via
the external 12 V DC supply input ,Aux-Supply“. In these
cases, a protective conductor terminal is not required.
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WARNING 2

The instrument may only be operated by personnel who
are capable of recognising contact hazards and
implementing appropriate safety precautions.

Contact hazards are present anywhere where voltages
of greater than 50 V exist.

WARNING 3

Do not work alone when performing measurements which
involve contact hazards. In such cases, a second person
must always be present.

WARNING 4

It is absolutely essential that the measurement inputs
are not overloaded beyond allowable capacities. The
maximum allowable potential

o for the voltage and current inputs against ground and to
each other is
- in circuits of overvoltage category CAT Il 1000 V
- in circuits of overvoltage category CAT IV 600V

o for the digital inputs (STATUS IN, CONTROL IN)
against ground is 48 V.

o for the DC supply input/output (Aux. Supply) against
ground is 48 V.

The overload capacities of the respective inputs can be
gathered from the Technical Data — chap. 8.

WARNING 5

No measurements may be performed within circuits with
corona discharge (high-voltage).

WARNING 6

Special care must be taken when measurements are
performed within HF circuits. Dangerous oscillating
voltages may be present.

WARNING 7

It must be assumed that unexpected voltages may occur
at devices under test (e.g. defective instruments).
Capacitors, for example, may be dangerously charged.

WARNING 8

Measurements under damp ambient conditions are
prohibited.

WARNUNG 9

The measurement leads must be kept in flawless
conditions, e.g. no damage to insulation, no interruptions
at cables and plugs etc.

WARNING 10

If it may be assumed that the instrument can no longer be
safely operated, it must be removed from service and
secured against unintentional use.

Safe operation can no longer be assumed:
o if the instrument shows visible damage
o if the instrument no longer functions

o After lengthy periods of storage under unfavourable
conditions

e After exposure to unusual transport stresses

WARNING 11

As long as the instrument is connected, voltage
conducting parts may be exposed if the instrument’s cover
panels are opened.

Maintenance and repair work, as well as internal device
balancing, may only be performed by trained personnel
who are familiar with the dangers involved.

In as far as is possible, the instrument must be
disconnected from all external power sources before the
performance of this type of work. A waiting period of 5
minutes must be observed after the instrument has been
disconnected, in order to allow for the discharging of
internal capacitors to a safe voltage level.

WARNING 12

Only designated fuse types with the indicated current
ratings may be used for the replacement of blown fuses
(see Technical Data and information printed on the
instrument next to the fuse switch).

Tampering with fuses or the fuse holder (“repairing” fuses
or short-circuiting the fuse holder etc.) is prohibited.

GMC-I Messtechnik GmbH
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1 Technical Description

1.1  General

In this operating manual, description and device functions
correspond to the firmware version at delivery ex works.
Updates and expansions are subject to change without
notice. Firmware updates and the corresponding revised
operating manual are available as download via the inter-
net (— cap. 2.ff).

1.2 Use and Application

The 8-channel Energy and Power Quality Analyser has
been designed for the measurement of electrical quanti-
ties in DC systems, as well as single phase and three
phase AC systems with balanced or unbalanced loads.
The broadband measurement is dimensioned for frequen-
cies up to 50 kHz, thus covering all ranges from 16.7 Hz
rail frequency through 50 / 60Hz supply networks right on
up to onboard networks of up to 1 kHz. Eight isolated
measuring circuits, four each for voltage and current,
avoid from compensatory currents and provide for simul-
taneous measuring of phase and neutral voltages and
currents. Alternatively the fourth channel can be used for
measuring a further physical quantity when connected to
a suitable transducer, such as temperature of transform-
ers/motors or wind speed in wind turbine generator sys-
tems. A supplementary function makes the instrument
suitable for measuring in frequency converter controlled
circuits. Moreover acquisition of transients from 10us and
voltages up to 1300 V, can be performed.

Applications range from acquisition, display and recording
of mains quantities through recording of energy consump-
tion up to recognition, statistical calculation, analysis and
presentation of voltage characteristics of electricity in ac-
cordance to EN 50160.

In the industrial field, the precise measuring instrument
can be used for the determination of the characteristical
quantities of electrical loads or generators, for static pro-
cedures as well as for dynamic procedures.

Thanks to its compact and rugged design, the

Mavowatt 50 can be implemented as operable instrument,
as well as for stationary applications. In case of auxiliary
voltage drops the implemented accumulator takes over
the supply of the instrument for several minutes.

1.3 Included Functions

Configuring

o Clear menu-driven user interface through colour LCD
touch screen and four pushbuttons on the front panel.

* Remote control on the personal computer via Ethernet
LAN 10/100 and incorporated internet browser.

Measuring

¢ Simultaneous acquisition of measuring data on eight
analog bipolar and mutual isolated inputs, four for
voltage and four for current, adjustable for AC and/or
DC systems, with 100 kHz sample rate and 16 bit
resolution.
- Direct voltage measurement up to 900 Vi / CAT Il

e Four isolated digital inputs for control tasks, e.g. start
and Stop of recording, reset of meter readings, time
interval synchronisation.

e Four potential free digital inputs for representation of
status, e.g. operating status of machines, equipments
and alarm installations.

Calculation

e Calculating of derived electrical quantities for single
phase and three phase systems as momentary RMS
values, at a minimum aggregation time interval of
200ms, as well as for extreme and average values in
the defined or selected time interval:

— neutral-to-phase and phase-to-phase voltages,
— phase and neutral currents,

— active, reactive and apparent power and energy,
— power factor and crest factor, frequency

— spectral shares of current, voltage and power

o Calculation of characteristics of the power quality

Display

e Numeric and graphic display of measured values and
calculated quantities in predefined combination or in
free assignment, simultaneously for over 1000
measuring quantities.

e Display of configuration menus in different national

languages

¢ View of operating and connecting information

Monitoring

e Logging of violations of adjustable limits of four freely

selectable measuring quantities and signalling at a
floating contact (alarm).

e Time setting manually or remote controlled via
internet browser.

Control

e  Start and stop logging either manually, time-
controlled, triggered by measured values or via digital
input (optical coupling)

GMC-I Gossen-Metrawatt GmbH
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Recording and Documenting
The measured results are available as files

e atthe incorporated non volatile flash memory, a user
replaceable CF-card (compact flash memory card) or
an USB storage medium (USB stick, USB hard disc)
plugged to the USB port.

e atthe LAN interface connected to a remote personal
computer. The transmitted data can be evaluated via
analysis software (accessory) and exported to other
programs.

14 Accessories
1.4.1 Includes Accessories (M816A)
1 MAVOWATT 50 Energy and Power Quality Analyser

1 Test leads set for voltage measurement inputs,
consisting of 4 pairs of measurement leads (length
approx. 2m) with test probe and plug-on dolphin clips !

3 Short measurement leads with 4-mm safety plugs
(stackable) for bridging the measuring inputs

1 Power cord with earthing contact plug and inlet plug

3 Terminal strips, 4 pole
1 Ethernet-interface cable (crossover)

1 Touch sceen wand
1 Carrying case (lockable) for instrument and accessories
1 Operating manual

1 CD-ROM with latest operating manual, technical data
sheet and up-to-date technical information

CAT IV at 600V
CAT Il at 900V

1
Measurement category

2 Measurement category CAT Il at 300V / 15A

GMC-I Messtechnik GmbH
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1.4.2 Optional Accessories
Current Measuring Accessories

V

I A | B |
Type Description Max. Suitable for Measuring Ranges Intrinsic Error at Output Article
g Cond. | Appli- | Meas.  Nominal Usable Range with | Ref. Conditions Signal Number
2 Dia. cation® | Cat. Value MAVOWATT 50 #..%rdg. +... A]

Flexible triple AC current sensor, 3 1000V

METRA- switchable, 10Hz...20kHz, 61 cm CATII/ 30 A~ 05...30 A~ 1%+0.1A 100 mV/A

FLEX A | with batteries or external power supply, cireum- | & b, c 600V 300 A~ 0.5...300 A~ 1%+0.1A 10 mV/IA 7207G

3003 including supply cable for ference CAT IV 3000 A~ 5 ... 3000 A~ 1%+1A 1mV/IA
MAVOWATT 50 / POWER 1000,
Flexible AC current sensor, switchable 1000 V

METRA- . 2 ' 6lcm 30 A~ 05...30A~ 1% +0.1A 100 mV/IA

FLEX B ﬁgfvirszu%ﬁz"ﬁﬂ d?ﬁgiﬁ%m’:a’gfg?g: cieum- abe | SO 300A- 05...300 A~ 1%+0.1A 0mVA  Z207F

3001 MAVOWATT 50 / POWER 1000, ference CAT IV 3000 A~ 5...3000 A~ 1%+1A 1mV/IA
Clip-on AC current sensor, 600V B -

7821B C 30 Hz to 5 kHz 64mm | a,nb,(c) CAT.II 3000 A 3...3000 A 05%+15A 0.33mV/IA | Z821B

1A~ 0.001 ... 1.2 A~* 0.7..3%+0.00LA 1000 mV/A

Clip-on AC current sensor, switchable, 600V 10 A~ 0.01..120 A~ 05..1%+0.002A | 100 mV/A

Z12A D40tz 103kH: 52mm 1a,b.C oAt 100A- 04..120 A~ 02..1%+002A  lomvia 222

1000 A~ 1..1200 A~ 02..1%+0,2A 1mV/IA

Clip-on AC current sensor, switchable, 600V 20 A~ 05...20 A~ 1..3%+005A 100 mV/A

WZLIB G 501z 0 500 Hz 20mm 3@ car i 200 A- 5... 200 A- 1..3%+05A omva 22088
Active AC/DC clip-on current sensor, N N

Z13B E | switchable, DC to 10 kHz, with 9 V 50mm b,c ?Z(x)T\I/V 38&1%)02;_ gé 114(?01!?6%'8;— 15%+05A iomrUYAA 7231B
battery (operating hours: approx. 50) ' .
Active AC/DC clip-on current sensor, 300V

Z201A | F | switchable, with 9 V battery (operating 19mm | b,c CAT. Il 20A~/30A- 1 0.01...20A~/30A- 1% +0.01A 100mV/A | Z201A
hours: approx. 30) '
Active AC/DC clip-on current sensor,

: h ' 300V 20A~/30A- 1 0.1..20A~/30A- 1%+0.03A 10 mV/A

Z202A | F | switchable, DC to 10 kH.z, with 9 V 19mm b,c CAT. Il | 200A~/300A | 1. 200 A~300 A= | 1%+ 0.3 A 1 mVIA Z202A
battery (operating hours: approx. 50)
Active AC/DC clip-on current sensor, ~ -

Z203A F ' switchable, DC to 10 kHz, with 9 V 3lmm b,c g(fTVIII iok(ié //13825_ i fé)oooiﬁgga__ 1%+05A 1mVIA Z203A
battery (operating hours: approx. 50) '
Plug-in shunt 600V 0

Z860A | H 5002, 0.2%, 15W - ab CAT. Il 20mA 50 YA ... 20 mA 0.2% 50 mV/mA | Z860A
Plug-in shunt 600V 0

Z861A | H 10, 0.2% 15W - ab CAT. Il 1A 1mA..12A 0.2% 1000 mV/A | Z861A
Plug-in shunt 600V 0

Z862A H 0.050, 0.2%, 1.5 W - ab CAT. I 5A 0.02...6A 0.2% 50 mV/A 7862A
Plug-in shunt 600 V 0

Z863A H 0.010, 0.2%, 15 W - ab CAT. Il 16 A 01..16A 0.2% 10 mvV/IA Z863A

* a = Long-term measurement b = Harmonic measurement ¢ = Frequency converter measurement

*¥) range not suitable for power measurements due to high phase angle error

GMC-I Gossen-Metrawatt GmbH 9
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2 Initial Start-Up
2.1  Supply Connection

The incorporated wide range power supply of the
Mavowatt 50 normally provides for operation from 85 V to
250 V DC or AC voltage (45 — 65 Hz). Connection to the
power line is performed via the combined supply input
socket which is integrated into the housing base. Fur-
thermore, the mains switch and the mains fuses are in-
corporated in the combined element.

Observe WARNING 1!

The Mavowatt 50 incorporates a gel bound lead accumu-
lator. If the instrument is operated as power quality moni-
tor and supplied from the mains in test, the accumulator
takes over the supply for < 30 min in case of power inter-
ruption.

2.1.1 Replacing Mains Fuses

Observe WARNING 12!

WARNING!

Disconnect the instrument at all poles from the
measuring circuit before opening the fuse holder.

Disconnect the instrument from the mains by pulling
the mains plug from the outlet.

@& Open the fuse link cover with an appropriate tool (e.qg.
screw driver) by lifting the cover up at the protruding
lug.

< Remove the fuse holder (see arrow).

<+ Replace the fuse with the correct rating (see serial
label next to the mains switch at the combined element
and refer to chapter 9, Maintenance and repair)

& Close the cover.

2.1.2  Switching the Instrument On
(@ > ON|MENU

The device is supplied via the supply network or on a
short-term basis via the built-in gel bound lead accumula-
tor.

= For the supply via the supply network

- Connect the device to the supply network over the in-
cluded power cord.

- Switch on the mains switch on the right-hand side of
the device. An integrated glow lamp indicates that the
instrument has been switched on.

- Press button ON|MENU.

= For short term supply via the incorporated accumulator
- touch button ON|MENU.

3a...OFF-Buttons

2...Mains Switch
1...Mains Connection

After touching button ON|JMENU the fan is turned on.
During the initialization process the following information
are displayed in succession:

¢ the company logo
o the designation of the device (Mavowatt 50)
e the serial number in the bottom line

GOSSEN METRAWATT

MAVOWATT 50 Power Analyser

Shr: 11051 2006

The device then switches to the main menu and is ready
for service. In the headline left-side

¢ the actual version of the firmware together with the pre-
vious implemented is displayed.

2.1.3 Switching the Instrument Off
HELP+ESC

= The device is switched off by pressing the buttons
HELP and ECS simultaneously.

= The power supply of the device is switched off by
switching off the mains switch on the right-hand side.

Note: switch the device always off via HELP+ESC. With it
you avoid discharging the accumulator. With the accu-
mulator completely discharged the device can be set into
operation the after waiting approx. 30 minutes.

10
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2.2 Updating/Upgrading the Device Firmware
2.2.1 General

The MAVOWATT 50 follows the existing standards and
regulations in a wide extent of its measuring functions.
Standards and regulations change or are new introduced.
Based on the state of the art design including flash
memory elements the processor controlled device
functions can be easily updated or upgraded. New
firmware can be uploaded

e either from a USB-stick via the incorporated USB-A-
interface

e or from the internet via the incorporated Ethernet-
LAN- interface.

This feature is specially designed to allow for:

¢ installation of firmware versions in another dialog
languages for setup menus and online help

¢ Installation of new device firmware which has resulted
from on-going technical developments.

Furthermore, this flexibility allows for user specific adap-
tion on special applications.

2.2.2 Uploading the Firmware via USB-A- Interface

The Program- update is available as compressed file in
the Internet on a firmware IP address. An update is car-
ried out starting from a firmware basic version. Proceed
as follows:

& Note the current basic version of your device down. For
this, press the button ON|MENU. The display changes
into the main menu.

The left side of the headline shows the type designation,
the basic firmware version and the actual firmware ver-
sion.

Mt onaatt S0 w0.3.59M1.0.13 20,08 2008 13:29:08 0

active firmyware version
1-4 hasic firmware version

= £ & |4l
L1-L4 v ervieny Energy FFT

& Note the firmware IP address down. For this purpose,
open the entry mask for the Internet protocol through a
touch the keys setup and net configuration in suc-
cession:

v

Pawvergu.

et 2 @ 0
[IP-2ddress | 1921880210

[Subnet Mask | 2552552850

Standard Gatewway 192168501

2131331093

Firmeovare-IP-2Address

Wishzeryer connect connected

ESC |[ ok

@ Start the internet explorer browser on your PC.

< Enter the firmware IP address from your device:
http://212.223.26.194/mw50/

The monitor of the PC displays the implemented firmware

versions and their updates:

update - [basic version] — current..

& Search fort he corresponding update, i.e. the basic
version implemented in your device with the update
scurrent®. Copy the version onto an USB- data carrier.

The program file with the name
Update-[basic version]-current.tar.gz is compressed.

Note:

The compressed file can be copied to any available data
carrier. For transmission to the device a USB data carrier
is required.

For downloading the program to the device, the pro-
gram remains compressed. This procedure is carried
out by the device automatically.

@ Start the device with the button ON|MENU.

2.2.3 Program-Update via the USB-A- Interface

The transmission from the USB- data carrier onto the
device performs via the USB-A-interface.

Note:

If the program update is available on another data carrier
(3¥2" disc, HD, etc.), copy the file onto a USB- data
carrier.

@ Close the current measurement program on the device

@ Touch the key Admin to enter the administration pro-
gram.

Note: If the Admin button is not available in the main
menu screen print the keys in following succession:

ON|MENU > HELP > ON|MENU > PRINT > ON|MENU

& |nsert the USB- data carrier in the jack designated with
USB-A on the rear side of the MAVOWATT 50.

@ Touch the key Update
& Touch the key update USB-Basis

Download of the program is stared. After download, the
display shows ,update successful”.

@ Touch the key OK.
The device switches off automatically.

@ Start the device again by pressing the button
ON|MENU.

GMC-I Gossen-Metrawatt GmbH
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2.2.4 Preparation for Program Uploading via Internet

The transfer of a firmware update or an available lan-
guage module to the device requires an Ethernet- LAN-
installation with known internet protocol (TCP/IP).This
consists of the IP-Address of the device, the Subnet mask
and the Standard gateway.

Eoenschorcen 20
Algemein |
Verbindung herstellen unter Verwendung von:
I B3 Fiealiek ATLS133/810X Famiy PC| Fast Ethemnet NIC
1%

plivisto Kompond | (2w |

b B Cliere fir M P alch . verres das
1) Dot un | Metammh i Furk o ket Wenden S sch ardeishs
s Dalei U gon Naervek sdhmatiraic, um s geeigreten [P ruteburgen 2u

™% Intemetprol  beziehen
7 IPdubecen mdomatnch bensben
 Fogande [P-Adesse vaiwendin:

Irstalierer.. P ade TR T
Beschiebung— | Subrmtmacke %1%, 0. 0
TCP/IP, das Sta — =
Datenaustausch | Slandadgaievay 0.1 0
Netzwerke aimé

£ 0N
¥ Symbol beiVer & Fusnde NS Sarversdiesen viwendin:
B a7 1% B m
Absativer DNS Server [27 1% & n
Evvesitert .
(o ] atochen |

Before transfer is started, the Ethernet-protocol of the
Mavowatt 50 has to be adapted to your network infrastruc-
ture as follows:

< Close the current measuring program on the device

@< Touch the key ON|MENU. The device enters the main
menu.

@« Select the entry format for the internet protocol via the
soft keys Setup and Network.

edit 28 0
[IP-2ddress | 192.188.0.210
[Subnet Mask | 255,255 2550
Standard Gatewway 192168.01
Firmware-IP-Address 2131331083
[wiebserver connect | connectsd
%
| ESC || H |

= Enter the relevant internet parameters in the Parameter
list.

@ Choose an IP address which is free in your network.
Ask the system administrator to receive the proper IP-
system parameters. Conflicts in the network may lead
to influence in data exchange and to damage of files.

@ Confirm the entries with OK. The display changes to
the main menu.

@ Stop and start the device again (chap. — 2.1.2 and
2.1.3). The changed settings for the internet protocol
are activated.

2.2.5 Program Uploading via Prepared Internet Protocol

@ Connect the Mavowatt 50 to the LAN-network via the
RJ45 LAN-Jack (— Section 4.6)

@ Close the current measuring program on the device.

< With the button ON|MENU enter the main menu.

& Touch the key Admin to enter the administration pro-
gram.

Note: If the Admin button is not available in the main
menu screen print the keys in following succession:
ONIMENU > HELP > ON|MENU > PRINT > ON|MENU

= The device starts downloading the update program.

After termination the display advices “update suc-
cessful”.

< Switch off the device and start it again.

= The changed settings for the internet protocol are acti-
vated. All other configuration parameters remain un-
changed.

12
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2.3 Measuring Connections
Observe WARNINGS 3 to 9!

The MAVOWATT 50 includes the following measurement

inputs:

e Four analog voltage measurement inputs - ULz, Utz, Uis,
ULs - for direct and alternating voltages up to max. 600
V (overvoltage category CAT IV) or 1000 V (CAT IlI).
Measurements in medium-voltage systems must
generally be performed via voltage transformers at the
system side! The corresponding voltage ratio (Uratio)
can be set individually for each input via the setup
menu for measurement parameters.

The 2-pole floating inputs are electrically isolated from
each other, also against the corresponding current
measurement input. Input impedance is approx. 4 MQ.

Connector jacks: 1 pair each 4 mm safety jacks, black
(high level) and red (low level) at the right hand side of
the instrument. Voltage is normally connected to the
device under test with the included measurement
cables with 4 mm safety plug, and test probes with
plug-on dolphin clips.

Connection examples see chap. — 7.

e Four analog current measurement inputs - Iy, Iz, I3, s —
set up as voltage inputs (see technical data for
measuring ranges) for the connection of shunts or clip-
on current sensors with voltage output, or burdened
current transformers. The corresponding
transformation ratio (Iratio) can be set individually for
each input via setup menu for measurement profile.
The 2-pole floating inputs are electrically isolated from
each other, also against the corresponding current
measurement input. Input impedance is approx.

100 kQ.

Connector jacks: 1 pair each 4 mm safety jacks, black
(high level) and red (low level) at the right hand side of
the instrument.

Connection examples see chap. — 7.

e Four isolated digital inputs Control IN e, f, g, h for control
tasks, e.g. start and stop of recording as well as for
reset of interval measuring data with the synchronising
pulse.

The 1-pole inputs with common ground (Se-
compatible, max. 30V= against ISO/comm) are
potential free and electrically function-isolated from
each other.

e Four digital inputs Status IN a, b, ¢, d for representing
operating conditions of machines, installations and
alarm equipments.

The 1-pole inputs with common ground (TTL-
compatible) are potential free.

The digital inputs require a binary signal which is

generated from an external auxiliary voltage source

(safety extra-low voltage!).

Signal Level
Levell Status IN Control IN
Voltage Current Voltage Current
low <+4V 0OmA@O0..+4V | <
(max -30V)
high > +12V 26mMA@ +12V [>+4V
(max +30V) 6 mA @ +24V | (max. +6V)
nominal 24V

Connection: via PCB-connector plugs at the rear side of the
instrument and plug sockets with application-specific
signal cable.

Connector Pin Assignments (rear side view):

[ Status IN s3OV§] Control IN 56Vg] <30V/6A=
a b ¢ d e f h
g r

IREE A\/J-\

ATTENTION!

The application of a voltage higher than 48 V to the
digital inputs Status IN, Control IN or the Alarm output
(relay) may cause damage to the instrument.

Functions of Digital Inputs:

Digital Input Function Value Range
Status IN a Status and counter input a, SO compatible counter:
Status IN b Status and counter input b, SO compatible max. 6 Hz
Status IN ¢ Status and counter input ¢, SO compatible status: 0/1
Status INd Status and counter input d, SO compatible

Control IN e digital control input e (memory interval ext.) 0/1

Control IN f digital control input f (memory start mode ext.) 0/1

Control IN g digital control input g 0/1

Control INh digital control input h 0/1

@ The instrument must continuously monitor the period
length (frequency) of the measuring signal for correct
calculation of AC quantities. The acquisition is
performed via the voltage measurement input L1. In
case of dropout the period length is acquired in the
voltage measurement input L2, and in case of dropout
in L3. If all three voltage inputs fail, calculation is
performed via the current inputs. In case of all inputs
fail the internal setup nominal frequency is used for
calculations. It is recommended to connect voltage
input Ul in any case.

GMC-I Gossen-Metrawatt GmbH
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3 Operating and Display Elements
31 General

The control panel at the top of the instrument includes a
colour LCD touch screen and 4 pushbuttons to the left of
that. The user operates the device by applying pressure to
the virtual touch keys of the screen with the included Sty-
lus (Organizer-pen) or with a finger, in combination with
the pushbuttons. The user guidance is based on symbols
which are easily understood. In this way, the desired
measuring modes, the functions and the parameters are
adjusted. All of the measurement values, measured quan-
tities and other information required for the performance
of the measurements and settings are displayed at the
integrated LCD.

measurement/function
date / time

Battery
operating

mode
User defined ¢ 28022006 10:4814 % 1
1 3

08 v
Read out display to USB

i 293
i--

N

1 operating step back

{ [- = =] Lt
Information to actual L

display and connection
types
& 104745

Device switch on
Back to the main menu

Function related touch Keys

3.2 Key Functions

With a short touch on the pushbutton ON|MENU, the de-
vice enters the main menu. The display presents the
touch keys for selecting the desired measuring function as
well as the setup menu, and the archive by which re-
corded data may be retrieved. The further adjustments
are performed by touching the corresponding touch keys
at the LCD in the order provided by the menu driven pro-
gram.

The selected attitudes for the measurement and device
parameters are listed in parameter lists. They are kept
alive after switching off the device.

With simultaneous activation of ECS and HELP buttons
the device is switched off.

With the button HELP the help menu is opened. It con-
tains information for the actual operating mode and con-
figuration of device and measurement parameters. The
help menu is closed by pressing the ONJMENU button.

With a touch at the ESC-button

- in the setup menu the display changes from the actual
view to the setup menu and/or the selection menu.

- in the measurement mode the display changes from the
actual view to the main menu.

By pressing the PRINT button, the current contents of the
LCD are transferred out to the plugged-in USB-memory
medium.

Touch Button | Description | Function
- Switch On device
- Enter the first level of the
ON|MENU Menu button configuration menu (main
menu)
- Enter or exit the help menus.
- Operating and connection
HELP Help button instructions for currently se-
lected measurement function
- Reentry from the submenu to
ESC Escape the main function
- current contents of the LCD
PRINT Printat USB | are transferred out to the con-
nected USB-memory medium.
- Switch Off device. A current
HELP+ESC | OFF measuring session is closed.
3.3 LC-Display
i For operating the touch sensitive display, avoid

from using pointed or sharp subjects such as nalils,
screws or pointed tools. Use a slightly damped cloth
for cleaning or special screen cleanser.

The presentation on the touch sensitive film of the display
is adapted to the current operating condition. Basically
two different display modes are available for the instru-
ment:

In measurement mode the display unit is functionally
subdivided into three fields:

e The headline views information to the actual operating
conditions. To this belong displaying date, time, operat-
ing mode as well as charge condition of the incorpo-
rated battery.

¢ At the main display the measured values and measur-
ing sequences are displayed and are refreshed at a
fixed time interval (cycle time 1 second). Either the al-
phanumeric or the graphic display format can be se-
lected.

¢ At the foot line the function related on screen symbols
(touch keys) for selecting operating parameters are dis-
played.

¢ Ayellow background in a touch sensitive section
points out further operating options for the current
measuring sequence.

14
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If the device is not operated the backlight of the LCD

screen times-out after approx. 5 minutes. It is turned on

again

- with a touch at any point within the LC-display
- with pressing any button on the left hand side of the

LC-display.

Meanings of Operating Mode Display

mains

Symbols fort he Display Mode
Display | Designation Description See Chapter
The instrument measures
Sample and updates displayed
measuring values at the
fixed 1 second interval.
The measuring operation
Hold . L
is temporarily interrupted
Read-in of measuring
sequences stored to the
& Retrieve selected storage medium
(internal memory, CF-
card, USB-memory).
Symbols for the Memory Mode
Display | Designation | Description Note
Time controlled re-
cording of measured
data on the selected Measure(cii fjata
Memory | storage medium. are stored in
. selected time
Chan_gln_g current interval
function is not sup-
ported
- Storage of measured | The external
data running. medium must
Recording | - Copy of measured not be removed
data to an external from the slot of
storage medium. the device
After occurrence of a
U trigger event, Measu_red data
Enable measured data are Fecordmg per-
EL recorded to the orms ﬁvgnt
selected medium controlle
Symbols for the Battery Mode
Display | Designation Meaning Note
D ?)Apag?asted Device connected to Battery charged

g Mains Device connected to | Recharge of
operated mains battery running
i Battery pevice is operated by | Battery is
operated internal battery discharged
o Battery dis-
ﬂﬂ Battery Device is operated by | charged, device
operated internal battery switches off
shortly

In configuration mode the touch sensitive symbols on
the LCD screen are distributed over the main display. A
firm place is assigned to each symbol. Functionally re-
lated parameters are listed together in a configuration
menu. The designation of the current configuration menu
is displayed in the head line.

Setup 09.03.2007 12:30:31 1}
A A A
general =&t clock netsweark language cortrast
Mes Meter P2 LCD
m-profiles  count reset Minmax res calibrate
Rec ;2? Del E

Memary Trigger  delinternal Menu

3.4 Menu mode

The following optical displays guide the user during opera-
tion of the instrument:

¢ Anicon in the main display symbolizes a measuring
function (measurement mode) or setting function (setup
mode).

¢ A touch key in the foot line refers to a setup function in
the current measuring or configuration mode.

o A marked field in the main display emphasizes the
active adjusting field.

e The Help Menu is activated by pressing the pushbutton
HELP in any representation. In place of the current rep-
resentation, operating information is displayed for the
current function. By pressing the ESC key the help
menu is closed. The display changes to the previous
view.

GMC-I Gossen-Metrawatt GmbH
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4.  Configuring the Operating Parameters
41  Menu Structure

The setup menu for the operating parameters encom-
passes several pages for the both configuration levels, the
Measuring Mode and Configuration mode. Functionally related
parameters are listed together in a single page.

The summary of selected parameters defines the measur-
ing and storage profile for a measurement. Up to six dif-
ferent setup configurations can be filed in six different
profiles. This allows fast access to assigned measuring
and storage parameters and in many cases avoids recon-
figuring procedure when changing the measuring site.

In measuring mode, the functionally related configuration
parameters (measuring profile, storage profile, and
start/stop measuring run) can be selected via the touch
keys in the Menu Line. Measuring and device parameters
apply for all measuring functions. When a parameter is
changed at a later date, this change applies for all other
measuring functions.

With a touch on the ON|MENU button the configuration
mode is entered. The displayed format changes from the
actual measuring presentation to the main menu. Here
the display presents the symbols for the measuring func-
tions and the setup menu. Moreover the main menu al-
lows the access to the storage functions as well as to the
data storage archive.

Mz onvatt 50 w1 02004 .0.41 05.05.2007 09:20:24 0

1-4 1-4 i FFT P

s £ £ 4l 48
L1-L4 overviesy Enery FFT Posvergu,
SEL SEL SEL SEL SEL
1 \, 2 \, 3 Q’h 4 \ 5 m

SEL3 SEL4 SELS

® @

archive record

SELZ

Setup

= The type of the device and the actual firmware version
are displayed at the left-hand side of the head line.

= Date, time, operating mode and charging condition of
the stand-by battery are displayed at the right side of
the head line.

= The main display presents the symbols for the measur-
ing functions, the storage functions, the data storage
archive and the setup menu.

With a touch on the soft key which represents the desired
function the first level of the selection menu is opened.

Exception: an intermediate configuration menu is opened
in the measuring functions SEL1 to SELS.

After selecting the desired function or selection menu the
display enters

= in measuring mode the corresponding measuring func-
tion in the last selected display format

= in configuration mode the second level of the selection
menu.

The second level of the selection menu comprises the se-
lection of device and measuring parameters (configuration
mode) or selection of a display format (measuring mode)
respectively.

In the third level of selection menu the operating parame-
ters being relevant may be selected or edited.

Main Menu Selection Menu 1 Selection Menu 2 Setup Menu
l_ ON|MENU l T
| oK
Meas. Parameter Profile 1
Setup "ESC Memory Config. | 'ESC Profile 2
...... OKp—r—rtr
General Par. |
Profile 6 |«——
LC-Contrast —l ESC Setup
Network Config. ok| Parameters
....... | Selection
Meas. Reset EsCc Parameters

Menu Structure in the Configuration Menu

Main Menu Selection Menu Display Setup Menu
I_ ON | MENU ] I
Power L2 Journal
ESC |3 ESC  Tabular
oDy Profile | Parameter
L4 MinMax - adjustment
L1-L4 Scoy —
SEL 1 View Phasor
SEL 2 Y-record |
...... Selection [
SEL 6 ESC measurement qtys

Menu Structure for Power and Energy Measurement

Main Menu Selection Menu Display Setup Menu
r ON | MENU T T
Spectral Harm
analysis HarmGr List
HarmSgr —_—
“ESC  Maor Tabular
HSgr [==m
Power HD ESC Bar OK
quality S—— Setup Par.
Events :
EN 50160 A PQ-View |ESC| selection Par.
“ESC H:::I:“ PQ-Statistics
Flicker THD PQ-Event
Transients .
|._ Pi
ESC dmax, dit), de

Menu Structure for Spectral -, Power Quality - and Flicker Analysis

GMC-I Messtechnik GmbH
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4.2  Operating Parameters Configuration Procedure

This section describes in principle the procedure for con-
figuring the operating parameters in the setup menu and
for configuring the measuring mode. The following graph-
ics represent only the operating elements being essential
for configuring the parameters.

Basically under several possibilities for setting up operat-
ing parameters the most essential can be selected. This
section mainly describes the selection of operating pa-
rameters via the setup menu.

d Enter the menus by touching the corresponding
touch key with the wand (included accessory)!

4.2.1 Switching the Instrument On
O > ON|MENU
Switch on the instrument by turning on the mains switch

at the right-hand side and sequentially touch the
ON|MENU button (— chapter 2.1.2)

After showing the company logo the display enters the
main menu format.

4.2.2 Entering the Setup Menu
Setup > [Configuration Menu] > edit

For Measurement and storage parameters applies
Setup > [Configuration Menu] > [Configuration Profile] > edit
Touch the ON|MENU key. The LCD screen shows
= the main menu.

Touch the touch key Setup. The display enters the

“9  selection menu Setup.
Setup
Setup 09.03.2007 12:30:3 1]
Cont Date
= Til

Met g Lng g

general network language

et i
Mes fete er‘ Mﬁnx ! [Ke]

m-profiles  count reset Minmax res calibrate

Triiy.
Rec B ! Del Ret i

Memory Trigger  del internal Meru

LCD ﬂ

=et clock cortrast

If the current device - and measuring parameter

settings shall remain unchanged the menu can be

closed via touching the touch key Menu or touch-
ing the button ON|MENU. In both cases the display
enters the main menu.

Touch the symbol for the desired configuration
F H\ menu.

For opening the configuration menu m-profiles or
Memory the display enters the format for profile
selection.

The m-profile and storage profile display formats present the
defined profiles. The active measuring - or storage profile
respectively is marked with a dot ® in the touch key.

Meas Profile: Select

O Measprofile 1

03032007 09:22:02 1}

O Transient
(& ENS50160
%
| edit || neyy || COpY || delete || Ok |
® Acknowledge the desired measuring or storage

profile respectively with a touch on the corre-
sponding touch key. The selected measuring or
storage profile is marked with a point @ at the
button.

Return to the configuration menu with OK.

With Edit you enter the parameter menu for the
selected measuring — or storage configuration.

4.3 Adjusting Device- Measurement- and Storage Parameters
4.3.1 Adjusting Parameters with Numeric Variables

& Open the numeric entry display by touching at the
desired numeric parameter with the wand (or with
your finger). = The desired numeric entry field is
opened.

.'1““"" Enter the desired number by
G = successively touching the

corresponding number keys.

Acknowledge the changed entry by touching the

touch key Enter. The entry display is closed.

