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MPI-540 / 540-PV meter is a modern, easy in use and safe measuring device. Please acquaint your-
self with this manual in order to avoid measuring errors and prevent possible problems in operation of

the meter.
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The icon with the meter name is placed next to sections of the text that refer to specific fea-
tures of the device. All other parts of the text relate to all types of the instrument.

1 Safety

MPI-540 meter is designed for performing check tests of protection against electric shock in AC

mains systems and recording the parameters of electric mains. The meter is used for making meas-
urements and providing results to determine safety of electrical installations. Therefore, in order to
provide conditions for correct operation and accuracy of obtained results, the following recommenda-
tions must be observed:

Before you proceed to operate the meter, acquaint yourself thoroughly with the present manual

and observe the safety regulations and specifications provided by the producer.

Any application that differs from those specified in the present manual may result in a damage to

the device and constitute a source of danger for the user.

MPI-540 meters must be operated only by appropriately qualified personnel with relevant certifi-

cates authorising the personnel to perform works on electric systems. Operating the meter by un-

authorised personnel may result in damage to the device and constitute a source of danger for the

user.

Using this manual does not exclude the need to comply with occupational health and safety regu-

lations and with other relevant fire regulations required during the performance of a particular type

of work. Before starting the work with the device in special environments, e.g. potentially fire-

risk/explosive environment, it is necessary to consult it with the person responsible for health and

safety.

It is unacceptable to operate:

= adamaged meter which is completely or partially out of order,

= a meter with damaged insulation,

= a meter stored for an excessive period of time in disadvantageous conditions (e.g. excessive
humidity). If the meter has been transferred from a cool to a warm environment with a high
level of relative humidity, do not start measurements until the meter is warmed up to the ambi-
ent temperature (approximately 30 minutes).

If the battery is discharged to a level preventing further measurements, the meter displays an ap-

propriate message and then turns off.

Battery spill and damage to the meter may occur if discharged batteries are left in the meter.

Before measurements may commence, make sure the leads are connected to the appropriate

measurement sockets.

Do not operate a meter with an open or incorrectly closed battery (accumulator) compartment or

power it from other sources than those specified in the present manual.

Riso meter inputs are electronically protected against overloads (caused by e.g. connecting the

meter to a live circuit) up to 463 V RMS for 60 seconds.

Repairs may be performed only by an authorised service point.

C NOTE!

Only accessories for a given device should be used. Using other accessories may
cause damage to measuring terminals, introduce additional measurement error and
create a risk for the user.

Due to continuous development of the meter’s software, the actual appearance of the
display, in case of some of the functions, may slightly differ from the display presented
in this operating manual.
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2 Main menu

The main screen is available:
e  after the meter has been turned on,
®  at any time after the ﬂ icon has been selected on the display (does not apply to the re-

corder).
2] [3] 4 (s o] (7]
o 09:50:16|201a-11-15| ™ 37GB| -ll“ |93% @y
i O
Auto i\ /7))
A hIements ;Ak l_ Measurements
Recorder V@ ; Memory
Settings >§ e Meter info

Fig. 2.1 Main elements of the screen

.

Name of the active menu

The fact of introducing a change that has not been saved yet is indicated by the * symbol in the
screen header.

ﬂ Date time settings ﬂ Date time settings *

Time

Date

Main screen

Free space on the memory card

If the card is not in the slot, the icon on the screen is crossed out.
Wireless network signal strength

Battery discharge indicator

(o] [~] [<]

Active menu help
e  Visualisation of connection systems
e  Explanation of icons

Touching a selected main menu item redirects to the sub-menu. Available options:

e Recorder — measurement of electrical parameters of the tested network. The description of
the recording mode is provided in section 5,

e  Settings — going to the settings of the main functions and parameters of the meter,
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e Measurements — Selecting the measurement function. The description of individual func-
tions is provided in section 3,

e Memory — viewing and managing the saved measurement results. A detailed description of
the function is provided in section 6.1,

. Meter information.

2.1 Meter settings
The date , time and display brightness can be set from the Meter settings screen level.

® 09:5016 | 2018-11-15 | ilsros| ..“l |os« @ % In the main menu select
Setings.

Auto

measurements ;@

ya)
AT
Recorder ’%@ & Memory

Measurements

Settings Meter info

Select Meter settings
@ Meter settings

.
Fas
@ 161406 | 2018-07-20 | N | ..||| | ss% @) Parameters to change
= Date and time  (section
— 2.1.1)
S = Auto off (section 2.1.2)
[ = Display (section 2.1.3)
‘ Date and time ‘
‘ Auto off ‘
‘ Display ‘
« | | | ot
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211

®

©)

10

Setting date and time
® 16:14:06 | 2013-07»zu| N\ | ullll |aa% @
A Meter ©)
Settings
‘ Date and time
Auto off
Display
« | | | ot

@ 16:15:12 | ZUIB-BT-ZDI

Rl | @D
@

ﬂ Date time settings

Date Time

Year Month

T e e |

Hour Minute

ST TR

Second

2018

Range: 1 - 2100

Select Date and time.

Touch the appropriate icon to mod-
ify the selected parameter:

A value increase by 1,
W value decrease by 1,

Jz012 ) touching opens the field for
manual entering of the value (step

®.

Delete the existing entry and enter
the required value manually.

Functions of icons
- reject the changes and return

to step (2)

+ accept changes and go to step

®
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@ 16:15:56 I 2019-07-20 I

®

N |l [ @D
®

P4 Date time settings *

Save changes?

Date. Time
Year Month ‘ Minute
'{‘zms }A v{ o7 } < { 15 }A v{ 49 }A

|#es | | Ko || @ Cancel

* R
2.1.2 Automatic shutdown
@ ® 161406 | 2018-07-20 | N .llll | 83% @y
# ver ®
Settings
Date and time
‘ Auto off
Display
« | | | o
© 16:18:20 | 2018-07-20 | N | .Illl | 53 @
A Autootf ®@
Auto off time
@) Never
2 minutes
5 minutes
Sl | R
© 16:18:46 | 2018-07-20 | N -.||| | 83
L. L
Save changes?
| ves || Ko | | @ cancel
. . d #

Description of function icons

48 return to the previous screen

After touching the icon you
may be prompted to save or
reject changes (figure):
Yes — accept selection,
No — reject changes,
Cancel — cancel the action

[ saving changes

4 return to the main menu

Select Auto off.

Select the required option.

Description of function icons

‘ return to the previous screen
After touching the icon you
may be prompted to save or re-
ject changes (figure):

Yes — accept selection,
No — reject changes,
Cancel — cancel the action

E saving changes
ﬂreturn to the main menu

MPI-540 e MPI-540-PV — USER MANUAL 11



2.1.3
© 16:14:06 | 2018-07-20 |

‘ﬂ Meter

—

Display parameters

Settings

Date and time
Auto off
Display

N | il |2« @ Select Display.
@

© 16:19:59 | 2018-07-20 |

‘ﬂ Display settings *

Coa

N | .l | 2= @ Parameters to change
@) = time after which the display
enters the screen-saver
mode — select the required

Display auto-off time

) Never

(@) 2minutes

() S5minutes

Display brightness

option
= display brightness — move
the slider pointer ||

© 1620114 | 2018-07-20 |

ﬂ Display settings *

- s

Display auto-off time

() Never

@) 2minutes

Save changes?

L

=

o | | @ cancel

Coa

N | .l 2= @ Description of function icons
o) @ retumn to the previous screen.

After touching the icon you
may be prompted to save or
reject changes:
Yes — accept selection,
No — reject changes,
Cancel — cancel the action

E saving changes

ﬂ return to the main menu

tness

12

o Ves
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2.2 Settings of measurements
From the Measurement settings menu it is possible to edit:
e network parameters,
e fuses database,
° photovoltaic installation parameters,
° photovoltaic modules database.
2.2.1 Sub-menu Measurements
The option of Measurements consists of:
®  mains rated voltage,
network frequency,
manner of presentation of short-circuit loop result,
type of mains for the tested object,
system of units,
memory settings (auto-incrementing memory cells),
auto measurements timer,
minimum value of irradiance for conversion of STC conditions,
temperature measurement source,
the number of photovoltaic modules in series,
the number of photovoltaic modules in parallel,
RCD EV measurement standard.

Before the measurements select the type of mains from which the tested object is powered. Then
select the mains rated voltage U, (110/190 V, 115/200 V, 127/220 V, 220/380 V, 230/400 V or
240/415 V). This voltage value is used for calculating the values of prospective short-circuit current.

Determination of network frequency that is the source of potential interferences is necessary in
order to select a proper measuring signal frequency in resistance-to-earth measurements. This selec-
tion ensures optimum interference filtering. The meter is designed for filtration of interferences gener-
ated by 50 Hz and 60 Hz networks.

RCD EV measurement standard defines the parameters for measuring RCD protectors dedicat-
ed to the field of electromobility and photovoltaics.

Setting Autoincrementing as active ( | > &) causes each saved measurement (sec-
tion 6.1.3) to be placed in an automatically created new measurement point (section b step ).

Auto measurements timer determines the time interval of starting subsequent steps of the
measurement procedure.

@ | 110/190 V ﬂ e Expand the selection list using the ¥
icon.
J0 A0y ® Select the required parameter value.
115/200 V
‘ 127/220V
| 220/380 V ‘
i 240/415V |

MPI1-540 e MPI-540-PV — USER MANUAL 13



©)

2.2.2

Saving settings

Save changes?

lxNo

l @ cancel

{v‘(es

Sub-menu Edit fuses

Description of function icons

‘return to the previous screen. After

touching the icon you may be
prompted to save or reject changes:
Yes — accept selection,

No — reject changes,

Cancel — cancel the action

E saving changes
ﬂ returning to the main menu

On the Fuse base screen the following parameters of circuit breakers can be defined and edited:

manufacturer,
model (type) of fuse,
characteristic of fuse.

@® 15:55:20 | 2020-03-26 |

il sscBfee | -llll | 100% EEER) ¥

&* Fusebase 0]
Producer |: Type |: Characteristic 7|
Manufact1 ‘ |:\
Manufact2 ‘ O
+* 2 i + 2 @ + i
e e ' ' %

a. Adding fuse characteristics

14

© 15:55:20 | 2020-03-26 |

&% Fusebase

W soceres | gl oo @0 ¥ o Select the B icon.
®

Manufact1

Manufact2

Producer Type

Characteristic

=]

e A menu will appear for adding
time-current characteristics of
fuses.
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© 16:34:85 | 2018-07-20 | N | ..“I | 3% @@ Available options

ﬂ Add characteristics @

Values

Characteristic ‘i

- In[A] | 0.035s 0.1s 02s | 04s 5s
B W)
4 20 20 20 20 20

C U 10 50 50 50 50 50
16 80 80 80 80 80
25 125 | 125 | 125 125 125
+In
« + 2 & | 8
@ © 16:4017 | 2018-07-20 | s | -llII ER

Characteristic

e |

Characteristics

i
+
\
- 3

s lofz]2

5 |6l7]|e

HEHMHH NP

Shift

MPI1-540 e MPI-540-PV — USER MANUAL

adding characteristics for the
selected fuse rated current.
removing characteristics for
the selected fuse rated cur-
rent.

mpasting the set value for
records in the whole row or
table.

Description of function icons
| inactive characteristic

|£| active characteristic
+ adding a new characteristic
f editing the name of the active

characteristic

A

[l removing the active character-
istic

‘ returning to the previous
screen

ﬂ going to the main menu

To create a new characteristic:
® select the == icon,
e touch the name selection field.

Enter the name from the touch
keypad (holding certain buttons
for a longer time triggers Polish
characters).

Functions of icons
rejecting changes and return-

ing to step @
¥ accepting changes and going
to step

15



® 16:0051 | 2018-07-20 | i | il | =+ @ Description of function icons
@) Ok —accept the name
Cancel — cancel the action

M Add characteristics

B Characteristics

| + ok
‘ | +In
«  + 2 @ | ®
© 15110 | 20180720 | Bl o@D o Activate the created characteris-
o
Choracteristic LD e Add rated fuse current using
Al | 003ss | 01s | 02s | 04s 5s icon gall.
o | icon
v e Editing fuse data proceed as in
‘ steps ((O(®.
‘ +In
«  + 2 @ | n
© 164315 | 2018.07-20 | N |l 2% @D o To activate a row of data, select

any flem i the row.

Characterisic =] values ® Icons m will be activat-
o infal |o.035s 01s 02s 04s 5s | ed.

B (N

10 -
c e -

32 -

#n | @in | e |

« I+ 21 s ]s

16 MPI-540 e MPI-540-PV — USER MANUAL



0 © 16:43:41 | 2018-07-20 |

ﬂ Add characteristics

N | .l == @D After selecting , the following
@) options are available:

= parameter K — setting the
multiplication factor of fuse
rated current (parameter of
the time-current characteris-
tic),

= fill row — copying K value to

the selected row,
= fill table — copying K value to
all records.

Characteristic \é\
- 02s 04s 5s |
B L [ 10 \
c v Q\ Fill row
‘, Fill table
& 0k | | @ cancel
« + 2. @ | =

© 16:44:20 | 2018-07-20 |

‘ﬂ Add characteristics

® Touch the K parameter edit field.

e Enter the parameter values as
in step @

Description of function icons
Ok — accept selection
Cancel — cancel changes

¥ | il | = @@ You will be prompted to conform
©) the selection.

Characteritic =] Description of function icons
) . Do || ee | Yes — accept selection
B Filling table will .
override No - reject changes
- excisting values
c ‘V‘ ( Continue?
& ves || Ko
[+ 1 & ]| v |
«  + 2 @ | n
@© 16us:50 | 2018-07-20 | ¥ | .l | == @2 To change the contents of a se-
M Add characteristics [©) lected cell, touch it twice.
Characteristic  [.] Values
o In[A] | 0| s 01s 02s 04s 5s |
B L)
10 50 50 50 50
C \\7_\ 16 80 80 80 80
32 160 160 160 160 160
o | G0 | e
« + 2. @ | @
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18

16

On-screen keyboard will appear.
Delete the existing entry and enter
the required one.

Functions of icons
reject changes and return to
the menu for adding charac-

! # | S| %] | & ( ) N
;|L|L|LLLL|7|7| 0 ‘ - . teristics
Tab Q E 1 v+ accept changes and return to
e | o | v the menu for adding charac-
p — teristics
z B 1 *
Range: -inf - inf ‘ « | » ‘
© 16ur2s | 2018-07-20| N | il |+ @D Select the 4@ icon and return to
A Add characteristics (@) the fuse base menu.
Characteristic ‘E‘ Vi
— In [A] 0.035s 0.1s 02s 04s 5s |
B UJ
10 50 50 50 50 50
c v 16 80 80 80 80 80
32 16 160 160 160 160
0 | @r ] @m
« o+ 2 | @ #
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b. Adding fuses

@ @® 15:58:24 | 2020032 | il ssoniree | -llll | 100% @@ ¥ Add a producer.
* In Producer column press =

[ | e Touch the name input field.

® Enter the name from the touch
keypad (holding certain buttons
for a longer time triggers addi-
tional characters).

Functions of icons
reject the changes

v accept changes and go to step

Manufact?]

ENENEAERRRENENER RSN —
R P e

Caps Lock lAlSlDlFlGlHlJlKlLl;l'lq—l v
shift lz{lxlcllelNllel‘w\ %+ ‘

© 15:58:10 | 2020-03-26 | B socBfee | -llll | 100 @ ¥
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© 16:00:48 | 20200326 |

% Fusebase

Mssosiee | gl |10+ @D ¥ o Select the producer.