18
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4.3.2 Adjusting Date and Time

The Mavowatt 50 supports the country specific display of
date and time. Usually adjusting country specific device
parameters is performed by the user once just after get-
ting started the instrument. Adjustment is performed in
two steps:

Setup of Country Specific Date and Time Format
Setup > general > Date/Time Format > edit

Open the parameter menu Date/Time Format

Coanf
e £ 2 by touching the touch keys Device parameter and
Date/Time Format successively with the included
general  wand.
edit 23052006 14:13:458 4 D
Device Name Marvowratt 50
Uszer Mame Maix Muster
DatesTime Format TT Mkl JL Hhemm: s
edit 230520061414:35 8
DatesTime Format
TT.MM_JJJJ hh:mm:ss
Attention,
The changes will take effect after rebocting.
T TR b e s 5
e *
ESC
& Select the country specific time format. = The

display returns to the selection menu general.

OK Acknowledge setting with OK. = The display
returns to the Setup menu.

Setup Date and Time
Setup > set clock > set time

touch key set clock with the included wand.

zet clock
Set time 2 @ 0
Yy ¥ ¥ m m d d
LI+ 00+] ] ]
2 00686 , 05 2 3
| | S B I
h h m m s s
[+[+] [+]0+] [+I0+]
1 4 2|7 0 7
(S | | e N
& Enter the actual date and time by touching the

entry keys + and - respectively
Acknowledge the setting with the touch key OK.
= The display returns to the setup menu.

Open the entry display Set Time by touching the

433  Adjusting Parameters with Alphanumeric Variables
Setup > [parameter] > edit

& Open the alphanumeric entry display by touching
the touch key for the desired alphanumeric pa-
rameter with the wand. = The desired numeric
entry field is opened.

et 23052006 141412 01
Device MName

Mavowatt 50

Indiivicual caption for the device
[i.&. invertory numker)

& Enter the desired alphanumeric variable in the
entry field. = The entry is displayed in the head-
line under the displayed designation for the pa-
rameter menu.

& With the touch key Shift the entry field can be
adjusted for entering capital or small letters.

[ e | Acknowledge the setting with the touch key Enter.
= The display returns to the Setup selection
menu.

Ca The same procedure performs for all alphanu-
meric parameters to be changed.

4.3.4 Entering the Previous Menu Level and Main Menu

With the touch key ESC you enter the previous
menu level. When touching the key ECS again
you enter the Configuration Menu.

With touching the touch key OK you enter the
Configuration Menu without intermediate step.

Note: When touching the button ON|MENU in any display
format the view returns to the Main Menu.

GMC-I Messtechnik GmbH
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4.4  Operating Parameters Description

The Mavowatt 50 is described by device parameters that
may be adjusted by the user. An exception is the serial
number which is assigned by the manufacturer. Device
parameters apply to all measurements.

A measurement is described by the combination of

- the selection of a measuring profile

- the selection of a storage profile and

- the selection of measurement quantities (applies to
SEL1-5).

Measurement parameters apply to the current measure-
ment.

Menu group
Device parameters

Configuration menus

general — set clock — network —
language — contrast - calibrate

m-profiles — counter reset -
Maxmin res

Memory — Trigger — del internal

Measurement parameters
(Measurement profile)
Storage parameters
(storage profile)

Configuration parameters are stored together with the
respective measurement data. They are used for further
measurement analysis.

Measurement quantities that characterise the entire
measurement period are kept stored (drag pointer) and
should be reset before starting a new measurement ses-
sion. This applies for the counted values accumulated
during the measurement period (energy) and for the ex-
treme values (MaxMin). These functions are assigned to
the measurement parameters.

Non volatile storage contents (internal memory) are
erased by an own menu. Furthermore, for a new meas-
urement session the trigger configuration must be prop-
erly adapted. They are assigned to the storage parame-
ters on account of relationship.

4.4.1 Setup of Device Parameters
Setup > [device parameter] > edit

09.03.2007 12:30:31 1]

Setup

(Conf Diate
= Ti

general =zet clock

Met g Lng g

network language

hdet '
% 4 g

m-profiles  count reset Wi

GRS
hdir

inman: res

Tritg.
Rec! ot !

bdemary

Del

Trigger  del internal

LCD

cortrast

LCD

calibrate

E

henu

The set-up of the device parameters contains several
setting menus for the different device and measurement

parameters.

Individually user definable parameters are summarized in
the selection menu general.

Opening the Parameter Menu:
Acknowledge of adjustment:

edit

Setup > general > edit
OK

2052006141345 8 ]

|Device Iame

| Iz ovwvatt S0

| Uzer Hame

| Mz huster

| DatelTime Format

| TThLIL R 25

ESC | |

Ok |

Parameters which apply to all measurements are adjusted
via the individual setting menus

- Set Date/Time

- Trigger (value

limit)

The corresponding device configuration is also stored with
the measuring data. It is used for a subsequent measuring

analysis.
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Setup-Parameters for the Device

Parameter Description Settings Range | Default Setting | Notes
; individual caption for the device .
Device Name (i.e. inventory number) alphanumeric Mavowatt 50 max.25 characters
User Name |pd|V|duaI username Gossen- max.25 characters
_ (i.e. name of company, division, user) Metrawatt
s TT.MM.JJ33/
g hh:mm:ss
. . JUNTMMIT/ | Tmmang  |Attention .
Date / time Format current date in the selected date format hh:mm:ss hhmmess The changes will take effect after rebooting.
MM.DD.JJJJ/
hh:mm:ss
E Date current date in the selected date format gig;gggg current date
B =
D2l L 00:00:00 ... i ; i
S | Time actual time in format hh:mm:ss the point of time at which the setup menu was
8 23:59:59 current CET opened is displayed here
IP-Address IP-Address of the device 192.168.0.210
] o separates the IP-Address in a network and a device
Subnet mask IP-Address for Device Identification 255.255.255.0 | or host section respectively. This allows for meeting
= routing decisions
§ Standard gateway IP-Address of the router 192.168.0.1
. IP-Address of the Webserver. Required only for
Firmware-IP-Address fitmware-updates. 212.223.26.194
Webserver connect Connects / disconnects the Webserver Yes/no No
(5]
§ ; German / . .
> Language Dialog language for menu mode and help texts Endlish German applies for implemented help texts only
§ nglis
8 adjust LCD contrast to ambient light conditions and the contrast can be adjusted with the cursor keys v
= Contrast S 00..50
8 viewing angle and A
§ n positioning of the touch sensitive area of the ;
2 AU display to the centre of the touch keys 3 point

GMC-I Messtechnik GmbH
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Measuring Parameters

Setup > m-profiles > Meas. Profile: Select > edit

This configuration menu consists of six menu pages with
a list of all available measuring factors and parameters.

Closely related parameters were listed on successive

pages.

The selected measuring configurations were stored in
parameter files. Up to six different measuring configura-
tions can be filed in six different configuration files.

For subsequent analysis of the measured data the meas-

uring configuration is stored together with the belonging

measuring data.

Setup 09.03.2007 12:30:31 0
Cont e % \% LCD
general =zet clock nietwaork language contrazt

m-profiles  court reset Minmax res calibrate
Rec g:tg Dl E
femary Trigger  del internal heru

Opening the measuring profile:

Edit m-profile:
Save configuration:

Setup > m-profiles
m-profile > edit
OK

Setup-Parameters for Configuration of Measurement Parameters

Meas Profile; Select

o Measprofile 1

o Transient

05.03.2007 09:22:02 i}

@& EN50180
L1
| edit | | ey | | Copy | | delete | | Ok
Selection Menu m-profile
edit 05.03.2007 09:22:15 0 edi 05.03.2007 09:22:47
Frofile Name EN 50160 FQ Nominal Vorags Unom | 230
Measurement Locetion ohiC P Uppsr Wottage Limt 10%
Commernt PQ Lower Yoltage Limit a0 %
Coupling U | ac PQ LHmialance Linit 0%
Frequ. Conv. Meas. oft PQ Swel Tolerance 0%
N P@ Dip tolerance 0%
FQ SwellDip Hysteresis 1%
FQ Interruption Level 1%
PQ N-PE Swell Limit 10%
2 = =S O o o =
edit 05.03.2007 09:22:29 0 et 05.03 2007 032257
U-Connaction wiye PQ Nomingl Freguency fnom | 50 Hz
U-Ratio L1 1N PQ Frequency Tolerance 1%
U-Ratio L2 1w P& Insalated Operation No
U-Ratio L3 1Y P Permitted Dips/vear 500
U-Ratio L4 1Y P Permitted Interruptions/yeal 500
U-Range L1 300V FQ Permited SwelsiYear | 500
U-Range L2 300 PQ Permitted URapsiear 500
U-Rangs L3 300 PQ Rapid A Tolerance 5%
U-Rangs L4 300V
5 2 == O .2 =S|
et 03.03.2007 08:22:38 ] et 05.03.2007 09:23:08 0
I-Connecton L1L2L3Le [PAHD Begin-hamenics ] 10
\Fatio L1 1000 A [PAHD Endrharmanies | 20
\Ratio L2 1000 A [REL-Setirg | insctive
\Ralio L3 1000 A [REL-Mode | Sequertial
\Ratio L4 1000 A [RELPulss Duraion | 1
\Range L1 av Hominal Fower Factor 1WA,
\Range L2 3V Enahledl Everts alklangsam AL
I-Range L3 IV Events: Inputs Enabled U, 11, U2, 12, U3, 13, U4, 14
FRange L3 3V
Oy e g, e e

Configuration Menu Measurement Parameters

Parameter Description Settings Range | Default Setting | Notes
. Individual Caption under which the following max. 25 charac- | Meas. profile _ - . )
Profile Name parameters are stored ters 41 n = Number of already existing measuring profiles
Meas. site Individual designation for the Measuring location max. 25 charac- blank entry optional
or for the measuring task ters
é Comment Description of measuring task, used transformers, max. 5 lines a blank entry optional
g limit values, etc. 50 characters
é In AC+DC mode the frequency range begins with DC
5 | coulin Coupling type for all U- and I-Measuring inputs: due to the R-coupling. o
S | ronn s AC = only alternating voltage AC, AC+DC AC+DC | The AC-Coupling s a C-coupling without
= -Ip AC+DC = alternating and direct voltage transmission of DC input signals.
=y The upper limit of the frequency range is equal for
] both coupling modes.
o
- Switching frequency must lie within a range of 1.5
to 30 kHz, and fundamental frequency between
FC-Measurement Measuring mode for frequency converters off /on off 10 and 100 Hz.
- Motor current is acquired in an electrically isolated
fashion, e.g. by means of (clip-on) current sensors.
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Parameter Description Settings Range | Default Setting | Notes
) . ) When U-connection Delta is selected, current meas-
_ Connection type of U inputs L1, L2, L3: urement is performed in phases L1 and L3, input 12
U-Connection Wye = Phase-to-Neutral Wye / Delta Wye keeps non-connected. The displayed measuring
Delta = Phase-to-Phase value 12 as well as the derived measuring quantities
are calculated after the two wattmeter principle.
U-Ratio L1 Scaling factor for measuring input U (= Voltage | 0,950 ... 99999 1,000 VIV
Transformer ratio Uprimary. /Usecundary) VIV
U-Ratio L2 Scaling factor for measuring input U2 (= Voltage | 0,950 ... 99999 1,000 VIV
Transformer ratio Uprimary. /Usecundary) VIV
. Scaling factor for measuring input U3 (= Voltage | 9 950 ... 99999 1,000 VIV
U-Ratio L3 . . ,950 ...
Transformer ratio Uprimary. /Usecundary) VIV
. Scaling factor for measuring input U4 (= Voltage | 9 950 ... 99999 1,000 VIV
U-Ratio L4 ! . IO e
- Transformer ratio Uprimary. /Usecundary) VIV
g 900 vV
5 ' . . ) - .
= Measuring range of meas. input U1 in Vrms 600V Applies for all voltage measuring inputs with respect
© H
% Uit L (Limit for Vpeak = Vrms x 1,5) 300V 300V to Uratio
150 vV
900V
l Measuring range of meas. input U2 in Vrms 600V Applies for all voltage measuring inputs with respect
Sailie Il (Limit for Vpeak = Vrms x 1,5) 300V 300V to Uratio
150V
900V
" Measuring range of meas. input U3 in Vrms 600 V Applies for all voltage measuring inputs with respect
LR gals (Limit for Vpeak = Vrms x 1,5) 300V 300V to Uratio
150V
900 V
" Measuring range of meas. input U4 in Vrms 600V Applies for all voltage measuring inputs with respect
el (Limit for Vpeak = Vrms x 1,5) 300V 150V to Uratio
150 vV
Active I-inputs: 1121314 linout d
r i -all - all inputs measure
-Connection L1213 11213 1000AV 114 calculated: 14 = S(1+2+3)
-L1L3L4 L1134 - 12 calculated: 12 = X(j1+i3)
B Scaling factor for measuring input I1 (= Current 0,000 ... 99999
hrEielt Transformer ratio Iprimary/Usecondary) AN 1000 AV
S Scaling factor for measuring input 12 (= Current 0,000 ... 99999
hRee L2 Transformer ratio Iprimary/Usecondary) AN 1000 AV
2 q Scaling factor for measuring input I3 (= Current 0.000 ... 99999
2 |-Ratio L3 I i
g Transformer ratio Iprimary/Usecondary) ANV 1000 AV
éf’ -Ratio L4 Scaling factor for measuring input 14 (= Current 0,000 ... 99999
Transformer ratio Iprimary/Usecondary) ANV 1000 AV
I-Range L1 M§a§uring range of meas. input I1 in Vrms 3V 3V
(Limit for Vpeak = Vrms x 1,5) 300 mV
I-Range L2 Mga;uring range of meas. input 12 in Vrms 3V 3V
(Limit for Vpeak = Vrms x 1,5) 300 mV
I-Range L3 Mgaguring range of meas. input 13 in Vrms 3V 3V
(Limit for Vpeak = Vrms x 1,5) 300 mV
|-Range L4 Mga;uring range of meas. input 14 in Vrms 3V 3V
(Limit for Vpeak = Vrms x 1,5) 300 mV

GMC-I Messtechnik GmbH
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Parameter Description Setting Range Default Setting Notes
PQ Nominal Voltage Rated value of mains supply voltage (all voltage | 0,000 ... 2300V
unom limits and tolerances refer to this value) 999999 V '
PQ Upper Upper limit of mains supply voltage for slow 100 ... 200% 110%
Voltage Limit voltage variations (10 minute mean) Unom
PQ Lower Lower limit of mains supply voltage for slow 0 ... 100% 90%
Voltage Limit voltage variations (10 minute mean) Unom °
Limit value for unbalance of the 3-phase supply
PQ U-Imbalance limit | voltage (10 minute mean neg. sequence 0... 100% 2%
comp./pos. sequence comp.)
Maximum allowed positive deviation from Unom 0...100% 0
el BrEeE for rapid voltage changes (1/2 cycle rms) Unom 10%
" Maximum allowed negative deviation from Unom | 0 ... 100% 9
QWP EErEE for rapid voltage changes (1/2 cycle rms) Unom 10%
PQ Swell / Hysteresis for the Swell and Dip Tolerances " 0
% Dip-Hysteresis when voltage returns into tolerance band 0.... 10% Unom L%
= 0
g PQ Interruption Limit | Limit for deviation from Unom and for voltage dips &'}&#OM] 1%
(=]
= . - 0,000 ...
é PQ N-PE Swell-Limit Limit for Neutral-to-Earth voltage 999999 V 25V
“;f QL IFEEnE Nominal value for mains frequency 12,00 ... 400,0 50,00 Hz
a fnom Hz
< | PQ Frequency Maximum allowed deviation from nominal mains | 0,1 ... 15% 10%
tolerance frequency fnom '
Limits for deviation from nominal value in systems According to According to
PQ Isolated Operation | without synchronous connection to an intercon- g g
table table
nected system
PQ Permitted - . )
Dips/Year Limit for number of permitted dips per year 0...9999 100
PQ Permitted Voltage | Limit for Number of permitted voltage interruptions 0. 9999 100
Interruptions/Year per Year
PQ Permitted . .
Swells/Year Limit for number of permitted swells per year 0...9999 100
PQ Permitted rapid Limit for number of permitted rapid voltage computed each 200ms
u-changes/Year changes per year
. Maximum allowed deviation of the actual voltage 0 0 computed each 200ms
PQ rapid AU-Tolerance value from the previous value 0,1...100% 5% p
. Begin harmonics of a harmonics group for calcu-
8 an;afrﬁgc?' lating the partial weighted harmonic distortion 2..50 10
5 PWHD
S End harmonics of a harmonics group for calculat-
£ D En_d- ing the partial weighted harmonic distortion 2..50 20
Harmonics
PWHD
The message is captured and transmitted onto
Inactive « the incorporated relay
o | REL-Setting defines the limit monitoring function Normally Open Inactive o the activated data memory (USB-A interface or CF-
2 Normally Closed card) together wit date and time
£ « the Ethernet LAN- Interface
[
a ) . . remains set
ﬁ REL-Mode defines the o_peratlng ”.‘°de of the relay with respect seguential sequential only active only when monitoring function is activated
o to the operating potential
o pulse
REL-Pulse Duration defines the operating mod of the relay with respect | | 400, 1s only active only when monitoring function is activated
to the duration
Power_ Factor predeﬂned power factqr (cose) for calculating the 0,200 1WIVA
Nominal Value reactive power correction
= AU-slow / AU-rapid / Aux. supply
8 Sl ] S . . V-drop / Neutral Overvoltage. / U-Imbalance
= defines the events enabled for recording table events . . . .
IS Dip Begin / Swell Begin / Transients
§ Harmonics / Flicker / Frequency
5 B defines the measuring i -
o g inputs enabled for re U1, U2, U3, U4
] Inputs enabled cording 112,13, 14 alle
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Setup - Reset of measured values (drag pointer function)

Parameter Description Settings Range | Default Setting | Notes
3] = Reset of accumulated energy (energy measure- reset/ with confirming of reset the reading of all accumu-
5 @/ Count reset o W none lated meter values are seset to 0,000. Demand
ISE ment) and events (PQ) abort I
o energy quantities are excluded.
8 .
% g MaxMin res Reset of meter reading of all energy meters :Jsoer}[l none
=

GMC-I Messtechnik GmbH
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Storage Parameters

Setup > Memory > Storage Profile: Select > edit

This configuration menu consists of two pages with a list

of all storage parameters for the available measuring
functions. Closely related parameters were listed on
successive pages.

The selected storage configurations are stored in parame-
ter files. Up to six different storage configurations can be

filed in six different storage configuration files.

Storage Profile: Select

05.03.2007 09:23:40

@ Storage Profile1

o Transient

3

i

[ e

|| ey || copy || delete ||

ok |

Setup 09.03.2007 12:30:31 a
Configuration Menu Storage Parameters
Cont Date % Lng LCD
g Ti
et 05.03.2007 09:23:53 a et 05.03.2007 09:24:09 o]
general =&t clack netrark langLage contrast ;:?I;‘Name rnsm :: I::::Z::‘u jlw
Start Time RMS Pretrigger 10%
Mes teter e LoD Start e Mgzl [RM3 Deta Records | 3500
2 hin Stop Mods Manal \iavatorm Pratrigaer 10 %
Store: Duration 000 00:00:10 Wiaveform Records 3500
m-prafiles  court reset Minmas res calinrate Storage Configuration Evert, RMS, Wavetorm \avatorm Sampling Interval | 326 ps
Storage Medium usB UI-10ms Trigger 200ms
Rec Q;tg el Rt ?:;a;urm - Storage Mode muttiple
P 2 T | = ] v [ ][ =
Memary  Trigger  delinternal L Configuration Menu Storage Parameters
Opening selection menu: Memory > Storage profile
Edit storage profile: Storage profile > select > edit
Save configuration: OK
Setup-Parameter for Configuring Storage Parameters
Parameter Description Settings Range | Default Setting | Notes
7 Individual Caption under which the following max. 25 Storage profile | _ . .
Profile Name parameters are stored characters el n = Number of already defined storage profiles
02/1/2s
5/10/30s Setting applies for all measuring functions except:
Interval Time distance for storing records on the selected 1/2/5m 1s - Power Quality Parameters according to EN 50160 /
storage medium 10/15/30m IEC 61000-4-30
1/2/h - Transients measurement
Sync ext.
) . . . immediately
Start Time Defines the .tlme point from which the storag_e of time immediately | Resetto actual time after reset
records begins on the selected storage medium
external
manual
time
Start Mode Parameter starting a record trigger manual
external
externally
inverse
manual
duration
Stop Mode Parameter for stopping a record trigger manual
external
externally
inverse
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Parameter Description Settings Range | Default Setting | Notes
Storage Duration Duration of data recording 10s Applies only for the stop mode duration
- Interval
) . . . - Event
Storage Configuration | Enabled storage configuration -RMS Interval
- Waveform
-USB
Storage Medium Enabled storage medium - CF-Card UsB
- Internal
Data Points Defines the enabled data points
Defines the threshold values for exceeding . .
. P ) - Selection of measured quantity
Trigger specified values of at maximum four selectable - - . .
- - Setting of the upper and lower trigger threshold
quantities
Defines the threshold value for the absolute value . . ) !
TM Threshold U of the sampled voltage level 350V Applies for all voltage inputs with respect to Uratio
TM Threshold | Defines the threshold value for the absolute value 1A Applies for all current inputs with respect to Iratio
of the sampled current level
Temporal trigger position in % for RMS values, 10/30/50/70
RMS Pretrigger related to the selected time duration of the actual /90 30% half-period RMS values Umsz
recorded RMS-event
Defines the number of date records of RMS values !
RMS Data Records for each RMS-event 300..3500 300 half-period RMS values Urmsw2
Temporal trigger position in % for RMS values, 10/30/50/70 ]
Waveform Pretrigger | related to the selected time duration of the actual | /o 30% applies for samples values
recorded transient event
Waveform Records Defines the nqmber of data records of RMS values 300 ..3500 300 applies for samples values
for each transient event
i Defines the scanning interval for wave points of 10/20 s
Sampling Interval 9 P 41/82/164 ps 20 ps
data records
328/656 ps
LR B el Defines the aggregation time interval 10ms / 200ms 10ms does not apply to transient trigger
for U and | trigger
Storage Mode single:  write protection storage: recording from the
o ) . first event until storage is full (transient mode)
Sequence triggering and display mode for wave- | single / multiole . ) ) )
form recording multiple (roll) p multiple: continuous repordlng of all recognizable
events. When storage is full, the oldest data are
overwritten blockwise (PQ mode)
Setup - Trigger
Parameter Description Settings Range | Default Setting | Notes
Applies to a maximum of four measured quantities as
Enable Measured Defines the quantities for indicating the limit a collective alarm. When limit is exceeded, the relay
. ! none N ; . )
Quantities exceeding is triggered in accordance with the configured relay
mode. A trigger” entry is made to the events list.
cé Corresponds to
E  IMaximum [Quantity] Defln_es the upper limit of the limit indicator the value range none Eor Uratio = 1 and I(atlo #* l the limit value calcula-
- function of the selected tion relates to the primary signal
A quantity
Corresponds to
Minimum [Quantity] I_Jeflnes the lower limit of the limit indicator func- | the value range none Eor Uratio = 1 and Irauo #* 1 the limit value calcula-
tion of the selected tion relates to the primary signal
quantity

Setup - Erase Stored Data

Storage clear

Del Internal

Erases stored data on the internal memory

GMC-I Messtechnik GmbH
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45  Storage Configuration
Setup > Memory > Storage Profile: Select > edit

In the menu memory configuration, the data carrier pa-
rameters being valid for all measuring functions are ad-
justed. The configurations are stored in parameter files.
Up to 6 different store configurations can be filed (—
chapter 5.6-ff).

Different storage media are available for recording and
representing interval data, event data and statistical data:

e The MAVOWATT 50 includes an internal non-volatile
NAND- flash, in which the result of measurements and
application-specific data are stored as files.

o Moreover, all measuring files as well as the display
content can be transmitted to a plugged-in CF-Card
(compact flash card) or a USB data carrier plugged-in
to the USB-port.

The measuring data are filed in a list with a user definable

name as measured data files. The four different measur-

ing modes interval, r.m.s-signal, waveform and event are
assigned to different file formats which are distinguished
through different file extensions.

Measurement File Kennung / Extension

Interval measuring data Sequential Number, 5-figure/ mw50i

(interval storage) Sample: 00001.mw50i
Signal measuring data JJJJ-MM-TT_hh;mm;ss_ms_DP_ ... DP.mw50r
(RMS storage) Sample: 2005-11-16_14;23;16_320_60,61,62.mw50r

Waveform meas. data
(waveform storage,
scope, transients)

JJIJ-MM-TT_hh;mm;ss_ms_ / mw50r
Sample: 2005-11-16_14;23;16_320_DP_...DP.mw50w

Event measuring data
(event storage, num.)

Current number, 5-place / mw50e
Sample: 00017.mw50e

Measurement files are automatically created after recogni-
tion of measuring mode. Type and number of the files are
dependent on the selected measuring function. This al-
lows for storing interval data, event data, waveform data,
cyclical data (maxima, minima) as well as statistics simul-
taneously in different files.

A recording can be stared and ended manually, time con-
trolled or automatically. The number of the possible re-
cords is dependent on the storage capacity of the storage
medium, the type of measuring data and the selected time
duration of the recording.

The recording density is approx. 250.000 measured val-
ues each MB Storage capacity.

The recorded measuring runs, measuring data, evalua-
tions etc. can be displayed on the LC-display in a display
format corresponding to the function.

Independent from a current recording, the measuring data
of a selected function can be displayed on the LC-display.

The memory space requirement depends upon the cho-
sen storage function, the number of measuring quantities
for each data record, the recording interval and the num-
ber of events. For recording interval data, the memory
space requirement can be calculated: it results from the
number of data points (measurement quantities), multi-
plied by the storage interval and the measurement time
interval:

Storage capacity = Itv xtx Z
t Number of data points
Measuring time interval
Storage interval

Additionally, each start and stop of recording requires a
header with a capacity which depends upon the number
of data points.

At simultaneous recording of cyclical (interval) and event
controlled data — at which the time distance of occurrence
cannot be predicted — the recording time cannot be de-
termined.

The maximum number of data records which can be
achieved depends upon the chosen storage medium and
the selected storage types. Therefore, the storage menu
views only the yet available storage capacity.

Note: In order to avoid a storage overflow it is recom-
mended to perform a test record before starting the re-
cording. In this way, the storage demand can be deter-
mined. At increased occurrence of events, this method
does not lead to the required result. Otherwise, it excludes
the wrong adjustment for transient limits (to low). This
leads to storage overflow within short time.

45.1 Changing the Memory Configuration
Entering:

- in the main menu: Setup > Memory > edit

- in the measuring mode: ~ Store > Memory Profile > edit
or:  ON|MENU > Store > Memory Profile > edit

The entry into the menu memory configuration is
performed via the symbol SETUP in the main menu or via
the button memory in the display format of the current
measurement mode. This allows for fast access if
changes in the memory configuration should be made.
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Opening the Menu Memory Configuration in the Main Menu

Touch the key SETUP. = The display enters the

swr  Selection menu Setup.

05.03.2007 09:20:38 I}

contrast

.

callbrate

Menu

setclock  network

genersl

[T

A M4

m-profiles  court reset Minms: res

A

Trigger  del internal

Moy

Touch the Symbol Memory. = The display enters
the list of storage profiles.

Storage Profile: Select 21062006 11:46:07 EH 0O

O Storage profile 1
@ PQ-Analyses

Opening the Menu Memory Configuration in the Measuring Mode

Touch the Key Memory in the actual display for-
mat. = the display enters the Storage menu.
02.06.2006 12:41:36

Smeeeilt_store

a1

Meas. Profils J
Storage Profile—|

Datapoints

Trigger

Interval: 1=, Start mode: manual, Stop mode: manual
Storage media; U=B
Media may be exchanged

Storing; Press button to stop

Filematme

Cantrol | |

| MessUng

Save || Stop S || ESC

With a touch on the key Storage Profile the display
enters the list of storage profiles. = The actual
storage profil is marked with a red point in the cir-
cle.

Speicherprofi

Storace Profile: Select 2 082006 11:46:07 0O

O Storage profile 1
@ PQ-Analyses

@ In the storage profile list, select the profile which
may be changed.

With new you can add a further profile. Six stor-
age profiles are possible at most.

With delete you erase a storage profile from the
list. The cancellation request must be confirmed
with OK.

edit The LC-display enters the parameter menu. It
consists of two pages where the storage pa-
rameters are listed.
edit 05.03.2007 092359 ]
Profile MName Transient
Interwal 1
Start Time edt 05.03.2007 09:24.09 1]
Start Mode Manuzl  [Th Threshald U 350
Stop Mode Manual  [Thi Threshald | 48
Store Duration 000 0000 (R Fretriager 10%
Starage Configuration Evert, RV [RuS Deta Records 3500
Storage Medium UsB iavetorm Pretrigger 10%
Datapoints: Wyaveform Records 3500
Trigger B \avetorm Sampling Interval | 326 ps
X |I| ‘ OF Ul-10ms Trigost 200ms:
Storage hMode muttiple
] » [ = ]
AV With the scroll cursors you can page in the pa-
rameter menu.
& With touching the corresponding key you open

the desired storage parameter.

Adjust the parameter according to you decision
(see — sections from 4.2.3 to0 4.2.6).

EsC | With touching ESC you return to the list of storage
profiles without performing a change of storage

parameters.
Acknowledge the changes with OK after adjusting.
= The display returns to the list storage profiles, the
parameters are changed according to the desired
configuration.

With touching OK again the display returns to the
storage menu.

| Messung 1

Enter the name for the Measurement:

With File Name you open an alphanumeric field in
which you enter the name of the measurement.

[name]

= |n order to avoid conflicts between the Linux operating
system of the device and the Windows system usually
installed on the PC entry of small letters is possible
only.

With Enter you return to the storage menu.

& Recording is started by touching the Key Start in the
foot line of the storage menu or according to the ad-
justed staring parameters under the actual file name.
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4.6  Assigning Measuring Quantities
SEL1...SEL5 > Selection

In the measuring functions SEL1 to SEL5 measuring, any
measured quantities can be assigned. The number of
measured quantities is limited to 1000.

Assigning a selection of measurement quantities is per-
formed in several steps. In the following description it is
assumed that the device in the measuring mode of any
function except for SEL1 ... SELS5.

ONIMENU  with the key ON/MENU the display changes into the
Main Menu

Touch the soft key SEL1 or optional SEL2 to
SELS. The device changes into the measuring
mode.

SEL1..4

= The Display presents the selection of meas-
urement quantities in the last selected assign-
ment.

Touch the key Selection. The display enters the
display format List of Measuring Quantities.

List of Measuring Quantities with
Number of selected Measuring Quantities

it _speicher 2162006121348 H O

Select Datapoipts
0 Bazif | | 252 Harmonics | |

11 U3[7] - Woltage
12 UE[7] - Yoltage
13 L1 *[3] - Voltage
14 U2¥[3] - Voltage
15 U3*[3] - Voltage
16 LZ*[3] - Voltage
17 L1 *[5] - Voltage
18 LU2¥[5] - Voltage
19 U3¥[5] - Voltage
20 UZ*[5] - Volttage

252 total

L& ][l

0 Statistics |

Clear || ESC || Ok |

AV With the scroll cursors you can page in the list.
Cursors were indicated only when the list incorpo-

rates more than one pages.

For a clear view, the functionally related measur-
ing quantities are summarized in the three lists
Basic Quantities, Harmonics and Statistics.

With clear the entire selection of measuring quan-
tities will be erased.

With OK you return to the Measuring mode.

4.6.1 Changing of the selection of measurement quantities and
modes

SEL1...SEL5 > Selection > List

Selection In the Selection Menu select the list in which the
quantity to be changed is listed.
= The display enters the desired list of measure-

ment quantities. This consists of several pages in
which the available measurement quantities are
represented functionally separated for each
channel on a table. The first column views the
designation of the measurement quantities, the
following columns represent the channels 1 to 4
and the virtual sum channel . In addition, for
each channel the measuring modes instantaneous
value, mean value, maximum and minimum are avail-
able.

o=

Imvelt_speichern 1062005121423 H O

1 2 3 4 T
Tl 12
1 X X Pt &
Tl 12
3 X X X bt
5 X X X X
7 b4 b4 b4 b
9 rAa rAa
L4 L4
rAa rAa
11 L4 L4
ra ra
13 L4 L4
ra ra
15 Ld Ld
17 L4 Lh
|1-1?|| RMS ~ || [H] || u ||13|| List
I— Mesuring Type
Effektiv
Minimum
Maximum
Average

The activated measuring quantities and measur-
ing types are marked with [x].

¥ ] With the scroll key ¥ you select the page in
which the desired measuring quantity is listed.

[Meas.Type] With the Touch Key for the Measuring Type you
select the desired measuring type.

& Touch to the field in which you want to change
the selection by using the incorporated wand. In
this way you activate a deactivated measuring
quantity or deactivate an activated respectively.

When you touch on the channel designation in
the head line, you activate or deactivate all
measuring quantities listed in this channel col-
umn.

With List you return to the display format List of
Measuring Quantities.

OK With OK you return to the measuring mode.

[List]
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Setup Notes

The measurement quantity lists include several pages in
which the measurement quantities, the measuring modes
and the statistical evaluations are separately listed in a
functional relation. With the scroll key you change suc-
cessively the pages in the list of measurement quantities.

; -

| :") oy 1 .1: r] 3. :ﬂ: E
P ws [T s b o | e
5 SN s 1] ® |3
a ™ HGU | - % | Fa
F - THDG | =5 e
:: mocE | s ':'i
THOS U 13 :x:

THOS | 15 x

THOS P

rara
Laba

rormal 7 :j
e e o ] i ) )

The extent of the harmonics measurement requires a
subdivision of the list in even and odd harmonics, voltage
and power harmonics, harmonic groups and harmonics
subgroups.

User Selection 2 05032005 16:5814 %

1 2 3 4 z
_1 rAa rA rA rAa
Ld L d L4 Ld
3 ra ra ra ra
Ld L d L4 Ld
5 r " ra r
Ld L d L4 Ld
? rAa rA rA rAa
Ld L d L4 Ld
9 ra ra ra ra
Ld L d L4 Ld
_11 rAa rA rA rAa
La L L | ]
13 ra ra ra ra
L4 L [ L
15 rA r harm, fvaliel - 1
Ld L Ld
== = —harm. % -3
1 L L || —harm.*® L
[1-17 | [ matant » | [ H]{][ v ||13[\| ok
| minimum ~ [ [Hoe[] [ 102, jeven harm.
= - = odd harm.
| Maximurm || H || P harm voltage
Re H harm. current
[ veent J[RERY o powe
harm. real part
HG harm. imaginary part

HG% harm group (value)
harm group %
harm subgroup (value)

SG% |~ harm subgroup %

& ™~ irterharm. groupee (value)
interharm. groupe %

15— interharm. subgroup (value)

153 —interharm. subgrous %

With the Touch Key Measuring Type you can enter the list
for instantaneous value, maximum, minimum or average
value respectively. For energy measuring quantities addi-
tional pages are available for power and power demand.

In the attempt to define a not permissible measuring type
for a measuring quantity the entry is not accepted.

The list statistics includes 5 pages with statistical values
which in particular are used for power quality measure-
ments in accordance with the standard EN 50160. They
can be selected together with other measuring quantities
in SEL1 to SELS5.