Producer

Manufact1

Manufact2 ‘

Characteristic

e In Type column press ==.
e Enter the fuse model as in step

Wsccenee | gl |00 @D ¥ e Highlight the required type of

H 2@ Hesoa | + (@
« | B | | #
© 16:01:16 | 20200326 |
¥ Fusebase
Producer s v Characteristic

Type

fuse.
e In the Characteristic column
press ==.

e Enter the fuse characteristic
from list.

i sscenee | gl |10+ @D ¢ Description of function icons

Manufactl
Manufact2 @ B ﬁ‘
P—
TN
« | B | | #
© 16:01:37 | 2020-03-26 |
¥ Fusebase @
Producer s Type v Characteristic  [#/|
Manufactl | [ | TypeB V) H B v ‘
Manufact2 | [+
H e @ | # [¢ (@& + @
« | B | | #

| record inactive
«" | record active
= add new record
>
& edit active record name
il remove active record
‘ return to the previous screen
ﬂ return to the main menu
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2.2.3 Sub-menu PV modules

® o8:13:56 | 2020-07-10 |

&* PV modules settings

Bl oot | ..“I | 100 GER ¥
[©]

Module ]

PhotoV-100

+
=N

Parameters

&% PV modules settings

e In Module column, use == icon
to add PV module.

e In Parameters column, com-
plete the module parameters.

i ssceree| gl |1o0x @D ¢ Description of function icons

Parameters

List of parameters
Name — name of the module

Pmax — power in MPP point*
Umpp — voltage in MPP point*
Impp — current in MPP point*
Uoc — open circuit voltage

Isc — short-circuit current

NOCT — nominal operation cells temperature
alpha — temperature current coefficient - Isc
beta — temperature voltage coefficient - Uoc
gamma — temperature power coefficient - Pmax

Rs - serial resistance of PV module

* MPP — maximum power point

Module = |
R Name ‘ PhotoV-200 ‘
PhotoV-100 0 —
Pmax ‘ 10
PhotoV-200 o || e 22
Impp ‘ 0,01
Uoc ‘ 20,00
- - Isc 1,00
‘+| ‘@‘ NocT \ 200
« | | - d

| | record inactive

W record active

== add new record

f edit active record name

i remove active record

48 return to the previous screen
% retun to the main menu

MPI1-540 e MPI-540-PV — USER MANUAL 21



2.3 Communication

2.3.1 USB communication

The B-type USB port built-in in the meter is used to connect the meter to the computer in order to
download the data stored in its memory. The data may be downloaded and read through the software
provided by the manufacturer.

e  Sonel Analysis — the software provides support for the meter's recorder all PQM series an-
alysers. It enables data reading from the recorder and data analysis.

e  Sonel Reader — the software is used to retrieve the data saved from the meter memory. In
addition, it enables data transfer to the PC, data saving in popular formats and printing.

e  Sonel Reports PLUS — supports creation of documentation after testing of electrical instal-
lation. Software communicates with Sonel test instruments, download data from memory of
test instrument and creates necessary documentation.

Detailed information is available from the manufacturer and distributors.

Connect the cable to the USB port of the computer and the USB slot of the meter.

Start the program.

Current versions of software may be found at the manufacturer’s website.

2.3.2 Connection to a Wi-Fi network

@ Go to Settings » Communication settings » Wi-Fi.

@ Turn on Wi-Fi (the Wi-Fi status icon _.||| should appear in the top bar).

Select a network with Internet access from the list. Touch it twice and - if it is password-
protected - enter the password. To log out of the network, also tap it twice.

Select Ok and check that the meter is connected to the network. The Wi-Fi status icon will then
indicate the signal strength.

2.3.3 Connection with an irradiance meter

@ Go to Settings » Communication settings » LoRa.

Connect the LoRa adapter to the USB socket of the meter. The LoRa symbol will appear on the
top bar.

@ Set the irradiance meter into the pairing mode. Enter its serial number to MPI-540-PV.

@ Select Pair.
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2.3.4 E-mail settings

© 10:3520 | 20210816 | W | ] | = @@ ¥ ¢ Go (o Settings » Communi-
o Emai setiings @ cation settings » E-mail
E-mal Password settings.

example.email@example.xyz
o Fill the fields on the screen:
parameters of the outbox,

smip.example.com 465 TepConnection E" target mailbox address.

Mail 1o Test

Host Port Connection type

® Press TEST to send a test
example email@example xyz TEST email

- 7t

The function works with selected email providers. The list of suppliers is available on the
manufacturer's website.

2.4 Software update

NOTE!
A e Before you proceed to software update, charge the accumulators.

® Do not switch off the meter while updating.

241 Update via USB

@ The update file can be downloaded from the manufacturer's website.
@ Save the file to a USB drive. The memory must have the FAT32 file system.
@ Select Settings » Software update to open the update menu.

© 165403 | 230720 8| il |2« @D o nsert the USB memory in the
Type A USB port in the meter
The information screen will ap-

pear.
Do you want to ® To start the update process, se-
Please ins¢ gpdaethemeter |y software lect Ok in the information win-
{ versjnn 10 1.05 dow.
‘ « Ok ‘ ‘ @ cancel
(L e L L
- .

Alternatively, you can press the Update via Wi-Fi button. Then follow the procedure de-
scribed in sec. 2.4.2.
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2.4.2 Update via Wi-Fi

@ Connect to the Wi-Fi network according to sec. 2.3.2.

Choose one of the following.
e Go to Settings » Software update and select Update via Wi-Fi.
® Restart the meter.

The device will automatically check if a software update is available. If it is, a window is dis-
played asking the user to accept the update.

@ To start the update process, select Ok in the information window.

Security features inside some networks may prevent the meter from being able to connect
to the manufacturer's server with updates — then the following message will be displayed:
Unable to update Wi-Fi...

2.5 Regional settings

@ © osasas | 2013-07-21 | N | il |5 @ o Select Settings » Regional to
open the  language _settings
menu.
e Expand the list of languages to
select from.

Interface language e Select the required language.

English ﬁ L. . )
Tgish ] Description of function icons
}olski ( ‘ return to the previous screen

Espariol
(you may be prompted to save
or reject changes)

] =] “ E saving changes
ﬂ returning to the main menu

@ ©® 094914 | 20180721 | N | il |s¢= @ If the changes have not been
saved or the 48 icon was select

ed, a prompt will appear to confirm
the selection.

Save changes?
Description of function icons
‘ Yes — accept selection
’ No — reject selection
Cancel — cancel the action

| ¢ Yes “xNo ‘ocancel ‘
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2.6 Meter information
@ © o09:5016 | 2018-11-15 |
ﬂ Main menu
Auto h
measurements ’@
Recorder

Settings >‘<

isros| il |2» @ % Select Meter info in the main

o8

@) menu.

Measurements

Nl)ry

Meter info

® o09:50:09 | 2018-07-21 |

ﬂ Meter info

Contact information

GSonel®

SONEL S.A
58-100 Swidnica
Wokulskiego 11
POLAND
www.sonel.pl
hx@sonel.pl
tel: +48 74 85 83 860
Fax: +48 74 85 83 809

N | .l |5+ @> % The menu contains information on
@) the manufacturer and the meter.

Description of function icons

Meter information ‘ return to the previous screen
Model MPL540 (you may be prompted to save
Software version  1.05 or reject changes)

Serial number EK0012

@ display detailed information

« | |

® o9:50:25 | 2018-07-21 |

4 Additional meter information

| P ﬂ return to the main menu

N | ..||||aa%m# The screen after selecting icon

Additional meter information

Model

Software version
LPC version
DSP version
Serial number

Hardware revision

MPI-540

1.05

MPI-540 1.06Xx
1.03

EK0012

a
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3 Measurements

The following tests are available from the Measurements menu.

igﬂa,. Low voltage measurements - LV:

fault IOOp impedance(Z._.N, L-Ly ZL.pE, ZL-PE[RCD] with RCD),
voltage drop AU ,
insulation resistance Riso ,

checking the parameters of RCD (tripping current RCD l,, tripping time RCD t, and automat-
ic measurements),

resistance Ry,

continuity of connections Rconr ,
phase sequence 1-2-3,

direction of motor rotations U-V-W ,
resistance-to-earth Re ,

soil resistivity Qm ,

illuminance Lux.

[T &% Measurements of photovoltaic devices - PV:

26

continuity of of protective conductors and equipotential bonding Rconr,
resistance-to-earth Re ,

insulation resistance Riso PV,

open circuit voltage Uoc ,

short circuit current Isc ,

currents and powers on AC and DC side of the inverter and its efficiency n, P, I,
irradiance Irr.

WARNING

During measurements (fault loop, RCD), do not touch conductive accessible or
foreign parts of the tested electrical installation.

® The content of this chapter should be thoroughly familiarized with. It describes the
meter circuits, the methods of measurements and basic principles concerning in-
terpretation of measurement results.

® A progress bar is displayed during long measurements.

® The result of the last measurement is displayed until:

next measurement starts,

measurement parameters are changed,

measurement function is changed,

the meter is switched off.

® The last measurement can be recalled using the |._?.r icon.
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3.1 Diagnostics performed by the meter — limits
The meter is able to assess whether the measurement result is within acceptable limits for the se-
lected safety device or the limit value The user may set a limit, the threshold value which should not be
exceeded by the result. It is possible for all measurement functions_except for:
e  RCD measurements (la, ta) for which the limits are permanently enabled,

e fault loop measurements, where the limit is determined indirectly by selecting a suitable
overcurrent protection for which standard limits are assigned,
e  the recorder.
For the measurements of insulation resistance and light the limit is the minimum value. For meas-
urements of fault loop impedance, earth resistance, resistance of protective conductors and equipo-
tential bonding - it is the maximum value.
The limits are set in the relevant measurement menu. After each measurement the meter displays
the symbols:
the result is within the set limits,
® the result is outside the set limits,

() assessment of the result correctness not possible. The symbol is displayed, when for exam-
ple the result is not available (e.g. measurement in progress, or no measurement has been
performed)

the method for setting limits is described in the sections describing the measurement data.

3.2 Measurement of alternating voltage and frequency

The meter measures and displays alternating voltage and network frequency in the selected
measurement functions in accordance with the table below.

Measuring function U f
ZL-N L] °
Zype L] L]
Z\ pE[RCD o .
Riso .

RCD Ia . .
RCD ta ° .
Rx

Rcont

Phase sequence .

Motor rotation .
Resistance-to-earth Re .

Soil resistivity .
llluminance

Recorder . .
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3.3 Checking the correctness of PE (protective earth) connections

= L1
N
J_ PE

When the meter is connected as in the drawing, touch the contact electrode and wait for
about 1 second. If voltage is detected on the PE conductor, the device:

e will display text PE! (installation error, the PE lead connected to the phase conductor) and

e will generate a continuous audio signal
This option is available for all measuring functions that apply to residual current devices (RCD) and
fault loop except Z, .y, .. measurement.

i: WARNING
When phase voltage is detected on PE lead, measurements must be immediate-
ly stopped and a fault in the installation must be removed.

e Make sure to stand on non-insulated ground when measuring. Insulated ground may
cause an incorrect test result.

o |f the voltage on the PE conductor exceeds the acceptable limit value (approx 50 V),
the meter will signal the fact.

e |f the IT network has been selected in section 2.2.1 step @ the contact electrode
is inactive.
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3.4 Fault loop parameters

A

NOTE!

o |f there are residual current devices in the network tested, they should be bypassed
by bridging for the period of impedance measurement. However, it should be re-
membered that the tested circuit is modified in this way and the obtained results may
slightly differ from the actual results.

e After completing measurements, always remove modifications introduced to the
tested system for the period of measurements and check the operation of the resid-
ual current switch.

® The above remarks do not apply to measurements of fault loop impedance with the
use of function Z, pe (reo)-

® Measurements of short-circuit loop impedance downstream the inverters are inef-
fective and measurement results unreliable. This is due to the fluctuations of inter-
nal impedance of the inverter during its operations. Do not perform measurements of
short-circuit loop impedance directly downstream inverters.

3.4.1 Settings of measurements

®

Select item ZL-N, L-Ly Z, pE

.
@ J Ly L é&/ AR éj Z pejpep]  OF ZupeReD)-

@ ® 102118 | 2018-07-21 | N | 0l | @m® % The correctness of the measure-
ment depends on the cortect ac
i justment of the length of leads.

If a WS type adapter has not
_ bz A been connected to the meter,
Z - === Q k= standard  manufacturer's lead
In=50,0A lengths are available in the menu.
vosy L=[r2m @ wfom b e In this case, touch the drop-

f=00Hz N=| 20 ox=-E0 down list field.
‘lﬂﬂ ® Select the required lead length.

- I — b:

© 102804 | 20180721 | N | 0l |ox @D % The prospective short-circuit cur-

fent I can be calciated based on

one of two values:

GhE = rated network voltage U, ,
= voltage measured by the me-
Z —_ Q | -A ter Uo.
- ¢ The physical meaning of the pa-
|n 0.0 A rameter is presented in section
3.4.5.
u=02Vv L=|6m iv I (Un)ﬂ
f=00Hz N=12m ® ) L ® Touch the drop-down list field.

e Select the required value.

f
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N | il |ox@> % The result can be compared

against the acceptable fault loop
impedance Zsqop, determined on
the basis of the fuse parameters
of the tested circuit:

= characteristic,

= rated current.

® Touch the fuse type field.

N | 0l |« @ ¢ Options to select:

e Manufacturer

= GENERAL - no defined
manufacturer
= manufacturers defined in the
meter memory (section
2.2.2)
® Type

= GENERAL - no defined type
= types defined in the meter
memory (section 2.2.2)
e Time-current characteristic
e Rated current Iy
® Acceptable response time
® Limit — the limit resulting from
standard EN 60364-6
= - - - — I, as in the standard ta-
bles — no correction
= 2/3Z — |, is increased by the
value of 0.5l

N | .l | @3 % The current is calculated after set-

® 1028:20 | 20180721 |
# z.u ®
L-N!
Z=-0
Uu=02Vv L=|5m v
f=0,0Hz N=12m
@ © 10:28:41 | 20180721 |
1 Fuse parameters @
Producer Type Characteristic
| GENERAL }' ’ GENERAL }' ’ B }V
In Time Limit A
,0 A
4 ’ 10 }v ’ 0.4 }v ’ — }v I—
\d
l,=50A
i ‘VokHOCancel‘
@ ® 1028:41 | 20180721 |
1 Fuse parameters @
Producer Type Characteristic
| GENERAL }v ’ GENERAL }v ’ B }v
In Limit A
,0 A
. ’ 10 }' ’ 0.4 }v ’ — }v

l,=50 A

‘q[ok HOCancel ‘

v

30

=

ting parameters in steps Q

la — current ensuring automatic
triggering of a protective device
within a required time.

Description of function icons
Ok — accept fuse settings
Cancel — cancel the action
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3.4.2 Fault loop parameters in the L-N and L-L circuits

Connect test leads according to the drawing
o or @ for measurement in the L-N circuit,
o for measurement in the L-L circuit.

L1

—
—
— L2
—
—T

L3

s:wm\? 9

Select item Z, .y, 1.

@ g}} ZinL

® 103121 | 20180721 | N | ..||| |2« @@y ¥ The measurement screen will ap-
pear.
READY! Live mode

Ui~ — current voltage between
Z - Q b= A phase and neutral conductors
- " k= f — current frequency on the test-
In=50,0A ed object

Upn=2400V L=|5m }v I (Uo)}v

f=50,0Hz N=12m @jgfz:m

- L. 4

@ Enter the measurement settings in accordance with section 3.4.1.
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®

® 10:31:49 | 2018-07-21 |

® z.u.

N | il |2+ @@ %

2018-07-21 10:31:46

ZL-N = 2,038 Q Ik:HGDZ,gA

In=50,0A
Uiy =2404V L=|5m }v I (Uo)}v
f=50,0 Hz N=12m @‘;{Tﬁzzm
L] = i ¢

® 10:32:05 | 2018-07-21 |

M z.va

N | ol 2@ %
@

R =20370Q
X, =0,0630
U= 240,5 V
f =50,0Hz

@

Z n=2,0380Q lk=n@z,gA

In=50,0A

2018-07-21 10:31:46

Uy =240,4V L=[5m }v Iy (Uo)}v
f=50,0Hz N=12m @‘;r;f):m
« B f

memory management is contained in section 6.1.3.

. -
The last measurement can be recalled using the B icon.

against excessive temperature.

functionality of the meter.

32

Press START to perform meas-
urement.

Read out the result.

Z, .\ — the main result

Ik — prospective short-circuit cur-
rent with signalling the fulfilment
of the acceptable loop criterion

(section 3.4.1, step @):

©) met
(®) not met

() assessment not possible

In — current ensuring automatic
triggering of a selected protective
device within a required time

After selecting the bar n on the
right side, a menu will show with
additional measurement results.

R — resistance of the tested circuit

X — reactance of the tested circuit

U..n — voltage relative to the neutral
conductor

f — frequency

Selecting the bar n hides the
menu.

Save the measurement to the meter memory using the E icon. A detailed description of

e When many measurements are performed in short time intervals, the meter may
emit a large amount of heat. As a result of this, the housing of the device may be-
come hot. This is normal. In addition, the meter is equipped with the protection

e After approx. 15 consecutive measurements of the fault loop wait until the instru-
ment cools down. This limitation is due to the high current measurement and multi-

e Minimum interval between successive measurements is 5 seconds. The displayed

message LA 4 indicates that it is possible to perform another measurement. Un-
til the message is displayed, the meter prevents any measurements.
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Additional information displayed by the meter

READY!
IN PROGRESS
L-N!

L-PE!
N-PE!
L<>N
TEMPERATURE!
fl
ERROR!

Loop circuit mal-
function!

U>500V!

and continuous au-
dio signal

VOLTAGE!

LIMIT!

The meter is ready for measurement.

Measurement in progress.

U, voltage is incorrect for making a measurement.
U,.pe Voltage is incorrect for making a measurement.

Un.pe Voltage exceeds allowable value of 50 V.

Phase connected to N terminal instead of L terminal (for
example, exchange of L and N in the mains socket).

Maximum temperature inside the meter is exceeded.
Network frequency is outside the range of 45...65 Hz.

Error during the measurement. Correct result cannot be
displayed.

The meter should be serviced.

Before measurement, voltage at test terminals exceeds
500 V.

The voltage on the tested object is not within the limits
specified for the set rated voltage of the network U, (sec-

tion 2.2.1 step @).

Too low value of the prospective short circuit current Iy for
the pre-set fuse and time of its triggering.

MPI1-540 e MPI-540-PV — USER MANUAL
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3.4.3 Fault loop parameters in the L-PE circuit

@ Connect test leads according to Fig. 3.1 or Fig. 3.2.

 — L1
— |_3
N
T | "

Fig. 3.1 Measurement in L-PE circuit

== L1
= L3
PEN
LRR

R,

Fig. 3.2 Checking effectiveness of protection against electric shock of the meter housing
in case of: é TN network or TT network
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©)

© 10:48:58 | 20180721 |

gtj Z pe

Select item Z_pE.

N | 0l |2% @ % The measurement screen will ap-

Mz U @) pear.
Live mode
Uipe — current voltage between
Z - Q o= A phase and protective conductors
L-PE — ~°° k= f — current frequency on the test-
In=50,0A ed object
ULpe=241,7V L=|12m }v I (Un)}v
f=50,0 Hz PE=12m @}f}:
« | | | oo

@ Enter the measurement settings in accordance with section 3.4.1.

®

© 10:49:26 | 2018-07-21 |

L R
READY!

Press the START button to per-
form measurement.

N | .0l |« @D % Read out the result.

2018-07-21 10:49:15

ZL-pE = 2,098 Q0

lk=109,6 A
1a=50,0A

ULpe=241,5V

f=50,0 Hz

PE=12m

ox--B

« | |

f

Z, .pe — the main result

Ik — prospective short-circuit cur-
rent with signalling the fulfilment
of the acceptable loop criterion
(section 3.4.1, step @):

) met
® not met

@ assessment not possible

la — current ensuring automatic
triggering of a selected protective
device within a required time

After selecting the bar n on the
right side, a menu will slide out
with additional measurement re-
sults.
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@
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@®© 10:49:39

Mz U

N | 0l |== @ % R - resistance of the tested circuit
@) XL — reactance of the tested cir-
. cuit

2018-07-21 |

2018-07-2110:49:15 =2,0980 U, pe — voltage relative to the pro-
@ =00530 tactive conductor
e 2414V frequency
— _ =500H
Zipe=2,098 Qi=10064 :
la=50,04A Selecting the bar u hides the
Uipe=2416V L=[12m iv I [ (Un) rv menu.
f=50,0 Hz PE=12m @3 km
- B #

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

ing the g icon.

® Double-lead measurement is not available for the UNI-Schuko adapter.

e \When many measurements are performed in short time intervals, the meter may
emit a large amount of heat. As a result of this, the housing of the device may be-
come hot. This is normal. In addition, the meter is equipped with the protection
against excessive temperature.

e After approx. 15 consecutive measurements of the fault loop wait until the instru-
ment cools down. This limitation is due to the high current measurement and multi-
functionality of the meter.

e Minimum interval between successive measurements is 5 seconds. The displayed

message Ll Za )8 indicates that it is possible to perform another measurement. Un-
til the message is displayed, the meter prevents any measurements.
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3.4.4 Fault loop impedance in L-PE circuit protected with a residual cur-
rent device (RCD)

@ Connect test leads according to Fig. 3.3, Fig. 3.4 or Fig. 3.5.

—~ Y Y —J]—1 eeo 90

Y Dﬁ L2
s — RCD = L3
XXX EE

TN-S

Lo e—

Fig. 3.3 Measurement in the TN-S system

L1
L2
L3

1] T

.”——%-3—2
)

0000

I

Fig. 3.4 Measurement in the TT system
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— L1
L2
L3
N
PEN PE
L
PE
@
Fig. 3.5 Measurement in the TN-C-S system
@ f§ , Select item ZL-PE[RCD]-
@/J L-PE
@® 1051209 | 2018.07-21 | N | il 2= @@ ¢ The measurement screen will ap-
pear.
Live mode
Uipe — current voltage between
- b= A phase and protective conductors
ZL-pE - T Q k= f — current frequency on the test-

In=500A ed object

ULpe =241,7V L= 1,2m}v I (Un)}v

f=50,0Hz PE=12m @5 x=m

- L) f

@ Enter the measurement settings in accordance with section 3.4.1.

@ Press the START button to per-
form measurement.
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® 10:51:55 | 2018-07-21 |

' g p—

2018-07-21 10:51:43

N | il |- @@ ¢ Read out the result.

@ Z, pe — the main result
Ik — prospective short-circuit cur-
rent with signalling the fulfilment
of the acceptable loop criterion
(section 3.4.1, step @):

() met
(® not met

() assessment not possible

la — current ensuring automatic

Zipe=2,860 I = 80,3 A
In=500A
Uppe = 2422V L=|12m pv | (un) b
f=50,0 Hz PE=12m [T
« = - §

® 10:52:10 | 2018-07-21 |

ﬂ Z,-rereols Upe ool

Nl o @D 4

triggering of a selected protective
device within a required time

After selecting the bar n on the
right side, a menu will slide out
with additional measurement re-
sults.

— resistance of the tested circuit
@) XL — reactance of the tested cir-
cuit

2018-07-2110:51:43 =2860 | U_pe — voltage relative to the pro-
@ =0080 | tactive conductor
Yurem 242.2V] frequency
—_ - =50,0H
Z pe=2,86Q |i=8034 ’ . ,
I=50,0A Selecting the bar u hides the
menu.
Uppe =241,8V L=|12m pv i | (un) pv
f=50,0Hz PE=12m )= z:
« = i ¢

ing the | icon.

by pressing the (i) button.

e When many measurements are performed in

against excessive temperature.

functionality of the meter.
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Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

® Maximum measurement time is few seconds. The measurement can be interrupted

e In the electrical installations with 30 mA RCD's, the sum of leakage currents of the
installation and the test current may trigger the RCD. If this happens, try to reduce
the leakage current in the tested mains (for example by disconnecting loads).

e The function works for residual current devices of rated current = 30 mA.

short time intervals, the meter may

emit a large amount of heat. As a result of this, the housing of the device may be-
come hot. This is normal. In addition, the meter is equipped with the protection

e After approx. 15 consecutive measurements of the fault loop wait until the instru-
ment cools down. This limitation is due to the high current measurement and multi-

e Minimum interval between successive measurements is 5 seconds. The displayed

message L0 indicates that it is possible to perform another measurement. Un-
til the message is displayed, the meter prevents any measurements.
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3.4.5 Prospective short-circuit current

The meter always measures fault loop impedance Zs and the displayed short-circuit current is
calculated according to the following formula:

where:
Zs — measured impedance,

U — voltage dependent on the network rated voltage settings U, (section 3.4.1 point @):

I«(Un) U=U,

U = Uq for Ug < U,
I (U
«(Uo) U = U, for U 2 U,
where:

U, — nominal voltage of the network,
Uo — voltage measured by the meter.

On the basis of U, rated voltage selected (section 2.2.1), the meter automatically recognizes
the measurement at phase voltage or phase-to-phase voltage and takes it into account in the calcula-
tions.

If the voltage of the network being tested is outside the tolerance range, the meter will not be
able to determine a proper rated voltage for the short-circuit current calculation. In such a case, — - -
will be displayed instead of short-circuit current value. Fig. 3.6 shows voltage ranges for which short-
circuit current value is calculated.

The voltage range for which the impedance measurement
is performed

A
f I
110 190
U110V 9|9 | 121 171 | 209 4410 y V]
T T T |
115 200
Un=115V9|9 1|O3 | \127 180 | 220 44|0 u V]
I T T I
127 220
uoiz7v% 1.14\ T s0 o 20 i Moy
I T 1 T |
U220 v 99 \\ 198 2?0?\ 342380 418 440y [v]
T T T | -
/ﬁ
/ 2
uz=230v S /207 230 253 360 400 440 y[v]
' /
99 / 216 240 264 373 415 440
U240V 5, / | | U [V]
T p ’ !
\ / / / A
The voltage range U L~ for which the The voltage range Ur. for which the
short-circuit current is calculated short-circuit current is calculated

Fig. 3.6 Measuring voltage ranges
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3.4.6 Measurement of fault loop impedance in IT networks

Before performing the measurements in the Measurement settings menu select the appropriate
network type (section 2.2.1).

f NOTE!

e After selecting an IT type network, the function of the contact electrode is inactive.

® \When attempting to perform the Z,..e and Z_.pgrcp) measurement a message will
appear informing that the measurement is impossible.

The manner of connecting the device to the installation is shown in Fig. 3.7.

The manner of performing the fault loop measurements is described in section 3.4.2.
Operating voltage range: 95V ... 440 V.

— L1
s :
— L3
, PE
l 1 IT
—Q @ 0—0—

Fig. 3.7 Measurement in the IT system
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3.5 Voltage drop

This function determines the voltage drop between two points of the tested network, selected by the
user. The test is based on measurement of fault loop impedance L-N at these points. In a standard
network, usually the voltage drop is tested between the socket and the switchgear (reference point).

The voltage drop is calculated according to the following formula:

AU = w. 100%
Uy
where:
Z — fault loop impedance at the destination point,
Zrer — fault loop impedance at the reference point,
Iy — rated fuse current
Uy — rated mains voltage.

@ {4 AU ® Select item AU.

e Use setting Zref=--- to reset
previous measurement, if it has
not been done yet.

e Enter the limit of voltage drop
AUMA)(.

e Enter the fuse type, which pro-
tects the tested circuit.

I (Un) ¢ ¥

Limit [l 616

e Connect the meter to the reference point of the tested network, as for Z,.y measurement
® Press START.

|
— AZ
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® Change the setting from Zref to Z.
e Connect the meter to the reference point, as for Z,.y measurement.
® Press START.

I I
AZ

R O

® 15:39:39 | 2020-03-26 | il scoree | -llll |00« @@ ¥ Read out the result.

JN. Voltage drop
2070.03.26 15:3916 AU - the main result and indica-
' - 5708978 tion of meeting criterion AUy
L =Y
AU - 2 0 O/ @ Uwn=229,5v| ® green:
’ (o} Ik =340 A f =500Hz AU < AUyax
Zin= I =80,0A .
ZL-N, ref = 0,383 Q LN AU =70% " ! e red:
NR77 0 MAX = T AU > AUyax
°215v@ 1v° | (Ll' l
[ VE— %. : Iy — prospective short-circuit current
f=500Hz Limit [SFReS B16
After selecting the bar n on the
. = f right side, a menu will slide out
with additional measurement re-
sults.

R — resistance of the tested circuit
X, —reactance of the tested circuit
UL — voltage relative to the neutral
conductor

f —frequency

| — protection tripping current

Selecting the u bar hides the
menu.

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-
ing the E'" icon.

If Zrer is greater than Z, then the meter indicates AU = 0%
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3.6 Resistance-to-earth

3.6.1 Settings of measurements

@ T Select item Re.
o = Re

© 110528 | 2018-07-21 | N _.||| | 100% @) ¥ Touch the parameter drop-down
menu Un (measuring voltage se-
lection).
READY!
Re = -

Remax =200 O

’ U=027V  1=001A Un| 25V fv @ [a+R v

« | | | oo
O® 110547 | 20180721 | N | _.||| | 100+ @@ ¥ Select the required measuring

volage from th st

Re=--0

Reax = 200 Q
’ U=029V  1=001A Un 25v§ @& |#: ] {v
—
50V
« | | | 8
@ 110528 | 2018-07-21 | N | ol 0% @D % Touch the drop-down menu of
measurement method selecton.
READY!
Rg = - Q
Rewx = 200 Q
’ U=027V  1=001A Un zsv}v @ | @} bv
« | | | o o#
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® nosoz|2mso? 21

ﬁ Earth resistance

100 @) ¥ v

P
—a Ll Q P
3"*i \=2000
U=028V 1=0,01A Un zsv{v (O] ﬂ
. | | o
® 11:05:28 | 2018-07-21 | N | -llll | 100% @D ¥

Q@

M Eerthresistance

Re=-—0Q
Rewn = [llD O
‘ U=027V 12001A Un’zﬁv}v @’3P+ﬂ }v ‘
« | | | |
@ |200
® 0
_ kO
HHHHHAHHHHRRES
hamll bl
8
Range: 0 01-1930 0 - |it »

MPI1-540 e MPI-540-PV — USER MANUAL

Available measurement methods
= 3-wire
= 4-wire
= 3-wire + receiving clamp
= 2-wire (transmitting + receiv-
ing clamp)

Select Limit to set the resistance
limit.

® Select unit.

e Enter the required resistance

limit value:
= 0.00...1990 for Q,
= 0.00...2 for kQ.

Functions of icons
reject changes and exit to the
previous screen

¥ accept changes
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3.6.2 Earth resistance measurement with 3-pole method (Re3P)
The three-pole measuring method is the basic type of resistance-to-earth measurement.

@ Disconnect the tested earth electrode from the installation of the facility.

U U

Drive the current electrode into the earth and connect to the H socket of the meter.
Drive the voltage electrode into the earth and connect to the S socket of the meter.
The earth electrode being tested should be connected to E socket of the meter.

It is recommended that the tested earth electrode as well as H and S electrodes should be
located along one line and at relevant distances, in accordance with the rules of earth
measurements.
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@ ®“°‘-‘5G|Z°‘““‘| .|I|||“’“@v e Select the 3P option in the

measurement men.

Rg = - Q
ap+ﬁ =2000
R R —
‘ U=0,18V 1=0,01A Un| 25V tv @ 3p+ ﬁ Limit
« | | | o
® 11:1015 | 2018-07-21 | N | -llll | 100 EER ¥

® Select other settings in accord-
ance with section 3.6.1.

The meter is ready for measure-
ment.