SEL3 03.02.2006 08.07.32% | [
SEL3 03022006 0207:32 % [
1E
fund aUraplz  SEL3 030220065 080732 % ]

fovd

alepls ——SEL3 03.02.2006 08:07:32% | | @
U-RMS & U-DipL3
PLTE
. SEL3 03.02.2008 08:07:32% | [
U-RMELT g7y 4 SDRE e L2
U-RMELZ MDrae s g La
PLTL2 R A U-THD L1 Harm. Spannungsverzerrung L1Tag [3
-Drio)
U-RMELS o 13 i, . L U-A3YM UTHD L2 Harm. Spannungsverzerrung L2 Tag
Droy
AUrapE |y ppx " U-A3yM  UTHD L3 Harm. Spannungsverzerung LiTag

Alkrap L1 UDipL1 U-Drop L3
U-Drog 1-3

¥ UDipLz U-HarmLT UN-PE st Kurzzettige Nulleiter-Erde Uberspannung
U-Swvell T

U-Harm L2 puwerdn £
¥ lswellt

U-Harm L3 Restim

¥ UTHDE  Regtimt
(I
> ]

U-HarmZ  Un-PE T Mulleiter-Erde Uberspannung >

Hilfzspannuncsunterbrechuncgen
Ricksetzzeitpunkt

Hilfsspannungsunterbr. Zeit

When assigning lists of measurement quantities for long-
term recording, it is usually more advantageous to record
maximum and minimum values for a given measured
quantity at larger time intervals, instead of recording in-
stantaneous rms values at short time periods. This re-
duces the amount of recorded data considerably and
extends the possible recording time, although a minimal
amount of data is lost: The measurement fluctuation
range for the measured quantity which occurs during the
interval is still apparent. Merely the date of occurrence of
the registered extreme values can only allocated only to
the temporal solution of the chosen time interval. More-
over the function Power Quality PQ allows for recording
short-term events with a time stamp in a 10ms grid.
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4.7 Remote Control via Web Server
Setup > Network > Edit

The ethernet 10/100 connection together with the inte-
grated web server provide for remote control and interro-
gation of the Mavowatt 50. For that the actual LC display
format is downloaded to the remote computer by request
and displayed on the monitor connected there. Further-
more, the LC display of the Mavowatt 50 can be changed
via the request of the remote controlled computer. Conse-
quently all operating Steps which can be performed on the
display of the device can also be performed via the moni-
tor connected to the remote computer and transmitted
onto the device by clicking the desired function.

Exceptions: Switching off the device and changing the IP-
address of the device are not possible remote controlled.

4.7.1 Setting-up the Communication Path
Direct Communication Device — PC (e.g. Laptop)

¢ Before starting the transfer, adapt the ethernet protocol
of the device to the infrastructure of your network. —
See section 2.2.3

LAN-Cable (RJ 45 Cross-Connect)

& Connect computer and Mavowatt 50 via the cross-
over- LAN-cable with RJ45-jacks on each side.

& Arrange the internet protocol on you computer via
Setup / Network connections / Characteristics / Internet
Protocol (TCP/IP).

Note:

Since you do not work via the network at direct
connection of your personal computer and the
Mavowatt 50, you must enter the suitable IP attitudes
manually. Therefore, in the entry window for the
network of the pc select manual for the parameter use
following IP address. The entry for the subnet mask in
general is automatically carried out, for standard
gateway enter the address predefined in the Mavowatt
50. Otherwise, ask the system administrator in order to
receive the suitable |IP attitudes.

& Start communication via the web browser with entering
the address http//: <device address>/ and Enter.

=  The monitor connected to the pc displays the entry
format for remote control.

Enable remote control with a click on Mavowatt 50 remote
control

Communication Device — PC via Internet

& Before connecting the Mavowatt 50 to the network,
match the ethernet protocol of the device for the infra-
structure of your network. Ask the system administra-
tor in order to receive the suitable IP attitudes (see —
cap. 2.2.4).

& Connect Mavowatt 50 via a LAN-patch-cable with
RJ45-jacks on each side to the hub (or switch) in your
network.

Note:

If your hub (switch) supports auto routing you can use
a cross-connect as well as a patch cable.

& Start communication via the web browser with entering
the address http//: <device address>/ and Enter.
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5.  Operation
51 General Notes

Basically, various methods are available for selecting
and adjusting the operating parameters. In this chapter,
the selection and the adjustment is described mainly
over the menu.

After switching on the instrument the display shows the
main menu. During a power fail the incorporated accumu-
lator takes over the supply of the instrument for a short
time (< 30min). Therefore, it is not required to maintain the
current function in case of a mains failure.

5.2  Selecting Measuring Functions and Evaluations
5.2.1 Selecting a Measuring Function

—— Touch the ON|MENU button. The display enters
the main menu and presents the touch key
symbols for the main functions.

Mavosatt S0 wer. 1.0.0M1.0.5 230520061412:07 8 [

1-4 1-4 W FFT P
= & £ |4l | LF

L1-L4 OvErviEyy Energy FFT Powveru.

SEL SEL SEL SEL SEL

1 \: 2 % 3 % 4 \, =3 m

SEL1 SEL2 SEL3 SEL4 SELS

The touch keys [L1...L4], [View], [Energy], [FFT] and [PQ]
represent measuring functions with predefined quantities,
they cannot be changed.

In the measuring functions SEL1 to SELS5 the quantities
can be assigned by the user according to the application.
(= chap. 4.6). The maximum number of quantities is lim-
ited to 1000 for each assignment.

By touching the corresponding Touch Key in the
main menu the selection menu for the desired
Measuring function is opened.

Exception: In the measuring functions SEL1 to SELS5 the
display enters the measuring mode without intermediate
Step.

1.4

E

L1-L4

L1 ||_2/|

S| FET
L1

12.04.2005 134838 ]

B

12042005 15%5230 1

B

G SN s, Cig,n Cizg,
ﬁ n n
I'I |.||luu e s
Harm Harm Gr - Harm UGr H Gr IH LiGr

HD
&
Va
THL

Select the desired measuring function by tou-
ching at the corresponding touch key.

i

= The display enters into the previous selected display
format.

5.2.2 Selecting a Display Format (Measuring Mode)

For the representation of measuring values, measuring
series and evaluations various display formats are avail-
able. In the single measuring functions only the suitable
display formats can be opened. Furthermore, the appro-
priate format is up to the user.

The made selection is marked red. It remains valid for the
current measuring function up to the next change. How-
ever, the represented measurement variables themselves
change with the measuring function. If the current display
format is not practicable for a measuring function, it is not
presented in the format selection menu.

Operating Procedure:

Touch the key Display in the context related
foot line to open the display format selection
menu.

Select: View Mode

W Numeric
Y

Tahble

15032007 124355 % | ]
Phia

L
StB

Phasor

Bar

Listing

Fecorder

Scope

Touch ECS to discard changes in the display

format.
Fha Touch the corresponding Key Symbol to enter
e into the desired display format.

= The display enters into the selected display format.
The device remains in the measuring mode.
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5.2.3 Selecting Measurement and Display Parameters

With the context dependent touch keys in the foot line the
actual measurement and display parameters can be
adapted to the actual conditions. Entering the setup menu
is not required.

Selection of the representation type. For the
current measuring function only applicable

display formats can be selected.

Open the selection format m- profile. With
profiles > [m-profile] > edit opens the
configuration menu for the selected measuring
profile (- chap. 4.4.2).

profiles

memory| Enter the memory setup menu for start and
stopping a recording as well as for adjusting the

recording parameters (- chap. 4.4.3 and 4.5).

I !

Display or change the assignment of
measurement quantities for the actual
measurement. Applies only for SEL1 to SEL5
(= chap. 4.6.f).

select

Stop .Freezing“ the actual display (hold status). The
touch Key changes to Start. With touching
start the displayed measuring values are re-

freshed in the seconds clock cycle.

Start

ESC One operating step back

5.2.4 Enabling and Disabling Cursor Lines

The graphic display formats (recorder, scope, harmonics
bar and phasor) show alphanumeric fields with frame lines
in the colour predefined for the different phases and
channels. Additionally, up to two horizontal and vertical
cursor lines can be enabled and moved over the axis by
the stylos. The numeric field on the left side of the display
format shows the measuring data for the actual cursor
positions (measuring value, time, date, harm. order etc)
and thus allows for analysing the measuring sequence.

Operating Procedure:

L1 0

LM 1 599K v Touch the yellow marked field of
il 0,346k & ’7 the desired measuring quantity in
P M 23Rk W the alphanumeric data section.

Right under it a yellow marked field opens, fading in the
scroll cursors horizontal », vertical A and the repre-
sented value range . The colour frame in the numeric
field now also encloses the cursor field allocated to the
measuring quantity.

Cursor horizontal / vertical

ILI:II*I& V/ ’49//| Frame Line

Close active Cursor
Presented Value Range

@

Touch at the symbol for the desired cursor

= A green coded field is

Iser defined 4
11 2303 v [ opened in the numeric field
& 233 viewing the symbols for the
h-- ¥ selected type or cursor (verti-
cal/horizontal) and the symbol
for closing the field. The
|_. symbol “- - refers to the cursor
position that was not yet se-
lected or is outside of graphic
display section. The same
applies to the green field at the
bottom left side for viewing the
& 104745 time corresponding to the cur-
(4 cbortes — sor position.

The colour frame now encloses the fields for the meas-
uring quantity and the allocated cursor field.

®

Touch at any or a desired dot within the graphic repre-
sentation. The selected cursor line appears.

Vertical Cursor activ

L1
L 2374 v =
& 237 .4 Cursor Linie

4.1 .ﬂ.b\

Close actual Cursor

"

Value corresponding to Cursor position

| & 12:11:05

X Time corresponding to Cursor Position

Additionally, the measuring value according to the cursor
position is displayed in the green cursor field.

The green field at the lower left margin of the display
shows the time related to the active vertical cursor A.

The above described procedure for the vertical cursors
also applies for the horizontal Cursors.
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@

Open the second cursor line in the way described be-
fore:

Iser defined 4
11 k23130

Touch at the yellow coded
’7 field of the same measuring

quantity. The second cursor
field fades in.

Select the desired cursor
— (vertical/horizontal) in the
opened cursor field. The
background changes to
green, the cursor is acti-
vated. Simultaneously, the
background of the first cur-
sor fades out.
The time corresponding to
the second cursor appears
in a second field faded in at
the bottom left side. For the
active cursor the field is
green coded.

User defined 4
1 2MEs v
& -- ke

(= s

®

Touch at any or a selected dot within the graphic display.

= Measuring value and time are displayed for the se-
lected cursor position.

User defined 4 25.02200611:05:08% 0
L1 2301 %

& 2315

A 2305

MWWW

& 11:03:51

& 11:04:42
| Wiy ||profiles | |mem0ry| | Select| | Stop || ESC |
Note:

From the displayed cursor lines, one of each the vertical
and horizontal can be moved over the screen with the
stylos. The numerical presentations in the fields marked
with a green background refer to the active cursors.

® Fading out a Cursor Line

Touch the symbol to close the current cursor line.
Repeat the procedure for the other faded in cursor lines.

5.2.5 Reset Meter Readings, Maxima and Minima

Meter readings and extreme values are maintained up to
their reset. In special, this applies for

- the energy cumulated from the last resetting date

- the maxima and / or minima of one ore more measuring
quantities, recorded from the last resetting date

- the limit exceedings defined for the compatibility levels of
power quality from the last resetting date.

If meter readings, maxima and minima shall refer to the
actual measurement they must be reset before starting.

Important note:

Reset meter readings, minima, maxima and statis-
tics before starting a recording. During recording re-
set is not possible.

Operating Procedure
a) Reset of Counter Readings
Select: Setup > Count Reset

Zaneral After touching the key Meter Res a dialog window
Rz is opened in which the reset can be confirmed or
discarded.

The meter readings of all energy quantities are reset after
confirming the reset.

b) Reset of Maxima and Minima
Select: Setup > MaxMin Reset

After touching the key MaxMin reset the captured
maxima and minima of all relevant measuring
quantities are reset.

See statistic display mode, — chap. 5.3.6

c) Reset of Event Statistics
Select: PQ > Stat Reset

Frn After touching the key Stat reset the counted ex-
ceedings of the power quality compatibility level

are reset.
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5.3 Display Modes for Time Controlled Measuring Data
5.3.1 List View — Numeric Display of Measured Quantities
Available for: L1-L4 / L1...L4 / W/ FFT / SEL1... SEL5

LI Current measuring values for measured quanti-
ties available in the selected function are dis-
12 played numerically.
Phase 1 150532007 124223 % ]
[ 228 6 Wl 0353k A
&
F1 TAek W 43 99 Hz
17 335k war PF1 0,910
=1 80,8k VA cospl 0,989

| Wiy | | Profiles | |Memor1,r |

Layout for List View Display:
WPl -22336 W

Measurement unit
VIAWNAlvar/Wh/VAhivarh/Hz/kap./ind.
Weighting (W/m/kIM/G)

Mas. value (4-place with floating point)

Sign (+ is not displayed)

Meas. Input: analog input 1/2/3/4/%

Measuring quantity

Meas. type (not displayed for instantaneous value)

I

Measuring values of the actual function are displayed in
one display page. If more quantities are defined than
space allows for one page, a yellow bar at the right or left
margin of the screen points out further screen pages. In
particular this applies for the user definable functions
SEL1...SEL5. The sequence of the measuring quantities
is predefined, it cannot be changed.

The character height for the displayed numeric
measurement values varies automatically depending on
the number of measured quantities to be displayed.

Viewed time data may fluctuate for by as much as 1
second due to rounding off or up. Measurement values
are displayed with weighting factors (u, m, k, ...), the units
of measure are viewed in the headline for each column or
in the right column each line.
In the operating mode Sample the measuring values are
refreshed in the predefined time interval of one second.
Measurement is stopped after changing to the Hold mode,
and the last captured measurement values are displayed
continuously.
Note: Reset of meter readings, maxima/minima and

event statistics see — chap. 5.2.5

5.3.2 Overview - Tabular View of Measured Quantities
Available for: L1-L4 / Overview / SEL1... SEL5

Current measuring values for measured quantities avail-
able in the selected function are displayed for the three
phases in the three phase three wire system and for the
neutral in the three phase four or five wire system.

Overview 03052006 152422 % ]
L1 L2 L3

u ZHME 2ME 2MaA 00 4mME VY

| 0132k 0123k 0,09 0000k 0182k A

P 26Tk 210k 37k - DOk 00siM WY

Q 151k 19,3k 2.5k 00k 0052M var

S5 307k 285k 4.5k 00k o0o07M WA

f 000 s000  soo00  oo00  s000 Hz

PF 0571 0737 0524 0248 0705

COS( 0993 0295 0536 1,000

UAa 4018 401s 405 V

| wiew | | prafies | |memnr3,r| A Stop EsC

In the operating mode Sample the measured values are
refreshed in the predefined time interval of one second.

Measurement is stopped after changing to the Hold mode,
and the last captured measurement values are displayed
continuously.

Note 1:

Measured values under L1 up to L4 are viewed with
regard to the parameter settings (U-connection, Uratio,
Iratio, etc.).

Measured values under X are calculated with regard to
the quantities in the three phase three wire and four wire
system. As far as defined in the standard ,DIN 40110-2
multi conductor circuits®, the quantities are calculated as
collective quantities according to this standard. Measuring
quantities not being defined as collective quantities are
calculated as average values for the single phases L1, L2,
L3).

Note 2:

If no usable signal is available for the frequency detection,
the nominal values are displayed in the X column,
together with the nominal values of the phase voltages.

For frequency measurement, see also — chap. 2.3.
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5.3.3 Tabular View of Distortion Factors of Current
and Voltage

Available for FFT

The numeric view shows the relation of the harmonics or
a harmonic group to the effective value of the fundamental
in percent for all phases, the neutral and the three phase
three wire or four wire systems.

THD, THDS,... 31.07 2005 09:28:17 % D
L1 L2 L3
UTHD 2072 oo 10,4 o0 %
UTHDS 114 12,2 1MEB Mo
UTHDE 118 128 127 15 w
UPVHD = 106 1.4 98 Y
ITHD on oo oo o0 o
ITHDS oo 0o 0o o0 %
ITHDG on oo oo o0 o
IPYWHD on oo oo o0 %
| wiew | | profiles | |memnr3,r| & Stop ESC

Note 1

Among other specifications, the supplements to the
standards IEC EN 61000-3-2:1995/A14:2000 and IEC EN
61000-3-2/A1:2001 require measurement methods for
harmonics exclusively according to regulations of IEC EN
61000-4-7: 2002.

In the standards, in addition to the integer harmonics the
interharmonics components are defined. As a
consequence, probes creating interharmonics are
weighted more server. Moreover, harmonic groups are
defined providing a suitable evaluation for distinguished
control procedures, such as pulse packet or phase angle
control.

For evaluating interharmonics, according to standard it is
not required to evaluate the single interharmonics by
value or by percent. They are added to the individual
harmonics by calculating their square route.

Note 2

According to the old standard, only the integer harmonic
components had to be calculated and evaluated for a time
interval of 320ms.

The new standard requires calculation of 500 harmonics
and interharmonics up to the 50th order for each phase
and for a time interval of 200ms. This means a reasonable
increase of calculation power which can only be
maintained by a powerful processor system.

For description of the single harmonic or interharmonic
groups see appendix A.

5.3.4 Tabular View of Spectral Shares of Current,
Voltage and Power

Available for FFT (Harmonics and Interharmonics)

GO The format presents the actual measuring val-

ues of the spectral shares of current, voltage
] and power on several display pages together

with value, percentage from the fundamental
and respective phase angles. The number of
pages depends from the selected measuring
quantity.

Harmaonics 01.01.1970 00:24:15 0

0813 24 |l % -

k(] 0.2 0,0 % 1600

k(1] 2963 999 % 0,1 Ty

LHh(z] 3,0 09 % 1773 L

k(3] 3,1 1,0 % 1743 [

LHh[4] 25 05 % 1717 — —

LAh(5] 25 0,5 % 1695 | P

LHh[E] 1,3 05 % 1671

k(7] 1,3 05 % 1655 —

U1h(g] 04 0,3 % 1627 |1

Lh[E] 1,0 0,3 % 161 4 2

Lh[10] 0,3 0,0 % 157 3 —

Lh[11] 04 0,1 % 157 4 Kl

LHh[12] 0,2 0,0 % - 244 4 |—

LHh[13] 0,0 0,0 % 50,3 L

| view || profies | |memary|

Layout of Tabular View of Harmonics Display:

Selection of phase
2374 1,{% 191134

Selection of Meas. Quantity U, | or P

Phase angle

Percent of fundamental

Meas. value (4-point with floating point)
Harmonics / interharmonics order
Meas. input (phase)

Meas. quantity

In the operating mode Sample the spectral shares of the
selected phase are displayed. They are refreshed in the
predefined time interval of one second.

The selection fields at the upper right margin of the
display refer to the measuring quantities; those at the
lower right margin refer to the phases. The display
changes into any desired view by touching the
corresponding keys for the desired phase and quantity.
The selected phase and quantity are marked red.

The yellow marked measuring quantities at the right
margin refer to further display pages. The display changes
to the next or preceding page by a touch on the yellow
field.

Measurement is stopped after changing to the Hold
mode, and the last captured measurement values are
displayed continuously.

GMC-I Messtechnik GmbH

37



MAVOWATT 50

5.3.5 Tabular View of Interval Measuring Data
Available for W/ SEL1 ... SEL5

Numeric display of periodically sampled meas-

TAEI111 uring data contained in the active memory as
321 measuring value / time table.
Energy 13.0420051218:55 [0
time WGDE W4 WS WE2 WeS3 wWEd
Varh | WaArh | WaAh | WAh | WAh | Yah
121549 113,3u | 22,55k |25 54k | 292 8u| 173 9u| 25,54k
1201345 11530 | 22,84k | 25,54k [ 202,8u] 173,9u| 2584k
121347 113 3u | 22,84k | 25,83k | 292,9u| 173,9u| 25,83k
121345 113 3u | 22,84k | 25,83k | 2928u| 173,8u| 25,83k
121345 113 3u| 22,83k | 25,82k | 2928u| 173,8u| 25,82k
121344 1132u| 22,83k | 25.82k| 292,5u| 173,6u| 2582k
121343 113 2u| 22,82k 25851k| 282 7ul 173 5u| 2581k
121542 113 2u | 22.82k| 25851k| 282 7ul 173 7u| 2581k
1201541 115 2u | 22,526 | 2580k | 292 5u| 173 7u| 2580k
121340 115 2u | 2251k | 2580k | 292 5u| 173 7u| 2580k
121339 11520 | 22,51k | 2580k | 292 5u| 173 7u| 2580k
121358 11320 | 22,80k | 2579k | 282,5u] 173,7u| 25,79k
121357 113 u| 22,80k | 2579k | 202 5u] 173,6u] 25,79k

| view | | profiles | |memnr3,r|

In the operating mode Sample, the uppermost line always
views the current time with the refreshed measured
values. At the end of the cycle time, these data are
displaced into the line under it and the following lines are
moved one line down by each.

Six measuring quantities at maximum can be displayed
in the display window simultaneously. If more than six
quantities have been defined or selected in a function,
yellow marked fields in the header refer to additional
quantities. These are shifted into the display window by
touching the right or left yellow marked field. The yellow
fields do not apply when no more than six measuring
quantities are available.

Energy 13.0420051218:55 ]
it WS W4 WS WWED VR WS4
| Warh | Warh | Vakh | WAk | WAh | WAh
121349 11330 | 22,55k (W25 84k | 292 Bu| 173 90| 2384k
1213548 11330 | 22,84k | 2554k | 292,90 173 9u| 25 54k
171347 11330 22 84kl 2583l 297 anl 473 a0l 258k

Measurement is stopped after changing to the Hold mode.

The actual memory content is “frozen”, and the operator

can browse through the memory with the scroll cursors

V A and 4P respectively.

The functions of the context related touch keys in the foot

line correspond to that of other display formats

(— chap. 5.2.3).

The sample above shows the listing of the effective values

of energy data of L1, L2, L3 and L4, measured and

refreshed every second.

Note: Reset of meter readings of energy measuring
quantities see — chap. 5.2.5

5.3.6 Statistics View
Available for L1 /L2 /L3 /L4 /SEL1...SEL5

Representation of actual measured values

ﬁu?tn il together with highest and lowest measured
1 values since the last reset.

Phase 1 150532007 1245311 % ]

L1 min max
U 2285 0,1 2293 W
P 75,2k - 0,0k 146 dlke W
Q 34 5k 0,0k 74,3k war
5 82, Tk 0,0k 1504k VA
| 0,362k 0,000k 0,658k A
f 49 99 0,000 5000 Hz
PF 0,909 0,002 0,973
cosg 0,957

¥

| WiEny | | Profiles | |Memu:ury |

The measured values shown in the columns min and a
max refer to the lowest and highest value which occurred
since the last reset (drag indicator). The value
represented in the phase column refers to the current
instantaneous value which changes with the refresh cycle
of the seconds clock pulse.

Note: If the measurement type maximum (e.g. AU1) or
minimum (e.g. YU1) is selected in a SEL function for
measurement quantity, the corresponding values in the
phase column refresh in the seconds clock pulse, which
means that the seconds clock maxima or minima are
displayed. The device itself cannot distinguish between
correct and unsuitable display formats. The proper
selection remains left to the user.

Operating Procedure for Resetting Maxima and Minima:

® Touchonthe yellow marked field in the main
screen

Phass 1 15032007 124341 % ]

L1 min max
u 22848 0,1 2792 v
P 2k - 00k 1464k W
@ Touch on reset button to reset max and min

ssssss wazazmea | 0

»

=  The screen views the measuring function again

Alternatively, enter the main menu:
ON[MENU > Setup > MaxMin reset > OK
After reset, enter the desired measuring function again.
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5.3.7 Graphics View (t-Y-Recorder)
Available for L1/L2/L3/L4/L1-L4 /W /SEL1...SEL5
Lin Graphic display of measurement values in the

G FIFI register for defined or given measured
quantities as t-Y graph.

L1 2022006 104805 %
LI 2374V =
& 7374 [x]
1 741 A
F1 == WY
1 == Hz
=1 500 VA
iz == war
FF1 05

E

4 1211:05

| view | | profiles | |memnr3,r| | select | | Stap | | ESC |

Up to eight measured quantities can be displayed simul-
taneously. The graph memory is not designed for a grea-
ter number of measurement quantities.

The plot is subdivided into four vertical and horizontal
segments by grid lines.

Scaling of Y axes is performed automatically depending
on the adjusted measuring range of the first (uppermost)
measuring quantity. The respective numeric views are
displayed by opening the cursor { in the alphanumeric
field.

The horizontally displayed time range includes 196 pix-
els. Each measurement value is displayed as an individ-
ual pixel. The maximum displayed time period is thus
equal to 195 times the periodically sampled interval.

actual meas. value Actual time

L1 / 12.046005 160508 ]

1] 1,595k ¥
i 0,346k &
P 0,238k W
1 0tk He

In the operating mode sample, the periodically measured
data are shifted from the left margin of the image in the
seconds clock to the right. The values displayed in the
numeric section for each quantity correspond to the right
pixel which represents the actually measured value. If
the entire horizontal time range is used, that means the
curve pixels achieved the right margin, the image is dis-
placed to the left for one grid segment, so that the 49
oldest data are no more represented. The assignment of
the graph to the measurement quantities and the meas-
ured values is emphasized by a frame line which shows
the same colour as the corresponding graphic represen-
tation.

Additionally, up to two horizontal and vertical cursor lines
can be enabled and moved over the axis by the stylos.
Together with the values displayed in the numeric field the
view allows for analysing the graphic presentation. The
cursor lines can be activated independent from the op-
erating modes Sample or Hold (see — chap. 5.2.4).

Measurement is stopped after changing to the Hold mode.

For this purpose, touch the stop key in the foot
line of the display. The actual memory content

is “frozen”.

Open the cursor field | by touching at
the yellow field of the relevant measuring quantity. The
numeric data display opens, showing the values accord-
ing to the actual cursor position. The operator can
browse through the graphic display by touching the de-
sired pixel in the graphics display. The green field at the
lower left margin of the display shows the time related to
the active vertical cursor A.

L1

LI oo _ _
41— horizontal cursor activ
4 00

f -151 .. 152 < Valuerange

iy 4,0—([”]/&/— vertical cursor activ
n .

P1 - 00w vertical cursor
il 00 Hz ul

=1 00 W

oy 00 wvar |

PF1 - o1

cozgl - 049

| & 14:04:09

X Time corresponds to cursor position

With the opened field value range {, maximum and
minimum values for the actual measuring quantity are
displayed within the represented time interval.

With touching at the key the actual cursor line dis-
appears. The cursor lines can be faded in independent
from the operating modes sample or hold (— cap. 5.2.4)
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5.3.8 Scope View (Presentation of Waveform)

Available for L1 /L2 /L3 /L4 / SEL1...4, but only for
direct measured quantities U1, U2, U3, U4, I1, 12, I3, 14.

Graphic presentation of real time voltage and
current waveforms, based on the actual sam-
pled values of the analog inputs.

Sco

_.'i\.v

L1 12042005 155308 []

L1 2385 W
W 0.00
t 3324 3320
[
H B 62 &

Up to four measured quantities can be displayed simul-
taneously. The desired display page can be selected by
the scroll keys ¥ A.

Scaling of Y axis is performed automatically depending
upon the respective signal amplitudes.

The X axis represents the time range which comprises
the duration of 1% periods for AC signals and is derived
from the zero crossings. With this predefined time period
the waveform relations between the three phases can be
optimal displayed.

The waveform display always starts with the zero cross-
ing of the reference measuring quantity. At stable signal
relations, this is always U1. In case of dropout the period
length is acquired in the voltage measurement input L2,
and in case of dropout in L3 (see — chap. 2.3).

| view || profies | [mermory|

Measurement is stopped after changing to the Hold mode.
Touch the key Stop in the foot line of the dis-
play.

Stop

| Open the cursor field by touching at
the yellow field of the relevant measuring quantity.

The numeric data display opens by touching at the de-
sired cursor, showing the values according to the actual
cursor position. Two for each the horizontal and the ver-
tical cursor can be opened. The operator can browse
through the graphic display by touching the desired pixel
in the graphics display. The green field at the lower left
margin of the display shows the time related to the active
vertical cursor A.

cursor horizontal / vertical
Meas. Value refers to cursor position
actuel Meas. value

L1 e

233,5 Y close active,
 0.00 Gala”
f -3324 .. 3533210

I LD
\

\ active horizontal / vertical cursor
peak value refers to cursor position

ursor

With the opened field value range J, the numeric field
shows the peak values of the waveform for the actual
measuring quantity displayed within the represented
time interval.

With touching at the key the actual cursor line dis-
appears (see — chap. 5.2.4).
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5.3.9 Phasor View (Vector Presentation)

Available for L1 /L2 /L3 /L4 / SELA...4, but only for
direct measured quantities U1, U2, U3, U4, I1, 12, 13, 14.

Graphic presentation of phase relations of the
fundamental harmonics of voltage and current
T at the corresponding Measuring input.

Pha

L1-L4 M os2005141240% ]

IL|1

F

2282 W
0,0

Lz

“
IL|3
i~

2288 W
23956 °
2273 W
1185 °

L4
L
i}

£

00 v
2021
0,139k 4,
3417

12

)

0,166k 2,
2302 °

[&]

1

LA 95 W w2

ke i V*

| view || profies | [memory|

This combined numerical and graphical representation
views the current measuring values to the left of the
display, together with the phasors U1, U2, U3, U4 and
11, 12, 13, 14 scaled automatically with zero degrees to
the right. Normally the angle of zero degrees is allocated
to voltage U1. In case of dropout the Mavowatt 50 auto-
matically switches to U2 and in case of dropout to U3,
using that voltage as reference.

The phase relations between voltage and current are
based on the phase angles of the fundamental harmon-
ics. For calculation of the spectral shares of the signal
the FFT method is applied.

Measurement is stopped after changing to the Hold mode.
Stop Touch the key Stop in the foot line of the dis-
play.

By touching the yellow marked field above or below the
alphanumeric display the further measuring quantities
are shifted into the screen. The yellow field is dropped if
no more measurement quantities than fit into the window
are defined.

Li-L4 082005 141240% ] L1-L4 31082005 141240% [ [

R A uz uas 393V vz
T Y

The Representation supplies a statement for the rotating
field orientation in the three phase network. The se-
quence of the vectors U1-U2-U3 in the clockwise sense
represents a positive sequence system.

Note:

In the symmetrical three-phase system, the following
regulations apply for the complex r.m.s values of the
sinusoidal phase-to-neutral voltages:

_ jo°. _ j240°,
U= Uine™; Uon = Uane™™ ;

The same applies to the phase currents.

120°
Usn = Ugne'

If in accordance with DIN 5489 "direction and sign in
electrical engineering" the voltage of phase 1 is consid-
ered as reference voltage and assigned to the real axis,
the vectors are displayed clockwise in the sequence U1-
U2-U3 for a positive sequence system. A reversal of the
sequence (U1-U3-U3) represents a negative sequence
system.

The angles between phase voltages and currents are
computed after the arbitrary but conventional definitions
in DIN 40110-1. Accordingly, the voltage advances in the
case of inductive resistance of the load. The angle ¢ has
a positive sign. In the case of capacitive resistance, the
voltage lags behind the current, the angle has a negative
sign.
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5.3.10 Bar View — Spectral Analyses
Available for L1-L4 / L1...L4 / FFT / PQ

Graphic representation of the spectral
" shares of the periodic signal of voltage,

.. current, and power as frequency spectrum
with numeric information of values and the
percentage of the spectral shares related to
the fundamental harmonics.

FFT

Harmonics bar 01071 1970 00:24:15 0

L1 '
i} A

11T

| wiew ||prnfiles ||memnry|

The graphic representation shows the spectral shares up
to the 50th Harmonics for the chosen measuring function
(harmonics, harmonic group, harmonic sub group, as
well as interharmonic group and interharmonic sub
group). Scaling is performed automatically in terms of
the highest absolute value of the represented spectral
shares, the fundamental is cut off.

The sample above shows the odd harmonics shares of
voltage and current as frequency spectrum up to the 49"
harmonic for phase L1.

L1 ZR022006 104805 %
H 2375 v
& 04%  [x]

III..I--.III-III-I Em
A& Order: 11 |

|'1 0,074k .5".
| view | | profiles | |memnr3,r|

& 465% [x] 459%

Open the cursor field | by touching at
the yellow field of the relevant measuring quantity. The
numeric data display opens by subsequent touching at
the desired cursor, showing the values according to the
actual cursor position. The operator can browse through
the graphic display by touching the desired bar in the
graphics display. The green field at the lower left margin
of the display shows the selected harmonic order.

The green field beneath the quantity view sows the per-
centage of the selected harmonics related to the funda-
mental.
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5.4 Display Modes for Event Controlled Measuring Data
5.4.1 Bar View - Power Quality Analysis
Available for PQ

Numeric and graphic representation of measur-
ing data relevant for the determination of the
voltage quality, with observation time interval,
characteristic, number of limit exceedings and
its percentages in relation to the allowed com-

patibility level.
P Wiew 20072005122036 % ]
00:47:22
f 1080 f,66%
LRMS 45 5020% ==
Allrap 437
Plt s 63,03% ==
LDips 39 79,50% ==
LIDrag 170 4250% B0
LISyl B4 125 49%
L& zym 6 42,2% &
LHarm a2 182 54%
LTHD &5 109,13%

In the left column, the PQ characteristics included in the
evaluation are listed. For each characteristic the recog-
nized exceedings of the compatibility levels are counted,
and the phase counts are summarized. Additionally, for
the characteristics dip, drop and swell multiphase events
are defined. They are added to the corresponding charac-
teristic. The respective numeric representation is shown in
the second column. The sums of the limit exceeding for
every characteristic are the basic for the analytic assess-
ment of the quality of voltage in the considered supply.

The next column represents the ratio between allowed
and recognized number of limit violations in percent for
each characteristic. The result is the frequency of the limit
violations referred to the given limits and consequently
represents the result of the network analysis in accor-
dance with EN 50160 for the supply network in considera-
tion.

In the bar graphic, the length of the bars represent the
ratio between given and detected number of limit viola-
tions, expressed in percent. The compatibility limit is
marked by a 100%-line. This applies to all events. The
black bars relate to single phase and multi phase events.
If for any characteristic the number of limit violations ex-
ceeds the given limit the colour of the sum bar changes
from green to red.

Note 1:

The allowed number of events refers to the supply net-
work. According to EN 50160 it is of no importance in
which phase events occur.

Note 2:

Characteristics without declared limits in EN 50160, are
not considered. (e.g. interharmonics)

Stop ESC

5.4.2 Statistics View
Available for PQ

Numeric representation of limit exceedings for
? each phase, multiphase and for the total supply
11

network, relevant to power quality, together with
the percentage in reference to the given
compatibility level.

PG Statiztik 0072005122036 %
L1 L3 L13 %

i = = - - 1050 EE6
LIRMS & 17 20 - 45 Ba24
Allrap 107 a5 232 - 437

PLT 2 1 2 - 5 E303
IDips 5 10 20 4 3@ 7959
LiDrop 30 20 30 an 170 4250
USwvell 30 20 10 4 64 12548
U&zym - - - -- ] 422
LHarm 32 20 4n = a2 18254
UTHDS 20 25 10 - 55 10913

The statistics view for each phase shows the character-
istics included in the evaluation together with the number
of the recognized limit violations. In the column L1-L3,
the multiphase events are counted. They are only de-
fined for dips, drops and swells.

The sums of the events (column) represent the number
of the limit exceedings for each characteristic. They are
the basis for the analytical evaluation of power quality.

The last column views the ratio between allowed and
recognized limit exceedings in percent. It reflects the
frequency of limit violations and thus allows for evaluat-
ing the power quality according to EN 50160.

The representation near to practice allows for analytical
consideration of limit exceedings for the individual
phases. In this way, useful irregular phenomena can be
quantitatively recorded, which as a consequence may
cause decisive actions. In particular, this applies for low
voltage supplies with many single phase loads.

Reset of Event Statistics:
Select:  ON|MENU > PQ > Stat reset

Fran By touching the key Stat reset the recognized
meter values are reset for all compatibility levels

concerning the power quality.
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5.4.3 List View
Available for PQ

Numeric presentation of recorded events in
time related succession of appearance.

PG Everts 2007 2005 12:4551 =@ [0
date Ftime Tvp Wert Dauer

04062005 1243:51,800 U2Dip  1284%  360ms

04062005 1243:50,800 UZDip TE 4% 60 ms

04062005 124540400 UZ Drop 13=

04062005 12:28:50.000  Uunbal 34%

04062005 12:27:19,340  UHdwn d8s

04 062005 11:15:40,000 PLTA 13

04062005 10:21:20,000  U3HA 4.2 %

Exceeding of limit values as well as events and transients
which occurred at a non predictable time are displayed
after exceeding a defined limit or compatibility level, which
means after detection of a trigger condition. The list rep-
resentation contains the date of occurrence, the event
type (the trigger cause), the corresponding measured
value and the duration of the event.