Live mode

Re=--0

Re max = 200 Q

‘ u=018V

Un’ZEV}' @s—l 3P }v

« | | | o

®

@ ® 11:12:07 | 20180721 | -llll | 100 @

ﬂ Earth resistance

2018-07-21 11:12:02
Re=11,9Q I

Remax =200 Q

‘ U=019V Un’ZSV} 9| ® v L|m|!

. | | - ®

U — interference voltage currently
on the object

Limits
Re wax — currently set earth re-
sistance limit

Press START to start the meas-
urement.

Read out the result.

Signal lights for reaching the limit
(section 3.6.1 step @
@ the result is within the set limit
® the result is outside the set
limit
assessment not possible

After selecting the bar n on the
right side, a menu will slide out
with additional measurement re-
sults.
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@ ® 111224 | 20180721 | il |00 @@ $ Ry — resistance of current elec-
roce

Rs ~ resistance of voltage elec-
READY! 2018-07-21 11:12:02

trode
®@

& — additional uncertainty caused
by resistance of the electrodes

Re=11,90Q

Selecting the u bar hides the

Rewnc = 200 Q
menu.
‘ U=021V un| 2V | (-)| » v
« B . ¢

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

ing the E-'.‘ icon.

Repeat the steps for

two additional locations of the
voltage electrode S:

e |ocated at a certain distance
from the tested earth electrode,

e moved closer by the same dis-
tance to the tested electrode.

This is done to confirm that the S
electrode was driven into the ref-
erence earth. If so, the differ-
ence between the value of Rg
between the main measurement

and each additional measurement
U i U should not exceed 3%.

If Re measurement results differ
from one another by more than
3%, the distance of the current
electrode from the earth electrode
being tested should be consid-
erably increased and the meas-
urements should be repeated.

WARNING

® Measurement of resistance-to-earth may be carried out if voltage of interfer-
ences does not exceed 24 V. Voltage of interferences is measured up to the
level of 100 V.

® Over 50 V it is signalled as hazardous. The meter must not be connected to
voltages exceeding 100 V.
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® |t is recommended that the test earth electrode as well as H and S electrodes
should be located in one line. Due to the different field conditions it is not always
possible. On the manufacturer’'s website and in professional literature special cases
of probes location have been discussed.

® Particular attention should be paid to quality of connection between the object being
tested and the test lead — the contact area must be free from paint, rust, etc.

o If resistance of test probes is too high, Re earth electrode measurement will in-
clude an additional uncertainty. Particularly high uncertainty of measurement oc-
curs when the tested resistance is small, and the probes have a weak contact with
earth (such a situation occurs frequently when the earth electrode is well made but
the upper soil layer is dry and slightly conductive). Then, the ratio of resistance of
the probes to resistance of the tested earth electrode is very high and consequently,
uncertainty of 8 measurement that depends on this ratio is also very high.

® To reduce the uncertainty of the 8, measurement, the contact of the probe with earth
may be improved, for example, by:

moistening the spot where the probe is driven with water,

driving the probe in a different location,

applying an 80 cm probe.
Also, test the test leads for:

whether their insulation is not defective

whether the lead — banana plug — probe contact areas are not corroded or loosened.
In majority of cases the achieved measurement accuracy is satisfactory. However,
you should always take account of the uncertainty included in the measurement.

Additional information displayed by the meter

READY! The meter is ready for measurement.
IN PROGRESS Measurement in progress.
VOLTAGE! Too high voltage at the meter terminals.
H! Interruption in the test probe circuit.
st Interruption in the voltage probe circuit.
Re>1.99 kQ Measuring range is exceeded.
NOISE! Signal / noise ratio is too low (interfering signal too large).
Error due to the resistance of electrodes > 30 % (for calcu-
LIMIT! lating uncertainty, measured values are taken into ac-
count).
; : Interruption in measuring circuit or resistance of test
probes is higher than 60 kQ.

MPI1-540 e MPI-540-PV — USER MANUAL
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3.6.3 Earth resistance measurement with 4-wire method (Re4P)

Four-pole method is recommended for use in the measurement of earth resistance of very small
values. It allows user to eliminate the influence of resistance of test leads on the measurement results.
It is also suitable for determining the resistivity of the soil. However, it is recommended that the dedi-
cated function should be used for this measurement (section 3.7).

@ Disconnect the tested earth electrode from the installation of the facility.

VN7

| |

Drive the current electrode into the earth and connect to the H socket of the meter.

Drive the voltage electrode into the earth and connect to the S socket of the meter.

The earth electrode being tested should be connected to E socket of the meter with the lead.
ES socket should be connected to the tested earth electrode below E lead.
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e |tis recommended that the tested earth electrode as well as H and S electrodes should be
located along one line and at relevant distances, in accordance with the rules of earth

measurements.
®© 111459 | 20180721 | N |l [0 @8 ¥ o Select the 4P option in the
A Eathresistance ©)  measurement menu.

READY! 2018-07-21 11:13:41

® Select other settings in accord-

F

@ ance with section 3.6.1.
3p
Re=125Q
3+ =2000
AR
‘ U=021V unf2sv iy @& | @ ﬁ
¢ | | | 8
@ ® 156 | 20180721 | N | ..||| |100% @@ ¥ The meter is ready for measure-
men.
2018-07-2111:13:41 LiVe mode
U — interference voltage currently
on the object
E Rea = 200 0 Limits
Re wax — currently set earth re-
| sistance limit
‘ U=022v Un’ZEV }v @& | P }v
« | | LR
@ Press START to start the meas-
urement.
@ ® 1121545 | 2018-07-21 | N | -llll |00« @@ ¥ Read out the result.
ﬂ Earth resistance ) ) ) L.
Signal lights for reaching the limit
2018-07-21 11:15:38 (section 3.6.1 step @)
@ @ the result is within the set limit

- @ the result is outside the set
I:{E - 4;83 0 limit

Remax =2000Q assessment not possible

‘ u=020V

U"’ 23 }' & | e }' After selecting the bar n on the
) i right side, a menu will slide out
« ‘ ‘ ‘ = ‘ " with additional measurement re-

sults.
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@ ® 157 | 20180721 | il |00 @@ $ Ry — resistance of current elec-
roce

Rs — resistance of voltage elec-
READY! 2018-07-21 11:15:38

trode
®@

& — additional uncertainty caused
by resistance of the electrodes

Re=4,830Q

Selecting the u bar hides the

Rewnc = 200 Q
menu.
‘ U=020V un| 2V | (-)| ® v
« B . ¢

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

ing the [gf‘ icon.

Repeat the steps for

two additional locations of the

voltage electrode S:

® at a certain distance from the
tested earth electrode,

e moved closer by the same dis-

tance to the tested earth elec-
trode.

This is done to confirm that the S

electrode was driven into the ref-

erence earth. If so, the differ-

ence between the value of Re

b between the main measurement

U i U and each additional measurement
should not exceed 3%.

If Re measurement results differ
from one another by more than
3%, the distance of the current
electrode from the earth electrode
being tested should be consid-
erably increased and the meas-
urements should be repeated.

i i WARNING
® Measurement of resistance-to-earth may be carried out if voltage of interfer-

ences does not exceed 24 V. Voltage of interferences is measured up to the
level of 100 V.

® Over 50 V it is signalled as hazardous. The meter must not be connected to
voltages exceeding 100 V.
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e |t is recommended that the test earth electrode as well as H and S electrodes
should be located in one line. Due to the different field conditions it is not always
possible. On the manufacturer’s website and in professional literature special cases
of probes location have been discussed.

Particular attention should be paid to quality of connection between the object being
tested and the test lead — the contact area must be free from paint, rust, etc.

If resistance of test probes is too high, Re earth electrode measurement will in-
clude an additional uncertainty. Particularly high uncertainty of measurement oc-
curs when the tested resistance is small, and the probes have a weak contact with
earth (such a situation occurs frequently when the earth electrode is well made but
the upper soil layer is dry and slightly conductive). Then, the ratio of resistance of
the probes to resistance of the tested earth electrode is very high and consequently,
uncertainty of & measurement that depends on this ratio is also very high. Then, in
accordance with the formulas from section 11.4.4, calculations can be made to es-
timate the influence of measurement conditions.

To reduce the uncertainty of the 8, measurement, the contact of the probe with earth
may be improved, for example, by:
moistening the spot where the probe is driven with water,
driving the probe in a different location
applying an 80 cm probe.
Also, test the test leads for:
whether their insulation is not defective
whether the lead — banana plug — probe contact areas are not corroded or loosened.

® In majority of cases the achieved measurement accuracy is satisfactory. However,
you should always take account of the uncertainty included in the measurement.

Additional information displayed by the meter

READY! The meter is ready for measurement.
IN PROGRESS Measurement in progress.
VOLTAGE! Too high voltage at the meter terminals.
H! Interruption in the test probe circuit.
st Interruption in the voltage probe circuit.
Re>1.99 kQ Measuring range is exceeded.
NOISE! Signal / noise ratio is too low (interfering signal too large).
Error due to the resistance of electrodes > 30 % (for calcu-
LIMIT! lating uncertainty, measured values are taken into ac-
count).
;: Interruption in measuring circuit or resistance of test
probes is higher than 60 kQ.
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3.6.4 Earth resistance measurement with 3-pole method with additional
clamp (Re3P+C)

@ [Py
'“ ; ; w...eaﬁ

U U

Drive the current electrode into the earth and connect to the H socket of the meter.
Drive the voltage electrode into the earth and connect to the S socket of the meter.
The earth electrode being tested should be connected to E socket of the meter with the lead.

It is recommended that the tested earth electrode as well as H and S electrodes should be
located along one line and at relevant distances, in accordance with the rules of earth
measurements.

e  Receiving clamps should be attached to the tested earth electrode below the connection
point of E lead.

e  The arrow on the clamps can be directed in any direction.

© 1830 | 20180721 | X _.||| |10« @y % Select the 3P + clamps option in
), the measurement menu.
READY! Select other settings in accord-

3P

R =---0 P

[ ance with section 3.6.1.

»+ ] =2000

ﬂ*ﬂ ————

‘ U=021V  1=001A || Un|25V v @& |a+§ n
- f
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® 11:18:44 | 2018-07-21 |

®

ﬂ Earth resistance

N | il [0« @@ ¢ The meter is ready for measure-

ment.

(©)

Live mode

Re=--0

U — interference voltage currently
on the object

| — interference current currently
flowing through the object

Limits
Re wax — currently set earth re-
sistance limit

Remx = 200 0
‘ U=020V  1=001A Un’zﬁv }v @& | R} }v
« | B

®

® 11:19:08 | 2018-07-21 |
ﬂ Earth resistance

2018-07-21 11:19:06

©

Re=7,78 Q

N |l oo @@ ¥

Press START to start the meas-
urement.

Read out the result.

Signal lights for the limit (section
3.6.1step(6))
@ the result is within the set limit
®the result is outside the set
limit
@ assessment not possible

After selecting the bar n on the

Renax = 200 Q
‘ U=019V  1=001A Un’ZEV }v @& | #+ ] }v

® 11:19:20 | 2018-07-21 |

ﬂ Earth resistance

2018-07-21 11:19:06

©

Re=7,78 Q

N |l oo @@ ¥

right side, a menu will slide out
with additional measurement re-
sults.

Ry — resistance of current elec-
) trode

Rs ~ resistance of voltage elec-
trode

& — additional uncertainty caused
by resistance of the electrodes

Selecting the u bar hides the
menu.

Reax = 200 Q
U=020VI=001A|| Un 25v}v @& ;3P<{v

@

ing the E icon.
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Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

MANUAL 55



56

Repeat the steps for

two additional locations of the
voltage electrode S:

e |ocated at a certain distance
from the tested earth electrode,

e moved closer by the same dis-
tance to the tested earth elec-
trode.

This is done to confirm that the S

electrode was driven into the ref-

erence earth. If so, the differ-

ence between the value of Rg

between the main measurement

U i U and each additional measurement
should not exceed 3%.

If Re measurement results differ
from one another by more than
3%, the distance of the current
electrode from the earth electrode
being tested should be consid-
erably increased and the meas-
urements should be repeated.

WARNING

Measurement of resistance-to-earth may be carried out if voltage of interfer-
ences does not exceed 24 V. Voltage of interferences is measured up to the
level of 100 V.

Over 50 V it is signalled as hazardous. The meter must not be connected to
voltages exceeding 100 V.

It is recommended that the test earth electrode as well as H and S electrodes
should be located in one line. Due to the different field conditions it is not always
possible. On the manufacturer’'s website and in professional literature special cases
of probes location have been discussed.

Use C-3 clamps for the measurement.
Maximum interference current: 1 A.

Particular attention should be paid to quality of connection between the object being
tested and the test lead — the contact area must be free from paint, rust, etc.

If resistance of test probes is too high, Re earth electrode measurement will in-
clude an additional uncertainty. Particularly high uncertainty of measurement oc-
curs when a small value of resistance-to-earth is measured with probes that have a
weak contact with earth (such a situation occurs frequently when the earth electrode
is well made and the upper soil layer is dry and slightly conductive). Then, the ratio
of resistance of the probes to resistance of the tested earth electrode is very high
and consequently, uncertainty of measurement that depends on this ratio is also
very high. Then, in accordance with the formulas from section 11.4.4, calculations
can be made to estimate the influence of measurement conditions.

To reduce the uncertainty of the 8, measurement, the contact of the probe with earth
may be improved, for example, by:

moistening the spot where the probe is driven with water,
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driving the probe in a different location,

applying an 80 cm probe.
Also, test the test leads for:

whether their insulation is not defective

whether the lead — banana plug — probe contact areas are not corroded or loosened.
In majority of cases the achieved measurement accuracy is satisfactory. However,
you should always take account of the uncertainty included in the measurement.

® Factory calibration does not include the resistance of the test leads. The result dis-

played by the meter is a sum of the resistance of the measured object and the re-
sistance of leads.

Additional information displayed by the meter

READY! The meter is ready for measurement.
Measurement in progress.
VOLTAGE! Too high voltage at the meter terminals.
Re>1.99 kQ Measuring range is exceeded.
NOISE! Signal / noise ratio is too low (interfering signal too large).
Error due to the resistance of electrodes > 30 % (for calcu-
LIMIT! lating uncertainty, measured values are taken into ac-
count).
A Interruption in measuring circuit or resistance of test
probes is higher than 60 kQ.
H! Interruption in the test probe circuit.
S! Interruption in the voltage probe circuit.
H! Too small test current.

No continuity in the current clamps circuit.
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3.6.5

Earth resistance measurement with two-clamp method (2C)

® The double-clamp measurement may be applied where there is no possibility to use
electrodes driven into the ground.

® The double-clamp method may only be used when measuring multiple earthing (it
is necessary to provide a return path for the test current).

® For ring earth electrodes (step @ variant @) the method allows switching off to

determine continuity of the measured earth electrode point with the rest of the
earth electrode.

58

Transmitting clamps and measuring clamps should be attached to the tested earth electrode
at a distance of at least 30 cm from each other.

The arrow on the clamps can be directed in any direction.
Connect the transmitting clamps N-1 to H and E socket.
Connect the measuring clamps C-3 to the clamp socket.
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© naa |meora | | il |- @@ ¥ o Select the clamps + clamps

T carth resistance @ option in the measurement
READY! menu.
[ . .
- ® Select other settings in ac-
RE =---0) - cordance with sec-
#:§  w=2000 tion 3.6.1.
U=025V  1=001A || Un 2sv{v & | #-] '
- ‘ "
@®© na2zo |zum-u?-11| N | -lllI ||nu% ¥ The meter is ready for meas-
urement
READY! .
(READY!] Live mode
| — interference current cur-
rently flowing through the ob-
RE - Q ject
Re max =200 0
Limits

1=001A & [R*ﬂ i, Re wax — currently set earth re-

sistance limit

. | LI
@ Press START to start the
measurement.
@ 2224 | 2013-07-11| ] | -lllI | 100% ¥ Read out the result.
4 Earth resistance
0180721 112221 Signal lights for the limit (sec-

tion 3.6.1 step @)
@ @ the result is within the
RE =1 ]’5 0 set limit
Rew 22000 ® the result is outside the
set limit

1=001A @ H .} E' @assessment not possible

. \ B8

@ Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be re-

called using the ﬁ icon.

MPI1-540 e MPI-540-PV — USER MANUAL

59



60

e Measurements may be performed in the presence of interference current of a value
not exceeding 3 A RMS and frequency in accordance with the value set in sub-menu

Measurement settings (section 2.2.1 step @).
® Use N-1 clamps as signal transmitting clamps and C-3 clamps as receiving clamps.

o |f the current on measuring clamps is too low, the meter displays the following mes-
sage: The current measured by clamps is too low. Measurement is not possi-
ble!

o Maximum interference current: 1 A.

Additional information displayed by the meter

The meter is ready for measurement.
Measurement in progress.
Re>99.9Q Measuring range is exceeded.
NOISE! Signal / noise ratio is too low (interfering signal too large).
Error due to the resistance of electrodes > 30 % (for calcu-
LIMIT! Icac:il?r?t) uncertainty, measured values are taken into ac-

A Too small test current.

No continuity in the current clamps circuit.
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3.7 Soil resistivity

For soil resistivity measurements — used as preparation for the designing the earthing system or in
geology measurements — a separate function is provided: measurement of soil resistivity p This func-
tion is identical to 4-wire measurement of earth resistance, however, it contains an additional proce-
dure of entering the distance between the electrodes. The measurement result is the resistivity value,
calculated automatically according to the formula applied in Wenner method:

p=27Re
where:
L — distance between the electrodes (all distances must be equal),
Re — measured resistance.

3.7.1 Settings of measurements

@

Select item Qm.

)
@=m
© 114447 | 20180721 | N ..||| | 100+ @@ ¥ Touch the parameter drop-down
menu Un (meastring voliage se-
lection).
READY!
p Pmax = 200 Om
‘ u=026v o om
- . |
® 114501 | 20180721 | N | ..||| | 100+ @@ ¥ Select the required measuring
voltage from the st
READY!
p Pwax = 200 Om
|
50V v
- - |
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©® 114447 | 20180721 | N | ..||| | 100+ @@ ¥ Select Limit to set the soil resis-

iy i
READY!

p=-—-0m

Puax = 2JMOM

sy wfavi el o jy @B
« | | | 8
@ 200 ® Select unit.
@ om
e Enter the required resistance
limit value:
< kOm = Om: 0...99 900,
e = kQm: 0...100.
Pl@ | # s e | & ()] -
‘;|L|L|L|LLLLL|L‘ ‘ — . Functions of icons
o : : 1P reject changes and exit to the
Pl Kt v previous screen
z | x v e |n|wm|=<|>]? ‘ + ‘ v accept changes
Range: 0 Om - 99900 Qm ‘T|T|T‘

3.7.2 Main elements of the screen

Select item Soil resistivity Om.
® n Y
@="™
© 11aaar | 20180721 N | 0l |10« @® ¢ The measurement screen wil
appear.
Live mode
U — interference voltage
p =--—-0m Limits
Puae = 200 Om Pumax — SOil resistivity limit
[ov] it After selecting the bar n on the
U=026V Un|[ 25V v L ¥ 10m EOl Limil . . . .
! I right side, a menu will slide out
with additional measurement
« | | | | e | results.
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©® 114536 | 2018-07-21 | N | 0l |0~ @@ ¢ Rw — resistance of current elec-
@) trode

. Rs — resistance of voltage elec-
-0 trode
® - additional uncertainty
caused by resistance of the
electrodes

ﬂ Earth resistivity

(READY!]

p=---0m

Pwax = 200 Om
Selecting the u bar hides the
uU=027V Un"z.S\./}v L v{ 0m }A menu.
- - §

3.7.3 Soil resistivity measurements (p)

[y )
S| -
s Ra: CAT IV 300V @ -

00
CAT il 500V

HES ES
H S( !ES E
I s

| L | L I L |
L 1 . )
e  Drive 4 probes into the ground in one line and at equal distances.
e  Connect the probes to the meter according to the figure above.
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@ ©® 11:48:47 | 2013—07»21| N | ..“I | 100% @@ ¥ e Call up the measurement
o
READY!

® Select other settings in ac-
cordance with section 3.7.1.

p=--0m

Puax = 200 ©m
‘ U=026V Un’zﬁv }v L v{ 10m }.

@ @ LB - B Select distance L between the
I I measuring electrodes:

(a) using arrows & ¥
@ (b)from the keyboard after
touching the field with the

10 distance value (range 1...30
m)

Functions of icons
reject changes and exit to the
previous screen

- | = . + accept changes

e [ oo T o o] T ] T Tl

z C 8 | +*
Range: 1-30 QI.|.
® 115045 | 2018-07-21 | N | ..||| |00 @@ ¥ The meter is ready for measure-

ment

p=--0m

Praax = 200 Om
‘ U=021V Un’ZEV}v L v{ 5m }A
« | | | o
@ Press START to start the meas-
urement.
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® 11:51:55 | 2018-07-21 |

ﬂ Earth resistivity

N | il [0o- @@ ¢ Read out the result.

Signal lights for reaching the limit

2018-07-21 11:51:47 (section 3.7.1 step @)

p=34,40m

(@) the result is within the set
limit
(®) the result is outside the set

=2000m ..
Praa limit

() assessment not possible

‘ U=021V

eI R

® 11:52:07 | 2018-07-21 |

@

s

2018-07-21 11:51:47

=) # After selecting the bar n on the
right side, a menu will slide out
with additional measurement re-
sults.

N | ..||| |00« @@ $ Ru — resistance of current elec-
@) trode
Rs ~ resistance of voltage elec-

Ru=406,80| trode

p=34,40Qm

Puiax = 200 Om

& — additional uncertainty caused
by resistance of the electrodes

Selecting the u bar hides the
menu.

u=021V Un’zﬁv}v Lv{ 5m }A
. H #

using the ﬁ icon.

WARNING

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled

e Measurement of resistivity may be carried out if voltage of interferences does
not exceed 24 V. Voltage of interferences is measured up to the level of 100 V.

® Over 50 V it is signalled as hazardous. The meter must not be connected to

voltages exceeding 100 V.
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e The calculations assume that the distance between the measuring electrodes are
equal (Wenner method). If it is not the case, perform the measurement of earth re-
sistance using 4-pole method and calculate resistivity from the formula:

p=2mLRe

where:
L — distance between the electrodes
Re — measured resistance

e Particular attention should be paid to quality of connection between the object being
tested and the test lead — the contact area must be free from paint, rust, etc.

o |f resistance of test probes is too high, resistivity measurement will include an
additional uncertainty. A particularly large measurement uncertainty arises when a
small resistance value is measured with probes that have weak contact with the
ground. Then, the ratio of resistance of the probes to measured resistance as a re-
sistivity formula component is very high and consequently, uncertainty of measure-
ment that depends on this ratio is also very high. Then, in accordance with the for-
mulas from section 11.4.4, calculations can be made to estimate the influence of
measurement conditions.

® To reduce the uncertainty of the &, measurement, the contact of the probe with earth
may be improved, for example, by:

moistening the spot where the probe is driven with water,

driving the probe in a different location,

applying an 80 cm probe.
Also, test the test leads for:

whether their insulation is not defective

whether the lead — banana plug — probe contact areas are not corroded or loosened.
In majority of cases the achieved measurement accuracy is satisfactory. However,
you should always take account of the uncertainty included in the measurement.

Additional information displayed by the meter

READY! The meter is ready for measurement.
IN PROGRESS Measurement in progress.
VOLTAGE! Too high voltage at the meter terminals.
H! Interruption in the test probe circuit.
S! Interruption in the voltage probe circuit.
RE>1.99 kQ Measuring range is exceeded.
NOISE! Signal / noise ratio is too low (interfering signal too large).
Error due to the resistance of electrodes > 30 % (for calcu-
LIMIT! lating uncertainty, measured values are taken into ac-
count).
A Interruption in measuring circuit or resistance of test
probes is higher than 60 kQ.
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3.8 RCD parameters

The measurement of Ug, Re is always performed with sinusoidal current 0.4 |, regard-
less of the settings concerning waveform and multiplication factor an.

3.8.1 Settings of measurements

@ P . s . Select item RCD I, or RCD ta.
©® 115630 | 20180721 | N | ..||| | 100« @@ ¥ Define the displayed measure-

ment components with the 3&

A icon:
if RCD I has been selected,
la=-—-A ®

if RCD ta has been selected.

la=5.10mA
U =250V

i

uL| |ﬂ

@ ® 11:58:48 | 20180721 | N ..“I |100% @@ ¥ For RCD I the following pa-
ametersar avaable
Ia — RCD tripping current,

Us  solage meesred on P,

Re — PE continuity,
@ 1, Us Re tai — RCD triggering time when
Ih=5.10mA measuring tripping current.
U =250V ) I, tai, Us, N
U=23 'L:) Ug, Re -’
f= 50, ‘¢ok D I'
TR % a
@ 1iss0 | 2ms0721 | N | 0l |10« @@ ¥ For RCD ta the following pa-

©) rameters are available:
Ug — voltage measured on PE,
Re — PE continuity,
ta — RCD triggering time when
@ t, U Re given the rated differential cur-
rent ratio.

RCI U, Re

=] Wi
Mode choice

ta> 300 ms
U =250V B

Q© Ug Re

U =239, lAn [ x0,5 }'
f=50,0 ‘W D }'

TR W
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@© 11:58:30 | 20180721 |

N | ol |00 @@ %

A RCD 1 Un Re
READY!
Ia=5.10mA
U =250V
U=2396V 1An | 10 mA
f=50,0Hz v
« % o

® 11:59:34 | 2018-07-21 I

4 RCOL, Us Re

Voltage choice

Ll | oo~ @m %
@) voltage from the list.

Ix=5.10mA
U =250V
u=23
f=50,URzZ D Fv
. X | u o o#
@ 120022 | 2018-07-21 | &l | oo @@
M oDt UsRe [©)
READY!
ta=-—s
ta> ms
U =250V
U=2392V \ 1An mmA xIAn | x0,5
f=50,0 Hz ﬂ e
E
X
« [ x [ u \ |
@ @ 12:00555 | 2m8-07-21 | N .'“I | 100% ¥
M Roo U R @
READY!
Iy = A
I=5.10 mA
U =250V
uU=2392Vv 1An | 10 mA
\ 10mA
=500 Hz aoms — I IR
|'IIJOmA
300 mA
U, |5no mA ‘
e [ x [ u fmm || s
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Select UL to define the meas-
uring voltage.

Select the required measuring

If the RCD ta mode has been
selected in step @ set the
forced current in the RCD test.

The set current is ratio of the
rated residual current of the
tested circuit breaker.

The correctness of the as-
sessment of the test circuit
breaker efficiency is dependent
on the rated residual current.

Rated differential currents of

RCDs are available in the
menu.
® Touch the drop-down list
field.

® Select the residual current of
the test circuit breaker.
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@® 12:01:28 | 2m-07-21 |

CEC ) fom of the curent, which il

X L] | o0 % In the menu you can the wave-

be used to test the RCD.

® Touch the drop-down list

NV 1=15.30 mA Select the waveform of the
= measuring current.

N
N
v
IA = - A AN field.

wesmov s
U=2395V IAn[ e

f=500Hz “T‘W

« | x [ w | B

® 120151 | 20180721 |

N | ..|I| | 100« @@ ¥ Determine the type of circuit

# reoiu R B) breaker.
Available circuit breaker types
|| general purpose
IA = --- A short-time delay type
U =250V "1 s | selective

I
U=2395V k 1An | 30 mA }'
=500k B [

« | x [ w | oo
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3.8.2 RCD tripping current

@ Connect the meter to the installation according to the drawing.

— [0 @ @ o] L1
0O i L2
RCD L3
eeeooe N
PEN ' PE
= = R
@ Py . Select item RCD Ia.
@ J RCDI,
@ Enter the measurement settings in accordance with section 3.8.1.
© 120112 | 20180721 | N ..||| | 100+ @@ ¥ The meter is ready for measure-
ment.
Live mode
U - voltage between phase con-
I o p— A ductor L and PE conductor
A - f — network frequency in the test-
1,=15..30 mA
U =250V ed circuit
U=239,0V § lAn 30 mA
f=500Hz D
. ¥ U o
@ Press START to start the meas-
urement.

To cancel measurement, select

the n icon on the screen.
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® 121528 | 20180721 | N

A ReD:i, Us, Re

L-PE!

2018-07-2112:15:24

©

I, =23,0 mA
In=15..30mA
U, =250V
U=18,7V § 1An 30 mA
f=50,0Hz D t
- 3 U = #
@© 121550 | 2018-07-21 | N -Illl | 100 EEER) ¥

@

A RCD: I, Us, Re

L-PE!

Ia =23,0mA

2018-07-21 12:15:24

©

Q@

Us=0,1V
Re = 0,00 kQ

In=15..30 mA
U_=250V
u=187V & IAn 30 mA
f=50,0 Hz D |2
- K UL B #

ing the ﬁ icon.

lective RCDs is not available.

the time at I, current:
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la <lan =1tai > ta

where:
tai = T (lan)

| .0ll |10« @@ % Read out the result.

Measurement result assessment
green:

0.5 s <Ia<lan
red:
IA < 05 /An
or
|A> IAn

After selecting the bar n on the
right side, a menu will slide out
with additional measurement re-
sults.

Depending on the selection made
in section 3.8.1 step some of
the parameters below will be dis-
played:

Ug — voltage measured on PE,

Re — PE continuity,

ta — RCD triggering time with flow
of RCD disconnecting current.

Selecting the u bar hides the
menu.

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

e Measurement of the triggering time ta (ta measured during | measurement) for se-

® The measurement of triggering time ta is not performed as required by applicable
standards (i.e with RCD nominal current I, ), but with I, current measured and
displayed during the measurement. In most cases where the measurement does not
have to be strictly as defined by the standard, this measurement may be taken into
account to assess the proper operation of RCD protection in a particular installation.
When measured 4 is lower than |5, (Mmost frequent case), then triggering time ta will
be usually longer than the triggering time measured in function t,, which measures

Therefore, when time ta is s correct (not too long), it may be assumed that the time
measured in function ta would be also correct (it would not be longer).
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Additional information displayed by the meter

IN PROGRESS

Us>U,!
L-N!
L-PE!
N-PE!
L<>N
fi

PE!
ERROR!

U>500V!

Measurement in progress.

The touch voltage exceeds a preset U, threshold value.
The meter is ready for measurement.

U, voltage is incorrect for making a measurement.
U,.pe Voltage is incorrect for making a measurement.
Un-pe Voltage is incorrect for making a measurement.

Phase connected to N terminal instead of L terminal (for
example, exchange of L and N in the mains socket).

Network frequency is outside the range of 45...65 Hz.
PE conductor connected incorrectly.
Measurement error.

Before measurement, voltage at test terminals exceeds
500 V.
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3.8.3 RCD tripping time

@ Connect the meter to the installation according to the drawing.

eeoo e

— O ﬂ L2
RCD L3
(XX X N
PEN = PE

Select item RCD ta.

@ Enter the measurement settings in accordance with section 3.8.1.