After opening the presentation mode, the entry field of the
event list is empty. In the headline the marking * refers to
the measurement being alive. After recognition of a trigger
condition the corresponding event data are displayed.

Those events which are registered in accordance with EN
50160 are represented. Furthermore, the function allows
the phase related presentation.

Operating Procedure:

&  Setup the PQ parameters listed in Setup-m-profile
according to the condition in your supply network

1
)-
Confirm each entry with OK

1) Factory default see — chap. 4.3.2, PQ-parameters

& Enter the function PQ - Events

Setting notes

The representations described in chapters 5.4.1 and 5.4.2
apply exclusively for the representation of characteristics
of the power quality. For its recording, the measurement
parameters are to be adjusted as follows:

Open the menu Setup with touching on Setup in

"%  the main menu. = The display enters the Setup
— selection menu.
P Select the desired PQ-Measuring parameter’)

with m-profile > [Profile] > edit >A V .

Note: The adjustment can be filed in a separate measur-
ing profile. For it, open an new measuring profile with
m-profile > Profile > new.

it 05.03 2007 09:22:47 a edit 05.03 2007 09:22-57 a
P@ Mominal oltage Unom 230y P@ Mominal Frequency from | S0 Hz
P& Upper Yoltage: Limit 0% P& Frequency Tolerance 1%
P@ Lower Yolage Limit a0 % PQ Insolated Operation Mo
P@ U-mbalance Limit 0% PQ Permitted Dipsriear 500
P@ Swell Tolerance 0% PQ Permitted Interruptions/veal S00
PQ Dip tolerance 0% PQ Permitted Sweells/vear 500
PQ SwellDip Hysteresis 1 % PQ Permitted URaps i ear 500
PQ Interruption Level 1% P Rapid AU Tolerance 5%
P N-PE Swel Limit 0%
(S = | 2 | =
P Open the adjustment menu with touching on the
measuring parameter.
edit 16032007 19:15:47 ]
P& Upper Yottage Limit
110 %
Upper limit of mains supply voltage for slow voltage
watiations (10 minte mean)
7 8 9 - | - |
4 5 B
1 2 2 - | ESC |
a = L3 Ok
P Set the desired limit for separately for each

measuring parameter (—cap.4.3.2)

et 05.03 2007 032308 i] et 16,03 2007 15:17:44 i]
PYWHD Begin-harmanics 0 Enabled Events
FAD End-harmorics w0 AU-langsam,AU._.
REL- Setting Inactive Defines the events enzbled for
REL- Mode Sequential
REL-Pulse Durstion 13 URKE AUrap
Momingl Power Faclor 1A, Aux volt UDrop
Enabled Everts 1-langsam,all.. Meutral overy UAsym
Everls. Inpuls Enabled 1,1, 12,12, U3, 13, L, 14 Dip Ugmel Y
UTHDS Flicker
fr TransientU
Transient Trigger
[ O I | = Ok [ Ee ]

Measuring parameters > Enabled Events

Enable the following measuring parameters:
¢ Enabled Events all events
o Events: Phases U1, U2, U3, U4

Confirm the selection with OK

Note: The permitted number of events refers to the mains.
According to EN 50160 it is not relevant in which phase
the event occurred.

1) Factory default see cap. 4.3.2, PQ-Parameter
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5.4.4 Profile View of Current and Voltage
Available for PQ

Powerguality - RMS-Graph 07 03 2006 0% 2605 %5 [0

()} actual time
f =115 2424

A 2307,
4 01

Graphic representation of the course of the rms
voltage and / or current events recognized at
last for a definable time interval.

active cursar

& 09:26:52.230
& 09:26:51 760

2006-03-07 09::26:51.000

T T

The RMS graph represents the course of the Y2-cycle
r.m.s values of the last recognized short-term events for
all enabled voltage and current channels. A recording is
released by the signal exceeding the given limit of a
short-term event defined in the standard EN50160. The
record remains stored until a succeeding event is recog-
nized and overwrites the previous one.

The interval of the curve pixels in x axis is predefined
with a half cycle, this is 10 ms at 50 Hz. The recording
duration is limited to 6 seconds. Thus the display repre-
sents a time period of 1960ms. The time period exceed-
ing the view window can be moved into the display by
the scroll cursors below the graphic.

With the additional cursor lines as well as the relevant
numeric information the measurement sequence can be
analyzed (— chap. 5.2.4)

The example shown above represents a voltage jump
from 230 to 0V, the vertical cursor lines mark a time
period of 530 ms. Start time of the event is indicated on
the lower left margin of the display. The green field in the
alphanumeric section indicates that the left cursor line is
alive. It can be shifted over the represented time interval.

With the storage mode activated, the records can be
transferred onto the chosen storage medium. The rele-
vant symbol in the head line indicates the operating
mode for the memory. The configuration is performed in
the storage menu (— chap. 4.5.-f).

Setting notes

For recording the of the r.m.s voltage profile according to
EN 50160, the measurement parameters are to be ad-
justed as follows:

Open the menu Setup by touching on Setup in
the main menu. = The display enters the Setup
selection menu

Setup

et 17.03.2007 08:29:28 i] et

PAWHD Begjin-harmonics 10

17.032007 D& 21:20 i]
Erabled Everts

F4HD En-harmonics 20 TransientU
[REL-Seffng | hactive Defines the events enabled for
REL- Mode Seguertial RS AT
RELFulse Duration 15 rap
Auxvolt UDrop
ominal Fovver Factar 1WA
MNeutral overy UAsym &
Erablet Everts Transiert! Ui DSwel
Everts: Inpuds Enahled n OTHDS Flicker
fr Transientl
x Transient Trigger
: oK ESC Ok [ ESC |
Measuring parameters >  Enabled Events

Set the measuring parameters

e Enabled Events and
o Events: Phases enable

to the desired Measuring quantities (—cap.4.3.2).

et 05032007 082408 ]
TM Threshold U 350 Y

T Threshold | 44

RIS Pretrigger 0%

RIS Data Records 3500

Werveform Prefrigger 0%

Werveform Records 3500

Werveform Sampling Interval | 325 ps

Ul-10ms Trigger 200ms

Storage Mode mualtiple

Cal » EE
Storage parameter

Set the storage parameters as follows:

o TM Threshold U and/or TM Threshold | to the desired trig-
gering level

 RMS Pretrigger to the time synchronised trigger position
related to the total recording duration

o RMS Data Records to the number of data sets

» Storage Mode to the sequence mode for triggering and
display

Note 1: With the storage mode set to multiple, thee last
event is displayed in each case. When occurring two
or more transients within the time required for re-
cording, no further files are created. A new event can
only be recognized after ending the filing the data for
the previous occurred event.

After setting the parameters enter the measur-
ing menu PQ > RMS Graph.
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5.4.5 Presentation of the Waveform of Voltage and Current -
Transient Measurement

Available for: PQ
Graphic waveform representation of the
greatest event of current and /or voltage which
occurrred in a time window of 200ms and

exceeded a definable trigger level

Note: For the purpose of PQ measurements, transient
events are distinguished from r.m.s events. Transients
do not relate directly to the mains frequency. RMS
events are derived from the frequency bond signal.
However, the acquisition of mains frequent voltage
and/or current jumps is of high interest since the re-
cording caused by very short-term disturbances allows
for drawing a conclusion of the actual status of the
mains.

The graphic view PQ-Waveform represents the profile of the

sampled values of all enabled voltage and current cannels

around the peak value of transient events. For each
200ms measuring interval the peak value is detected and
kept. Recording around that is released when the magni-
tude exceeds the set trigger level. The waveform (tran-
sient) trigger works on the absolute value of the voltage

(and/or current), i.e. also negative transient are recorded.

Recording remains stored as long as it is overwritten by

the next event (ring mode).

-— Cyclen ———»<+  Cycle n+1
l———— teasuretnent interval 200ms ——————w

sampled peak walue in the measurement interval
ﬂ ——————————————————————————— Zln\ggenng lewel

\/

[— sampllng |r|terval 10ps .. B56ps -

gapless

recarded time window dependent on

- triggeting lewel

- zampling interal

- defined number of waveform-data records

The time distance of the curve points can be defined
between 10us and 655us, the number of data points
varies between 300 and 3500 for each event. The re-
corded time window corresponds to the sampling inter-
val, multiplied by the number of the data records

(= curve points). At the display can be represented 196
curve points out of it. The time period outside the display
window can be scrolled into the window by the scroll
cursors below the graphics. With the scroll cursor » the
graphic is shifted for one pixel, with » » the graphic is
shifted for one grid to the right. Same applies to the shift
to the left with the scroll cursors € and € «. If the end
of the recorded time period is achieved, the correspond-
ing scroll cursors are faded out.

Transients that occur within the time interval required for
recording the current event are ignored. Only after storing
the complete data set for the first captured transient the
trigger is reset to armed and can capture the next tran-
sient.

With the additional cursor lines which can be faded in, as
well as the relevant numeric information the measuring
sequence can be analyzed (— chap. 5.2.4)

PEWaveform 07 032006 02:51:04 %[5 0

4 N
[} actual time
R T =
A4 -HMa97
4 3080

& [9:36:39.010 active cursar
A 03:36:59.000 o

2008-03-07 03:36:50.000 |44 [« ] IP_I [»»]

The above graphical presentation shows a voltage drop
of a slightly unbalanced voltage. The 200ms effective
magnitude is 222V (theoretical value), with a positive
peak value of approx. 308,0V, and the negative peak
value of approx. - 319,7 V. "Approx:" stands for the fact
that the exact extreme magnitudes cannot be detected
for to the chosen resolution of 655us. The number of the
data records was chosen with 300, the pretrigger posi-
tion set to 10%. The record covers a time interval of
655[us] x 300[records] = 196,5ms or 9,825 periods, in-
cluding 19,65ms pretrigger duration (approx. 2 periods of
mains frequency). The chosen small number of data
records did not allow acquisition of voltage return within
defined threshold values.

I[

The additionally faded in cursor lines together with the
numeric specifications allow for analysing the measuring
sequence. The vertical cursor lines mark the time interval
of 10ms. In the alphanumeric field on the lower left, the
start time of the event is indicated. The right cursor line
is active. It can be scrolled over the represented display
window.

The events can be transmitted onto the selected and
enabled storage medium. The symbol for storage enable
appears at the right section of the head line. The storage
configuration is performed in the storage menu

(— chap. 4.5.-f).
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Operating Procedure for PQ-events
Open the setup menu by touching Setup in the

Y main menu. The display enters the selection
St menu setup.
it 17.03.2007 08:28:28 a edit 0503 2007 09:22:47 a
FIAHD Begin-harmonics ] 10 PQ Nomingl Voltage Unom | 230
PUAHD Enel-harmanics 20 P Upper Yoltage Limit 10 %
REL- Setting — | inactive PQ Lower Vottage Limt 0%
[REL-Mode | Sequertial P& U-Imbalance Limt 10%
REL-Fulse DUration 1s FQ Swell Tolerance 10%
Maminal Power Factar 1WA, PQ Dip tolerance 105
Enabled Everls Transier il PQ SwellDip Hysteresis 1%
Events. Inputs Enabled 1 | BT | 1
P N-PE Swiell Limt 10%
7 L == O e v ==

Setup > m-profile > edit (Trigger conditions)

Set the measuring parameters

¢ Enabled Events and
¢ Events: Phases Enable
to the desired measuring quantities, and
o PQ- Trigger Thresholds
to the desired triggering limits (— cap.4.3.2).

edit 05.03.2007 09:24:09 a

T Threshold U 3850Y

TM Threshold | 48
RMS Pretrigger 0%
RMS Data Records 3500

\aveform Pretriger 0%
\Waveform Records 3500
\Waveform Sampling Interval _| 325 ps

UI-10ms Trigger 200ms

Storage Mode multiple

i [ | |

Setup > Storage parameter > edit

Set the storage parameters as follows:
o TM Threshold U to the desired triggering limit

o Waveform Pretrigger to the time synchronised trigger
position related to the total recording duration

o Waveform Records to the desired number of data sets

¢ Waveform Sampling Interval to the time distance of the
curve points

« Storage Mode to the sequence mode for triggering and
display

v

Confirm the selection with OK

Enter the measurement menu PQ after adjust-
ing the parameters. Open the graphic display
by touching the key Waveform.

For acquisition the user can define the following data:

- the phases and quantities (voltage and/or current) which
are relevant to the measurement

- the interval of the succeeding curve samples in the time
axis

- the number of the curve points as well as the trigger
position (that is the share of curve points in percent to be
recorded before the trigger date).

Note 1: Trigger is released by a sample value exceeding
the defined trigger level. If another sampled value
within the current 200ms time interval exceeds the
trigger level the highest one is recorded and retained
as 200ms maximum. Therefore it could be that the ini-
tial exceeding gets lost. This condition meets the PQ
requirement after which the maximum value has to be
determined.

Note 2: With the storage mode set to multiple, the last
event is displayed in each case. When occurring two
or more transients within the time required for re-
cording, no further files are created. A new event can
only be recognized after ending of filing the data for
the previous occurred event.

Note 3: Sampling interval and pretrigger are to be
adapted to the expected duration of the event. At
higher resolution and adverse triggering instant it may
happen that the signal profile is only partially recorded.
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Setting Notes for Transient Measurement
Sample: Inrush Current of a Motor

Povverguality - Wavefarm 17.03.2007 110452 % | [
il
{ 4653 4640

& - 004

Motor - Inruzh current

Trigaer time point

Start of recording

| & 18:08:30.753

2007-02-18 120830455 [ A] [ ] [* ] [*¥] L]

For transient measurement, the setting of the essential
measuring and storage parameter is performed as fol-
lows:

Open the setup menu by touching Setup in the

& main menu. The display enters the selection
Setul
P menu setup.
edt 05.03.2007 09:24:03 0 et 05.03.2007 03:24:09 0
T Threshold U 350 T Threshold U =
T Threshold | 48 T Threshold | 44
RMS Pretrigger 10% RMS Pretrigger 10%
RMS Deta Records 3500 RMS Deta Records 3500
\avetorm Pretrigger 10% \avetorm Pretrigger 10%
Wigveform Records 3500 Wigveform Records 3500
\aveform Sempling Interval | 328 ps \aveform Sampling Interval | 328 ps
Ul-10ms Trigger 200ms: Ul-10ms Trigger 200ms
Storage Mode muttiple Storage Mode mutiple
] » o g ] [a]

Measuring parameter Storage parameter

Set the measuring parameters

¢ Enabled Events and
o Events: Phases Enable
to the desired Measuring quantities (— cap.4.3.2).

Set the storage parameters as follows:
o TM Threshold U to the desired triggering limit

o Waveform Pretrigger to the time synchronised trigger
position related to the total recording duration

o Waveform Records to the desired number of data sets

o Waveform Sampling Interval to the time distance of the
curve points

 Storage Mode to the sequence mode for triggering and
display

Confirm the selection with OK

Enter the measurement menu PQ after adjust-
ing the parameters. Open the graphic display
by touching the key Waveform.

5.5 Measurements at Frequency Converters
Available for L1-L4 /L1....L4 /W /FFT// SEL1...5

Note. Variable speed drives are realised with asynchro-
nous motors which are conventionally equipped with an
energy wasting bypass. Such machines can be con-
structed for high energy efficiency when they are oper-
ated via a frequency converter.

View Modes

For measurements at frequency converters, the view
modes list, matrix, recorder, scope, phasor and harmon-
ics bar are available.

Adjustment:

edit 23.05.20
Profile Mame Messprofil 1 In the menu
Messurement Location GhC Setup — Meas. pl"Ofile
Comment / set the parameter
Enng FU-Measurement
Fregu. Cony. Mess. off

toon

Amplitude and frequency of the output voltage are ad-
justed by the pulse-to-space ratio of the clock rate (also
designated as pulse or chopper frequency). Furthermore,
the pulse duty ratio between positive and negative voltage
ratings is selected such that a sine function results as a
mean value. The engine voltage consists of individual
pulses with constant amplitude and variable pulse width
(pulse-width modulation). The result is a variable output
frequency with which the engine speed is controlled.

=
-

Motor Voltages and Motor Currents of a
Voltage link converter

For voltage, current and frequency measurement with the
Mavowatt 50, voltage and current of the drive are fed over a
digital filter with a limit frequency of approx. 120 Hz and a
damping of higher than 70 dB at 500 Hz. By that the sin-
gle voltage pulses of the load sided converter are filtered.
As a result two basic measurement quantities of an AC
voltage are available, from which voltage, current and
rotating field frequency can be computed.
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5.5.1 Calculation Modes for Measurements at Frequency Con-
verters

Calculation of Voltage and Current

On account of the high informative value for the operating
condition of a three-phase drive, the waveform represen-
tation is performed with the filtered signal.

Note: The bandwidth of 100 kHz of the MAVOWATT 50 does
not lead to the desired result for measurements at con-
verters. The chopper frequency of the frequency con-
verter, normally lying within the bandwidth, must be fil-
tered from the signal. For devices which are designed
for nominal frequencies 50 / 60Hz, this measure is not
required.

Calculation of Active Power and Effective Current

These calculations are performed out with the not filtered
signal. Thus the harmonic share up to 20 kHz is included
in the measuring result. This allows for accurate conclu-
sions on mechanical power and temperature rise of wind-
ings.

Calculation of Apparent Power

For calculation of apparent power the product of filtered
voltage and filtered (motor) current in used.

Calculation and Representation of Harmonics

Calculation of harmonics is performed via the FFT-
method. The voltage harmonics are calculated with the
filtered signal. The current harmonics of the (almost sinu-
soidal) output current of the frequency converter are
measured unfiltered.

Calculation of active power is performed wit the unfiltered
signal.

5.5.2 Measuring Connection for Measurements with Frequency
Converters

Notes to Measurements in Frequency Converter Circuits

The frequency converter acts as harmonics generator for
the mains. Therefore, a check-up of the waveform of the
voltage is recommended at the input of the frequency
converter. Distortions, levelling or short-term distur-
bances (e.g. transients) may have influence to the op-
eration conditions of the loads.

For measurements on the input of the frequency con-
verter, select OFF for the parameter FU-Measurement.
Disturbances in the mains can be represented in scope
view at the display.

For measurements on the output of the frequency con-
verter, the bandwidth is limited. Select ON for the pa-
rameter FU-Measurement.

Notes for Measuring Arrangement

The arrangement for measurements in frequency con-
verter is dependent on the type of the converter at a high
measure. Interferences through sidebands and the re-
sponse of the star point add to those criteria those must
especially be considered in the test arrangement. Addi-
tionally, the behaviour of the frequency converter is only
partial or not known in the most cases. Therefore, in this
section measuring arrangements are recommended
which lead to a good result for the most measurements.

Basically for measurements with MAVOWATT 50 in con-
verter circuits applies:

. Current transformers must be used in current paths
for acquisition of current. A current measurement by
means of shunts is not applicable due to the bad ra-
tio between used signal and interfering signal.

. The acquisition of voltage must always be per-
formed between phase and neutral. Thus the cor-
rect phase relations for the calculation of derived
measuring quantities can be arranged. The connec-
tion of the voltage input can be arranged after
— chap. 7.2.2.
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5.6

For measuring quantities selected in the menu trigger (limit
value monitoring), exceeding of an upper and/or lower
limit value is indicated for up to four measuring quantities
at the alarm output (relay contact) performing as a collec-
tive alarm. Limit violations can be transferred onto the
chosen storage medium (USB-storage or CF-card) and
furthermore onto a PC, together with all measuring quanti-
ties chosen for storage.

Trigger - Limit Value Monitoring

Operating Procedure

The following procedure must be performed successively
for adjusting the limit value monitoring function and alarm
printing:

@ Defining the Measuring Quantities to be Monitored
ON|MENU - Setup - Trigger - [Position 1.. 4]

Open the selection menu Trigger
o

Setup 2 @ @
Trigaer Setup
¥ 100
¥ 100
¥ 100
¥ 1]
& Select the desired position for the measuring

quantity to be monitored. The display enters the
list of measuring quantities.

It _speichern 04062006 13:52:21 o
Select Datapoints
& Bazic | | 0 Harmonics | | 0 Statistics |

1/ U1 - Yaoltage 3

2 P1 - Active Power

3 @1 - Reactive Power

4 51 - Apparent Power

5 N - Current

B 1 - Fregquency

7| PF1 - Powverfactor (=P/=)

G cosgl - Displacement Factor

i total

[ cear [ Ec [ ok |

Select the measuring quantity to be monitored
(— chap. 4.4.1).

With clear the entire selection of measuring
quantities is erased.
With OK the device enters the measuring mode.

Note: If a measured quantity with assigned measurement
type maximum (e.g. AU1) or minimum (e.g. YU1) ex-
ceeds the adjusted limit value, a continuous alarm is trig-
gered. As a rule, only measurement quantities of types
effective (instantaneous value) or average (mean value) are
significant for limit monitoring.

@ Adjusting the Limit Values
ON|MENU - Setup - Trigger — [Limits 1 ... 4]

& Open the entry window limits

& Adjust the limit values for the desired Meas-
urement quantity.

Setup 2 @ 0
Trigier Setup

i U1 (v) i 300

¥ 100

2 Dedﬂ oo uppef:;r:: 2005 12:03:24 ]
n - 250 y
i L | + B 9 ‘ < ‘
4 5 5
1 2 3 ‘ ESC ‘
o | [ |

Acknowledge the entry with OK.

After acknowledgement the entry window is closed, the
display enters the selection window.

Select a lower and upper limit for each measured quantity
to be monitored.

After entering all limits, confirm the selection with
OK in the selection menu. The device enters the
measuring mode.

©) Activating the Limit value monitoring Function

The limit monitoring function is acting without further op-
erating step. The alarm signal is triggered as soon as one
of the measurement values exceeds the adjusted limits,
and is reset when all monitored quantities have returned
to the values within the limits. Furthermore, the alarm
signal can be transmitted to the relay:

Adjusting: Setup — Meas. Parameter - Relay Parameter

Signal response corresponds to the selected operating
mode of the relay (N/O or N/C). It can be active perma-
nently or time related. See — chap. 4.3.2

The measurement quantities activated for limit
value monitoring are monitored in every
measuring function.

1-4

E
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5.7 Recording and Replaying Measurements

Important note 1: The measuring quantities (data
points) recorded to a storage medium in general are
not the same that are displayed on the screen.

Important note 2: Resetting counts, minimum, maxi-
mum and statistical values is blocked during a re-
cording,.

5.7.1 Opening the Storage Menu
To open the storage menu

e

oy
g

record

-in the main menu touch the key store

- in the measurement mode touch the key
storage

Il _speichern 18.05.2005 171316 0]

Meas. Profile Datapoints

Storage Profile Trigoer

Active: Speicherprofil 1, Messprofil 1

Interval: 15, Start Mode: Manual, Stop Mode: Manusl
Storage Medium: CF-Card

Fleaze inzert storage media [

Mot storing; Press button to start

Filename | Mmeszung

archive Start ESC

The upper line of the information display shows the actual
storage and measuring profiles.

With the keys Meas. Profile, Datapoints, storage profile
and trigger the actual measuring and storage parameters
can be displayed. If desired, they can be changed:

& Select or change the desired measuring profile
(— chap. 4.4.2), the datapoints (— chap. 4.6) and the
storage profile

e Select a name for the storage file (— chap. 4.5.1)

The adjusted parameters (measuring profile, storage
profile, trigger) as well as the selected datapoints apply
fort he actual recording. Readjusting can be done bevor
starting a recording. During recording parameters cannot
be changed.

5.7.2 Selecting the Data Carrier

Measuring data can be stored optionally to the internal
memory, a storage medium connected to the USB port or
a CF-Card.

Operating sequence in the main menu:
record > Storage Profile > edit > storage medium > OK

Operating sequence in measuring mode:
memory > Storage Profile > edit > storage medium > OK

it 158.05.2005 17:12:24 0
Storage Medium

Internal

Enabled starage medium

USE

CF-Card

Internal

ESC

Leave out the step edit followed by storage medium when
the desired storage medium is already adjusted in the
appropriate storage profile:

record > Storage Profile [Select] > OK
or (in measuring mode)
memory > Storage Profile [Select] > OK

Storage Profile; Select 05.03.2007 09:23:40 a

@ Storage Profilel
O Transient

k

| edit || newy || copy || delete || (o128 |

Inserting and Removing the Data Carrier

d Remove the storage medium only if the read opera-
tion is ended (USB: min. 3 s after touching the Print
key)! Removing during the read operation can lead
to loss of data.

d Before inserting the storage medium, check that its
write protection (write protect switch) is not acti-
vated.

®  Remove the CF-Card by pressing carefully the eject
button.

&  Select the desired measuring profile
(— chap. 4.2.2), the data points (— chap. 4.4) and
the storage profile (— chap. 4.5.1).

& Chose a file name (— chap. 4.5.1)
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5.7.3 Adjusting the Storage Parameters
a) Select the Measuring Profile
record > Measuring Profile > [select] > OK

Meas Profile: Select

O Measprofile 1
o Transient

@ ENs501B0
Y

05.03.2007 09.22:02 a

| edit || ey || copy || delete || Ok |

For adjusting the measuring parameters see
— chap. 4.4.2

b) Selecting the data points
record > Datapoints> [select] > OK

Press the key Datapoints to enter the selection menu. The
display shows the actual selection of datapoints. For ad-
justing see — chap. 4.6.1

Tt _speichern 158.05.2008 17:11:44 0
Select Datapoints
& Basic | |

1 1 - Yoltage

2 P1 - Active Povwer »

3| @1 - Reactive Power

4 =1 - Apparent Power

3 N - Current

E 1 - Freguency

7 FF1 - Powerfactar (=PIS)

8 cozgl - Displacement Factor

0 Harmonics | | 0 Statistics |

i total

[ cear |[ Ec || oK |

c) Selecting the storage Profile
record > Storage Profile > [select] > OK

Storage Profile: Select 05.03.2007 09:23:40 a

@ Storage Profilel
o Transient

k

|| ey || copy || delete || Ok |

For adjusting the storage profile see chap. — 4.5.1

5.7.4 Starting of Recording
Recording onto the desired data carrier can be released
¢ Manually, immediately after touching the key start:

ON|MENU > record > start
memory > start

in the main menu
in the measuring mode

o time controlled by entering start date and time
¢ event controlled, after occurrence of the first trigger
event
e extern / extern invers, by an external signal at the digital
input Status IN b
et 14.05.2005 10:35:49 0]
Start hode
Manual

manual: button, time: configurakble, Trigger:
inter extern & externinverse status input b

fanual

S

Start Time

Trigger

Extern

Extern Inverse

EBC

a) Starting of Recording manually

Recording starts with touching the key start.

A corresponding announcement appears on the display if
the selected storage medium is not inserted. When re-
cording is started without taking notice of the announced
request to insert the chosen data carrier, the data are
buffered onto the internal memory.

A current recording is advised with the floppy disk symbol
in the header. The measured values are buffered on the
internal memory and transmitted to the selected data car-
rier in regular time intervals. While recording, the storage
medium can be exchanged or removed if data transmis-
sion to the data carrier is not active. The corresponding
information is shown on the display:

Stare SM:11 0506001 2007.200511:0842% 1

Meaz. Profile Datapoirts
Storage Profile Trigger
Interval: 1=, Start mode: manual
Storage medis: USB - Please insert storage media
storing stopped, press start to start
Filenarme: | Messung 1
| Cortrol | | Save | | Start | | ESC

Data which are captured during the time of exchange of
the selected data carrier are buffered on the intern
memory.
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b) Time Controlled start of Recording
In the storage profile

@ Set the parameter start time to the desired starting
time.

@ Set the parameter start mode to time.

Recording has now been initialized, but is not yet acting.
Recording is started if beginning date and start time are
exceeded.

c) Event Controlled start of recording

Recording starts with the occurrence of the first event
With the storage mode set to multiple the event is filed
corresponding to the settings. After that the device is

“armed” again and can capture the next event.

et 19.05.2005 16:01:22 0
Storage Mode

multiple

Eventcount (Evertlist, RMS- & Waveformmemory)
Reset with statistics reset

single

multiple

ESC

In storage mode single recording stops after the first
event, no further event is recorded.

d) External Controlled Recording Start-Up

For start of recording of a measurement via an external
signal apply a signal source to the digital input Status IN b
(< 30V DC!). When the status of the input signal is chan-
ged, the recording is started or stopped.

@ Set parameter start time to extern.

& Set the start mode in the storage profile to extern or
extern inverse respectively.

Recording is started if the signal at the digital input Status
IN b changes from low to high or high to low respectively.

5.7.5 Saving Measurement Data during Recording

ON|MENU > Store > Stop
memory > Stop

In the main menu:
In the measuring mode:

save

By touching the key save the measuring data buffered in
the internal storage are transmitted to the chosen data
carrier.

In the storage menu: touch at the key save.

By touching the Control key the data being
available in the internal memory are displayed.

5.7.6 Terminating a Recording
Recording can be ended

e manually, immediately after touching the key stop:
ON|MENU > Store > Stop

o time controlled, by predefined start date and time
¢ event controlled, after recording the occurred trigger
event

e extern / extern invers, by changing the status of the
signal at the digital input Status INb

The parameters for recording and terminating are set in
the menu storage configuration (— chap. 4.5 and 4.5.1).

a) Manual termination of a Recording

Touch ON|MENU. The display enters the main
menu showing the symbols for the main func-
- tions.
[y
Yy Touch the symbol record.
The storage menu opens, representing the actual memory
status.

imaeAt_store 02062006 124136 @ 0

heaz. Profile Dratapaints

Storage Profile Trigoer

Interval: 1=, Start mode: manual, Stop mode: manual
Storage media; USB
edia may be exchanged

Storing; Press button to stop

Filename | [l e ]

| Contral | | Save | |

Stop ESC
n ]|

The recording stops immediately after touching
the key Stop. Simultaneously disappears the
symbol recording (disk in the head line).

Stop

b) Time Controlled Termination of Recording

An active recording terminates automatically after ex-
ceeding set end date and end time. Further operating steps
are not required. The desired setting of recording pa-
rameters must be performed prior to start of recording.

c) Event Controlled Termination of Recording

After recording the actual trigger event the recording
stops.

d) External Controlled Termination of recording

Recording is stopped after the signal on the digital input
Status IN b changes from low to high or high to low
respectively.
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5.8 Retrieving and Analysing a Recording
ON|MENU - Archive - [Select]

Data stored to the selected data carrier can be displayed
at the LC-Display.

Touch the ON|MENU key. The display enters the
main menu showing the symbols for the main
functions.

Touch the symbol Archive

W

Archiv

Archive 31.08.200510:56:32 9 ]
intern
10 7 [E_Ft_Imia00 meesr
r

217 7 [_ft_Imi0000T s

3 [ ] (B0 maS0
4 7 7 [5m0001_mewSii
5 [ 1 [5R0007 rmaSar
6 ¢ 1 [S00007 mwslve
7 [ ] [BR0003 S0
5
9
0
1

" 7 (G000 w0
" (70007 w0l
1 [F00007 rraSor

© o [Fn00T Sy

& Select the data carrier

The display opens the list of stored files, representing the
sequential number according to the date of record, the
automatically assigned number including the type of
record and the name of the record.

& Select the file to be processed by touching onto
the selection field between sequential number
and file name. The selected file is marked with an
x. After selection, the buttons for copy, shift and
erase are activated.

|I| If the archive covers more than one page, select
the desired recording filed on another page with

III the scroll keys A V.

5.8.1 Retrieving a Data Recording

& Select the desired file

& Touch onto the bar with the designation of that
file which you want to display.

The filed data are presented at the LC-display. For
graphic representations, cursor lines which refer to the
data of the actual position can be added. Consequently,
an analysis of the recorded data is possible at the de-
vice. See also — chap. 5.2.4

5.8.2 Shifting and Copying Recorded Data
& Select the desired file
& Select the desired type of process, copy or shift.

The display changes into the corresponding selection
menu. If no manipulations should be carried out, touch
onto the button abort. With it the display returns to the list
of stored files.

Archive 31.08.2005 11:00:30 i}

wehere copy file?

=B W-F abiart

& Select the data carrier the file should be copied
or shifted to.

= After touching the corresponding button the
display returns to the list of stored files.

With abort the display returns to the list of stored
files without change.

(=]

5.8.3 Erasing a Recording
& Select the file which should be erased.
& Select the process delete.

On the LCD display a window is opened, showing the
security query whether the file shall really be deleted.

= With delete yes the file is deleted. The display
returns to the corresponding changed list of sto-
red files.

= With delete no the display returns to the list of
stored files without change.
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6. Available Measured Quantities

All measured values are formed simultaneously and
gaplessly every 200ms. They are synchronised on 10/12
signal periods at 50/60 Hz and are calculated in time
intervals from 0,2s to 2h as instantaneous measured
values or / and as highest or lowest or average value.
Refresh at the display is performed in a second cycle.

Identification of Measurement types:

— Instantaneous (effective) value
(formed over a gapless measuring interval of 1
second)

— For measurement intervals according to 61000-4-ff the
time window has a band width of 200ms.

A Maximum in the adjusted time interval

V¥ Minimum in the adjusted time interval

B Average value within the adjusted time interval

6.1 Measurement Quantities for Power an Energy

Symbol Measured Quantity Meas. L1 L2 L3 L4 >
Unit 1-3

Ux phase-to-neutral voltage, rms value v o o o o o
UAX phase-to-phase voltage, rms valus V e o o

Ix phase current, rms value A e o o o o
Px active power W e o o o o
Qx reactive power var e o o o o
Sx apparent power VA e o o o o
Qcex reactive power correction for cos@set =1 var o o e o

Dx harmonic reactive power var o o e o o
WP+x | active energy consumption Wh e o o o o
WP-x active energy release Wh o o o o o
WQx reactive energy varh e o o o o
WSx apparent energy VAh e o o o o
cosgx  displacement power factor - e o o o

ox phase shift angle °[deg] | o o o o

PFx power factor (P/S) - e e o oo
CFUx | crestfaktor of voltage - e e o oo
CFIx | crestfaktor of current - o o o o o
fx frequency of line voltage Hz e o o o
ux(t) signal form of voltage v e o o o

ix(t) signal form of current A o o o o

Rot rotating field sequence of 3~-voltages >/< .

6.2
Symbol

Ux THD
Ux THDG
Ux THDS
Ux PWHD
Ux ho

Ux h1

Uxh2...
Ux h50

Ux hG1 ...

Ux hG50

Uxh81 ...
Ux hS50

Uxig1 ...
Ux ig49

Uxis1 ...
Ux is49

Ix THD
IX THDG
Ix THDS
Ix PWHD
Ix h0

Ixh1
Ixh2...
Ix h50

IXhG1 ...
Ix hG50

IXh81 ...
Ix hS50

Ixig1 ...
Ix ig49

Ixis1...
Ix is49

Px h0

Px h1

Pxh2...
Px h50

oUxho...

oUx h50

@Ixho...
olx h50

Measured quantity

total harmonic distortion h2 ... h50 of voltage
Ux

total harmonic group distortion hg2 ... hg50
of voltage Ux

total harmonic subgroup distortion
hg2 ... hg50 of voltage Ux

partial weighted harmonic distortion of Ux in
the adjustable band hmin to hmax

DC share of voltage Ux (absolute and
relative to UxH1)

fundamental harmonic voltage of Ux (abso-
lute and relative to UxH1)

voltage of harmonics h2 ... h50 of Ux (abso-
lute and relative to UxH1)

voltage of harmonics group hg1 ... hg50 of
Ux (absolute and relative to UxH1)

Voltage of harmonics subgroup hs1 ... hs50
of Ux (absolute and relative to UxH1)

voltage of intermediate harmonics group
ig1 ... ig49 of Ux (absolute and relative to
UxH1)

voltage of intermediate harmonics subgroup
ig1 ... ig49 of Ux (absolute and relative to
UxH1)

total harmonic distortion h2 ... h50 of current
Ix

total harmonic distortion of group
hg2 ... hg50 of current Ix

total harmonic distortion of sub group
hg2 ... hg50 of current Ix

partial weighted harmonic distortion of Ix in
the adjustable band hmin to hmax

DC share of current Ix (absolute and relative
to IxH1)

fundamental harmonic of Ix (absolute and
relative to IxH1)

current of harmonic h2 ... h50 of Ix (absolute
and relative to IxH1)

current of harmonic group hg1 ... hg50 of Ix
(absolute and relative to IxH1)

current of harmonic subgroup hg1 ... hg50 of
Ix (absolute and relative to IxH1)

current of interharmonic group ig1... ig49 of
Ix (absolute u. relative to IxH1)

current of interharmonic subgroup ig1... ig49
of Ix (absolute u. relative to IxH1)

DC share of active power Px (absolute and
relative to PxH1)

fundamental active power of Px (absolute
and relative to PxH1)

active power of harmonics h2 ... h50 of Px
(absolute und relative to PxH1)

phase angle of harmonics hO ... h50 of Ux
related to fundamental voltage UxH1

phase angle of harmonics hO ... h50 of Ix
related to fundamental current IxH1

Measurement Quantities for Spectrum Analysis

”ﬁ:s 1112 13 L4
% ol o ole
% e o ol
% e e e e
% e o o o

V% o o o @

V% o o o @

V% o o o @

V% o o o @

V% | @ e o o

V% o o o @

V% o o o @

% el e o @
% e e o @
% e e o @
% el e o @

A% o o o o
A% o o o|e
A% o o oo
A% o o o o
A% o o o @
A% o o o o
A% o o o|e
W% o o oo
W% e o | e @
W, % o e o o
°feg] o | o o

°[deg] e o o o
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6.3  Available Quantities for Transients Measurement
Function

Symbol Measured Quantity Meas. L1 L2 L3 L4 %

Unit 1-3
ux(t) signal course of voltage v e o oo
ix(t) signal course of current A o o oo

6.4 Available Quantities for Flicker Function

Symbol  Measured Quantity Meas. L1 L2 L3 L4
Unit

P(t)x instantaneous flicker of voltage Ux - oo o

Pstx short term flicker (10 min) og voltage Ux - e o o

Pltx long term flicker (2 h) of voltage Ux - o o o

6.5 Characteristics of Power Quality according EN 50160

Characteristic Requirements Meas. Observ.
interval Duration
Mains 50Hz + 0,5% during 95% of one week 10 sec 1 week
frequency 50Hz +4 / -6% during 100% of one week average
value
Voltage slow voltage fluctuations: 10 min 1 week
fluctuations  Un 10% during 95% of one week average
Un +10/-15% during 100% of one week value
fast voltage fluctuations: Yo-period 1 day
Ueff + 10% during one day effective
value
Flicker long term flicker severity PIt < 1 during 95% of = 2h after 1 week
one week EN 61000-
4-15
Voltage dips | number <10... 1000/ year according to Yo-period 1 week
EURELECTRIC table (former UNIPEDE) effective
value
Voltage drops | short term voltage drops: Ya-period 1 year
number <10 ... 1000/ year, fromit >70% effective
with duration<1's value
long term voltage drops:
number < 10 ... 50/ year, duration > 3 min
Transient phase to neutral <6 kV / ys ... ms
overvoltage
Unbalance ratio U (negative sequence) / U (positive 10 min 1 week
sequence < 2% during 95% of one week average
value
Harmonics UH2 ... UH25 < limit according table 10 min 1 week
EN 61000-4-7 during 95% of one week average
value
THD Total harmonic distortion < 8% during 95% of = 10 min 1 week
one week average
value
Interharmonics | limits / compatibility levels not yet fixed
Mains limits / compatibility levels not yet fixed
signalling
voltages

6.6. Designation of Measurement Quantities and Phases

The designation for measurement quantities and phases
specified in the standards, are specific to countries and
languages, and on the other hand sometimes long. Fur-
thermore, the standards show also no country-specific
throughout designation.

For a countries overlapping compromise, the designations
in the Mavowatt 50 in a wide field follow that of the rele-
vant standards, with deviations which help to maintain the
clarity of the display view. This is in particular applies for
the voltage relations phase-to-neutral and phase-to-phase
(measurement parameters U-Connection).

For the four- and five-wire system (setup: U-connection
star), the phase designations L1, L2 and L3 refer to the
phase-to-neutral voltages.

In the three-wire system (setup: U-connection delta), the
phase designations L1, L2 and L3 refer to the phase-to-
phase voltages, i.e. U1[h3] is the 3rd harmonic of the
phase-to-phase voltage. Same applies to the PQ related
voltage parameters.
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7. Measuring Circuits
7.1 General Notes for Measuring Connection

For acquisition of analog measurement signals the
MAVOWATT 50 incorporates the eight galvanic separated two
channel phase inputs L1, L2, L3, and L4. Except for the
frequency measurement that is performed in the voltage
path of L1 under normal conditions (in the case of loss in
the current path, then in phase L2 or L3 successively), the
layout is completely identically and allows measurements in

- four independent DC circuits
- four single-phase AC circuits of same frequency

- a three-phase three-wire, three-phase four-wire or
three-phase five-wire system.

phase L1

phase L2
phase L3

phase L4
(neutral)

Power Supply

aux. supply
(e.g. rogowski winding)

mains input 85 ... 250 VAC/DC

Hinweise

d  The analog measurement inputs have been designed
for connection to overvoltage category IV circuits of up
to 600 V (or CAT Il up to 1000V.

If the instrument is used in systems of this type, all
measuring accessories (e.g. clip-on current-to-voltage
transformers, shunts, measuring cables etc.) must also
comply with the respective category. See accessory
specifications for accessory category.

¢  The low potential from the corresponding voltage and
current path must be connected to the corresponding
input jack (Low).

¢  Connections between the voltage jacks (Low) for the
measuring connections shown in the following chapter
cannot be made internally within the instrument: they
must be realised by the user.

7.2  Measurement via Phase Inputs L1...L4

In single-phase AC systems, in three-phase four-wire and
three-phase five wire systems as well as in DC systems,
current measurement is performed in the phases L1, L2, L3
and L4. Voltage measurement in L1, L2 and L3 is
performed between the voltage inputs (High) L1, L2, L3
and the neutral conductor L4 (Low). Neutral-to-earth
measurement is performed between L4 and the protective
earth conductor. Phase inputs which are not connected are
weighted with 0 and correspondingly calculated.

d  Frequency measurement is performed in voltage
channel of phase L1, at loss of voltage in phase L2
and L3 respectively. If voltage signals in all three
phases fail, frequency measurement is performed in
the current inputs, and last of all if no evaluable signal
is available, the reference frequency is taken.

For measurements in three-phase three-wire systems two
current measuring channels are sufficient. Usually, current
is measured in L1 and L3. Voltage measurement is
performed in the three voltage paths. The parameter
I-connection is set L1, L3, L4.

Measurements related to phases are identified by the index
1, 2, 3 and 4. They are permanently allocated to a single
phase. Current and voltage of a given phase are connected
to the corresponding phase inputs. Commutating
connections lead to erroneous interpretations.

The instrument does not differentiate between single-phase
or three-phase measurements. No information is displayed
at the LCD concerning complete or correct or incorrect
connection of the object in test. For example, a phase
which has not been connected for a three phase
measurement may lead to misinterpretations during
observation of three-wire measuring quantities, such as
U12, U23, U31, UZ, Px.

¢  Atthe beginning of a measurement, evaluate the
plausibility of the measuring results. In particular check

- the correct settings of Uratio and Iratio for the
respective input based upon the magnitude of the
displayed measurement values

- the correct polarity of the current measuring connections
inputs based upon the polarity of the P-measurement
values

- the correct phase sequence based upon the phase
relationship which can be seen in the scope view as
well as in the phasor view and based upon the
sequence of the phase colours red / yellow / green.

If active clip-on current-voltage sensors are used for AC
current measurement, set the type of coupling to AC (Setup
- Meas. parameters —coupling). If coupling type AC+DC is used
(e.g. in DC circuits), careful zero balancing is required,
because active power measurement values would
otherwise be distorted. Select the scope view for I1 to 14
and adjust according to the corresponding specification
until the signal line is as near as possible to the zero line.
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7.21 Measurements in Three-Phase four- or five-wire Systems

In general, three-phase four-wire or five-wire systems are
low voltage networks (115/200 or 230/400Volt), so that no
voltage converters are required for measuring equipment.
The measuring voltage is derived from the current-
carrying phases L1, L2, L3 and the neutral conductor L4,
the current is usually measured by means of clip-on
current-to-voltage converters in each phase.

Due to splitting of the three-phase system into three
separate circuits with go- and return wire an equal load in
each phase is not guaranteed. Furthermore the third order
harmonics and multiple of them add to the fundamental if
they occur in the return wire. This creates a compensatory
current in the neutral wire flowing back to the star point of
the supply system. Together with the protective earth PE
which is held on constant reference potential, this results
in a three-phase five-wire system.

With the MAVOWATT 50 the neutral voltage as well as
the neutral current can be measured simultaneously via
the phase input L4. If these measurement quantities are
not required for an analytical evaluation, the connections
for neutral and earth are bridged. This applies to all
variants of the measuring connections described in this
section.

The following applies to the measurement connections
shown below:

< The current and voltage path from a given phase are
connected to the same phase

@ In the Setup, the measuring parameters
Coupling Measurement Input to AC+DC?) and
U-Connection Star are selected.

@ Measuring parameters Uratio and Iratio are selected as
follows:

a) Clip-On Current Transformer with Voltage Output

001 Three-Phase Four-ire or FiveWire Low Yoltage Systems
Clip-C0n Current Transformer with Yoltage Cutput
PE M 1 L2 L3

L1 UO ‘I’@t }"H

L2 &g g D!OH

L3 N oga )‘;1
L4 o,

|

Uratio is set to 1 in setup menu for each phase.

Iratio corresponds to the transformation ratio of the clip-on
transformer in use (e.g. 10mV/A: Iratio = 100).

b) Clip-On Current Transformer with Current Output and Shunt

002 Three-Phase Four-Wire or Five-Wire Low Voltage Systems
Clip-0n Current Transformer with Current Output andd Shunt

FE M L1 L2 L3

1 -
Irst=k1xkz K

U
L1 o\o =
H @\ & k2 | -

L3 Sa| — k1
@\ k2 | -

L4

) —4

.-

Uratio is set to 1 in setup menu for each phase.

Iratio is the product of the transformation ratios of the
clip-on current transformer and the Shunt
(k = k1Xk2).

- @

c) Current Transformer with Shunt

003 Three-Phase FourWire or FiveWire Low Voltage Systems
Current Transformer and Shunt
u I FE MW L1 L2 L3

L Q{ ta:c_;}?xie : e

Lz @{Q @ 1 k1

L3 Q{Q @ “k1
L4 @{@ um — k1

Uratio is set to 1 in setup menu for each phase.

Iratio is the product of the transformation ratios of the
clip-on current transformer and the Shunt
(k = k1Xk2).

") In case of AC+DC, R-coupling is present so that the
frequency range begins at DC. The AC-coupling is a C-type
coupling, which does not transmit DC input signals. The upper
end of the frequency range is identical for both types of
couplings.

Accordingly, in the case of AC+DC coupling the DC
components in AC circuits are included in the evaluation. If
this is not requested, the coupling must be set on AC.
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7.2.2 Measurements in Three-Phase Three-Wire Systems

This mains type is mainly used in medium and high-
voltage systems. In special cases it is also used in low
voltage systems (motor measurement).

The measurement can be operated after the two
wattmeter method (in Germany known under
Aronschaltung). The circumstance is used here that no
neutral conductor exists.

The following applies to the measurement connections

shown below:

@ The current and voltage path from a given phase are
connected to the same phase

@ In the Setup, the measuring parameters
Coupling Measurement Input to AC+DC1) and
U-Connection Delta are to be selected.

@ Current measurement is performed in
phases L1 and L3.

& Measuring parameters Uratio and Iratio are selected as
follows:

a) Clip-On Current Transformer with Voltage Output

011 Three-Phaze Three-wire Low Yoltage Systems
Clip-On Current Transformer with “oltage Output

u I L1 L2 L3
L1 Q{Q |k1
L2 QOZ0
L3 Q{Q
=1
L4 0O QIO
TuvoWattmeter Method

Uratio is set to 1 in setup menu for each phase.

Iratio corresponds to the transformation ratio of the clip-on
transformer in use (e.g. 10mV/A: Iratio = 100).

b) Clip-On Current Transformer with Current Output and Shunt

012 Three-Phase Three-Wire Low oltage Systems
Clip-Cn Current Transformer with Current Cutput and Shunt

L L2 La
g u LQ Irat=k13 k2 .
-}
& Tkz | 1
L2 GEC
L3 E
k2 | -
k1
L4 0 & S0
Twwo-Wattmeter Method

Uratio is set to 1 in setup menu for each phase.

Iratio is the product of the transformation ratios of the
clip-on current transformer and the Shunt (k = k1Xk2)

c) Current Transformer with Shunt

013 Three-Phase Three-Wire Low YVoltage Systems
Current Transformer and Shunt

L2 L3
gy u LQ Irat =K1 k2
-}

o k2| 1
L2 GEC
L3 E

%] Kz | 1
L4 0 o G50

Twwo-Wiattmeter Method

Uratio is set to 1 in setup menu for each phase.

Iratio is the product of the transformation ratios of the
clip-on current transformer and the Shunt (k = k1Xk2)

d) Measurements in Three-Phase Medium-Voltage systems
with Voltage Transformer, Current Transformer and Shunt

014 Three-Phase Three-wire Medium Yoltage Systems
“Yoltage Transformer, Current Transfaormer and Shunt

U | L1 L2 L3
lrat=k1xk2

L1 o] — ki

& Tkz | 1

Tl

L2 Urat=k3

L3 k3 k1

k2 | ] |
L4 0 o o0

Uratio is set in accordance with the transformation ratio of
the voltage transformer in setup menu.

Iratio is the product of the transformation ratios of the
current transformer and the Shunt (k = k1Xk2)
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7.2.3 Measurements in Split Phase Systems

This supply system is commonly used in 115V mains
networks. In this case, the mains voltage is led via a
transformer with center tap. Phase L3 is used as a neutral
conductor, the both phase voltages L1 and L2 have a
phase shift of 180°. Additionally, phase L4 can be used for
measurement of the neutral-to-earth voltage.

The following applies to the measurement connections
shown below:
< The current and voltage path from a given phase are
connected to the same phase
< In the Setup, the measuring parameters
Coupling Measurement Input to AC and
U-Connection Star are to be selected.

& Current measurement is performed in
phases L1 and L3.

< Measuring parameters Uratio and Iratio are selected as
follows:

a) Clip-On Current Transformer with Voltage Output
021 Split-Phase (Phase Displacement 150%)

Clip-0n Current Transformer with Woltage Output
U L1 L2 L3

1
L1 %\@ 3'0“

- .5

|||—|

Mewutral

Uratio is set to 1 in setup menu for each phase.

Iratio corresponds to the transformation ratio of the clip-on
transformer in use (e.g. 10mV/A: Iratio = 100).

b) Clip-On Current Transformer with Current Output and Shunt
022 Splt-Phase (Phase Displacement 1807

Clip-2n Current Transformer with Current Output and Shunt
u L2 L3

1 Irat=k1:xk2 i
at=k1x
L1 = ' k1
k2 L
g S
L2 =] — k1
Q\Q”\ Tz | =D

Mevtral

Uratio is set to 1 in setup menu for each phase.

Iratio is the product of the transformation ratios of the
clip-on current transformer and the Shunt: (k = k1Xk2)
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7.2.4 Measurements in Single-Phase AC Systems

Up to four measuring points can be connected to the four
phase inputs with the MAVOWATT 50 in single-phase AC
systems. Phase input L4 preferably is used for measuring
the neutral-to-earth voltage. Frequency measurement is
performed voltage path of L1, in the case of loss in L2
and/or L3. In the case of loss of all voltage paths, the
frequency measurement is performed in the currents path
of L1, L2 and/or L3.

The following applies to the measurement connections
shown below:
@ The current and voltage path from a given phase are
connected to the same phase (L1, L2 or L3).
@ In the Setup, the measuring parameters
Coupling Measurement Input to AC+DC and
U-Connection Star are selected

& Measuring parameters Uratio and Iratio are selected as
follows:

a) Clip-On Current Transformer with Voltage Output

031 Single Phase AC Systems (Low Yoltage System)
Clip-On Current Transformer with Voltage Output

FE M 11
k1

U 1

Uratio is set to 1 in setup menu for each phase.

Iratio corresponds to the transformation ratio of the clip-on
transformer in use (e.g. 10mV/A: Iratio = 100).

Three additional measuring points within the same single-
phase AC system can be measured simultaneously with
phase inputs L2, L3 and L4.

b) Clip-On Current Transformer with Current Output and Shunt

032 Single Phase AC Systems (Low Yoltage System)
Clip-0n Current Transformer with Current Output and Shunt

FE N
U L1
L1 D @ k1
— =
Lz 6 o leza
L3 oG
La o @ laso i

Uratio is set to 1 in setup menu for each phase.

Iratio is the product of the transformation ratios of the
clip-on current transformer and the Shunt: (k = k1Xk2)

Three additional measuring points within the same single-
phase AC system can be measured simultaneously with
phase inputs L2, L3 and L4.

c) Current Transformer with Shunt

033 Single Phase AC Systems (Low Yoltags System)
Current Transformer and Shunt

PE N L1
v Irat =k1xk2
L1 @5 S5% — K
ez | 1
jg S
L2[o & oE0
L3la of lozo

Uratio is set to 1 in setup menu for each phase.

Iratio is the product of the transformation ratios of the
clip-on current transformer and the Shunt: (k = k1 Xk2)

Three additional measuring points within the same single-
phase AC system can be measured simultaneously with
phase inputs L2, L3 and L4.
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7.2.5 Measurements in Low-Voltage DC Systems

Measurements in DC systems are usually performed with
Hall-effect clip-on current transformers in the current path.
Special attention must be paid to the potential relationship
if shunts are used in the current path of DC systems. This
circuit configuration is used primarily in low-voltage range.

The following applies to the measurement connections
shown below:
< The current and voltage path from a given phase are
connected to the same phase (L1, L2 or L3).
@ In the Setup, the measuring parameters
Coupling Measurement Input to AC+DC and
U-Connection Star are selected

@ Measuring parameters Uratio and Iratio are selected as
follows:

a) Hall-Effect Clip-On Current Transformer with Voltage Output

041 D Systems (Low Voltage)
Hall-Effect Clip-On Current Transformer with Voltage Output

PE MW L1
k1
Dic-Pliers

u 1

DiZ-Pliers

Uratio is set to 1 in setup menu for each phase.

Iratio corresponds to the transformation ratio of the clip-on
transformer in use (e.g. 10mV/A: Iratio = 100).

Three additional measuring points within the same single-
phase AC system can be measured simultaneously with
phase inputs L2, L3 and L4.

b) Shunt in the Current Path

043 DC Systems (Low Voltage)
Shunt in Current Path

DiC-Pliers

Uratio is set to 1 in setup menu for each phase.

Iratio corresponds to the current-to-voltage transformation
ratio of the shunt (= 1/R in A/V).
Sample: R=50mQ; Iratio = 1/0,05 = 200

Three additional measuring points within the same single-
phase AC system can be measured simultaneously with
phase inputs L2, L3 and L4.

62

GMC-I Messtechnik GmbH



MAVOWATT 50

8.  Technical Data

Provided that no other note is available, the following data apply under the
specified environmental conditions and the scaling factor 1.

The specified measurement uncertainties apply for a calibrating interval of 24
months and comply from 30 minutes after the device has been switch-on.

Voltage Measurement Inputs

Characteristic
Number
Connection
Connection types

Input Impedance
Coupling

Input Ranges
Scaling Factors

Overload Capacity
Sampling Rate

Sampling Resolution
Frequency Range

Side-to-Side Cross-
talk

Specification
4
1 pair each 4-mm safety sockets

1-phase

2-phase (split-phase)
3-phase wye
3-phase delta

4MQ /5 pF

AC/AC+DC
0..150V/300V/600V /900 V
0,001 ... 99999 VV

continuous: 1200 Ver,
transient:  (1,2/50ps): 6000 Vpeak

100 kS/s

16 bit
DC; 16 Hz ... 10 kHz

-60 dB between voltage channels;
-95 dB between voltage and current
channels

Note
isolated from each other
red (High), black (Low)

L1-N, PE-N

L1-N, L2-N, PE-N
L1-N, L2-N, L3-N, PE-N
L1-L2, L2-L3, L3-L1

manually selectable

individually adjustable for
each input

Simultaneous on each
input

Current Measurement Inputs (for Clip-On Sensors or Shunts)

Characteristic
Number
Connection

Connection Type

Input Impedance
Coupling

Input Ranges
Scaling Factors

Overload Capacity
Sampling Rate

Sampling Resolution
Frequency Range

Specification
4
1 pair each 4-mm safety sockets

XL+ N
3xL
2xL + N (2-wattmeter-method)

100 kQ2 // 5 pF

AC / AC+DC
0..300mV/3V
0/0,001 ... 99999 VIV

continuous: 400 Ver,
transient  (1,2/50us): 1000 Vpea

100 kS/s

16 bit
DC; 16 Hz ... 10 kHz

Frequency Measurement
Frequency measurement operates individually at every voltage measuring input. The
selection of the system frequency for the 3~ system and the alignment of other measuring
functions referred on it operates with priority at the voltage measuring channel U1, at

missing of U1 signal automatically switches to U2 and/or U3.

Measuring
Quantity

Frequency of
oltage U

(U= 2% of Range)

Measuring Range  Resolution

16,00 ... 99,99 Hz
100,0 ... 999,9 Hz
1,000 ... 9,999 kHz
210,00 kHz

0,01 Hz
0,1Hz
0,001 kHz
0,01 kHz

Note
isolated from each other
ret (High), black (Low)

L1,L2,L3,N
L1, L2, L3, N calculated
L1, L3, N, L2 calculated

manually selectable

individually adjustable for
each input

simultaneous on each
input

Meas. Uncertainty
+(% of mv. + Digits)

0,05 +1
0,1+2
02+3
05+5

Voltage Measurements

Effective Voltage U
Selected Measuring Range  Resolu- Meas. Uncertainty
Range (CF<1,4 @Umax) tion +(% of meas. value + % of range)
16+-65Hz DC/65:1000Hz 1 +10kHz
150V 1,0 ... 150,0 Veff 0,1 Veff
0,1+0,1
300V 1,0 ... 300,0 Veff 0,1 Veff * 04+02 1405
600V 1,0 ... 600,0 Veff 0,1 Veff )
900V 1,0 ....900,0 Veff 0,1 Veff

*) and/or in accordance with IEC/EN 61000-4-30
Waveform Voltage u(t)

Selected Measuring Range  Resolu- Meas. Uncertainty
Range tion +(% of meas. value + % of range)

15-65Hz  DC/65+1000Hz 1 +10kHz
150 V -215,0..+2150V 0,1V
300V -425,0..+4250V 0,1V

04+0,2 0,4+0,2 1+05

600V -850,0...+850,0V 10,1V
900V -1275 ... +1275V 1V

Harmonic and Interharmonic Voltage

The specified measuring uncertainties apply for measuring voltages >5% of range. They
correspond to Class 1 in accordance with EN 61000-4-7.

Measurement Measuring Range Resolu- Meas. Uncertainty
Quantity tion +(% of m.v. + % of range)
(see table - 49) h1:16+65Hz 65+1000Hz
Absolute Amplitude 1 0,0... 150,0/.../900,0 Veff 10,1 Veff 3+0,1 5+0,2
Relative Amplitude 10,0 ... 200,0% 0,1% tb.d. tb.d.
Phase Angle -179,9° ... +180,0° 0,1° 1,0°xh 2,0°xh
THD 0,0...200,0% 0,1% 2% 4%

Current Measurements
Effective Current

Selected Measuring Range  Resolu- Meas. Uncertainty
Range (CF<1,4 @Umax) tion +(% of meas. value + % of range)
16+65Hz DC/65+1000Hz 1 +10kHz
V Aeff 1 mAeff
300 m 0,0 ... 300,0 mAei 0,1 mAe 02+04 04+02 1405
3V 0,000 ... 3,000 Aeff 10,001 Aeff
Signalform current i(t)
Selected Measuring Range  Resolu- Meas. Uncertainty
Range tion +(% of meas. value + % of range)
15-65Hz  DC/65+-1000Hz 1 +10kHz
300mV  |-4250..+4250mA 0,1 mA
m ’ OMABIMA 04402 04402 | 1405
3V -4,250...+4,250 A 0,001 A

Harmonic and Interharmonic Currents

The specified measuring uncertainties apply for measuring voltages >5% of range without
measuring accessories. They correspond to Class 1 in accordance with EN 61000-4-7.

Measurement Measuring Range Resolu- Meas. Uncertainity
Quantity tion +(% of m.v. + % of range)
(see table - 49) h1:16+65Hz 65+1000Hz

0,0... 300,0 mAeff 0,1 mAeff 3+0,1 5+0,2
Absolute Amplitude mhe mhe

0,0... 3,000 Aeff 0,001 Aeff 3+0,1 5+0,2
Relative Amplitude 10,0 ... 200,0% 0,1% tb.d. tb.d.
Phase Angle -180,0° ... +180,0° 0,1° 1,0°xh 2,0°xh
THD 0,0...200,0% 0,1% 2% 4%
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Power Measurements
Active Power, Reactive Power, Apparent Power

The specified measurement uncertainties apply excluding the tolerances of the meas-

urement accessories.

Measuring Rang Resolution Meas. Uncertainty
+(% of m.v. + % of range)
16+65Hz ~ 65+1000Hz

(RangeU x Uratio) x (Rangel x Iratio) 4 decimal pos. 05+5 tb.d.

Sample :: referred to

(300V x 1V/V) x (3V x 100Ar) ~ end-scale value

=90.000 W = 90,00 kW sample: 0,01 kW

Display

Characteristic Specification

Type touch sensitive colour-LCD, % VGA

Resolution 320 x 240 pixels

Display Range 115 x 86 mm

Contrast Adjustment | very bright to very dark

Background lllumina- |type CCFL; luminance typ. 80 cd/m?
tion

Display Functions | measuring results, adjustment menus, status information,

operating instructions, measurement circuits
Control elements

Characteristic Specification

Touch-Screen touch sensitive virtual operating elements on the screen

(soft keys) for menu driven operation of the device

4 Touch keys
ON|MENU  start of device / enter the home screen
HELP enter and close operating and connection references
ESC | return to the previous operating level
PRINT screen shot onto the USB-data carrier

Mains Switch for switching the mains supply of the instrument on and off,
illuminated for indication of on/off status

Storage

Characteristic Specification Note

Storage media o internal flash-storage 50 MB
o plug-in compact-flash (accessory) any capacity

* plug-in USB-data carrier (accessory) |any capacity

Screen Shot Storage of actual display as

bitmap-file
Measured Data

Interval data time controlled recording of up to 1000 ' >200.000 measuring

measuring quantities simultaneously in |values per MB
intervals from 0,2s ... 2h

Event Data measuring value triggered recording of
selectable events with time of occur-

Approx. 5 shots/MB

>50.000 events per MB,

rence, type, phase and measuring Time resolution 10ms

Clock
Characteristic Specification
Type real-time quartz clock
Time Format
time 'hh:mm:ss,00
date TT.MM.JJJJ or
JUJJ-MM-TT or
MM/ITT/J
Time Resolution 10 ms
Deviation max. 5 s/month

Reference Conditions for Adjusting

Characteristic Specification

Ambient Temp. 23+2°C

Humidity 50+10% relative humidity
Power Supply 230V £10% or 110 V £10%

Meas. Connection
voltage 3-phase wye (L1-N, L2-N, L3-N, PE-N)
current 3xL + N (L1, L2, L3, N)

3~voltage imbalance '<0,1%

Waveform sinus, without DC-component

cosQ® 1,0

Digital Inputs

Status Inputs

Characteristic Specification

Number 4

Functions o representation and recording of
binary signals

Connection plug connector with screw terminals

Low<3V
High 5...24 V (6 mA @ 24 V)

DC-input signal

Overload Capacity 130V, continuous
Control inputs
Characteristic Specification
Number 4
Functions o start/s/stop of a recording
« synchronisation of storage intervals
with the electrical utility clock pulse
o 2 meter inputs for energy
measurements with pulses
Connection plug connector with screw terminals

Low<2V
High4...5V(05mA@5V)

DC-input signal

value

Waveform measuring value triggered recording of
signal waveform u(t) and i(t) of select-
able phases with adjustable sample
rate (10ps ... 655ps), duration and
pretrigger

Ys-period r.m.s measuring value triggered recording of
half-cycle effective values Ueffi» and
leffi2 of selectable phases with adjust-
able recording duration and pretrigger

Set-up profiles

Overload Capacity

6V, continuous

Note
with backup battery

Note

Potential free, common
reference point

e.g. operating conditions
of equipments, installa-
tions and alarm detectors

So-compatible

Note

common ground faced
reference point

TTL-compatible
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Alarm Output
Characteristic

Number
Function

Allocation
Connection

Output Signal
Switching Capacity

Data Interface

Ethernet
Characteristic

Functions

Type
Protocol

USB-Host
Characteristic

Functions

Type
USB-Slave
Characteristic

Functions

Type

Power Supply
Characteristic
Mains Voltage
Mains Frequency
Power Consumption

Mains Failure
Bridge Time

Connection

Electrical Safety

Characteristic

Protection Class

Measuring Category |CAT IV at 600 V

Specification Note

1

Signalling of limit exceeding of up to 4 ' Acts as collective alarm
measuring quantities

Measuring quantities and limits free
adjustable

Plug-in connectors with screw termi-
nals

Relay contact, potential free
30V,1A

Specification

 remote control of the device via web-browser

o file transfer of measuring - and configuration files
o Installation of firmware-updates

10/100Base-T (RJ45)

TCP/IP, HTTP, FTP

Specification
For connecting USB data carriers (USB-memory-stick,
USB-hard disk) for

* Recording of measured data, adjustment profiles or screen
shots
o Installation of firmware-updates

USB 2.0 high speed interface, compatible with USB 1.1

Specification

» remote control of the device
o data transfer of measuring - and configuration files
USB 2.0 high speed interface, compatible with USB 1.1

Specification Note
85...250V AC/DC
45...65Hz/DC

max. 40W / 70VA

>20 min through incorporated lead gel |after >2h load

Electromagnetic Compatibility

Characteristic

Disturbance Immu-
nity and emission

accumulator

10-A-inlet connector with earthing

contact (IEC 320)

Specification Note

| per EN 61010-1
per EN 61010-1

CAT IVat900 vV

Specification Note

per EN 61326 Conform to EC-regulation
89/336

Environmental Condition

Characteristic
Temperature

Operating| 0 ... +40°C (within specification)
-10 ... +50°C (without damage)

Specification

Note

built-in forced ventilation
must not be hindered

Storage/Transport -20 ... +70°C (-20°C for max. 48h)

Humidity

Storage without condensation

after condensation: 2h

Operating 0...25°C max. 95% r.h, without condensation ~  temperature compensa-
25...40°C max. 75% r.h. tion before getting
operated

Altitude (over NN)

Operating/ max. 2000 m
Transport/ max. 12 km

Mechanical Design

Characteristic Specification

Type benchtop instrument in plastics case with handle

Protection according DIN VDE 0470 T1/EN 60529
housing IP30

connectors|IP20

Dimensions
Weight

290 x 245 x 140 mm (without handle)
2,4 kg net weight (without accessories)

Applied Regulations and Standards

Norm / Release

IEC 61010-1
EN 61010-1
VDE 0411-1:2001

IEC 60529
EN 60529
VDE 0470-1:2000

IEC 60068
VDI/VDE 3540 BI.2

EN 61326+A1 ... A3
VDE 0843-20:2003

EN 50160:1999

EN 61000-4-30: 2003

IEC 61000-4-7
EN 61000-4-7
VDE 0847-4-7:2003

IEC 61000-4-15
EN 61000-4-15
VDE 0847-4-15:2003

DIN 40110 T1/T2

DIN 43864

Description

Safety requirements for electrical equipment for measurement,
control and laboratory use

Protection provided by enclosure (IP-Code)

Basic environmental test procedures

Reliability of measurement, control and regulating devices -
Climatic categories for devices and accessories

Electrical equipment for measurement, control and laboratory
use - EMC- requirements

Voltage characteristics of electricity supplied by public distribu-
tion systems

Testing and measurement techniques — Power quality meas-
urement methods

Testing and measurement techniques — General guide on
harmonics and interharmonics measurements and instrumen-
tation, for power supply systems and equipment connected
thereto

Flickermeter — Functional and design specifications

Quantities used in alternating current theory; two-line circuits /
multi conductor circuits

Current interface for pulse transmission between impulsing
meters and tariff devices

GMC-I Messtechnik GmbH
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9.  Maintenance and Repair
9.1 Maintenance housing

No special maintenance is required for the housing.
Keep the outside surface clean. Use a slightly damped
cloth for cleaning (preferably use a micro fibre cloth).
Avoid the use of cleaners and abrasives.

In particular ensure that the forced ventilation does
not block. Longer blocking the fan can lead to
destruction of the device. Plug no thin subjects like
cords pins etc. into the ventilation slots at the left
side of the case!

For cleaning the interior from soiling through the
forced ventilation contact the service!

9.2 Maintenance Accumulator

The built-in lead gel accumulator is maintenance-free and
constant against deep discharging. Beyond this, it is
overcharge protected after longer service on the mains.
The life cycle is > 5 years (manufacturer's specification).
An unloaded accumulator requires at least 3 hours for
recharging.
Storage Conditions
Storage up to 2 years at +20°C. To provide long life
time, recharging is recommended after long term
storage (> 3 month).
Accumulator Replacement
The replacement of the accumulator is to be carried out
by a service agency authorized by Gossen Metrawatt.
Accumulator disposal

Accumulators which are no more capable for use properly
dispose at the collecting points arranged for this
(WEEE directive 121/2005)

9.3 Fuses
Mains Input

These fuses are located inside the instrument close to the
mains sockets and are not accessible from the outside.

Replacement of Fuses — chap. 2.1.1
Observe WARING 12

Power Supply Output
These fuses are located inside the instrument
Replacement of Fuses

@ Disconnect the instrument at all poles from the
measuring circuits and mains power.

@ Loosen the two screws at the bottom of the
instrument, press the two green buttons to the side
and lift the housing bottom at the same time.

@ The two secondary fuses are now accessible and can
be inspected and replaced if necessary.

Observe WARNIGS 11 und 12

9.4 Take-Back and Environmental Compatible Disposal

The Mavowatt 50 complies with the
environmental directives:

U Directive 2002/95/EC (RoHS),
EU Directive 2003/11/EC and

EU Directive 2002/96/EC (WEEE).

According to WEEE 2002/96/EC,
the devices are marked after DIN
EN 50419 with the crossed-out

wheeled bin illustrated on the image. _

This symbol indicates collection separated from private
households waste.

According to WEEE directive as well as to national
regulations based on that, the Mavowatt 50 is a device of
category 9 (monitoring and test instruments). This
category is not contained in the RoHS-guidelines.

Concerning take-back of waste electrical and electronic
equipment please contact our service and/or your
contractual partner.

9.5 Repair- and Replacement Service
DKD*-Calibration and Rental Device Service

If required, please contact:

GMC-| Gossen-Metrawatt GmbH
Service-Center

Thomas-Mann-Straflie 20

D-90471 Nuremberg ¢ Germany

Telefon +49-(0)911-8602-0

Telefax +49-(0)911-8602-253

E-Mail  service@gossenmetrawatt.com

This address applies for Germany.
In your country please contact our authorized represen-
tative or partner organization.