© 121647 | 20180721 | N ..||| | 100+ @@ ¥ The meter is ready for measure-
ment
Live mode
U — voltage between phase con-
t = ---9 ductor L and PE conductor
A 1= 0,300 ms f — network frequency in the test-
U =250V ed circuit
u=2392V ﬁ IAn| 30 mA ' xIAn’ x1 }'
f=500 Hz | ny } ’D }'
L] X U L.}

@ Press START to start the meas-

urement.
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® 129718 | 20180721 |

Nl oo @@ ¥
®@

A Repit, U Re

Read the result — RCD triggering
time ta.

b 2018:07211217:15 B Measurement result assessment
@ green:
- <
tA=10ms . ta S fop
tx = 0..300 ms rea:
U.=250V ta > taop
u=187Vv IAn|30mA }' xIAn’x] }' .
x After selecting the bar n on the
f=500Hz [~ [Ok right side, a menu will slide out
with additional measurement re-
- | ¥ | u | = | # sults.
@ © 1217:2 | 20180721 | N | 0l |10~ @@ ¢ Depending on the selection
A Reot, Us, e @) made in section 3.8.1 step
. some of the parameters below
L-PE! 2018-07-2112:17:15 Us=0,1V . . ;
T will be displayed:
Re = 0,00 kQ
@ Ug — voltage measured on PE,
tA=10ms Re — PE continuity.
t, = 0..300 ms
U.=250V . .
Selecting the u bar hides the
Uu=187V % IAnI 30 mA }v xlAn’ x1 }v menu.
f=50,0Hz ’ Y }v ’D }v
« %X | wW | B | =

ing the ﬁ icon.
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Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

MPI1-540 e MPI-540-PV — USER MANUAL



Additional information displayed by the meter

IN PROGRESS

Us>U,!
No UL-N!
READY!
L-N!
L-PE!
N-PE!
L<e>N
TEMPERATURE!
fl
PE!
ERROR!
U>500V!

VOLTAGE!

Measurement in progress.
The touch voltage exceeds a preset U, threshold value.

Lack of neutral lead that is necessary for Ian constant and
pulsed with direct current offset

The meter is ready for measurement.

U, voltage is incorrect for making a measurement.
U,.pe Voltage is incorrect for making a measurement.
Un-pe Voltage is incorrect for making a measurement.

Phase connected to N terminal instead of L terminal (for
example, exchange of L and N in the mains socket).

Maximum temperature of the meter is exceeded.
Network frequency is outside the range of 45...65 Hz.
PE conductor connected incorrectly.

Measurement error.

Before measurement, voltage at test terminals exceeds
500 V.

Voltage exceeded.
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3.8.4 Measurements in IT networks

Before performing measurements select the appropriate network type in the main menu (menu
Measurement settings, section 2.2.1).

C NOTE!

The manner of connecting the device to the installation is shown in Fig. 3.8 and Fig. 3.9.

After selecting an IT type network, the function of the contact electrode is inactive.

— 6o o o L1

= o= L2
— RCD = L3
: . . @00 o
CaiCousiCug ' PE
‘“L

Fig. 3.8 RCD measurement in the IT network. The circuit is closed by the parasitic capacitances

Cyx
— [e e o 0 L1
—— 0O L2
— RCD =4 L3
seesl

Fig. 3.9 RCD testing without the PE conductor

The manner in which the measurements of current and the RCD triggering time has been de-
scribed in section 3.8.2,3.8.3.
Operating voltage range: 95V ... 270 V.
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3.9 Automatic measurements of RCD parameters

The meter enables user to measure automatically RCD triggering time (t»), disconnection current
(la), contact voltage (Ug) and resistance-to-earth (Rg). In this mode, there is no need to trigger each
measurement by pressing START button. The role of the user is reduced to initiating the measure-
ment by single pressing START and switching RCD on after each tripping.

3.9.1 Setting automatic measurements of RCD parameters

HI._:
@ @ ' RCDuro  Select RCDauro.

@ U ® Select U and from then select the required measuring voltage from
the list.

1An 3tmA ¥ e Select the rated differential current of tested protection.
v

| D ® Select the type of tested protection.
@ - ® Select the parameters to be measured. Designations:

I tripping current

ta response time

+ current with increasing head is forced

- current with decreasing head is forced

x0.5/1/2/5 a multiplicity of RCD rated current, according to
IEC 61557-6

® Select the metering mode:

(a) full,
(b) standard.

n If full mode has been selected, select the type of tested protection.
RCD other than EV. There is no 6 mA DC module in this

type of device.

EV type RCD. Here there is a 6 mA DC module. In this sit-

uation, before the test it is necessary to:

e determine according to which standard the measure-

EV ment is to be carried out (sec. 2.2.1),

® determine the multiplication factor of the 6 mA DC dif-
ferential current (EV button). The test settings vary de-
pending on the selected standard.
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RCD other than the EV, which is protected by a RCM
(residual current monitoring device at 6 mA DC). In this sit-
uation, before the test it is necessary to:

e determine according to which standard the measure-
ment is to be carried out (sec. 2.2.1),

® tick RCM,

e determine the multiplication factor of the 6 mA DC dif-
ferential current (EV button). The test settings vary de-
pending on the selected standard.

N ﬁ If standard mode has been selected, set the shape of the testing cur-
rent. In this mode, RCD EV and RCM tests are unavailable.
3.9.2 Automatic measurement of RCDs
Connect the meter to the installation according to the drawing.

— ee0 0 L1
—_— 0 L2
— RCD = L3

(e oo ol N

PEN

@ HL: Select RCDAUTo.
]
@J RCDauto

@ Enter the measurement settings in accordance with section 3.9.1.

® o09:51:40 | 20181115 |

A RCD .o

o] )l | 2= @m® ¥ The meter is ready for measure-
) ment.

HERNE Live mode

: U — voltage between phase con-
U=2a10v IAn | 30 mA }' - ductor L and PE conductor

RCD
f=50,0Hz ’TF IﬁF

f — network frequency in the test-
UL = 25,0 Vv UL.pE =--V ’ UB =-—-V RE =-—0Q

ed circuit

-« U . 3
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@ Press START to start the meas-
urement.

® o9:53:25 | 201811415 | A -llll |oa% @y ¥ Tested RCD switch, must be
o] tumed on after each triggering,
measurements are completed.

L-PE!
‘ 17599 um ReD onto continue | O }' The progress of the measurement
is illustrated by progress bars:
UL = 25'0 V Measurement step 5/11: N tax1- qE - 0]01 kQ tOp _ progress Of the Ongoing
UL D ek U U measurement,
NU  t,x0,5+ Measuienentpogiess bottom — progress of the entire
AU ) x05- measurement sequence.

a3 A

N taxl+ t=50ms @ The sequence may be cancelled

“ ‘ U ‘ ‘ ‘ . ¢ at any time using icon
@ ® 09:54:39 | 20181115 | Worce| il |9+« @ ¢ Eventually, measured parameters
are displayed (sec. 391 step

@), and:

L-PE! 2018-11-15 09:54:26 U test voltage
Nty xl1- ta =20 LT !
~ tA x2+ tA -8 me 8 UL.re — voltage between L and PE,
A X A =©6ms Us — voltage measured on PE,
nNothx2- t=18ms @ Re — PE continuity.
N x5+ th=7Tms @
N ta x5- tha=17ms @@ The list of results may be scrolled
AV X" Ia =23,0mA @ on the screen.
N Ia- I, =258mA @ o
Symbols indicating correctness of
-« ‘ UL ‘ ‘ =] ‘ “ response
(©) criterion met
® o09:55:00 | 20181115 | "R -llll | o5 @) ¥ ® criterion not met
A ReD o

L-PE! 2018-11-15 09:54:26

1An 30 mA }'
RCD -
Em~e (O

UL = 25,0 \ UL.pE = 241,4\/’ UB = 0,2 \ RE = 0,01 kQ

For more information refer to Cri-
teria for assessing the cor-

rectness of component results.

Uu=191V
f=50,0 Hz

N tax05+ t. >300ms ()
« | ou 8 8

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

ing the ﬁ icon.
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e Ug and Re are always measured.

® The measurement of Ug, Re is always performed with sinusoidal current 0.4 |4, re-
gardless of the settings concerning waveform and multiplication factor Ip.

e Automatic measurement is interrupted in the following cases:

the switch was tripped during the measurement of Ug, Re or ta at the half value of lap,

the switch did not trip during other component measurements,

the value of pre-set voltage U, has been exceeded,

voltage was disconnected during one of the component measurements,

values Re and mains voltage did not allow to generate the required current value for
one of component measurements.

® The meter automatically skips the measurements impossible to perform, e.g. when the
value of selected current |5, and its multiplicity exceed the testing range of the meter.

Criteria for assessing the correctness of component results

Parameter
A,

AN
ladn

VAW,
lanA

ta at 0.5 lan

taatllan

ta at 2 lan

ta at 5 lan

taatllan
taat 2 lan
taatslan
taatllan
taat 2 Ian
taat5lan

taat 1 lan
taat 10 lan
taat 33 Ian

taat 50 lan

Assessment criterion

051am<S1a<1 a0

0.351an S 1A <2 Ipn

0.351Im<S 1A 1.4 a0

051an<S1a<2 a0

3mMA<IA<6mMA

ta — rcd

ta <300 ms

ta <150 ms

ta <40 ms

130 ms <ta <500 ms
60 ms <ty £200 ms
50 ms <ty <150 ms
10 ms < t, <300 ms
10 ms £ta <150 ms
10ms=sta<40ms

ta<10s
ta <300 ms
ta <100 ms

ta <40 ms

Notes

for Ixn = 10 mA

for other I,

for 6 mA RCD and RCM
(acc. to IEC 62955 and IEC 62752)

= for all types of RCD

= for AC module of RCD
= for general purpose RCDs
= for AC module of RCD

= for general purpose RCDs
= for AC module of RCD

= for general purpose RCDs D
= for AC module of RCD

for selective RCDs
for selective RCDs
for selective RCDs
for short-time delay RCDs
for short-time delay RCDs
for short-time delay RCDs

for 6 mA RCD and RCM
(Is = 6 mA acc. to IEC 62955 and IEC 62752)

for 6 mA RCD [EV| and RCM
(la =60 mA acc. to IEC 62955 and IEC 62752)

for 6 mA RCD |[£¥] and RCM
(Ia = 200 mA acc. to IEC 62955)

for 6 mA RCD [EV| and RCM
(Ia = 300 mA acc. to IEC 62752)
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Additional information displayed by the meter

IN PROGRESS

Us>UL!
No UL-N!

L-N!
L-PE!
N-PE!

L<e>N
TEMPERATURE!
fi
PE!
ERROR!
U>500V!
VOLTAGE!

Measurement in progress.
The touch voltage exceeds a preset U, threshold value.

Lack of neutral lead that is necessary for Ian constant and
pulsed with direct current offset

The meter is ready for measurement.
U, voltage is incorrect for making a measurement.
U,.pe Voltage is incorrect for making a measurement.

Un-pe Voltage is incorrect for making a measurement.

Phase connected to N terminal instead of L terminal (for exam-
ple, exchange of L and N in the mains socket).

Maximum temperature of the meter is exceeded.

Network frequency is outside the range of 45...65 Hz.

PE conductor connected incorrectly.

Measurement error.

Before measurement, voltage at test terminals exceeds 500 V.

Voltage exceeded.
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3.10 Insulation resistance

A\

3.10.1 Settings of measurements

® 9’ R

WARNING

The tested object must not be live.

® 12:54:35 | 2018-07-21 | N | -llll | 100 EER ¥
H Roaw [©)
Riso Ln-pE= - Q Uiso Ln-pe= -~ V
Riso min
5,00 MQ
ve1v = H R, [Era I wofoov [ o ‘
« | | | 8
@ ® 12:55:22 | 2018-07-21 | N | ..“I | 100% EER ¥
A Roow
RISO = --- Q Risomin
—Q
‘ U=1v == H (07 ﬁ Un| 50V }
« | \ \ 8
@ ® 125604 | 2018-07-21 | N .llll | 100% @R ¥
A Reo3w
Riso Ln-pe= - Q Uiso n-pe= -V
Riso min
5,00 MQ
U=1v mm= H x (L+N)(PE) ﬁ Unysuv } ®m ‘
ey
——— ‘
Py (L+N)(PE) ‘ ‘ #
LD

82

Select item Rso.

Connect the meter probe or the
adapter which the measurements
will be performed with.

Touch the drop down menu to set
the measuring mode.

Positions will vary depending on
whether the following have been
connected to the meter:

(a) probes,
(b) UNI-Schuko adapter,
(c) AutolSO-1000c adapter

If separate leads with probes
have been connected to the me-
ter, select the required option
from the menu:

= single measurement mode —
the measurement continues on-
ly when the user holds the
START button,

continuous measurement
mode — the measurement is
triggered by a short press of the
START button and ends when
START is pressed again.

If UNI-Schuko adapter has been
connected to the meter, select the
required option from the menu:
= (L)(PE)(N) - if the phase
conductor on the left relative
to the socket protective pin,
= (N)(PE)(L) — if the phase
conductor on the right rela-
tive to the socket protective
pin,
= (L+N)(PE) — shorted L and N
conductors, measurement to
PE (simplified method).
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® 12:56:59 | 2018-07-21 |

 Rw
Risor112 = Q
RisoL1-13 = -0
Risorz13 = Q
RisoLin =--Q

N |l | 100 % If AutolSO adapter has been
@) connected to the meter, select the
required option from the menu:

A = 3 wires — measuring a 3-
Usortiz=-—V I core cable,

UsoLia=-—V = 4 wires — measuring a 4-
Usorz213 ==V Riso min core cable,

UsoLin ===V -0 = 5 wires — measuring a 5-
core cable.

vrvon | R [ e[ ol

3 wires

¢ |

® 12:54:35 | 2018-07-21 |

D=l R

N | 0l |0« @@ % Touch the drop down menu to set

# Reaw @) the measuring voltage Un.
Riso n-pe= - Q Uiso Ln-pe= == V

Riso min
5,00 MQ
u=1v == H x (L+N)(PE) }v Un| 50 ®m ‘

® 12:58:56 | 2018-07-21 |

H Awaw

Riso Ln-pe= -~ Q

f

R | .'|l||mu%‘y" Select the required measuring
©) voltage from the list.

READY!

Uiso Ln-pe= - V

Riso min

5,00 MQ

100V

« |

® 12:59:24 | 2018-07-21 |

ﬁ Risa 3W

Riso Ln-pE= === O

250V
‘
K | _'||| | w0 @@ ¥ Set the measurement duration
@) using the icon. After the selection

has been made, it will display the

READY! set value.

Uiso Ln-pe= ==V

Riso min

5,00 MQ

u=1v == ‘\ |(L+N)(PE) }v UnESUDV_} ®©

« |

| | o
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@ @ 12:59:38 | 20180721 | M .llll | 100 ¥ Available options

= Auto — the meter automati-
cally selects measurement
duration depending on the

REANVI
Time settings

Riso Ln-pE= === capacity of the object meas-
ured
Riso min - 30s
500Mn = 60s
= Custom — manual setting of
p— o time within the range of
o ‘ ] 1..60's
« | | | 8
e © 13:00.:2|1o|u-u7-2|| ] | .|||I |1nnx ¥ If the Custom option has been

selected, entr he required me.

Riso Ln-pe= ===

Riso min

5,00 MQ

“ T Limit
« | | | o
@ .|3| Delete the previous time value
and enter a new one from the
range of 1...60 s.
Functions of icons
reject changes and exit to the
| -— . previous screen
v accept changes
o |v)
(il
Range: 1-60 L] I E J »
@ ® 13:01:03 | 2018-07-21 | N -IlII |00« @@mm ¥ Description of function icons

Ok ~ accept selection
Cancel - reject changes

REANVI
Time settings

Riso Ln-pE= ==~
@l Custom }v RISO NN
® 5,00 MO
vy = | v\ Qo
¢ | | | o8
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® 13:01:28 | 2018-07-21 |

A Ro3w @
READY!
Riso Ln-pe= -~ Q Uiso Ln-pe= - V
Risqmlin
5,00M1Q
U=1v == H ‘ ’(L-rN)(F'E) }v Un’ 500V }v ®m ‘
« | | | 8
@l » @
@ mo
/) GQ
e | # s % & x|y
1l2]ala]ls]e]7z]ls]|o]o]f- ~— .
Tab a|lwl|e|nr ale T2
Caps Lock I K -l | v
i z B | 1S *
Range: 0,0 MQ - 2000,0 MO T L 3 T

® 13:05:58 | 2018-07-21 |

N | il oo« @@ ¥ 4@ returning

A Reodw @
READY!
Riso Ln-pe= - Q Uiso n-pe= -V

Riso min
5,00 MQ

U=1v mm= H x ’(L+N)(F‘E) I" Un’500v }v ®m ‘

. | | |

MPI1-540 e MPI-540-PV — USER MANUAL
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N | .l |00« @@  Select Limit to set the acceptable

insulation resistance criterion.

e Select unit.