* DKD Calibration Laboratory for Electric Quantities DKD — K- 19701,
accredited per DIN EN ISO/IEC 17 025
Accredited quantities: DC-voltage, DC-curret Intensity, DC-resistance, DC-power,
AC-voltage, AC-current intensity, AC-active power, AC-apparent power,
capacity, frequency

Note:

Parts of software implemented on your Mavowatt 50 are
subject to GNU general Public License or other license
Open-source-license agreements. The source code of
these software packages can be requested over our
services.
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Annex
A Power and Energy Measurement

A.l1 General

Electric energy can be derived from every available pri-
mary energy carrier with comparably high efficiency and
can be converted into other practical energy forms. On the
contrary, a decisive disadvantage is the insufficient stor-
age capability. From this follows an energy supply system
in which a balance is guaranteed between generation and
consumption at any time. The advantages are significant
so that the relatively high costs for this system are ac-
cepted for numerous installations.

From the close link-up between producer and consumer
follows the requirement to install measurement and con-
trol systems which cover continuous observation of the
power supply system and allows for adapting the operat-
ing conditions to the actual requirements. In this way, a
capable measurement system captures the basic meas-
urement quantities current, voltage and power and calcu-
lates characteristics of electricity with the aim to optimize
mains losses and secure reliable operation.

Generally, the following measurement quantities and
analysis are of importance:

RMS-voltage, currents (average value, min, max.)
Power (active -, reactive — apparent power)

Power factor cosg and/or PF with magnitude and sign
Total harmonic distortion

Voltage events (peaks, dips, drops)

Periodical analysis

Statistical analysis

Analysis of events

e Compensating currents

The sections A1 to A3 are concerned with formation of the
basic measurement quantities for power and energy mea-
surement under extensive consideration of the standard
requirements. Required deviations from several standards
are described more closely and reasonably explained.

The sections following on it describe measurement quanti-
ties in the supply network which are derived from the ba-
sic measuring quantities. Those which are implemented in
the Mavowatt 50 are listed in chap. — 6.ff.

Finally measurement technologies are described, that
apply to the specific fields of measurements in power
supply networks.

A.2  Description of Measurement Sequence

Each of eight analog Measurement inputs is led by sepa-
rate via an internal voltage attenuator onto the A/D-
converter. The input signals are sampled simultaneously
with a frequency being appropriate for the selected meas-
urement function and the adjusted measuring parameters,
but 100kS/s at maximum, and converted into a 16-bit data
word. The sampled values are squared in the signal proc-
essor (DSP) and consequently integrated in a low pass
filter. The output value is computed every %2 cycle
(TRMS). The root of it represents the effective value for
the V2-period interval for 50 and 60 Hz. It is the basis for
all succeeding display - and storage values.

A measurement cycle begins with the clock of the system
time 1), which can be synchronized with the internal or an
external time reference.

#——  Cycle n — {4 Cycle n+1

lg— Meas._ interval = adjustable cycle time >
200ms . 2h

sampling interval 2 78, 123ps -4 gapless

Measurement cycle:

= Sampling interval for waveform and transients

= 1f2 period for PG - short term events

& 200ms (10012 periodes at S0/60HZ) far PQ- characteristics

= 1= for instantaneous measuring values

= 10- min mean value for PQ- long term events

= 2h for PQ- flicker algorithm

= Selectable aggregation intervals for further aplications (1= .. 60min)

In the operating mode sample the measured values as
well as time and date are stored to the FIFO storage at
the end of each time interval (time controlled quantities) or
after recognition of an event (event controlled quantities).
When the memory is filled up the, the oldest measure-
ment data set record is overwritten by the current record.
Stored measurements are thus continuously updated.

Measurement sequences taken over a longer time period
as well as transients and events can be stored to an ex-
ternal data carrier (accessory). These can be displayed
alphanumerically at the touch screen, or can be uploaded
to, and analyzed at a PC with a PC-Software (accessory,
in preparation).

") The system time is defined with the Unix Time. With it the passed
seconds from the start date 1. January 1970, 00:00 H UTC (world time,
Coordinated Universal TIME) are counted. The UTC replaced the GMT
(Greenwich Mean Time). It is defined independent from time zones and
therefore is used for time zones independent statements (e.g. aviation). For
computer programs the periods can be easily calculated, and adaptation of
summer- on winter time is of no importance.

GMC-I Messtechnik GmbH
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A.3  Forming the Basic Measurement Quantities
Frequency Measurement

Frequency is determined from the number of complete
oscillating periods during a defined time period as mean
frequency value. In accordance with IEC EN 61000-4-30
the 10 s time interval was chosen.

In general, the real net signal is not pure sinus shaped.
Disturbance signals cause distortion of the waveform
which may lead to incorrect measuring results of the fre-
quency. The standard mentioned above recommends
filters for suppressing disturbances of higher frequencies,
but accept other measurement methods that provide
equivalent measuring results.

For the broadband Mavowatt 50 the method of filtering the
input signal does not achieve the objective. For frequency
determination the measurement technique described
subsequently is applied.

The start of measurement is synchronised over the inter-
nal clock. With the cycle accuracy of 1 minute/year (it
corresponds to approx. 1,9 ppm) in connection with the
possibility of the external time synchronisation, all norma-
tive requirements are met.

Within each measurement period
of 200ms (corresponds to 10/ 12
periods at 50 / 60 Hz) the peak-to-
peak voltage is measured.

Subsequently the curve points
+Upp/4 and -Upp/4 are determined
and combined by a straight line.

The mean value from it is the in-
tersection point with the zero
crossing for the frequency deter-
mination. Frequency is calculated
from the distance and number of
zZero crossings.

Straight at distortion

Frequency measurement is performed in the voltage
channel of phase 1 which is defined as a reference chan-
nel. In the case of dropout, the voltage channel of phase
2, then of phase 3 is used. In the case simultaneous
dropout of the voltage channels the current channels 1 to
3 are used for frequency measurement.

With regard to the normative predefinitions for the as-
sessment of power quality, the measurement performs
gaplessly. The measured value is displayed every second
on the display.

Current an Voltage Measurement

Current measurements can be performed in both alternat-
ing and in direct-current circuits with Mavowatt 50.

The current and voltage measured values can be repre-
sented and stored as

e Instantaneous values (200ms-value = effective value)

e Maximum, i.e. the in each case highest 200ms instanta-
neous value within the adjusted measurement interval

e Minimum, i.e. the in each case lowest 200ms-
instantaneous value within the adjusted measurement
interval

¢ Average values within the adjusted measurement inter-
val

The measuring interval is the time distance of two imme-
diately successive observation periods.

For voltage measurements up to 900 V in the most appli-
cations the test point is directly applied to the voltage
measurement input.

The input signal for the current measurement is a voltage
which is proportional to the measured current value. This
voltage is integrated by digital and as a result, the output
signal is equivalent to the measured current.

In addition to the commonly used current adapters such
as shunt and pliers current transformer (with voltage out-
put!) a current adapter based on the principle of the Ro-
gowski coil is applicable.

The Rogowski coil consists of an iron-free coil with the
one pole returning through the centre of the helical wind-
ings, so that both terminals are at the same end. Due to
the air core the Rogowski coil has a low inductance and
no iron saturation. Therefore it can respond to fast chang-
ing processes as required for transient measurements.
Furthermore, the advantage of high linearity is empha-
sized ranging from low current intensity up to high short-
circuit intensities. Finally, a correctly formed Rogowski coil
is largely immune to electromagnetic interference.

Configuring the Measurement Parameters for AC:
- Coupling measurement inputs AC

- Urange L1...L3 is set corresponding to the mains volt-
age.

- Uratio L1...L3 and Iratio L1...L3 are set corresponding
to the transmission ration of the voltage — and current
transformer.

Voltages up to 900V can be applied to the device directly.
For recognition of harmonics up to order 50 as well as for
interharmonics the applied current transformer must have
a bandwidth of 5 kHz at minimum.

In each case voltage and current inputs of the same path
must be applied to the same phase inputs.

A-2
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Configuring the Measurement Parameters for AC/DC and DC:
- Coupling measurement inputs AC+DC

- Urange L1...L3 is set corresponding to the mains volt-
age.
- Uratio L1...L3 and Iratio L1...L3 are set corresponding

to the transmission ration of the DC-voltage — and DC-
current transformer.

In mixed circuits (AC+DC) preferably hall-effect trans-
formers are used for measuring voltage and current. In
direct-current circuits, compared to the usually applied
voltage attenuators and shunts, they have the advantage
of galvanic separation between measurement circuit and
measurement input. For recording the harmonics as well
as the interharmonics up to the 50 harmonic, the current
and voltage converters must be suitable for a bandwidth
of at least 5 kHz.

Electric Power P

The electric power is the product of the instantaneous
values of current intensity and voltage on any measure-
ment point of an electric circuit:

P(t)=ux*i

This product in general takes positive and negative val-
ues within a period. If the signs from current intensity
and tension are equal, the energy flux occurs in a (ran-
dom) determined direction. If signs are different (e.g.
between t1 and t2) the energy flows in the opposite di-
rection.

Y

For determination of electric power a proper arrow system
is introduced. The Mavowatt 50 mainly is applied for po-
wer consumption measurements. Therefore, in accor-
dance with DIN 5489 the consumer arrow system applies:
At energy flow in consumer direction, the power has a
positive sign.

The active power P is the arithmetic mean value of the
instantaneous power, aggregated over the duration of a
period:

A

P=— > u*i

N k=0
N Number of sampling values per period
k Index of the sampling values

A4 Derived Measurement Quantities

The r.m.s values of current intensity, voltage and electric
power service are directly perceptible. The further meas-
urement quantities are operands derived from it.

Apparent Power S

The apparent power S results from the highest attainable
value of active power. This can only be achieved in the
case of pure active resistance and is the product of the
r.m.s values of current intensity and voltage. It is always
larger or equal to the magnitude of active power:

S=U*12|P|

u, i, P(t)
A
P(t) = U¥iy

AN

A
A 4
4

Reactive Power Q

The reactive power is an operand which is derived from
active power P and the apparent power S. For the undis-
turbed signal it is a measure of the losses through induc-
tive and capacitive resistances. Furthermore, non-linear
burdens cause losses which generate harmonics. The
result of losses is an increase of load of the electric net-
work. Therefore, energy suppliers and consumer under-
take efforts to keep the reactive share as small as possi-
ble.

In accordance to DIN 40110, for the single-phase network
applies:

o [s2_p2

This formula applies as well for arbitrary waveform. Reac-
tive power occurs

- if current and voltage do not present the same phase
relationship and/or

- if current and voltage are unequal in frequency, that is if
harmonics occur.

GMC-I Messtechnik GmbH
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Distortion Power D

The energy transport from the producer to the consumer
occurs basically only via the fundamental wave of current
and voltage. In the case of waveforms which deviate from
the cosine shaped process, the reactive power share
contains an additional component which supplies no
contribution for
energy
transportation.
From the product
of mains voltage
(fundamental
wave) and current
01 harmonic
oscillations results
the distortion
power D.

=S1sin
|P|=|P1|=Sicose: |Qu|=S1sings

Generally applies: S?=|P[? +|Q, | +D?

with SZ2=|P > +|Q, |? follows: S?=S?+D?

Q2 =|Q, P+D? - D=,Q% -Q?

Power Factor PF (A)

The power factor (or active factor) it is the ration of active
power P and apparent power S:
P
A=+
S
It is a measure for the utilization degree of apparent po-
wer required by the consumer, therefore, indicates the
share of usable active current flowing into the load during
energy transformation.

0<A<1

Displacement Factor cosg

If the fundamental waves of current and voltage are not
superimposed through no harmonics, the ratio P/S can be
expressed as cosine of
angle 1 (index 1 stands for
the fundamental wave). For
this special case, power
factor and displacement
factor are equal:

Q= S.sing

P =S.cos@

lal

Ay, =COSQ, =

Distortion Factor (Aq)

JP%+ Q5 +D?

&= Decisive for dimensioning the conductor cross
sections is always the total current flow that con-
sists of real component and the described reac-
tive shares.

& At capacitors and inductors the ratio
% =d is defined as loss factor.

Note: The symbol for distortion reactive power was chosen
in accordance to the general practice in literature. In the
standard DIN 40110 the symbol Qq is indicated instead.

Reactive Power Compensation

The phase shift between current and voltage caused by
inductive and capacitive loads requires a higher loading of
the supplier. For limiting the apparent power the power
factor must be limited in compliance with a specific factor
according to regulations of the supplier. The usual regula-
tion accepts the power factor cose = 0,9 corresponding to
tano of 0,48. Hence a reactive energy consumption ex-
ceeding 50% of the simultaneously arising active energy
consumption normally is charged.

For calculation of the required compensation power, the
phase shift between current and voltage must be com-
pensated. For it the power factor A, is to be used:

For a predefined power factor applies:

Qun
P
The required compensation reactive power results with

tang,, =

AQ=|P[* (tanp, —tang,,) .

Basically, the understanding for power factor compensa-
tion is the compensation of the displacement reactive
power. Compensating disturbing harmonics requires har-
monic filters. As a calculation basic for it serves the distor-
tion reactive power D.

When comparing the measurement results it is to con-
sider that the cos¢ required for displacement reactive
power compensation deviates considerably from the
power factor PF in severely disturbed networks.

A4
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Energy Flow Direction

Making use of the consumer arrow system in accordance
with DIN 5489 "sign and direction rules for electric net-
works", the active power consumed by a load has a posi-
tive sign. In case of reversal of the energy flow the sign of
the active power also changes.

The reactive power always has a positive sign in accor-
dance with definition after DIN 40110. By using the rela-
tions Q= U*I* sing and sing = cos(90°-9), reactive power
can also be recorded by using technical measurement
methods for sinusoidal alternating quantities. In this case,
the voltage is displaced around 90° by pre-switching of a
low-pass filter. The reactive power computed from this is
provided with a sign dependent on the type of load (ca-
pacitive or inductive) and the energy flow direction: In the
case of energy consumption and inductive resistance, the
phase angle has a positive sign. If the energy flow direc-
tion turns around, the sign also changes.

p=a0®  ging= 1

+0 p=+TY2 cosgp=0 +0
-P QJ \5 Lb +P
ind. a
tp= 1207 = ne
=1 . =1
sin$= A +«delivery — supply —P sin$= i
cosep=-1 costp=
0
+p 4—l jp'/s/ l—» +p

p=270° ' zingp=-1
-0 p=-T{2 costp=0 -

Four-quadrant representation of the power
at sinusoidal alternating quantities

Note: By convention it is assumed that capacitors
generate reactive power and inductors consume it. This
probably comes from the fact that most real-life loads
are inductive and so reactive power has to be supplied
to them from power factor correction capacitors.

For distorted waveforms, different results are obtained

for the value derived from the equation Q=+ s2_p?

according to DIN 40110 and the value calculated by
sampling the signal. For every harmonic results a value
dependent on the amplitude and the phase position. The
sign of the individual products of the sampling values
g=u(t)*i(t) can change step-by-step. If the crossover

points of harmonics match the crossover point of the
fundamental oscillation, the value derived from the sam-
ples is equal to that calculated from the sinusoidal wave-
form. This applies on condition of sufficiently high num-
ber of samples as well as an exact band limitation.

GMC-I Messtechnik GmbH
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A5 Three Phase Alternating Current — Rotary Current

For transmission and distribution of current with its
enormously versatile application, the combination of
several alternating current circuits turned out to be ex-
pedient whose voltages are phase shifted against one
another. Practical importance attained the symmetrical
the three-phase system. For the possibility to generate a
rotary field it is also designated as alternating rotary
system.
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iy} virtual star point

The count arrow system shown in above equivalent cir-
cuit was chosen in accordance with DIN 5489 (con-
sumer- count arrow system).

Voltages and Current Intensity

For the number of conductors, only the current carrying
phases, and if appropriate the neutral conductor are
counted. Protective earth, earth conductor, screens etc.
are not considered. In order to avoid misinterpretations,
and in agreement with the single-phase- AC system and
in deviation from DIN 40110, part 2 voltages between
two phases are designated as wye (phase-to-phase)
voltage, voltages between phase and neutral are desig-
nated as star (phase-to-neutral) voltages. If the neutral
conductor is not available, the star voltages are meas-
ured against a virtual neutral point.

In accordance with the node law (first Kirchhoff- law)
applies for the current intensity: iy + i, + iz + iy = 0. From
this results the neutral current: iy = -(i4 + iy + i3).

This rule cannot be applied for networks with distorted
waveforms — this appearing as a consequence of non
linear loads. Therefore it is efficient to measure voltage
and current separately (— chap. B.5).

The collective effective values for the current intensity
and the star voltages are calculated as follows:

,3 [3
2 2
1z = z I, and U= EUHO
p=1 p=1

Collective Active Power PX

In accordance with DIN 40110 part 2 in the three-phase
system the active power PX is to be calculated from the
sum of the three phase active power shares:

1 T T T
PZ=? J‘u10|ldt+IUZ0|2dt+J.U30|3dt
0 0 0

In agreement with the single-phase alternating current
system, the formula applies also for unsymmetrical volt-
ages and loads as well as for distorted waveform. Con-
sidering the relations i, = -(i;+i3) for current intensity and
U1p - Ugg = Uq2 a@s well as usg - Uy = U3y , the collective
active power can be measured with two measurement
systems (in German literature known under Aron-circuit)

T T
1 . .

0 0

Measurement Connections see — chap. chap. 7

Collective Apparent Power SX

The general definition for the apparent power according
to DIN 40110-2 results from the product of collective
voltage and collective current intensity:

SE=UZ*IZ

In accordance to mentioned standard the current-
carrying conductors are counted under normal operating
conditions. As the neutral conductor in a four wire sys-
tem can be current-carrying, it is considered like a

phase. For three wire and four wire systems therefore
apply different definitions for the apparent power:
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Seen from the economic point of view, the realization of
this calculation is only practicable for digital means of
measure. Therefore in many devices is used the formula

*
Sy =Upnli+Uon o +Ugy 15

With the Mavowatt 50 both methods can be realized. In
case of four wire systems, the “classic method” can be
realized with the parameter U-Connection set to Delta.

Collective Reactive Power QX

In the same way as for single phase alternating current,
the collective reactive power is derived from SZ und PZ:

Qr=VSZ?-Pz?

With it all losses are captured, caused by non linear
loads, reactive resistors and asymmetry.

Collective Power Factor PFZ (AX)

The collective power factor is calculated with
2

)

In the case of unsymmetrical load, the informative value
of the collective power factor is to be evaluated differ-
ently than that one of a phase. In addition to the losses
through reactive loads and distortion of waveform, the
losses caused by the unsymmetrical loads are also con-
sidered here.

AL =

A.6  Energy Measurement

The determination of the power demand to be carried out
in the electric authorities for settlement purpose is funda-
mentally different from measurements in other fields of
power measurement technology. Therefore, in addition to
usual measurement parameters (Uratio, Iratio etc.), power
demand measurement incorporates the metering interval
"period" for energy and power measurement. Together
with the predefined intervals for rms value parameters
(200ms) and power quality parameters, the simultaneous
measurement of the power accumulated within the inter-
val "period" is required. As an example, the highest in-
stantaneous power (effective magnitude) and the period
power (power demand) might be considered. The first
value considers the system load, the second the settle-
ment.
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14:30:00.000 0,70k 011k 0,10k 081k
14:45:00.000 063k

0.53k 0.07k 0.09k
Zeilen 1-12 won 77, Datum: 2006-02-26

[rfre]f=] , [=e |

Simultaneous recording of interval data and 200ms-effective values:
power demand in 15-min-Intrerval and 200ms-peak value within the period

The energy consumption within each (power demand)
period is accumulated and recorded. From the continuous
measurement results the power demand profile. The pe-
riod of highest power demand for each month is the basis
for the power charged by the EVU's (settlement service).
The instantaneous magnitude within the power demand
periods can be recorded simultaneously. It gives informa-
tion over the highest short-term system load and therefore
over the required system size.

Tariffs established by the power utilities include a wide
variety of tariff types with different tariff zones. Tariff types
for special customers and the consideration of quality
requirements to the electrical energy supply (Power Qual-
ity) multiply the tariff types. The MAVOWATT 50 allows for
acquisition and recording of fundamental characteristics of
the power consumption within a daily interval. The device
does not distinguish tariff types covering longer periods
than one day (e.g. weekend, holiday, summer/winter etc.).
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A.7  Measurements on Frequency Converters

Converter controlled three-phase drives offer considerable
advantages compared to direct current generators despite
the fact of increased expenses. With availability of
electronics components which are suitable for relatively
high load currents and high reverse voltages, a wide field
was opened for DC link converters. Single or three phase
alternating voltage which is applied to the input of the
frequency converter is first rectified and conditioned in the
DC link. With electronic switches, (e.g. FET or GTO), the
DC link voltage is distributed to the individual phases of
the motor such that a rotating field is composed with the
desired rotational speed, consequently generating the
desired frequency.

Dz Ltk
—=DH 1K

Fectifier

—)

3-phaze
hidotar

Electronic
Swuitch

hlains

Schematic diagram of an electronic frequency
converter with DC link

Output voltage magnitude and frequency are altered by
means of the mark-to-space ratio of the pulse frequency
(also known as chopper frequency). With it the pulse duty
ratio between positive and negative voltage values are
selected such that a sine wave function results as a mean
value. The motor voltage consists of individual pulses with
constant amplitude and variable pulse width (pulse-width
modulation). This results in the desired output frequency,
with which the rotational speed of the motor is controlled.

Temporal course of current and voltage of a direct converter

The measurement of electrical quantities on frequency
converters does not lead to the desired result for the
output voltage. Nor does the pulse frequency provide for
clues concerning frequency regulation. Rather, the mean
value around the amplitude and frequency shows the
characteristics that are required for the measurement of
the actual operating condition of voltage and frequency.
However, the two measurement variables can not be
acquired by simple voltage and frequency measurements.

With the MAVOWATT 50 that measuring problem is solved
by means of a low-pass filter for the voltage measurement
inputs, which can be activated or deactivated.

The current has a better sine waveform due to inductance
of the drive. As a result, the current measurement can be
performed with usual methods of measurement up into
the highest frequency range of the instrument (100 kHz).

Based upon signals processed in this way, the instrument
is then capable of deriving and calculating all required
measured quantities for power and energy analysis if the
measuring arrangement meets the following conditions:

- Switching frequency must be within a range of 1.5 to
30 kHz, and fundamental frequency between 10 and
100 Hz.

- Motor current is acquired in an electrically isolated
fashion, e.g. by means of (clip-on) current sensors.

Calculation of active power and the effective current are
performed with the unfiltered signal. Thus all harmonic
shares up to the 50th harmonic are taken into
consideration in the measurement result. This allows good
conclusions concerning mechanical power and winding
warm-up.

For calculating the apparent power (multiplication

Ueff *leff), the product is derived from the filtered voltage
and the unfiltered drive current. Power factor and reactive
power are calculated with the known formulae PF=P/S
and Q =V (S°- P).

Harmonic shares cause warm-up losses and cause
troubles in the electric supply system. They may also
generate mechanical vibrations causing heat which does
not contribute to usable mechanical momentum.
Although through its own heat losses converters reduce
the efficiency for transformation of electrical in mechanical
power, the average efficiency over the whole operational
range is better. The additional energy effort for the heat
loss in the power semiconductors is normally
compensated with energy savings for a multiple on the
mechanical side.

A-8
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A.8 Transients Measurement

Transients are defined with several very different charac-
teristics. In general, transients are described as fast
pulse-shaped phenomena, the occurrence of which is not
predictable. Accordingly, the recording technique is per-
formed event controlled.

Generally transients are understood as phenomena of
100 kHz and more. This deviates basically from the defini-
tion for electric power supply networks, for which transient
events are defined as very short-term overvoltage with
time duration of some microseconds up to some millisec-
onds and a magnitude up to 6,5 kV. In accordance with
IEC/EN 61000-2-2, the standards EN 50160 and IEC
61000-4-30 are concerned with frequencies in the field
less than 10 kHz. With its lowest sample rate of 10us the
MAVOWATT 50 corresponds to this request for recording
transients.

Transients are caused by permanent changes of the op-
erating condition, such as connecting actions, errors and
external atmospheric influences. Moreover, transients can
be generated by atmospheric influence. As a conse-
quence, the overall system may react through transient
compensatory currents and voltages, until the steady
state is achieved again.

Note: For measurements in electric supply networks,
events are first understood as characteristics with de-
fined time interval (10ms to 2h), exceeding defined
compatibility levels according to the standards and vari-
ous regulations for voltage quality (EN 50160, Eurelec-
tric). They distinguish from the original definition for
transients basically, the acquisition of which performs by
scanning the values in user definable sampling inter-
vals.

In addition to the trigger system harmonized with the
power quality compatibility turn-off levels, a further trigger
system is required. Several trigger conditions may be
enabled simultaneously (trigger threshold and trigger
slope). Two trigger operating modes serve for detecting
and recording the event controlled phenomenon:

In single mode, the highest value within each 200ms time
interval is retained, and recorded when the defined limit
magnitude is exceeded. The next one, occurring in a suc-
ceeding time interval can be recorded after manual reset
of the trigger condition.

In roll mode, the trigger is reset automatically after the
event detected in the actual time interval has been re-
corded. The trigger system ignores events occurring dur-
ing a current recording.

With the storage function enabled the events can be
transferred to an inserted storage media. Due to the fact
that memory size does not play a considerable roll in up-
to-date technique, storage can be performed in roll mode.

A.9 Special cases of the Transients Measurement

In the most applications, the defined transgression of a
trigger threshold plays a special role. In this way, the tran-
sients occurring during switching actions and voltage
drops are in particular meant. After connecting a load of
higher performance, a start-up current which leads to the
drop of the mains voltage occurs on a short-term basis.

The determination of the start-up current as well as its
limit belongs to the essential tasks in the development of
power supplies.

A.9.1 Motor Start-up Current

An electrical motor essentially consists of the housing
(stator) and the multipolar rotors which are wrapped with
copper wire. If the rotor winding is connected to the net-
work, at first a high current rushes in and the engine be-
gins to rotate. In this case, a generation current occurs
which acts against the inrush current. The initial power
demand decreases and approximates to the rated con-
sumption at a specific rotation speed.
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The example represents the start-up behaviour of a sin-
gle-phase 1 KW engine. At engines of larger power de-
mand, the high load can lead to voltage drops which in
turn influence the performance of other consumers in the
network. Therefore, electronic soft starters are installed,
with which a defaulted current (and/or power) is not ex-
ceeded during the entire initial period. In such a way, the
drive can be adapted for the critical start-up phase. In this
case, it must be taken into consideration that e.g. phase
angle controlled circuits lead to distortions of the wave
form which generates harmonics, which in turn burden the
network.

In the same way, the inrush current behaviour of switched
mode power supplies can be recorded.
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A.9.2 Motor Start-up and Reverse Current

The Mavowatt 50 allows forming the r.m.s value via half
period aggregation. In addition to recording of the pro-
gress of the waveform as sampled points in a suitable
solution, representation is possible as a 10ms signal re-
sponse.

Posverguality - RMS-Graph
(]

£ -110. 232 - -
1 woltage dip

I 0083 1313

17.03.2007 11:0452% | i

k

rnotor inrush current

2007-01-16 16:25:00.710 CRIC

The example shows the short-term voltage drop simulta-
neously with the inrush current during the engine start-up.
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The zoom function allows for representation in suitable
solution. The total process is represented above; the
lower representation shows the essential part of the entire
record.
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After switching-off a considerable current rise can be ob-
served, that could be traced back to the generator effect
during switch-off procedure.

A.9.3 Voltage dips and drops

These features of the voltage are indeed assigned to the
power disturbance analysis, however, are allied with tran-
sient ones with recording. The Mavowatt 50 allows for
recording the 1/2 periods progress as well as for recording
the curve points for the waveform.
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In such a way, the measuring and storage parameters
were chosen in the example so that a recording is given
for long time duration at sufficient solution of the curve.

In the case of the maximally possible number of 3500

data points and the chosen interval of 328us, results a
recording time of 1148ms. In this way, a continuous re-
cording of voltage dips and interruptions is possible for
more than 1 second from the time when voltage drops.

With the cursor lines beginning and end of power failure
can be marked and the period of the dip/drop can be
computed. In the chosen example the drop duration lasts
for 376ms.

Note: With the possible sampling interval of 655us cho-
sen, the recording duration is 2,29 seconds. In this way,
voltage dips (and therefore transients too) of 2,29 sec-
onds duration can be recorded gaplessly.

A-10
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A.9.4 Voltage dip and drop as RMS waveform

The process of the curve points represented in the previ-
ous chapter is recorded as 1/2 period process in the
power disturbance analysis. In accordance to that the
representation showed in the following figure results.
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If beginning and end of power failure with the upright cur-
sor lines are marked, a failure duration of 420ms results.

In the case of comparing the results from above represen-
tation and that one from the previous chapter, a difference
of 44ms is visible. This can be explained with the fact that
the two periods before interruption and after interruption
were still considered in the r.m.s. view. Furthermore, the
time resolution in 1/2 period resolution is indicated in
10ms steps, so that 4 ms are not considered there. The
temporal connection of the two representations is recog-
nizable from this.

A further example shows a three-phase voltage dip to-
gether with the current rise associated with it. It can be
seen from the figure that the burden causes the greatest
current rise in phase 1.
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B Harmonics and Interharmonics (FFT)

B.1 General

An invariable, periodic deviation of the wave shape from
the sine wave form means that the fundamental oscillation
is overlaid by further oscillations. With the aid of the
Fourier transformation, the signal can be split in a sum of
sine functions. These spectral parts can be represented
as a diagram in which amplitudes, phases and
frequencies of the sinusoidal components are put on.

If from this separated shares the total signal can be
composed by superimposition, the Fourier transformation
of the signal was found.
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Even if calculators wit high speed CPU's are used, the
discrete Fourier transformation needs long time for
calculation of the big number of amplitudes of sinusoidal
components from the number of sampled values. The
importance of the Fourier transformation became
revolutionized with the algorithm of the "Fast Fourier
Transformation”, specified in 1965. It allows the
calculation of the spectral components at shortest time.

B.2  Description

The analog signal to be analysed is filtered via a low-pass
filter (anti-aliasing filter), A/D-converted and buffered. Via
the procedure of "fast Fourier transformation" the spectral
parts of all four phases at intervals of 5 Hz are gained
continuously. With it the width of the time window locked
with the line frequency is 10 (50 Hz-mains) or 12 (60 Hz-
mains) periods in accordance with standard IEC/EN
61000-4-7. The calculation occurs gaplessly (real time),
i.e. two time windows are adjoining immediately together.
The smoothing following on it and weighting are also
handled in accordance with above previous mentioned
standard.

The output supplies the r.m.s values and the phase
position of every computed frequency component for
current and voltage. The DC components are taken into
consideration, too. Power and phase angle of every
spectral part are computed as well. In this case, the
following terms are used with regard to the IEC/EN
61000-4-7 Ed.2 standard:

- Spectral shares which represent an integral multiple of
the fundamental frequency of the mains voltage are
designated as harmonics

- The spectral shares of a signal with a frequency
between two consecutive harmonic frequencies are
designated as intermediate harmonics. Its frequencies
are no integral multiple of the fundamental frequency.

A-12
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B.3  Benchmark for Harmonics, Interharmonics

and Groups of it

The higher frequent shares in the electric network, desig-
nated as harmonic oscillation are caused by devices
(loads) with not sinusoidal current consumption. The in-
creased use of such devices with not linear current and
voltage characteristic, in particular in power electronics,
led to a considerable rise of the shares of harmonics in
the electric power supply.

High harmonic shares of voltage in the electric network
may influence the function of devices and equipments of
the customer as well as of the operating company, e.g.:

- malfunction fail of electronic devices

- acoustics perception (distortion) from electromagnetic
circuits (transformers, coils, motors)

- reduction of life cycle of motors and capacitors with
additional thermal load

- malfunction of protective and signalling equipments (e.g.
ripple control systems)

- complication of ground faults compensation in the mains

With the increased use of frequency converters and in
connection with the decentralized electricity generation
in the liberalised energy marked the observation of inter-
harmonics gained importance. Interharmonic shares are
caused mainly through:

- imbalances of the transmission line, e.g. fluctuations of
phase angle of the fundamental share and / or the
harmonic shares

- power electronics circuits with switching frequencies
those are not locked with the line frequency, e.g. not
exactly locked trigger pulses

As well as the harmonics, interharmonics may cause
effects which lead to influence of the function of devices
and equipments. In particular the possible affects to light
controllers (disturbed recognition of crossover point) and
to ripple control systems (closures or unintentional ad-
dressing) are emphasized.

B.4 Used Symbols in the Mavowatt 50

Symbol | Description Note
G effective magnitude of a harmonic | U for voltage
| for current
P for power
@ (phi) for phase angle
C effective magnitude of a U for voltage
spectral line (interharmonic) | for current
P for power
@ (phi) for phase angle
X phase L1...L4 1,2,3,4
h,n Harmonic n=1..50
of order n
k Initial spectral line 1...40 (50)
hg,n harmonic group n=1..40 (50)
of order n
hs, n harmonic subgroup n=1..40 (50)
of order n
i,n interharmonic between i=1..9for 50 Hz
harmonics h, and hy. i=1...11 for 60 Hz,
n=1...40 (50)
ig,n interharmonic group between i=1...9 for 50 Hz
harmonics hy and hn+ i=1...11 for 60 Hz,
n=1...40 (50)
is,n interharmonic subgroup i=2..8for50 Hz
between harmonics h, and i =2...10 for 60 Hz,
hn+1 n=1..40 (50)
Samples:
Symbol
U1lh5 phase voltage L1, or phase-to-phase voltage L1/L2N
5" order harmonic
U2hg3 | phase voltage 2, or phase-to-phase voltage L2/L3
3", order harmonic with interharmonic shares (harmonic
group)
U3hs7 | phase voltage 3, or phase-to-phase voltage L3/L1
7" order harmonic with directly adjacent interharmonics
(harmonic subgroup)
11h5 phase current L1,
5™harmonic
12hg3 | phase current L2,
3" order harmonic with interharmonic shares
(interharmonics group)
13hs7 phase current L3,
7" order harmonic with directly adjacent spectral lines
(interharmonics subgroup)
12ig7 phase current L2,
7" order interharmonic group (interharmonics between two
successive harmonics)
13is9 phase current L3,
9" order interharmonic subgroup ((interharmonics between
two successive harmonics without directly adjacent
interharmonics)

Note: With the Mavowatt 50 the harmonics are
calculated in the connection type

- Wye between corresponding phase and neutral
- Delta between the corresponding phases.

The designation of the harmonics remains the same.
See also above samples.
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B.5 Calculating Harmonics, Interharmonics and Groups
Calculating Harmonics and Harmonic Groups

shares of the directly adjacent interharmonics

Parameter Symbol | Description Calculation / Equation
Harmonic bin Gn r.m.s. value of a sinusoidal share of a non FFT-procedure
sinusoidal waveform with an integral multiple of the
fundamental frequency
Harmonic group Ggn Includes the considered harmonic and the spectral , C2s & ., Cis
shares of the adjacent interharmonics for50Hz: Gy, = 5t >.Céi -
i=—4
c? S c?
for60Hz G2 ==&+ 3'C2, +—X°
2 = 2
Harmonic subgroup Gsgn Includes the considered harmonic and the spectral

Note: For evaluating the power quality according to
EN 50160: 2000 the harmonic shares G, are to be
compared with the given compatibility levels. For

evaluating power quality after IEC/EN 61000-4-30: 2004

.Measurement Methods for Power Quality Parameters*®

Calculating Interharmonics and Groups

applies the evaluation procedure for harmonic subgroups.

Both procedures are possible with the MAVOWATT 50.
For power quality analysis (function PQ) applies the

procedure specified after EN 50160.

Parameter Symbol | Description Calculation / Equation
Interharmonic bin Ck r.m.s. value of a sinusoidal component of an FFT-procedure
electric signal with a frequency between two
consecutive harmonic frequencies
Interharmonic group Cign Considers the sum of the interharmonic ) ) o .,
components in the interval between two for50 Hz:  Cig, =3 C{,
consecutive harmonic frequencies =
11
for60Hz C2, =Y CZ,
i=1
Interharmonic subgroup Cisgn Considers the sum of the interharmonic ) ) 8
components in the interval between two for50Hz:  Ciy, = chn
consecutive harmonic frequencies, excluding the =2
f : ; f 10
directly adjacent interharmonics for 60 Hz Cizsg‘n _ ZCk2+i
i=2

Note: For power quality evaluation after EN 50160
calculation is not required. For evaluation after the

standard IEC 61000-4-30 ,Measurement Methods for

Calculating Distortion Factors

Power Quality parameters” the interharmonic subgroups
apply for evaluation.

Parameter Symbol | Description Calculation / Equation
Total harmonic distortion THD Ratio of the r.m.s. value of the sum of all p 2
harmonic components (G,) up to a specified THD = Z G,
order to the r.m.s. value of the fundamental =\ Gy
component (G1)
Group total harmonic distortion | THDG Ratio of the r.m.s. value of the harmonic groups
(g) to the r.m.s. value of the group associated
with the fundamental (Gg1)
Subgroup total harmonic THDS Ratio of the r.m.s. value of the harmonic groups
distortion (sg) to the r.m.s. value of the group associated
with the fundamental (Ggg1)
Partial weighted harmonic PWHD Ratio of the r.m.s. value, weighted with the
distortion harmonic order n, of a selected group of higher
order harmonics, i.e. from the order Hmi, 10 Himax
to the r.m.s. value of the fundamental (G,)
A-14 GMC-I Messtechnik GmbH
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Note: For power quality evaluation after EN 50160 the The standard IEC 6100-4-30 Ed 1 does not consider the

total harmonic distortion THD is required, i.e. the r.m.s distortion factor THD. In view of the informative value for
value of the non-linear signal without interharmonics interharmonic shares of an electric signal, the subgroup
spectral shares is to be considered. total harmonic distortion can be computed with the

Mavowatt 50 in the function FFT.

Graphics Representation of Harmonics, Interharmonics and groups

Note: For the graphics representation the mains frequency of 50 Hz was selected. For the 60 Hz mains, 11 spectral
lines between two consecutive harmonic shares are to be considered.
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B.6

As mentioned in the beginning the harmonics represent
a seriously increasing problem for the electric distribution
networks. The standard EN 50160 indicates compatibility
levels for the public electricity supply system for the
harmonic voltage shares which should not be exceeded.
They are caused by harmonic burdened currents which
influence the voltage waveform via the frequency-
dependent mains impedances. Therefore, it is necessary
to limit the harmonic currents contributions generated by
the individual equipments of the participant in the mains.
For this purpose, disturbance signals are assigned to the
individual users, so that the sum effects does not exceed
the given compatibility level. Emission values are deter-
mined both for individual harmonic currents and for the
total share of the harmonic current.

Evaluation of Harmonics

For assessing mains reactions, the electric utilities
worked out guidelines collected in the publication ,Tech-
nical and Organisation Rules for users and operators of
electric supply network® (TOR). For that, the ratio of
power and the harmonic load at the delivery point are
considered (source: TOR 2).
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An evaluation considered as permissible for the mains
participant can also be improved subsequently by the
utility in the course of a technical inspection of the
equipment, e.g. when considering the (changed) local
network situation.

B.7 Measures for Limitation of Harmonics

Measures can be set from the network user as well as
from the operating company.

An increase of the short-circuit power in general leads to
a reduction of the disturbing variables in the supply net-
work since the network impedance is reduced and there-
fore the effect of radiated interferences reduces. How-
ever, the short-circuit power can not be increased as
desired. In addition to the costs, technical factors such
as permissible short-circuit power for the connected
loads and standardization of equipment play an essential
role.

In the plant of the network user, operation of devices
with small content of total harmonic distortion THDi can
be respected. If this is not possible, harmonics can be
reduced by use of harmonic compensation filters,
namely just behind the connection to the harmonics af-
fected equipment.

Special attention is required for observation of the har-
monic load in the neutral conductor. A considerable
share of the non-linear burdens generates harmonics of
3 order. The period is 1/3 of the fundamental fre-
quency, and therefore the phase shift is 120°. Even if the
load is completely symmetrical this leads to a summation
in the neutral conductor. Same applies for all multiples of
3" order harmonics.

3-Phasen System, symmetrisch, Grundschwingung

3-phase system, balanced, fundamental
LS\// \

L2

3-Phasen System, symmetrisch, 3. Harmonische
3-phase balanced system, 3rd harmonics

NN N N

3-Phasen System, symmetrisch, 9. Harmonische
-phase system, balanced, 8th harmonics

LAY A VAW A WA WA WA WA WA W AW AWNA
VVVVVVVVVVVV

120° 240° 360°

Symmetrical system with harmonics of 3rd order

The sum current generated by the triple-harmonics (this
are the harmonics of orders 3, 9, 15, ...) can result in
neutral conductor currents which cannot be neglected. In
particular in older distribution networks the neutral con-
ductor is undersized so that the situation can be consid-
ered to be critical.
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C  EN50160 Power Quality Analysis

C.1 General

The increase of consumers with non-linear loads com-
bined with the fact that the customer influences supply
quality more than the supplier gains special importance in
the course of liberalization of electricity supply. Deviations
from permitted operating conditions in the electric distribu-
tion network occurring suddenly and unexpectedly, can
lead to affection of operating conditions for other partici-
pants. With the aim to guarantee power supply safely and
gapless and to proof the quality of electricity supply, the
permanent observation and assessment of the variations
in line voltage is required. An efficient mains distortion
analysis helps to avoid troubles or at least allows for re-
pair to be carried out more rapidly.

Power analysers which meet the current standard are
embossed through the continuous and gapless observa-
tion of the voltage progress. In uninterrupted precedence
the input signal is sampled, the changes of magnitude and
waveform are registered and from that the relevant power
quality is calculated. The amount of data pending in com-
bination with the required time interval for signal aggrega-
tion requires either a large memory or special concepts for
the efficient reduction of the amount of data.

The statistical evaluation methods described in the rele-
vant standards have the aim to reduce the pending
amount of data to the required minimum. This aim is sup-
ported by procedures with support calculation and storage
of data according to different criteria within the measure-
ment device. With an intelligent memory management,
the amount of data can be reduced so far that mains
measurement quantities can be recorded for an excellent
price/power ratio.

Many predefinitions which are described in the standards
for power quality refer to Europe-wide field tests of several
years. They are based on "normal operating conditions"
which may be interpreted differently by every power utility.
This led to different predefinitions in different standards
which are not applicable simultaneously (state October
2005). Therefore, only a general description of the given
compatibility levels is possible.

In the function PQ of MAVOWATT 50, those functions
which are required for description of power quality in
accordance with the European standard EN 50160 are
summarized. Over the purely alphanumeric representa-
tion as well as the automatic detection and registration of
limit values and compatibility levels, an analytical con-
sideration of the single characteristics is possible.

C.2 Standards for Assessment of Power Quality

Compatibility levels serve as assessment basis for the
permissible emitted interference of a plant. The standard
EN 50160 describes the essential features of the mains
voltage at the interchange point to the customer. It applies
to the entire European field under normal operating condi-
tions. Compliance with the compatibility levels proceeds
on the assumption with a probability of 95% that no other
mains participant is affected in its function.

It is pointed out that the values stated in the standard EN
50160 do not refer to levels for electro-magnetic compati-
bility or limit values for conducted susceptibility of the
mains participants in public distribution systems (power
supply assessment).

The standard IEC EN 61000-4-30 refers to measurement
methods for the assessment of the quality of the supplied
voltage. For the individual features, calculation methods
are described which are to be kept for a class A instru-
ments. Alternative procedures which apply simultaneously
these lead to identical results are indicated. For these
devices to be classified as class B instruments, the meth-
ods of measurement are to be described by the manufac-
turer.

@ In this connection, it might be mentioned that the
assessment corresponding to the standard IEC
61000-4-30 is not possible when compliance with EN
50160 is required (status April 2005). As the Euro-
pean standard EN 50160 is preferably required for
power quality assessment, the procedures leading to
the proper result are applied with the MAVOWATT
50. In the consequence, the Mavowatt 50 is classi-
fied as class B device with extensive application of
measurement methods after class A.

As far as measurement methods, compatibility levels and
value limits are not stated explicitly in the above men-
tioned standard, the relevant values stated in the standard
line for electro-magnetic compatibility applies. This in
particular applies to the limits stated in IEC 61000-2-2 as
well as the measurement methods for harmonics (IEC EN
61000-4-7 Ed.2) and the flicker severity (IEC EN 61000-4-
15).

In addition to the limit values and compatibility levels
stated in the standards, the results of newer field tests
carried out Europe-wide are relevant. They are summa-
rized in the "Technical and Organisation Rules for users
and operators of electric supply network" (TOR)" and
extensively considered with the MAVOWATT 50.
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C.3 Voltage characteristics in accordance with EN 50160
and the realization with the MAVOWATT 50

The current situation concerning standard requirements
described in the previous sections needs to make clear
the interpretation and evaluation with Mavowatt 50. It
might be pointed out here that the methods of the
evaluation realised with MAVOWATT 50 are based on
the requirement to meet the predominant majority of the
user applications.

* Frequency
» Waveform

* Magnitude of voltage

* Balance of the 3 phase voltages

-10%

alues

Simultaneously it was to consider to minimize the num-
ber of parameters to be adjusted so that users not being
specialized quickly and without troubles come to the
desired measurement result when adjusting limits and/or
compatibility levels.
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C31 Mean Values over Time Intervals

e The fundamental measurement value (voltage dip, volt-
age drop, temporary power frequent overvoltage,) is cal-
culated according to IEC/EN 50160 over a % period time
interval, this is 10 ms at 50 Hz.

¢ The time interval for forming the effective value (mains
voltage, harmonics, interharmonics, imbalance) is 200ms.
This corresponds to 10 periods at 50 Hz or 12 periods at
60 Hz.

e From the effective value, the mean value for two differ-
ent time intervals is formed:

- 10-min interval
- 2-h interval

< The 3s-interval stated in the standard
IEC 61000-4-30 is only used for signalling volt-
ages.

& For signal voltages applies the approximation
method according to IEC 61000-4-30. With it the two
interharmonics adjacent left and right to the signal fre-
quency are considered, the calculation performs for
200ms intervals (currently not realised with Mavowatt
50).

C3.2  Power Frequency

For calculating the frequency, the number of periods
within a time interval of 200ms is counted. Phase 1 is
defined as a reference channel. In the case of dropout,
the voltage channel of phase 2, then of phase 3 is used.
In the case simultaneous dropout of the voltage channels
the current channels 1 to 3 are used for frequency meas-
urement.

For assessment according to EN 50160 the mean value
over 10 s is calculated and compared with the given limits.
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C33 Slow Voltage Fluctuations (Voltage Regulation)

It is defined as increase or decrease of the voltage magni-
tude, usually on account of changes of the total load or a
considerable part of it in a distribution network.

Over the 200ms accumulation period, the 10- minute
mean value is formed and matched with the compatibility
level. The assessment period is a minimum of 7 continu-
ous days, in accordance with EN 50160.

For a positive result, the 10-minute mean value regulation
does not exceed £10% of the nominal system voltage for

95% of the assessment period. Furthermore, due to other
standards (NRS-048-2) the highest and lowest 10- minute
mean values can be recorded within every day period for

the three phases. The highest value of all three phases is

retained as daily value.

C34  Rapid Voltage Fluctuations

Rapid voltage fluctuations are voltage changes of the
r.m.s voltage magnitude
of two consecutive volt-
age levels with defined
but not predicted dura-
tion. (EN 50160). TOR
2% specifies a duration
of 10ms, the standard
IEC 61000-4-30 defines
i an aggregation time of
10/12 periods (50/60Hz)

for the r. m.s magnitude.
For Mavowatt 50 apply the following parameters:

At nominal voltage U, = 230 V the change rate is
460V/sec, the minimum duration of the steady-state con-
dition is 1 period (20msec). The measured values are
captured continuously and the difference between two
preceding steady-state conditions is calculated. If exceed-
ing the given limit (5%), a quantitative recording is re-
leased and accumulated for a defined evaluation period
(e.g. counts per week).

& Voltage fluctuations causing a voltage less than
90% the nominal system voltage shall be evaluated as
voltage dips.

@ Assessment of the magnitude of rapid voltage
changes does not apply to standards, as the magnitude
of voltage fluctuations moves within the permitted limits.

*) TOR = Technical and Organizational Rules for operators and users

of networks, issued by E-CONTROL (former UNIPEDE)

C35 Flicker

Voltage fluctuations cause temporal variations of lumi-
nance in bulbs and fluorescent lamps and consequently,
at a certain range of duty cycle and magnitude affect the
optical perceptive ability of the human eye.

For acquisition of this phenomenon known under the
term flicker severity, the total response of lamp — eye -
brain chain must be considered for the assessment. The
aim of the flicker measurement procedure is to simulate
the process of visual perception of variations in line volt-
age in order to achieve a reliable statement about the
reactions of an observer.

The measurement method for flicker severity complies
with the standard IEC 61000-4-15, the limits are stated
in the standard IEC 61000-2-2. With the Mavowatt 50
the measurement method is simulated via a suitable
algorithm. The flicker level resulting from that is a meas-
ure for the variations of luminance affecting the human
perception of line voltage variations.

According to EN 50160, the flicker severity is assessed
for the long term flicker P, over an aggregation time in-
terval of 2h with the PQ-function. Furthermore for indus-
trial applications, the short term flicker Pg; and the instan-
taneous flicker P,,; are available with the Mavowatt 50.

— Simulation of lamp-eye-brain response -1 L
Block 1 Block 2 Block 3 Block 4 Block 5
Fpat _ Fatwe
amplifier T =7 selector || st order -“--"Drte B lewel || gyt
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nuith zequaring }J' | L %3 rutiplier{ rean fiter Sammﬂ I I
oLt voltage | | | (Imufiphier | l\ 0 = 5z
adaptor 0 85 Fz 100 I
Signal generator i ’ 20.0 progratntrin of shott and
—far calibration 230 S0Hz 35’ 1!EII2I long ohservation periods
checking 1200 60z 43 ap|  Veighting filters squaring and statistical evaluation of
: smoothing flicher level
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Description

In block 1 the input voltage is conditioned so that a
flicker measurement is possible independent from the
actual magnitude of the line voltage.

After this, the measured voltage is sampled and led over
a digital filter to simulate the effecting chain lamp - eye -
brain (block 2 to 4). The flicker levels resulting from this
are available in a table as weighted sum frequency dis-
tribution which corresponds to the current flicker sensitiv-
ity.

The short-term flicker severity Pst is calculated from the
sum frequency distribution of the hold up time calculated
in the level classifier (block 5). For that the following for-
mula is used:

P, =,/0,0814x P,, +0,0525x P, +0,0657 x P,, +0,28x P,,, +0,08x P,,,

The quantiles P0,1, P1, P3, P10 und P50 are flicker
levels which exceeded during 0,1%, 1%, 3%, 10% and
50% of the observation period. For the quantiles marked
with the suffix s in the above formula, the following
smoothed values are set according to the formulas:

o _PutR*R,

1s 3

o _PatP+P

3s 3

n _P+R+R+R+R,
10s 3

P :P30+P50+P80

50s 3

The short-term flicker is determined for an observation
interval of 10 min and suitable for the assessment of the
troubles with individual originators at short operating
cycles. For the assessment of the common disturbing
effects caused by several disturbing loads with non pre-
dictable operating cycle, or for assessment of disturbing
effects with long and changeable operating cycles the
long-term flicker is calculated for an observation period
of 2h with the formula:

P =3 i><ZN:P3
N i=1 %

Measurement Quantities and Assessment

For calculation of the flicker severity, the following meas-
urement quantities are relevant for assessment of varia-

tions in line voltage (they are partially implemented in the
Mavowatt 50):

Short-term flicker severity Pst:
Flicker severity calculated for a short-term interval
(selectable for 1 or 10 Minutes)
Measurement unit: none

Long-term flicker severity Plt:
Flicker severity calculated for a long-term interval. Itr is
derived from 12 consecutive Pst-values.

Measurement unit: none

Maximal relative voltage change dmax:
Difference between highest and lowest value within a
course of voltage change1).

Measurement unit: %
Relative constant voltage deviation dc

Difference between two constantz) voltages with at
least one voltage change in between.

Measurement unit: %
Maximal deviation duration dt>3%

The maximum duration of a voltage change within a
short-term interval exceeding 3% voltage deviation.

Measurement unit: s (seconds)

Yt
Tn

de

dmax

a1t

il 12 13 t

1) Relative voltage change progress d(t)
Temporary course of r.m.s voltage value change
within two constant voltages

A voltage whose r.m.s value remains unchanged for
at least 1 second is designated as "constant"

A-20

GMC-| Messtechnik GmbH



MAVOWATT 50

Compatibility Level

The specified compatibility level for line voltage
variations are taken from the standard DIN EN 61000-3-
3. For the relevant measurement quantities, the limits
can be recognized with the function FSA. Higher line
voltage regulations are assessed as voltage drops
and/or overvoltages. They are subject to other
evaluation criteria.

e The Pst-value must not exceed 1, determined with the
tolerance limit £ 5%.
(Measurements up to Pst = 3 are available).

¢ The Plt-value must not exceed 0,65.

e The maximal relative voltage change must not exceed
4%
(Amplitude range of voltage change max. 5%).

¢ The relative constant voltage deviation dc must not
exceed 3%.

¢ The relative voltage change progress (t) during a voltage
change must not exceed 3% for more than 200ms.

For an assessment conforming to standard EN 50160,
under normal operating conditions the long-term flicker
severity shall not exceed the value PIt = 1 during 95% of
a week interval.

Furthermore, for non public and industrial networks, all
Pst-values exceeding the value 1 for less than 95% of
the daily values shall be recorded separately for all three
phases. The highest value is retained as daily value.
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C3.6  Voltage Dips

Voltage dips are defined as sudden reduction in r.m.s
line voltage to a value between 90% and 1% of the
nominal line voltage followed by a voltage rise to the
given limits within a short period. The duration of a volt-
age dip is defined as dip of 10ms and 1 minute.

Un ... nominal voltage or declared voltage
F Y

LITLL L dip depth _'l" "u »
"
-
10ms ". (% of Un) .-'
) -
F i
0% Un e .
. .
[ L]
[ -
- -
* ¥
"‘ -.-I
LAY YL
dipy duration "

Single phase dip

The duration of a voltage dip is the period measured
from the moment the r.m.s voltage of at least one phase
drops below 90% of nominal line voltage to when the
r.m.s. voltage of all three phases rise above 90% of
nominal voltage. Accordingly, the measurement of the
10ms values performs continuously and gapless. In ad-
dition to the dip depth the dip duration is defined.

Un ... nominal voltage or declared voltage
F Y
dip depth LT
""-:""4 i (% af Un) II'- - .'l.
-""".:'::1- '.L - o
[ X1 - a®
........................lf.n.=... 5 ._' 5 aee
0% Un s v L
1 . . -
5 R
.5 s -
1t s
al o
7 <
C I L
o
dip duration

Three phase dip

As assessment parameters (limit value of compatibility)
the standard EN 50160 defines the maximum permissi-
ble number of voltage dips per year. This is considered
as provisional value. Furthermore the EURELECTRIC
study publishes a classification of the dips between 90%
and 99% of nominal (declared) value. Evaluation of this
classification can be performed with the analysis soft-
ware for Mavowatt 50.

A voltage dip exceeding 99% of Un is classified as volt-
age drop.
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Note: The standard IEC EN 61000-4-30 defines the sig-
nal period u;ms(1/2) @s shortest time duration for a voltage
dip. It consists of two consecutive half periods. Every
half period the first half cycle is replaced by the next one
(gliding period). This method of measurement deviates
fundamentally from the accumulation period required in
EN 50160 (10 ms) and therefore, is not realised with
MAVOWATT 50.

C3.7  Temporary Mains Frequent Over voltage (swell)

According to IEC 61000-4-30 mains frequent short-term
overvoltage is characterised through an increase of the
mains voltage to a value exceeding 110% of the nominal
voltage Un (and/or the declared voltage; Uc in medium-
voltage networks), followed by a drop to the permitted

limits of the nominal (declared) voltage after a short time.

curation of
overvoltage
& -

- Ll

X LI

LE T

110% Un

L
L]
:
H "s,
H overvoltage *,
10ms :' B '-_

- ¥ »

Un ... nominal voltage or declared voltage

The voltage swell is measured from the moment the
r.m.s voltage of at least one phase rises above 110% of
the nominal line voltage to when the r.m.s. voltage of all
three phases drops under 110% of nominal voltage.
Accordingly, the measurement of the 10ms values per-
forms continuously and gapless. In addition to the swell
magnitude the swell duration is defined.

Note:

Short-term overvoltages and transients are distinguishes
through the frequency-bond accuracy of swells, while
transients in general are characterized through the rise
time. The shorter time period of the transients signal
requires another procedure for acquisition (e.g. du/dt
trigger).

Note:

In accordance with EN 50160, mains frequent overvolt-
age can achieve the value of the phase voltages on ac-
count of the possible shift of the neutral point in the 3-
phase system. A classification indicated in the UNIPEDE
publication is no more considered in newer documents.

C38  Transient Overvoltage

Transient overvoltages are short-term and normally
strong damped overvoltages, having a duration of some
milliseconds or less. They are in general caused by ef-
fect of lightning, on and off switching actions and release
from protection devices (fuses). The raise time of a tran-
sient overvoltages varies in a wide field of less than a
microsecond up to some milliseconds, the magnitude
usually does not exceed 6 kV.

Note:

The basic version of the Mavowatt 50 allows for meas-
urement of transient overvoltage up to 1300Vpeak. Ac-
cording to technical report TRS 60 266 the probability of
a transient occurrence exceeding the double of the
mains voltage is one per annum. Therefore, a measure-
ment which is to be carried out in accordance with EN
50160 over the period of a week supplies no statement
for the voltage quality.

Considerably for recording of retrospective mains effects
in the field of short-term phenomena less than 10 ms are
the periodic short-term dips occurring in power convert-
ers. They are summarized under the term commutating
dips. Since they are neither described in EN 50160 nor
in the standard IEC 61000-4-30, they are not registered
by MAVOWATT 50 in basic version (acquisition requires
a du/dt trigger).
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C.39  Voltage Unbalance

Voltage unbalance in a polyphase system arises when
the magnitudes of the phase voltages or the relative
phase displacements of the phases or both are not
equal.

For evaluation the polyphase system under considera-
tion can be represented by the sum of three symmetrical
systems. Voltage unbalance is usually expressed as a
percentage of the ratio between the negative sequence
voltage and the positive sequence voltage.

¥
ULt _ % + + ’

‘/u ¥ /
Us

positive
sequence
For calculation, the synchronous measurement of the
200ms r.m.s value of each phase of the line voltages
follows the equation (IEC 61000-4-30):

1-./3-68

Zeros
sequence

negative
sequece

U, =
® = \1+3-68
4 4 4
for g = U 12nigy +Yasniy +Yainy
2 2 2
(U 12h11) + Y 23npy + Y aanpy )2

U12h[1], U23h[1] und U31h[1]
Fundamental line-to-line voltage

The measurement performs gapless, i.e. each 200ms
interval is recorded and from this the 10min root-mean-
square values are calculated for the assessment period
of 7 continuous days.

The assessed levels comply with the EN 50160 standard
when under normal operating conditions the 10 min root-
mean-square value of the positive sequence voltage
does not exceed 2% of the negative sequence voltage
for 95% of the assessment period of 7 continuous days.

For industrial standards (e.g. NRS-048-2) for each 24 h
day (00:00 to 24:00), the highest 10 min root-mean-
square value of unbalance which is not exceeded for
95% of the assessment period is recorded and the high-
est is retained as daily value.

C.3.10 Harmonic Voltage

The widespread applications of electronic devices with
non-linear current / voltage characteristic lead to har-
monics marked currents those influence the waveform of
the voltage via the mains impedance. This kind of the
net retrospective effect represents a seriously increasing
problem for the power utilities. On account of current
regulations they are responsible for compliance with limit
values at the junctions of the network.

In accordance with the standard IEC EN 61000-4-7,
probes were taken for each phase over the time interval
of 200msec and for each harmonic voltage the r.m.s.
value is calculated. The mean values are derived from it
over 10 minutes and recorded over a period of at least 1
week. Moreover, the time sum of all 10-minute intervals
which exceed the given limits are recorded.

The assessed levels comply with the EN 50160 standard
when under normal operating conditions the 10 min root-
mean-square value of each harmonic does not exceed
the compatibility level for 95% of the assessment period
of 7 continuous days. The given values are stated in the
following table.

On account of differing information in the individual rele-
vant standards, no regard is taken to deviations to EN
50160. Even for reasons of the considerable reduction of
adjusting parameters, the limits are fixed.

odd harmonics even harmonics
non-multiple of 3 multiple of 3

order Uh order h Uh order h unin %
h in % in %
5 6,0 3 5,0 2 2,0
7 5,0 9 15 4 1,0
11 3,5 15 0,5 6
13 3,0 21 0,5 8

17-49 A 27-45 0,2 10 - 50 B

A=227x(17h)-027 B =0,25 x (10/h)) + 0,25

Moreover, the harmonic distortion THD is calculated
according to EN 50160 after the formula

40
THDu = /Z(uh)2
h=2

The assessed levels comply with the EN 50160 standard
when under normal operating conditions the 10 min root-
mean-square value of the THD does not exceed 8% of
the assessment period of 7 continuous days.

For industrial standards (e.g. NRS-048-2) for each 24 h
day (00:00 to 24:00), the highest 10 min root-mean-
square value of THD which is not exceed 8% for 95% of
the assessment period is recorded and the highest is
retained as daily value.

Note: For the standard IEC 61000-4-30 harmonics distor-
tion does not apply. Instead the harmonic sup group
Csg.n is required.

See also chap. B spectral analyses
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C.3.11 Interharmonic Voltages

For interharmonics the same formation rules are valid as
for the harmonic voltage. Via the FFT-procedure (fast
Fourier- transformation) the spectrum lines of 5 hertz
distance are calculated (they also include the harmonic
parts), and from it the 200ms r.m.s values and the 10min
mean values are derived. The observation interval is one
week.

For the standard EN 50160, no further determination
performs for absence of secured empirical values.

The standard EN 61000-4-30 refers to the centred inter-
harmonic subgroups Cisg,n, described in the standard
IEC 61000-4-7 Ed.2. The indication of limit values for
interharmonics in IEC 61000-2-2 leads to the informative
appendix B of this standard. On account of this situation,
the function PQ allows for recording of centred inter-
harmonic subgroups groups Cisg,n, however, an auto-
matic recognition of limit violations was not planned.

See also appendix, chap. B spectral analyses

C.3.12 Signalling Voltages

In order to avoid troubles in communications systems
interconnected with energy supply, in general frequen-
cies between two harmonic frequencies, i.e. interhar-
monics are used for signalling.

For signal frequencies be lying between two interhar-
monics, the standard IEC 61000-4-30 indicates an ap-
proximation method, after that the voltages of two di-
rectly adjacent interharmonics are observed. Its value is
a measure of the occurring signal voltage. If the carrier
frequency is known, the signal voltage can be distin-
guished from the disturbance.

From 10/12 -period mean values (50 / 60Hz, according
to IEC 61000-4-30), the 3- second mean values are cal-
culated in accordance with EN 50160. The assessed
level complies with the EN 50160 standard when the
3sec mean value of the signalling voltage does not ex-
ceed the values represented in the figure for 99% of the
assessment period of one day (source: EN50160).

o T 1
I I 1

sigralling votage] |
in % of Unom

1 f [kHz|]I—|-L

0.4 1 0 1

Note:

On account of the increasing electro smog, the receive
quality of the current used control systems (e.g. DCF 77)
is disturbed more and more. Therefore, since short time
power utilities use a new clock control system based on
satellite navigation (e.g. Wienenerie since 2002). The
importance of recordings of signalling voltages de-
creases considerably. From that fact the approximation
procedure stated in the standard IEC/EN 61000-4-30 is

replaced through the measurement of interharmonic
subgroups.

Symbols Used in Mavowatt 50

Symbol | Description Comments
G RMS value of a harmonic U for voltage
| for current
P for power
¢ (phi) for phase angle
@ RMS value of a spectral line U for voltage
| for current
P for power
¢ (phi) for phase angle
X Phase L1...L4 1,2,3,4
h Harmonic 1...40 (50)
n Order of harmonic 1...40 (50)
k Output spectral line 1...40 (50)
hg harmonic group 1...40 (50)
hs harmonic sub-group 1...40 (50)
i,n Sub-harmonic between harmonics |i=1...9 for 50 Hz
hn and hp. i=1...11 for 60 Hz,
n=1...40 (50)
ig,n Sub-harmonic group between i=1..9for 50 Hz
harmonics h, and hp+ i=1...11 for 60 Hz,
n=1...40 (50)
is,n Sub-harmonic sub-group, i=2..8for50 Hz
between harmonics h, and hn. i =2...10 for 60 Hz,
n=1...40 (50)
Examples:
Zeichen
Ulh5 | Phase voltage L1, 5" harmonic
U2hg3 | Phase voltage L2, 3 harmonic with sub-harmonic shares
U3hs7 | Phase voltage L3, 7" harmonic with directly adjoining
spectral lines
11h5 Phase current L1, 3 B harmonic
12hg3 [ Phase current L2, 3™ harmonic with sub-harmonic shares
13hs7 Phase current L3, 7" harmonic with directly adjoining
spectral lines
12ig7 Phase current L2, sub-harmonic group of 7" harmonic
13is9 Phase current L3, sub-harmonic sub-group of 9" harmonic

A-24
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Cc4 Merkmaltabelle nach EN 50160, Stand Januar 2006

Vi Merkmale der Grenzwerte bzw. Wertebereiche Mess- und Auswerteparameter
ersorgungsspannung
| | | Integrations || Beobachtungs
:\ Niederspannung Mlttelspannung Basisgrofle intervall m Prozentsatz
Frequenz (bei Verbmdung 49,5 Hz b|s 50,5 Hz 95%
zu einem Verbundnetz 47 Hz b|s 52 Hz Mitelwert L Woche 100%
'-a“gsa”‘e ) 230 V+10% uc +10% Effektivwert || 10 min 1 Woche 95%
Spannungsanderungen
5‘V 4‘V
Sc“”e"e ’ ) Effektivwert || 10 ms 1 Tag 100%
Spannungsanderungen max. 10 % max. 6 %
Flicker (Festlegung -nur fur Pi=1 Flicker- 1 Woche 95%
Langzeltfllcker algonthmus
Spannungsembruche (< 1min) einige 10 bis 1000 pro Jahr (unter 85 % Uc) | Effektivwert | 10 ms M| 100%

Kurze Versorgungs- _ einige 10 bis mehrere 100 pro Jahr (unter 1 % Effektivwert 10ms 1 Jahr 100%
unterbrechungen ( < 3 min) Uc)

I ZS;?!%?;sﬁgﬁg\gﬁg%ug?s) einige 10 bis 50 pro Jahr (unter 1 % U Effektlvwert 10 ms | 1 Jahr 100%
N . 1,7 bis 2,0

Zg”g’:f:':}%e Zﬁtzj\rlje[ggﬁlgfe?bg de) meist< 1,5k V (je nach Sternpunkt- || Effektivwert 10 ms keine Angabe 100%
P 9 behandlung)

Transiente Uberspannungen entsprechend der 0
(AuBenleiter - Erde) m Isolatlonskoordmatlon Scheitelwert kein keine Angabe 100%

I Sﬁ;rggagfsugsg[gn;meiﬂeMitsystem) meist 2 % in Sonderféllen bis 3 % Effektlvwert 10 min | 1 Woche 95%

Oberschui - Gesamtoberschwingungsgehalt (THD) < 8 %

erschwingungsspannung ) i _ N

(Bezugswert Un bzw, Us) Oberschwingungen Uk ... Unas: Effektivwert 10 min 1 Woche 95%
Grenzwerte nach Tabelle EN 50160: 1999

Zwischenharmonische Spannung Werte in Beratung I Werte in Beratung

S(Iggiljg:vcgrtngegzw n | Bereich 9 bis 95 kHz in Beratung | Effektivwert | | 1Tag —HQQ%
n C,
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C.4  Characteristics table after EN 50160, Status January 2006

characteristic of limit values and / or value range measuring and assessment parameters
supply voltage 9 g p
. . medium voltage . Integration obeservation
desrgnatron low voltage system basrs value . ' percentage
system |nterval perrod
Frequency (in connection with an 49,5 Hz up to 50,5 Hz 5%
) mean value 1 week
interconnected system 47 Hz up to 52 Hz 100%
Slow voltage fluctuations 230 V+10% Uc +10% r.m.s value 10m|n 1 week m

5% 4%
Fast voltage changes r.m.s value 10ms 1 day 100%
max. 10 % max. 6 %

Flicker severity (stated only for flicker-

= o
Iong -term flicker) Pi=1 algorrthm 1 week 95 %

some 10 up to 1000 per year 0

Voltage dips ( < 1min) (below 85% U) r.m.s value 10ms 1 year 100/o
Short supply interruptions some 10 up to some 100 per year 0
( <3 min) (below 1 % Us) r.m.s value 10ms 1 year 100/o

Random long supply interruptions
(>3 min)

i 1,7 bis 2,0
Temporary mains frequent In general < 1,5k V (according to star r.m.s value 10ms keine Angabe 100%
overvoltage (phase-to-earth) point configuration)
Transient overvoltage In general < 6 kv According to isolation peak o detarls 100%
phase -to-earth) coordination magnrtude

Voltage unbalance (ratio
positive / negatrve sequence)

H Vol - total harmonic distortion (THD) < 8%

armonic voltage ) ) o .

(reference: Uy or Uo) harmonic oscillation Uz ... Unizs r.m.s value 10min 1 week 95%
Limits according to table EN 50160: 1999

Interharmonic voltage Values in consideration Values in consideration

Srgnallrng voltages Range 9kHz up to 95 kHz in consideration r.m.s value 1 day 99%
(reference Un or Uc)

some 10 up to 50 per year (below 1% Uc) r.m.s value 10ms 1 year 100%

In general 2 %, in spezial cases up to 3 % r.m.s value 10m|n 1 week 5%

A-26 GMC-I Messtechnik GmbH



MAVOWATT 50

GMC-I Messtechnik GmbH A-27



MAVOWATT 50

Annex M Menu Structure

M1 Menu Structure Setup

M 1.1 Device Parameters

ON|MENU —Setup — [Device Parameters]

Mawowatt 50 ver. 1.0.04.05 23052006 141207/@ | [

===

_ L1-L4  overview  enerogy FFT Powerou

R
SEL1 SELZ SEL3 SEL4 SELS

Device Parameters

230520n51413275) i]

Device Parameters

=gt clock

general network  language  cortrast
Zahler,
£ Res 4
\_‘\ o— % ]
m-profiles  court reset Minmax res calirate
Memory  Trigger  int. ldschen Menu

Device Parameters 1 — edit

Kanf
::..€

i it |2305200614:13:48@ | @ et
Device Mame Mavovwatt 50
Lser MName Mz Muster S
DalelTime_Format TT .M hhcminc s
et 2305200614:1423 8 | I
User hame
Max Muster
Individual username
{i.e. name of company, division, user)
* ESC Il oK ]
it

Aftention

=0
hlin

23052006 1414128 |

Device Mame

Mavowatt 50

Indlividual caption for the device
(.. invertary nuibsr)

2305200614435 | ]

Date/Time Format

TT.MM.JJJJ hh:mm:ss

rition,
The changes will take effect after rehooting

TT MM LI hh:mm:ss

3
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Device Parameters 2-3 — edit

e -3 |
Fmvovare - Addresy
Set fime: 213.133.108.3
Y ¥ ¥ Y R by o e paes
I+ =
2 00 6 ! 2 o]
I = 4 S L8 |
h h 1 2 3 EBC |
ESES) ——
1 4 1] | ‘ OK
==J o 20
Subred Magk
255.255.255.0
St mask
Actual Date N | N A
4 5 B
Actual Time v T2 | e | esc |
1] | ‘ OK
e -3 |
Stanciard Coteway
192.168.0.1
edit lz @0 P ———
|P-Address 1821680210 _ . . r
Subriet Mask 2552552550 7 B a « ‘
Standard Gateway 19216601 :
Firmware-IP-Address 213133109.3 L ~ JL & JL & | n
‘Webserver connect connected 1 | 2 | 3 | ESC |
* 1] | ‘ OK
o - | L LA
Wekperver conmect
connected

o tncsmect B Woborer

. ‘ =
3 E&L.
ESC
Device Parameters 4 — select
Select language 02.05 2006 14:28:53 o
installed  active
de de X La
on o X X,
Device Parameters 5 — adjust
Setup 2 @l

e Setup 2 @ M
adjust contrast
+
E e "
- Adjustment range 0 ...