® Delete the previous value and
enter a new one. Ranges:
= kQ: 0...2 000 000,
= MQ: 0.0...2000.0,
= GQ: 0.000...2.000.

Functions of icons
rejecting changes and exit to
the previous screen

v+ accepting changes

to the previous
screen

ﬂ‘ going to the main menu
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3.10.2 Measurement using probes

i: WARNING
e During measurements of insulation resistance, dangerous voltage up to 1 kV
occurs at the ends of test leads of the meter.
e |t is forbidden to disconnect test leads before the measurement is completed.

Failure to obey the above instruction will lead to_electric shock with high volt-
age and make it impossible to discharge the tested object.

Select item Riso to call up the
measurement menu.

Connect the probes to the meter.

@ Enter the measurement settings in accordance with section 3.10.1.

OF &—m—

Connect test leads according to
the drawing.

@ Trigger the measurement.
= single measurement mode —
the measurement continues on-
ly when the user holds the
START button,

C continuous  measurement
mode — the measurement is
triggered by a short press of the
START button and ends when
START is pressed again.

During the measurement the
H.V./REC/CONT. diode is lit in
orange.
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©® 1376:03 | 2018-07-21 | N | -IlII | w0 @) ¥ Read the measurement result.

A ro2w
A
\\J
Riso = 102,2 MQ Risomm
5,00 MQ
‘. Uso =53V H @.’T Unli ‘
“ #

Signal lights for reaching the limit
(section 3.10.1 step @)
(© the result is within the set
limit
®) the result is outside the set
limit
(=) assessment not possible

If continuous measurement has
been selected (icon C ), the
measurement can be stopped by

selecting the “ icon.

® The meter emits a continuous audio signal until test voltage reaches 90% of the pre-
set value (and also when 110% of the preset value is exceeded).

e After completion of measurement, the capacitance of the object tested is discharged
by shorting Riso+ and Riso— terminals with resistance of 100 kQ.

Additional information displayed by the meter

READY! The meter is ready for measurement.
IN PROGRESS Measurement in progress.
‘ Too high voltage detected on terminals of the meter. Dis-
connects the terminals from the test object.
Interference voltage occurs on the tested object. Meas-
NOISE! urement is possible but may be burdened with additional
uncertainty.

Current limit tripped. The symbol displayed during the
measurement is accompanied by a continuous beep. Ifit is
LIMIT! displayed after the measurement, it means that the meas-
urement result was obtained during operation with a cur-
rent limiting device (e.g. short circuit on the test object).
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3.10.3 Measurements using UNI-Schuko adapter (WS-03 and WS-04)

i: WARNING
e During measurements of insulation resistance, dangerous voltage up to 500 V
occurs at the ends of test leads of the meter.
e |t is forbidden to disconnect test leads before the measurement is completed.
Failure to obey the above instruction will lead to_electric shock with high volt-
age and make it impossible to discharge the tested object.

@ » Select item Riso, to call up the
’ Riso measurement menu.

Connect WS-03 adapter or
WS-04 adapter with UNI-Schuko
outlet plug.

The meter detects this fact auto-
matically and changes the ap-
pearance of the screen.

i ;
CAT IV a0y
AT I

500 v =)

Connect the adapter to the test
socket.
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® 131754 | 20180721 | N | .llll | 100% EEERy ¥
A IN PROGRESS

RisoLn =--0Q UsoLn =--V

Risonpe = - RisoLw = 101,9 MO ®s/13s Riso min

RisoL-pe = -

5,00 MQ
‘ Uiso =53V ‘ %’ v Un’ v ® ‘
- b1 §

@ ® 131831 | 20180721 | N | -llll | 100% EEER ¥

A Reo3w

Press START to start measure-
ment.

If any of the voltages exceeds al-
lowable voltage value (50 V), Ob-
ject under voltage message is
displayed and the measurement
is blocked.

During the measurement the
H.V./REC/CONT. diode is lit in
orange.

View of the screen during meas-
urement.

The display shows the symbol of
the resistance being measured
and the progress bar of this
measurement.

The progress bar indicates the
status of the measurement.

The measurement may be can-
celled at any time using the

icon.

Read out the results.

Signal lights for reaching the limit

2018-07-211318:29 (goction 3.7.1 step @)_

Rsorn =101,9MaUson =53V @ | @
Rison-pe >250 MQ  Uisonpe =53V

R
Riso-pe >250MQ  Uisorpe =53V SO MIN
5,00 MQ
ustv H & [weaw fr un[sov v o ‘
. g Py

(® the result is within the set
limit

@ the result is outside the set
limit

@ assessment not possible

Additional signal lights for each of
the measured lead pairs

noise — too strong interfer-
ence signal recorded

£74 limit — measurement taken
at inverter current limit (e.g.
short circuit in the test ob-
ject)

Save the measurement to the meter memory using the | icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

ing the ﬁ icon.
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® The meter emits a continuous audio signal until test voltage reaches 90% of the pre-
set value (and also when 110% of the preset value is exceeded).

e After completion of measurement, the capacitance of the object tested is discharged
by shorting Riso+ and Riso— terminals with resistance of 100 kQ.

Additional information displayed by the meter

READY! The meter is ready for measurement.
IN PROGRESS Measurement in progress.
/ﬁ\ Too high voltage detected on terminals of the meter. Dis-
connects the terminals from the test object.
Interference voltage occurs on the tested object. Meas-
O urement is possible but may be burdened with additional

uncertainty.

Current limit tripped. The symbol displayed during the
measurement is accompanied by a continuous beep. Ifit is
£ displayed after the measurement, it means that the meas-
urement result was obtained during operation with a cur-
rent limiting device (e.g. short circuit in the test object).
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3.10.4 Measurements using AutolS0O-1000c

: : WARNING

e During measurements of insulation resistance, dangerous voltage up to 1 kV
occurs at the ends of test leads of the meter.
e |t is forbidden to disconnect test leads before the measurement is completed.

Failure to obey the above instruction will lead to_electric shock with high volt-
age and make it impossible to discharge the tested object.

» Select item Riso, to call up the
") Riso measurement screen.

Connect AutolSO-1000c adapt-
er.

® O

The meter detects this fact auto-
matically and changes the ap-
pearance of the screen.

@ Enter the measurement settings in accordance with section 3.10.1.

©® 132040 | 2018-07-21 | N | ..||| | 100« @@ ¥ The meter is ready for measure-
.

Live mode

Riso 1.2 = — Q Uiso L1tz = - V ' U — interference voltage
E'SO s m g 3'50 b= x Risowmn | Description of function icons

SOzt = 1SoLzLs = scrolling down the list of
Risouin =--—-Q UsoLin =V 5ka measurements

; m - . lling up the list of meas-
Uu=ov N ‘ ‘ 5wires $¥ Un|50V vy ® Limit ‘ @ scro
% | bl v } urements
- ¥ [#] #
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Connect AutolSO-1000c adapter
to the lead tested.

Press START to start measure-
ment.

During the measurement the
H.V./REC/CONT. diode is lit in
orange.

If any of the voltages exceeds al-
lowable voltage value (50 V),
Object under voltage message
is displayed and the measure-
ment is blocked.

First, checking of voltages on
particular pairs of wires is per-
formed.

If any of the voltages exceeds al-
lowable voltage, the symbol of
this voltage is displayed (e.g.
VOLTAGE! L1PE), and the
measurement is interrupted.

©® 13214 | 20180721 | N | ..||| | 100« @@ ¥ View of the screen during meas-
A The display shows the symbol of
play Y|
the resistance being measured
RisoL1-2 =~ Q Uisori-i2 = -V .
R'SO R 150112 l and the progress bar of this
IS0 L1-L3 = ==~ RisoL115 > 250 MO Risomiy| Measurement.
RisoL2-13 = “
Risouin =1 USOLIN = V 5kQ The bar shows % of progress of
total measurement.
‘ Usso = 54V ‘ &’ v Unl v ® ‘
The measurement may be can-
- 0 0 pe celled at any time using the

icon.
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®

® 1321:50 | 20180721 |

L L

N | il |00« @@ % Read out the results.

Signal lights for reaching the limit

2018072115219 (g0 ction 3.7.1 step @)
Riso11-2>250 MQ  Uisor12= 53V @ I @ (©) the result is within the set
RisoL113>250 MQ  Uisor13 =53V @ R limit
Risor213>250 MQ  Uiso123= 53V @ SO MIN ® the result is outside the set
Risouin >250MQ  Usoin =53V ¢ @ 5kQ limit

b0y A Hgysm & wle b ol ‘

assessment not possible

Additional signal lights for each of

- ‘ ®

® 13:22:27 | 2018-07-21 |

s

[#]

#

the measured lead pairs

@ noise — too strong interfer-
ence signal recorded

£74 limit — measurement taken
at inverter current limit (e.g.
short circuit in the test ob-
ject)

N | il 1o« @@ % Using the slider or icons |E||E|
@) scroll the screen to read other

2018-07-21 13:21:39

Riso L1-pE > 250 MQ
Riso L2-pe > 250 MQ
Riso L3-pe > 250 MQ
Rison-pE > 250 MQ

UisoL1-pe= 53 V
Uiso L2-pe= 53 V
Uisospe= 53V
Uisonpe =53V

©

Riso min

5kQ

b0V A H%yswm SRR o ‘

- ‘ [®

(#]

=

f

measurement results.

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

ing the ﬁ icon.

® The meter emits a continuous audio signal until test voltage reaches 90% of the pre-
set value (and also when 110% of the preset value is exceeded).

e After completion of measurement, the capacitance of the object tested is discharged
by shorting Riso+ and R;so— terminals with resistance of 100 kQ.
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Additional information displayed by the meter

READY!
IN PROGRESS

A
@

The meter is ready for measurement.

Measurement in progress.

Too high voltage detected on terminals of the meter. Dis-
connects the terminals from the test object.

Interference voltage occurs on the tested object. Meas-
urement is possible but may be burdened with additional
uncertainty.

Current limit tripped. The symbol displayed during the
measurement is accompanied by a continuous beep. If it is
displayed after the measurement, it means that the meas-
urement result was obtained during operation with a cur-
rent limiting device (e.g. short circuit in the test object).
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3.11 Low-voltage resistance measurement

3.11.1 Resistance measurement

@ Select item Ry, to call up the
‘ ! Ry measurement screen.

® 13:37.07 | 2018-07-21 | N | 0l |00+ @mm ¢ Select Autozero to eliminate the
resistance oftest leads,
IN PROGRESS

Rx > Jp99 Q

‘ . Autozero ‘

« | | | o
® 13:37:47 | 2018-07-21 | N | ..||I | 100+ @@ ¥ Follow the on-screen prompts.
# =~

Description of function icons

IN DDNRDECS v lecti
— ] AUTOZERO y es — accept selection

s : No — cancels the action
To eliminate wire

resistance short-

cirgfjit its ; After selecting Yes the meter will
s give the result reduced by the

resistance of test leads.

p— lvves‘ xNoli
| |

o | | ot

To disable compensation of the

‘ Q I resistance of leads, repeat steps

— s with open test leads.

Then the measurement result will

contain the resistance of test
leads.
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® 134112 | 20180721 | N | ..||| |00 @@ ¥ The meter is ready for measure-
ment

IN PROGRESS

Rx >1999 O

‘ Autozero

H ——
@ —— e Connect the meter to the tested
object.

® Measurement starts automati-
cally.

e During the measurement the
H.V./REC/CONT. diode is lit
green and a sound signal is
emitted.

@ ® 13:41:39 | 2018-07-21 | N | -llll | 100« @@ ¥ Read out the result.
L ©)

IN PROGRESS

‘ Autozero ‘

« | | | B

C NOTE!
Display of symbols A VOLTAGE! indicates that the tested object is live. The meas-

urement is blocked. The meter must be immediately disconnected from the object.
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e |f the Autozero option was not deselected, (steps @), the meter invariably
reduces the measurement result by the resistance of the previously connected test
leads. Therefore, for each change of the leads, the Autozero procedure must be re-
peated.

® The correction factor is also remembered after restarting the function and/or the meter.

o |f the test leads have been changed to such of a lower resistance than the previous
ones but the Autozero procedure has not been performed, the meter will under-
state the value of the measurement. In extreme cases, the meter may indicate a
negative resistance. Similarly, greater resistance of the leads causes an overstat-
ed result of the measurements.

® Maximum compensation of test leads resistance (Autozero) equals 500 Q.

Additional information displayed by the meter

IN PROGRESS Measurement in progress

VOLTAGE! Incorrect voltage on object.

Interference voltage occurs on the tested object. The meas-
NOISE! urement is possible however it will be burdened with addi-
tional uncertainty that is specified in the technical data.
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3.11.2 Measurement of resistance of protective conductors and equipoten-
tial bonding with #200 mA current

® )
% RCONT

© 13:42:47 | 2018-07-21 |

A Ron

N |t oo @ ¥
®

Rcont max = - Q
|
« | | 8

@ 13:43:12 | 2018-07-21 I

N X

f Ao
DEANVI

_———] AUTOZERO |

To eliminate wire

resistance short-

R — circuit its
=i endings and

press YES. DNT MAX = === 0

| RAE | —
. Autozero onit

Select item Rconr, to call up the
measurement screen.

In order to eliminate the impact of
the resistance of test leads on
measurement result, the com-
pensation (autozeroing) of re-
sistance may be performed. For
this purpose, select Autozero.

Follow the on-screen prompts.

Description of function icons
Yes — accept selection
No — cancels the action

After selecting Yes the meter will
measure resistance of test leads
3 times. Then it will give the re-
sult reduced by this resistance.
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@ © 13:43:39 | 20180721 | N | .l |- @@ ¢ To disable compensation of the

resistance of leads, repeat steps
with open test leads. Then
@ with op

the measurement result will con-
’ tain the resistance of test

leads.
R Measurement progress
SRDRORRNRSGER 1]
P O
« | | | 8
@ © 134403 | 2018.07-21 | N | 0l oo+ @mm ¢ Set the acceptable limit re-

A Row

@) sistance of the measured object.

READY! 2018-07-21 13:43:59

R=-0,000Q

‘ Autozero

@ ] Using the on-screen keyboard
delete the existing value and en-
ter the required one.

Range: 0...400 Q

7777777777 Functions of icons
|;|7|7|7|7777L|L‘ - ‘ ~— . .reject changes and exit to the

Tab y |w | E | R y o [ p | L) previous screen
v accept changes

Range: 0 - 400 ‘ « | 9 | » ‘
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@ @© 134453 | 20180721 | N | il |- @@ ¢ The meter is ready for
measurement

READY! 2018-07-21 13:43:59

R=-0,000Q

Rcontmax = 1,00 Q

T TR

e Connect the meter to the tested
object.

~ e Measurement starts automati-

cally.

@ @© 134616 | 2018.07-21 | N | 0l |10« @@ ¥ Read the measurement result.
A Ron
The result is the arithmetic mean
2018-07-2113:46:14 of the values of two measure-
ments at a current of 200 mA with
@ opposite polarities Rr and Rg.
R=0,35Q = _ Re +Rg
Rcontmax = 1,00 Q 2
T ) stmal_iohs_for_the i
(step @)
- | | | = | “ @ the result is within the set
limit
@ the result is outside the set
limit

@ assessment not possible

After selecting the bar n on the

right side, a menu will slide out
with additional measurement re-
sults.
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N | il o« @@ ¥ Re — result obtained for a posi-

@) tive polarity of the measuring cur-
. rent

Rr — result obtained for a nega-

tive polarity of the measuring cur-

rent

® 13:46:32 | 2018-07-21 |

A Reon

Noise
Rg=0,310Q
R=0,390

READY! 2018-07-21 13:46:14

Rcontmax = 1,00 Q

= |

« d - §

R=0,350Q
Selecting the u bar hides the
menu.