T~ “©
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Device Parameters — set

Satup 2 @ |l Setup 2 e 0
1—
Reset energies and counters? Reset Drag Poiniers?
* J
y reset ESC reset ESC
Setup = | Setup 2 @18
Trigger Setup
1 | 1 (v) | i 300
v 100
2 | U2 v | i 300
v 100
3 | U3 (¥) | i 300
Clear internal storage?
v 100
Y
4 [ N | a 0
3
v 0 clear ESC

GMC-| Messtechnik GmbH M-3
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M 1.2 Measurement Parameters
ON|MENU — Setup — Measuring Parameters

Mavowstt S0 ver, 1.0.01.05 23052006 14:12:07 @ | [

Li-Ld4  owerview  energy FFT  Powercu
SEL1 SEL2 SEL3 SEL4 SELS
archive  record

Setup

23052006 1413270 ]

cortrast

setclock  network  language

A
(34 x anl
meprofies  court reset Minmax res calibrats
AAd d —
Fa~l
Memory  Trigger int. lschen Mer

imveAd_prafile_m
O Factory default
@ Meas. profile 1
o Meuas. profile 2

O Meas.

23052006 14:14:55 0 ]

3

O

Measuring Parameters 1 — edit

Mavowstt S0 ver, 1.0.01.05 23052006 14:12:07 @ | [

Li-Ld4  owerview  energy FFT  Powercu
SEL1 SEL2 SEL3 SEL4 SELS

@

archive record

Setup

23052006 1413270 ]

setclock  network  lnguage  cortrast

A
(34 x anl
meprofies  court reset Minmax res calibrats
AAd d —
]
Memory  Trigger int. lschen Mer

i _prafile_m

O Factory default
@ Meas. profile 1

23052006 14:14:55 0 ]

3

o Meuas. profile 2

O Meas.

O

[

®

measurement parameters

-l 23052006 10.15150 | I
|G —
[Messwemert Locaion | o
| I—
[Comwgy | ac ol 3052006 14,1628 | [
Froqu. Corrv. Meas. a5 [UCormdin S
[ —
* [uRalioL2 1V
:lml.\ B -l 23052006 14.17:450 | I
[umstiors  Jaww | Conmcdon [SREIEIN]
[ r— I v —
Izl [ Fange L2 Y @L 1000 AN
] 300 [1-Antia 1 1000 AR
LiFinrge L4 0V [iRatis L 1000 A
\ [fong
] ] e o
LT —

configuration menu mea-

0 .20 = o

surement parameters L 2052008 1418428 | |
whmiﬂﬁlj‘m b
[Falppar votsge Lk | 1105
Lerever YVolage Limd 0%
= TS [ Wmelnncn Limk ELES
PO Merastepueriy from S0 Hz P2 Swel Tolerance 0% x
P2 Insolaled Cperation e P SwelOp Hysieresis 1%
- 23051 [Faremiodtsrvon ] sc0 [Pl | 1% @
o (PaPemmeamtemateaved 0 [PANTESwoitme ] sns
PUHD s s e 0

[t | 2 -
Insidthoe L3
sequentisl
15

A WVA

[ERT-R

®

(] [ (e o] [(on ]

T T =1 | |

measurement parameters

-l 23052006 10.15150 | I
Cor T — Ll
[Messmemeri Localkn | e
| I—
Bl o =R 23052006 14.16:288 | ]
Fregu. Corrv. Meas. ar L Corrmction ER
e —
* T E— R
@‘w\, -l 23052006 14.17:450 | I
[umstiors  Jaww | Conmcdon [SREIEIN]
[ r— I v —
Izl (5 UFtange L2 £y [ 1Rt L2 1000 At
] 300 [1-Antia 1 1000 AR
[ rm— e o
. e
] ] e
[Ragets  |3v

configuration menu

P |

0 .20 = o

measurement parameters = prmeee 0
wh:ﬁﬂ&lhm b
[Pl g votage Lmt | 110°%
P2 Lorever Yolage Limd 0%
L TS [ Wmelnncn Limk 04
PO Merastepueriy from S0 Hz P2 Swel Tolerance 0% x
[POsued Cperation | et [POSwetDw Pvsterens | 1%
e 23052 [P Permiid Dipaivenr | 500 P nferrigdicn Lervel 1%
e T - O T —
e e
[Crmaret L PR = | 2 = | I
|Crra— *
T rr—
Renpmpowerra—] 1w L[V e [Tee )
Erobied Everls

M-4
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Measuring Parameters 2 — edit

Marvowvatt S0 wer. 1.004.05

LT-L4  overview  emergy
SELT SEL2 SEL3
archive  record

23052006 1413.27 @

network  langusge  conrast
Zahler
e,
S ad
m-profiles  count resst Minmax res calibrate
Trigger int. ischen Weru

SN _profile_m 23.05.2006 14:14:55

Factory default N
Meaos. profile 1

Meas. profile 2

0000 ®0

=13

2305200614:1207 @ |

measurement parameters

®

-l 0520061415158 | I
FFT  Powergu [Fromietines | Messpenni
Measuremert Location TG
id - —
Couptn U ac =l 26052006 14.16:28/F |
52k 2223 Frequ. Corrv. Mess. w [ermin St
T —
* U Ratio L2 1vN
e vy ol W[OSI006101T45 | 1
Setup
[umstiors  Jaww | Conmcdon [SREIEIN]
N T —
i = =5 st L2 AV [LRalkLs 1000 AN
L Fange L3 M0V (Rl A0 A
= e— A
N [LFongot1 s
S 2 == [ v
|-Rangs L3 3V
. . L3
configuration menu = e ]
 — measurement parameters prmeee 0
wh:ﬁﬂ&lhm b
Pl Upper Volage Lint 0%
PG Lorever Vilags Limd 0%
L 305D 5 Cmwinnen Link 04
] PO Merastresgeri frm S H2 PQ Swel Tolerance 10'% x
[Falreamncy okronce__| 1% [FoDgioenes ] 10%
e - 230821 [P Permiion Dipsrvone e P It uplion Leel 1% @
PN e e L T —

VD Fings hmmerics

Measuring Parameters 3 — edit

edit 23052006 141758
I-Connecton

L1L213 L4

Active l-nputs: &l 71 L2 L3 (14 = calulated sum [1+2+(3)
FL1 L3 L4 (12 = calulated sum [1+3)

L1123 L4 x
L1213
L1314
et 23052008141808
FRatio L1
1000 ANV »

Sealing factor for measuring input |
(= Currert Transtaormer ratic lorimary /s scondary)

7 B 8 | ES ‘
4 5 B
1 2 El | ESC ‘
0 ‘ o |
edt 23.05.2006141819/8 0
I-Range L1
3v

a

" R oo toenree | 5 [a [ ] [ee [ e ]
Insidthoe L3
sequential

. ] & e ]
O

v (e[ o]

]

* edit for each phase
by separate

MEASUANG rANGE O meas. input | in Yrms
(Linit foir Vpeak = vrms = 1,5)

3V

300 my

a
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Measuring Parameters 4 — edit

edit 23052006 1418:35@ | ]
PQ Mortinl Yottage Unom
P
230V <
+ of mains supply voltage (sl valtage limits and tolerances refer o
]
7 8 9 | - |
4 = B
1 2 3 | ESC |
0 | Il
edit 23052006 1445:43@ | ]

P Upper Yaltage Linit

110% , <=

mit of mains supply woltage for slow voltage varistions (10 minute

echt 23052006 1420114 @ | [
PG UHmbalance Limit

10 %

f the 3-phase supply voitage (10 minute mean neq. sequence col

T 8 a | <- |
4 5 B
1 2 ] | ESC |
a Ok
eciit 2305200614202 | [

PQ Swell Tolerance

10 % <+

Mendmum allowed positive deviation from Unom
for rapid voitage chanoes (192 cycle rms)

7 8 g = |
X

4 5 5

| B 3 | Esc |

edit 230520061420:55 @ I
FQ SwellDip Hysteresis
1%
Hysteresis for the Svell and Dip Tolerances
when voltage returms info tolerance band
7 B =] ‘ < ‘
4 5 B |
1 2 e ‘ ESC ‘
0] Ok
edt 2305200614209 ]

P4 Diptolerance

10 %

Maximum allowsd! negative devition from Linom
for rapid voRage changes (172 cycle rms)

7 B 9 ‘ - ‘
4 5 B |
| 2 3 ‘ EEC ‘

7 B 9 | - |
4 5 5
| 2 3 | EsC |
o OK
edit 23.05.2006 14:20:01 I
PQ Lower Voltage Limit
P
0% , <
imit of mains supply vollage for slow votage variations (10 minds
7 B 9 | - |
4 5 5
| 2 3 | EsC |
o OK
et 2305200614214 8 1
PQ Interruption Leyel
1%
Limit for deviation rom Unam and far voltage diss
7 8 9 ‘ - ‘
.
4 5 CHEIN <
1 2 3 ‘ EsC ‘
" =]
et 230520061421:23 9 1
PQ N-PE Swell Limit
10 %
Limit for Meutral-to-Eartt woltage
7 B 9 ‘ - |
4 5 5
1 2 = I ‘ EsC |
a oK

M-6
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Measuring Parameters 5 — edit

et 23052006 14215 [@ [
PG Nominal frequency from
A
50 Hz <
Hominal valuz for mains freguency
7 B =] ‘ - ‘
x
4 =1 B
1 2 e ‘ ESC ‘
0 ‘ [ o ]
edt 23052008 142202/8 |
P Frequency Tolerance

1% <+

Maximum allowed deviation from nominal mains frequency

7 5 8 3 ‘ = ‘
4 5 B
1 2 3 ‘ ESC ‘
0 ‘ | ax |
et 23052006 142215 @ I
Pa Insolated Operation
no <
m nominal value in systems without synchrone connection to an i
ho k
YES

Measuring Parameters 6 — edit

et 23052006 14:21:51 @ | ]
P Hominal frequency fam

el 23052006 14223608 [
PQ Permitted! Dips/vear
500
Limit for number of permitted dips per year
7 8 =] ‘ -
&
4 & B
1 2 e ‘ ESC ‘
(o] OK
et 23.05.2006 142250/ I

P@ Permitted Interruptionsisar

500 <

Litit for nimber of pernitted votage intzrruptions per year

7 8 8 ‘ - ‘
4 & B 13
1 2 3 ‘ ESC ‘

a Ok

Lo

edt 23.05.2006 142310 @ l
Pa Rapid &L Tolerance
5 %
um alloveed deviation of the acual voltage value from the previous
7 8 g | - |
4 5 5
»
1 2 3 | ESC |
o oK
et 23.05.2006 14:23:00 I

PQ Permitted Swellsy ear

) 500

Limit for number of
permitted swels per year

7 8 9 | <« |
4 5 N
1 2 3 | ESC |

P
<

50 Hz

Hominal value for mains frequency

7 8 g <
k
4 ) B
1 2 3 ‘ ESC ‘
o] | OK |
et 23052006 14:2202 0 ]

P Frequency Tolerance

1% <=

Maimum allaved deviation from nominal meins frecuency

7 5 9 3 ‘ - ‘
4 5 B
1 2 3 ‘ ESC ‘
0 ‘ B
it 23052006 14:2215/ @ 1
PQ Insolated Operation
no <
m nominal value in systems without synchrane connection to an il
no Y
PR

edit 23.05.2008 14:22.36 & I
PQ Permitted Dips/ear
Litit for number of permitted dips per year
7 8 9 ‘ = ‘
»
4 5 B
1 2 3 ‘ ESC ‘
g oK
et 23.05.2006 1 4:22:50 .

PG Permitted Interruptions i zar

500 <

Lirmit for number of permitted votage intsrruptions per year

7 5 9 ‘ - ‘
4 5 6 |
] 2 3 ‘ EsC ‘

o] Ok

ecit 23052006 14231060 | I
FQ Rapid AU Tolerance
5%

um allovved devistion of the acual voltage value from the previous

7 8 a | <- |

4 5 B

&
1 2 2 | ESC |
a Ok

edit 230520081423.008 | [

P@Q Permitted SwellsiYear

el 500

Limit for nmiser of
permitied swelks per year

7 5 9 | - |
4 5 e |\
1 2 3 | ESC |

o] QK

GMC-I Messtechnik GmbH

M-7



MAVOWATT 50

Measuring Parameters 6 — edit

edit 23052006 1425319 | ]
Enabled Everts < )
Dafines the events enabled for recorting
LRME Alrap
Hilfsspng UDrop
MNulliberspng UAsym
UDip LISl
UTHDS Flicker
fr Transient
X oK [_Esc_ |
edit 23052006 14:25:44 | I
Everts: Inputs Enablect
Ui, U2, U3
Defines the measuring inputs enakled for recording
5y} I
2 2 S
c] I3
14 4
(o114 ESC
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M 1.3 Storage Parameters
ON|MENU — Setup — Storage parameters

Mavovwstt S0 ver. 1.0.04.05 23052006 141207 | ]

L1-L4  owerview  energy FFT Powergu
et 2305200614260 9 | 0
SEL1 SEL: Profile Mame Speicherprofil 1
Irtetval 1 Minute
0 @ Start Time 8
archive  record Setup Start Mode manuell
Stop Mode manuell
Store Duration 0=
Setup 23052006 141327 @ | I Starage Configuration Intervall Evert ...
Storage Medium usB
Storage Mode Endstop
general netwaork  language  cortrast ‘ ¥ | | ESC ‘ | oK ‘
W p a
. . &

m-profiles

nit resst Minmax res calibrate CO nfi g u rati 0 n m en u

— storage parameters

Memory  Trigger  int. lschen Menu
et 2 @ |0
Th Thireshald L 350
ImeweAA_profile_s 25052006 14.2615 @ | ]
T Threshold | 148
@. Storage Profile 1 RS Prefrigoer 30%
O Storage Profile 2 RMS Data Records 300
- ' Waveform Pretrigger 30 %
O Storage Profile 2]
Waveform Records 500
Waveform Sampling Interval 82 ps

3

Ok

Storage parameters 1 — edit

edt 23052006 1426429 | ]
Profile Hame
Storage Profile 1, <
“civieual Caption uncier which the following parameters are store)
et 2 =S |
manuell
et 23.05.2006 14:27:02)9 | @ manual: bution, tine: configurable, Trigger: - 2o
Interval inter extern & externinverse stalus ot b
1 Minute <= TETED mn:tlj)ur:mn
Time distance for storing records onthe selected storage mesium T * Do of et recondng
025 15 2s trigger
B 105 505 extem g g 2 ‘ - ‘
1 Minute 2 Minuten 5 Minuten extern invers 4 3 B 3
10 Minuten 16 Minuten 30 Minuten ESC
1 Stunde 2 Stunden extern sync L 2 @ ‘ BT ‘
* ESC edit 2 o @ 0 0K
Stop Mode —

Settine 2 e (0 manuell <+

Y ¥ ¥ ¥ m m d d Ferameter for stapping & record o 2 @ 10
O] ] ] Storage Configuretion

2/ 00686 , 05 2|3 < D=0 y manual el Intervall, Event,R...
| = [ -1 =11 durstion Enabled storage configuration

m m S S trigger
[+1+] [+#I+] [+I+] extern Izl 3
1 4 2 7 0 7 axtern invers Event
[ s o O o EeC =
= Wayeform

Ok ESC
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Storage parameters 1 — edit

edit 2 @ |0
Storage Medium

UsB

Enabled storage medum

USE

CF-Card

intern

Storage parameters 2 — edit

it 2 @ @
T Threshald L
<
350V <
hreshold value for the sbsolute value of the sampled vollage leve
7 8 8 | < |
Y
4 5 2]
1 2 3 | ESC |
0 ‘ ‘ OK ‘ edit 2 o |0
RMS Dsta Recards:
ecit la 300
M Threshald | =5 the numiaer of date records of stfective values for each RS-
1A < Wgwredorm Sampling Interval
hreshold value for the absolute valus of the sampled current leve [ @ e | = ‘ 82 ps
Dfiress the scanning interval for wave poirts of data records
4 5 & »
7 8 9 9 ‘ = ‘ 10us
1 2 3 | ESC ‘ 20ps
4 5 8 Aps
a oK B2 s
1 2 3 ESC 64 s k
328 us
o Ok BEE s
et 2 @ 1 ESC
Wavetorm Pretriggsr
30 % <+
edit 2 20 # for effective values, related to the selected time duration of the edit 2 @ |1
RS EHHE=T Wiaveior Records
30 % : 10 % q 500
% for eftective valuss, relatad to the selectad time duration of the 20 % N +1he number of dete records of effective values for each frangien
50 %
10 %
70 % 7 8 =] <
0k * 80 %
23
50 % 4 & B |
0% ESC
3
1 2 3 | EEC ‘
20 %

ESC

M-10
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M2 Menu Structure Measurement Functions
M 2.1 Menu Basic Measurement Functions (U, I, P, W, ...)

ON|MENU — L1-L4 — Select
— Overview / Energy

selection menu

L1,L2,L3, L4

main menu

20072005 123710 ]

d 4 4

display

» measured quantity
phase

wy ow measured value
|—>measuring unit
Flase 1 03.05.2008 152543 % | I
.P > u w18 v
£sc 1 0132k A
Pl W/ W
» n 5000 Hz
I I ol 15,0k var
i ST 306k VA list of meas. quantities
PF1 0,872 : .
b ver. 100105 23052008 141207 @ | I cospl 0,993 (basic alignment)
d 4 d d ru e
= = : : Syicha 41 DO Mor s ey g
L1-L4 overview energy FFT Poswergu. - LERR] L
= [ Messprsi ][ Doterpurite |
'---------------. | seecherpram || Trggm |
SEL1 SEL2 SEL3 SEL4 SELS Wheresl 15, Slartmotn manuel
~ Spescharmedum UTH - Bile Specharmadun sinsecken
& @ % Spmicrarnung gestopet, Start driichen um 2u saten
archive record Setup "

Display — Select

Daters: Masaurg |
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M 2.2 Menu Spectral Analysis
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ON|Menu — FFT — Select [harm. function]
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ON|Menu — FFT — Select THD
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M 2.3 Menu Power Quality
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ON|Menu — PQ — PQ Statistics
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M 2.4 Menu Assigning Measured Quantities
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M 2.5 Menu Store

ON|MENU — Store — (profile name)
Display — Store — (profile name)

dvet_profie_m Eelo PR Y

dvakd 04 06 H006 1353 1 Setip toenn
O Factary dataun ' ﬂ T e ©
@ Meos. profile 1 2 P1 - At Power £ % s
O Mass. proin2 A S 2 [Cww ] . ]
& 1 - Current v 100
O Meos. profile 3 & 1 Fragarcy’
T PP - Povreriator (PS5 E l oy l 4 )
O Mueos. profile 4 0 catgl . Fator Ll m
O Mues. prabie s 3 E i
. :
< ‘. Bloisl A
(=) () ) . (NS =) (| L=z |
.
: A A
[ ] - "
[ ] - "
[ ] - "
Ikt profie 2052006 1436150 1] u - .
M
@ Swrage Profile 1 - Store ShE1 10506001 20072005 11:0842% n : et 2305200614:2642 3@ 1
Ol s o . n ™ - Profile Matme
{8 @ Prohile
raa Semssssmmnnn e poie || Desports |5 . Storage Profile 1,
QO swrage Profile 3 -

QO Storage Profile 4

Storage Protie ssEmmms

~eliviclual Caption under which the Tolloving parameters sre store:

Mavowestt 50 ver 100405

2305200614:1207 @ | [

Interval: 1%, Startmode: manual

Storage media; USE - Pleass inseit storage media

storing stappes; press start o start

FFT  Powertu

SEL4 SELS

‘\

recort

Setup

Filename Messung 1
[cona ][ save ][ sen w|[ Esc |
A A L1 - Statistics 31.07200508:2522 %
L1 min max
U 2388 52,7 2402V
| 5,86 0,00 742 A
P 0,348k 0,012k 0,380k W
f 50,02 33,33 3,387k Hz
S 1,637 0,000k 1,758k VA
Q 1,800k 0,000k 1,718k war
PF 0,213 0518 0,497
cosg 0,582
]

M 2.6 Menu Archives

ON|MENU — Archives — Select — open

L file manipulation

Mavowstt 50 ver. 1.00/.05

energy FFT  Powergu
SEL3 SEL4 SELS
»
Setup

31082005 10:56:32% |

23052008 141207 @ | [

select data carrier

8304 2005 15 5308
ra

select file

31 .06 2005 11.00.30 (1]

file manipulations

M-18

GMC-I Messtechnik GmbH






Product Support
When you need service, please contact:

GMC-I Messtechnik GmbH

Product Support Hotline

Phone +49 911 8602-0

Fax +49 911 8602-709

E-Mail support@gossenmetrawatt.com

Edited in Germany * Subject to change without notice

GOSSEN METRAWATT Phone +49 911 8602-111
GMC-I Messtechnik GmbH Fax  +49 911 8602-777
Sudwestpark 15 E-mail info@gossenmetrawatt.com

90449 Nurnberge Germany www.gossenmetrawatt.com



	2_BA_Mavo50_GB_Section_1-3.pdf
	Contents
	4.3 Adjusting Device- Measurement- and Storage Parameters  18
	4.4.1 Setup of Device Parameters  20
	Unpacking
	Visual Inspection
	Complaints

	II. Safety Precautions
	1 Technical Description
	1.1 General
	1.2 Use and Application
	1.3 Included Functions
	1.4 Accessories
	1.4.1 Includes Accessories (M816A)
	1.4.2 Optional Accessories
	Current Measuring Accessories


	2 Initial Start-Up
	2.1 Supply Connection
	2.1.1 Replacing Mains Fuses
	2.1.2 Switching the Instrument On
	2.1.3 Switching the Instrument Off

	2.2 Updating/Upgrading the Device Firmware
	2.2.1 General
	2.2.2 Uploading the Firmware via USB-A- Interface
	2.2.3 Program-Update via the USB-A- Interface
	2.2.4 Preparation for Program Uploading via Internet
	2.2.5 Program Uploading via Prepared Internet Protocol

	2.3 Measuring Connections

	3 Operating and Display Elements
	3.1 General
	3.2 Key Functions
	3.3 LC-Display
	3.4 Menu mode


	3_BA_Mavo50_GB_Section_4.pdf
	4. Configuring the Operating Parameters
	4.1 Menu Structure
	4.2 Operating Parameters Configuration Procedure
	4.2.1 Switching the Instrument On
	4.2.2 Entering the Setup Menu
	4.3 Adjusting Device- Measurement- and Storage Parameters
	4.3.1 Adjusting Parameters with Numeric Variables
	4.3.2 Adjusting Date and Time
	4.3.3 Adjusting Parameters with Alphanumeric Variables
	4.3.4 Entering the Previous Menu Level and Main Menu

	4.4 Operating Parameters Description
	4.4.1 Setup of Device Parameters
	4.4.2 Measuring Parameters
	4.4.3 Storage Parameters

	4.5 Storage Configuration
	4.5.1 Changing the Memory Configuration

	4.6 Assigning Measuring Quantities
	4.6.1 Changing of the selection of measurement quantities and modes

	4.7 Remote Control via Web Server
	4.7.1 Setting-up the Communication Path


	4_BA_Mavo50_GB_Section_5.pdf
	5. Operation
	5.1 General Notes
	5.2 Selecting Measuring Functions and Evaluations
	5.2.1 Selecting a Measuring Function
	5.2.2 Selecting a Display Format (Measuring Mode)
	5.2.3 Selecting Measurement and Display Parameters
	5.2.5 Reset Meter Readings, Maxima and Minima

	5.3 Display Modes for Time Controlled Measuring Data
	5.3.1 List View – Numeric Display of Measured Quantities
	5.3.2 Overview – Tabular View of Measured Quantities
	5.3.3 Tabular View of Distortion Factors of Currentand Voltage
	5.3.4 Tabular View of Spectral Shares of Current, Voltage and Power
	5.3.5 Tabular View of Interval Measuring Data
	5.3.6 Statistics View
	5.3.8 Scope View (Presentation of Waveform)
	5.3.10 Bar View – Spectral Analyses

	5.4 Display Modes for Event Controlled Measuring Data
	5.4.1 Bar View – Power Quality Analysis
	5.4.2 Statistics View
	5.4.3 List View
	Setting notes
	5.4.4 Profile View of Current and Voltage
	Setting notes
	5.4.5 Presentation of the Waveform of Voltage and Current – Transient Measurement

	5.5 Measurements at Frequency Converters
	5.5.1 Calculation Modes for Measurements at Frequency Converters
	5.5.2 Measuring Connection for Measurements with Frequency Converters
	5.6 Trigger - Limit Value Monitoring

	5.7 Recording and Replaying Measurements
	5.7.1 Opening the Storage Menu
	5.7.2 Selecting the Data Carrier
	5.7.3 Adjusting the Storage Parameters
	5.7.4 Starting of Recording
	b) Time Controlled start of Recording
	5.7.5 Saving Measurement Data during Recording

	5.8 Retrieving and Analysing a Recording
	5.8.1 Retrieving a Data Recording
	5.8.2 Shifting and Copying Recorded Data
	5.8.3 Erasing a Recording



	5_BA_Mavo50_GB_Section_6-9.pdf
	6. Available Measured Quantities
	6.1 Measurement Quantities for Power an Energy
	6.2 Measurement Quantities for Spectrum Analysis
	6.3 Available Quantities for Transients Measurement Function
	6.4 Available Quantities for Flicker Function
	6.5 Characteristics of Power Quality according EN 50160
	6.6. Designation of Measurement Quantities and Phases

	7. Measuring Circuits
	7.1 General Notes for Measuring Connection
	7.2 Measurement via Phase Inputs L1…L4
	7.2.1 Measurements in Three-Phase four- or five-wire Systems
	7.2.2 Measurements in Three-Phase Three-Wire Systems
	7.2.3 Measurements in Split Phase Systems
	7.2.4 Measurements in Single-Phase AC Systems
	7.2.5 Measurements in Low-Voltage DC Systems


	8. Technical Data
	Voltage Measurements
	Current Measurements
	Power Measurements
	Display
	Control elements
	Storage
	Clock
	Reference Conditions for Adjusting
	Digital Inputs
	Data Interface
	Electrical Safety
	Electromagnetic Compatibility
	Environmental Condition
	Mechanical Design
	Applied Regulations and Standards

	9. Maintenance and Repair
	9.1 Maintenance housing
	9.2 Maintenance Accumulator
	9.3 Fuses


	6_BA_Mavo50_GB_Annex A.pdf
	Annex
	A Power and Energy Measurement
	A.1 General
	Electric energy can be derived from every available primary energy carrier with comparably high efficiency and can be converted into other practical energy forms. On the contrary, a decisive disadvantage is the insufficient storage capability. From this follows an energy supply system in which a balance is guaranteed between generation and consumption at any time. The advantages are significant so that the relatively high costs for this system are accepted for numerous installations. 
	From the close link-up between producer and consumer follows the requirement to install measurement and control systems which cover continuous observation of the power supply system and allows for adapting the operating conditions to the actual requirements. In this way, a capable measurement system captures the basic measurement quantities current, voltage and power and calculates characteristics of electricity with the aim to optimize mains losses and secure reliable operation.
	Generally, the following measurement quantities and analysis are of importance:
	The sections A1 to A3 are concerned with formation of the basic measurement quantities for power and energy measurement under extensive consideration of the standard requirements. Required deviations from several standards are described more closely and reasonably explained.
	The sections following on it describe measurement quantities in the supply network which are derived from the basic measuring quantities. Those which are implemented in the Mavowatt 50 are listed in chap. ( 6.ff.
	Finally measurement technologies are described, that apply to the specific fields of measurements in power supply networks.
	A.2 Description of Measurement Sequence
	In the operating mode sample the measured values as well as time and date are stored to the FIFO storage at the end of each time interval (time controlled quantities) or after recognition of an event (event controlled quantities). When the memory is filled up the, the oldest measurement data set record is overwritten by the current record. Stored measurements are thus continuously updated.
	Measurement sequences taken over a longer time period as well as transients and events can be stored to an external data carrier (accessory). These can be displayed alphanumerically at the touch screen, or can be uploaded to, and analyzed at a PC with a PC-Software (accessory, in preparation).
	1) The system time is defined with the Unix Time. With it the passed seconds from the start date 1. January 1970, 00:00 H UTC (world time, Coordinated Universal TIME) are counted. The UTC replaced the GMT (Greenwich Mean Time). It is defined independent from time zones and therefore is used for time zones independent statements (e.g. aviation). For computer programs the periods can be easily calculated, and adaptation of summer- on winter time is of no importance.
	A.3 Forming the Basic Measurement Quantities
	Frequency Measurement
	Frequency is determined from the number of complete oscillating periods during a defined time period as mean frequency value. In accordance with IEC EN 61000-4-30 the 10 s time interval was chosen.
	In general, the real net signal is not pure sinus shaped. Disturbance signals cause distortion of the waveform which may lead to incorrect measuring results of the frequency. The standard mentioned above recommends filters for suppressing disturbances of higher frequencies, but accept other measurement methods that provide equivalent measuring results.
	For the broadband Mavowatt 50 the method of filtering the input signal does not achieve the objective. For frequency determination the measurement technique described subsequently is applied.
	The start of measurement is synchronised over the internal clock. With the cycle accuracy of 1 minute/year (it corresponds to approx. 1,9 ppm) in connection with the possibility of the external time synchronisation, all normative requirements are met.
	Within each measurement period of 200ms (corresponds to 10 / 12 periods at 50 / 60 Hz) the peak-to-peak voltage is measured.
	Subsequently the curve points +Upp/4 and –Upp/4 are determined and combined by a straight line.
	The mean value from it is the intersection point with the zero crossing for the frequency determination. Frequency is calculated from the distance and number of zero crossings.
	Frequency measurement is performed in the voltage channel of phase 1 which is defined as a reference channel. In the case of dropout, the voltage channel of phase 2, then of phase 3 is used. In the case simultaneous dropout of the voltage channels the current channels 1 to 3 are used for frequency measurement.
	With regard to the normative predefinitions for the assessment of power quality, the measurement performs gaplessly. The measured value is displayed every second on the display.
	Current an Voltage Measurement
	N Number of sampling values per period
	The r.m.s values of current intensity, voltage and electric power service are directly perceptible. The further measurement quantities are operands derived from it.
	Apparent Power S
	The apparent power S results from the highest attainable value of active power. This can only be achieved in the case of pure active resistance and is the product of the r.m.s values of current intensity and voltage. It is always larger or equal to the magnitude of active power:
	Reactive Power Q
	Distortion Power D
	Generally applies: 
	Power Factor PF (() 
	The power factor (or active factor) it is the ration of active power P and apparent power S:
	Displacement Factor cos(
	If the fundamental waves of current and voltage are not superimposed through no harmonics, the ratio P/S can be expressed as cosine ofangle 1 (index 1 stands for the fundamental wave). For this special case, power factor and displacement factor are equal:
	Distortion Factor ((d) 
	Reactive Power Compensation
	Note: By convention it is assumed that capacitors generate reactive power and inductors consume it. This probably comes from the fact that most real-life loads are inductive and so reactive power has to be supplied to them from power factor correction capacitors.
	For distorted waveforms, different results are obtained for the value derived from the equation  according to DIN 40110 and the value calculated by sampling the signal. For every harmonic results a value dependent on the amplitude and the phase position. The sign of the individual products of the sampling values  can change step-by-step. If the crossover points of harmonics match the crossover point of the fundamental oscillation, the value derived from the samples is equal to that calculated from the sinusoidal waveform. This applies on condition of sufficiently high number of samples as well as an exact band limitation.
	A.5 Three Phase Alternating Current – Rotary Current
	A.6 Energy Measurement
	A.7 Measurements on Frequency Converters
	A.8 Transients Measurement
	A.9 Special cases of the Transients Measurement
	In the most applications, the defined transgression of a trigger threshold plays a special role. In this way, the transients occurring during switching actions and voltage drops are in particular meant. After connecting a load of higher performance, a start-up current which leads to the drop of the mains voltage occurs on a short-term basis.
	The determination of the start-up current as well as its limit belongs to the essential tasks in the development of power supplies.
	A.9.1 Motor Start-up Current
	An electrical motor essentially consists of the housing (stator) and the multipolar rotors which are wrapped with copper wire. If the rotor winding is connected to the network, at first a high current rushes in and the engine begins to rotate. In this case, a generation current occurs which acts against the inrush current. The initial power demand decreases and approximates to the rated consumption at a specific rotation speed.
	The example represents the start-up behaviour of a single-phase 1 KW engine. At engines of larger power demand, the high load can lead to voltage drops which in turn influence the performance of other consumers in the network. Therefore, electronic soft starters are installed, with which a defaulted current (and/or power) is not exceeded during the entire initial period. In such a way, the drive can be adapted for the critical start-up phase. In this case, it must be taken into consideration that e.g. phase angle controlled circuits lead to distortions of the wave form which generates harmonics, which in turn burden the network. 
	In the same way, the inrush current behaviour of switched mode power supplies can be recorded.
	A.9.2 Motor Start-up and Reverse Current
	The Mavowatt 50 allows forming the r.m.s value via half period aggregation. In addition to recording of the progress of the waveform as sampled points in a suitable solution, representation is possible as a 10ms signal response.
	The example shows the short-term voltage drop simultaneously with the inrush current during the engine start-up. 
	The zoom function allows for representation in suitable solution. The total process is represented above; the lower representation shows the essential part of the entire record. 
	After switching-off a considerable current rise can be observed, that could be traced back to the generator effect during switch-off procedure.
	A.9.3 Voltage dips and drops
	These features of the voltage are indeed assigned to the power disturbance analysis, however, are allied with transient ones with recording. The Mavowatt 50 allows for recording the 1/2 periods progress as well as for recording the curve points for the waveform.
	In such a way, the measuring and storage parameters were chosen in the example so that a recording is given for long time duration at sufficient solution of the curve.
	In the case of the maximally possible number of 3500 data points and the chosen interval of 328µs, results a recording time of 1148ms. In this way, a continuous recording of voltage dips and interruptions is possible for more than 1 second from the time when voltage drops. 
	With the cursor lines beginning and end of power failure can be marked and the period of the dip/drop can be computed. In the chosen example the drop duration lasts for 376ms.
	Note: With the possible sampling interval of 655µs chosen, the recording duration is 2,29 seconds. In this way, voltage dips (and therefore transients too) of 2,29 seconds duration can be recorded gaplessly.
	A.9.4 Voltage dip and drop as RMS waveform
	The process of the curve points represented in the previous chapter is recorded as 1/2 period process in the power disturbance analysis. In accordance to that the representation showed in the following figure results.
	If beginning and end of power failure with the upright cursor lines are marked, a failure duration of 420ms results. 
	In the case of comparing the results from above representation and that one from the previous chapter, a difference of 44ms is visible. This can be explained with the fact that the two periods before interruption and after interruption were still considered in the r.m.s. view. Furthermore, the time resolution in 1/2 period resolution is indicated in 10ms steps, so that 4 ms are not considered there. The temporal connection of the two representations is recognizable from this.
	A further example shows a three-phase voltage dip together with the current rise associated with it. It can be seen from the figure that the burden causes the greatest current rise in phase 1.
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	In addition to the limit values and compatibility levels stated in the standards, the results of newer field tests carried out Europe-wide are relevant. They are summarized in the "Technical and Organisation Rules for users and operators of electric supply network" (TOR)" and extensively considered with the MAVOWATT 50.
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