Save the measurement to the meter memory using the E icon. A detailed description of
memory management is contained in section 6.1.3. The last measurement can be recalled us-

ing the g icon.

@ Press the START button in order
to start the next measurement

without disconnecting test leads

from the object and proceed to

step .

C NOTE!

Display of symbols ‘ VOLTAGE! indicates that the tested object is live. The meas-
urement is blocked. The meter must be immediately disconnected from the object.

e |f the Autozero option was not deselected, (steps @), the meter invariably
reduces the measurement result by the resistance of the connected test leads.
Then, for each change of the leads, the Autozero procedure must be repeated.

® The correction factor is also remembered after restarting the function and/or the meter.

o |f the test leads have been changed to such of a lower resistance than the previous
ones but the Autozero procedure has not been performed, the meter will under-
state the value of the measurement. In extreme cases, the meter may indicate a
negative resistance. Similarly, greater resistance of the leads causes an overstat-
ed result of the measurements.

e Maximum compensation of test leads resistance (Autozero) equals 500 Q.

Additional information displayed by the meter

The meter is ready for measurement.
Measurement in progress.
VOLTAGE! Too high voltage on the tested object.
Interference voltage occurs on the tested object. The meas-
NOISE! urement is possible however it will be burdened with addi-

tional uncertainty that is specified in the technical data.
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3.12 Phase sequence

@ ( Select item Phase sequence, to
) 1-2-3 call up the measurement screen.
Yr

@ Connect the meter to the installation according to the drawing.

— L1
L2
L3
N
r )
® 135529 | 2018-07-21 | N | -llll | 100 ¥ The meter ready for testing.

4} Phase sequence

Uti12, Uiaas, Ul

values of phase-to-phase voltag-
es
Uisiz =118, ¥
U13=141,8V signalling the presence of indi-
Uis.s = 1387V vidual phases
Sl | o
@ @ 1357229 | 20180721 | § | il |- @@ ¥ The phase sequence is correct ,

Le. the phase sequence is i

clockwise direction.
IN PROGRESS

‘ U|_1_L2= ]09,3\/
' UL2-L3 = 120,4 V
UL3-L'I = 149,0 V

« | | | o
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® 13:58:39 I 2018-07-21 I

)

N | Ml |0« @® ¥ The phase sequence is incor-

P Phase sequence @) rect, i.e. the phase sequence is
in anticlockwise direction.
ULI-LZ = 149,3 \'
ULQ.La = 125,8 \'
\ UL3.|_1 = 138,9 \'

3.13 Motor rotation direction
® @ U-V-W

@ 14:03:12 | 2018-07-21 ]

Select item Motor rotations, to
call up the measurement
screen.

Nl oo % The meter ready for testing.
©)

A Engine spin
IN PROGRESS
UU ===
UV = =
Uw =i
: | | #

MPI1-540 e MPI-540-PV — USER MANUAL

® Connect the meter to the mo-
tor according to the drawing,
i.e. U terminal do input L1, V
to L2, Wto L3.

® Vigorously rotate the motor
shaft to the right.

103



@ ® 140318 | 2018-07-21 | N -llll [ 1002 ¥ Arrows on the screen rotating

to the right mean that the mo-
tor connected to a 3-phase
network will rotate the shaft to
the right.

Uy=13,1V

Uy=48,6V

Uy =260V

s | | #

® 140812 | 2018-07-21 |

Nl |00 ¥ Arrows on the screen rotating

()

10 the left mean that the motor
connected to a 3-phase net-
work will rotate the shaft to the
left.

Uy=131V

Uy=48,6V

Uy =260V

« | | | #

e Do not move the test leads during the test.

e Moving disconnected test leads, may induce voltages that result in indicating the di-
rection of rotation.
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3.14 Illuminance

Range: 0 - 20000

® 1anz54 | 2018-07-21 |

ﬂ Luxmeter

Select item Lux to call up the
measurement screen.

Connect the optical probe.

® Select Limit to set the criteri-
on of minimum illuminance.

® Select unit.
® Delete the previous value and

enter a new one from the
range of 0...20 000 Ix.

Functions of icons

.reject changes and exit to
the previous screen

v accept changes

N | 0l |- @@ ¢ The meter is ready for light

(©)

measurement.

Live mode

E=-fc

Emin = 300 Ix

E [Ix] — illumination expressed
in lux (Im/m?)

E [fc] — illumination expressed
in Im/ft? (lumen per square
foot)

Emn — limit set in steps
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@ Place the probe in the test work

plane.
@ ® 1413110 | 2018-07-21 | N | -llll | 100« @@ ¥ Read out the result.
Signal lights for the limit (step
©)

@ (¥) the result is within the set

limit
E =496 IX E=46,0fc (®) the result is outside the set

EMIN =300 Ix limit

() assessment not possible

« | | N

@ Save the measurement to the meter memory using the | icon. A detailed description of
memory management is contained in section 6.1.3.

3.15 Resistance-to-earth (PV)

é’ﬁ R Connect the measuring system. The measurement is performed similarly as
. e in section 3.6.

106 MPI1-540 e MPI-540-PV — USER MANUAL



3.16 Insulation resistance (PV)

WARNING
e During measurements of insulation resistance, dangerous voltage up to 1 kV
occurs at the ends of test leads of the meter.
e |t is forbidden to disconnect test leads before the measurement is completed.
Failure to obey the above instruction will lead to_electric shock with high volt-
age and make it impossible to discharge the tested object.

P The measurement is performed similarly as in sec. 3.10. Measure the insu-
f’ Riso PV lation resistance between the positive pole (DC+) and grounding, as well as
between the negative pole (DC-) and grounding. For this purpose:
e connect the grounding with R;so. socket of the meter, connect DC+ line
with Riso+ meter, select Riso. method in the instrument and start the
measurement,

e connect DC- line with R;so: socket, select Riso. method in the instrument
and start the measurement.

After selecting the bar n
on the right side, a menu
will slide out with additional
13 Mmeasurement results.

Uso L~ — measurement
voltage

Selecting the u bar hides

the menu.
3.17 Continuity of connections (PV)
».| R Connect the measuring system. The measurement is performed similarly as
SO, in sec. 3.11.2.
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w

18 Open circuit DC voltage Uoc

C Select item Ugc to call up the meas-
urement screen.

4
lf'// Uqgc

Turn off the inverter or disconnect it

from the tested object. Connect the

meter to the chain of PV modules using

PVM-1 adapter and adapters of MC4

connectors The following parameters

will be measured:

Uoc — open circuit voltage,

Uoc:stc — open circuit voltage after
conversion to STC* conditions,

AUqc — difference in open circuit volt-
age (measured and converted to
STC conditions) and the same volt-
age declared by the producer of the
panel, also converted to STC condi-
tions.

® ©

ZLK S

*STC (Standard Test Conditions) — reference

WARNING conditions, for which the manufacturer pro-
Do not disconnect MC4 connectors when the load cur-  vides all the parameters of the modules.

rent of working inverter flows through them. This may
cause arcing and danger to the user!

@ o8:17:34 | 2020-07-10 | il s6cB e | -I“I | 100% ¥ Enter the test parameters:
A\ Open circut votage ) Ta—ambient temperature, if the source
of temperature measurement = air
(sec. 2.2.1),
Ugc=--V Tepy — module temperature, if the
source of temperature measurement
Uoc:ste =V Uoc:stem = 20,00 V = module (sec. 2.2.1),

E —irradiance
-9 Ao =1 % - e,
AUgc =---% oA Limit — setting of AUoc wax values,

- . — M — photovoltaic module selected from
& ? _.J . .- I the meter database (sec. 2.2.3).
1=—A

M 170 [« (ORI enotov-100
In addition, the screen displays the fol-
- # lowing:

Uoc:ster) — Open circuit voltage in STC

conditions, declared by the manufac-
Parameters Ta, Tpv, E come from the irradiance meter, ifitis  ,rar
connected to the meter. See also sec. 3.22. ! —
AUOC MAX — limit AUoc set.

@ Press START to start the measure-
ment.
@ Signal lights for the limit (step @) After selecting n bar, a pop-up menu is displayed
(©) the result is within the set limit on the right side of the screen, containing the pa-
. - o rameters of the measured PV object.
@®) the result is outside the set limit M — number of modules in series,

() assessment not possible N — number of modules connected in parallel,
Tpev — temperature of the module.
Selecting the u bar hides the menu.
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3.19 Short circuit DC current lIsc

@ (o Select item Isc, to call up the measure-
‘g lsc ment screen. Then reset the clamp

(sec. 3.21).

Turn off the inverter or disconnect it from

the tested object. Connect the meter to the

chain of PV modules using PVM-1 adapter
and adapters of MC4 connectors The fol-
lowing parameters will be measured:

Isc — short-circuit current

Isc:stc — short circuit current after conver-
sion for STC* conditions,

Alsc — difference of short-circuit current
(measured and converted to STC con-
ditions) and the same current declared
by the producer of the panel, also con-
verted to STC.

*STC (Standard Test Conditions) — reference condi-

tions, for which the manufacturer provides all the
parameters of the modules.

ZLEC

WARNING

Do not disconnect MC4 connectors when the load cur-
rent of working inverter flows through them. This may
cause arcing and danger to the user!

® 081814 | 20200710 | FE -Il“ | w0~ @@y % Enter the test parameters:
T — ol Ta — ambient temperature, if the source
temperature measurement = air (sec.
2.2.1),
lsc=--—-A U Tev — module temperature, if the source of
temperature measurement = module
Isc.stc = == A Iscstem = - A (sec. 2.2.1),

E —irradiance
=n© Al e = = % . o
Algc = % S Limit — setting of Alsc wax values,

020 un _ " M — photovoltaic module selected from

A ° Li

— v — . - ¢ , — the meter database (sec. 2.2.3).
e

In addition, the screen displays the follow-

* ing:
Isc:stcry — short-circuit current in STC
conditions, as declared by the manu-
Parameters Ta, Tey, E come from the irradiance meter, if it is facturer
connected to the meter. See also sec. 3.22. oo
Alsc max — limit Alsc set.

@ If necessary, reset the clamps again.
Press START to start the measure-
ment.

@ Signal lights for the limit (step @1 After selecting n bar, a pop-up menu is displayed on

@ the result is within the set limit the right side of the screen, containing the parameters
() the result is outside the set limit of the measured PV object.

. M — number of modules in series,
() assessment not possible N — number of modules connected in parallel,

Teyv — temperature of the module.
Selecting the u bar hides the menu.
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3.20 Test of the inverter panel n, P, |

@® os:18:44 | 2020-07-10 |

il 3scm e | nIlII | 100+ IR ¥

READY!

i = == %
na= %

. b >

Select item n, P, I, to call up the
measurement screen. Then reset the
clamps (sec. 3.21).

Connect the meter to the tested ob-
ject. The following parameters will
measured:

® at the inverter input (DC)
® at the inverter output (AC).

<« In the case of 3-phase inverter,
the measurement is made assuming
the symmetry of the output currents
and voltages on the AC side.

You may use 5% icon, to select the

data presented on the screen.

= currents at input (Ipc) and output
(Iac),

= power values at input (Ppc) and
output (Pac),

= inverter efficiency (nm) and the dif-
ference between the efficiencies
of the inverter: measured and de-
clared by the manufacturer (ng).

Select Limit, to set the criterion of the
maximum difference between the effi-
ciencies of the inverter: measured and
declared by the manufacturer.

If necessary, reset the clamp again.
Use icon » to go to the measure-

ment configuration. See sec. 3.20.1,
3.20.2.
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®

@ Signal lights for the limit (step @1

Press START. The live mode readings will be
captured and displayed in the main screen.

After selecting the bar [l&J on the right side, a
menu will slide out with additional measure-

® the result is within the set limit
® the result is outside the set limit
(=) assessment not possible

ment results.

nm — the efficiency value of the inverter as the
ratio of the active power of AC side to active
power of DC side

Nnom — efficiency of the inverter declared by
the manufacturer

n« — difference between the efficiencies of the
inverter: measured and declared by the
manufacturer

Uac — voltage measured on AC side

Upc — voltage measured on DC side

Iac — current measured on AC side

Ioc — current measured on DC side

Selecting the u bar hides the menu.

3.20.1 Measurement configuration

@© o07:31:05 | 2020-01-28 |

‘ZH @ | ﬂ F-x | w 3.?GBfree|&\?| i

# Inverter measurement configuration - 2020-01-28 07_31_01_inverter* @
Mains system Manufacturer efficiency Frequency
¥+ 5000 ‘A ‘ 50Hz v ‘

. DC clamps type AC clamps type

‘ C-PV 40A "" ‘ C-5(A) ""

‘ Single phase, DC + 1-P 24 ‘

W

© « o = L |

Fig. 3.10. Configuration screen of inverter efficiency measurement
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Set the parameters of the tested inverter on the displayed configuration screen:
Mains system — there are two types to choose from:

o

Single phase, DC + 1-P

Select this system type for inverters with single-phase AC output. The screen will

show a simplified diagram of the meter connection to the tested circuit:

e DC+ voltage input of the inverter must be connected to L2 input of the meter

e DC- input of the inverter must be connected to L3 input,

e AC voltage side of the inverter must be connected to inputs: L1 (phase wire)
and N (neutral wire),

e current of DC side of the inverter is measured with DC clamps connected to 11
input of the clamps.

It is necessary to use clamps for DC measurements

e current of AC side of the inverter is measured with clamps connected to 12 in-

put of the meter. The user may specify any type of clamps compatible with the
meter.

Three phase, DC + 4-P

It is possible to measure only the efficiency of three-phase, 4-wire inverters (star
configuration with neutral wire). Please note that due to the limited number of
voltage inputs in the meter, it is not possible to directly measure all phase-to-
phase voltages. Therefore, the measured parameters on AC side are presented
as approximate values, with accuracy depending on the symmetry of the output
voltages and currents of the inverter. If it works in such systems, verify voltage
asymmetry before the efficiency measurement (negative sequence unbalance
U2/U1 should be less than 1%). This verification should be carried out by config-
uring and connecting the meter in a standard way to a three-phase network 4-P
(sec. 5.6.3,5.6.4).

How to connect the meter:
e DC+ voltage input of the inverter must be connected to L2 input of the meter
e DC- input of the inverter must be connected to L3 input,

e AC voltage side of the inverter must be connected to inputs: L1 (phase wire)
and N (neutral wire),

o current of DC side of the inverter is measured with DC clamps connected to 11
input of the clamps.

It is necessary to use clamps for DC measurements

o current of AC side of the inverter is measured with clamps connected to 12 in-

put of the meter. The user may specify any type of clamps compatible with the
meter.

Manufacturer efficiency — efficiency of the inverter declared by the manufacturer. This value

is used to compare the measured efficiency with the declared value.

e DC clamps type — the user may use the list to select the type of clamps used for current

measurements on DC side of the inverter.

e AC clamps type — the user may use the list to select the type of clamps used for current

measurements on AC side of the inverter.
e Frequency — nominal frequency of the AC output of the inverter.

After setting the required parameters, you can go directly to the required measurements.
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Menu bar functions

@ entering the measurement screen (live values in a tabular view) with the specified settings (with-
out saving the configuration).

E saving the configuration of inverter efficiency to a file with an option to start the measurement di-
rectly after saving (field Go to Live mode in the pop-up window).

entering the list of saved configurations of inverter efficiency and creating a new configuration.
Configurations are presented similarly to the measuring configurations, they have their own icon

-H-. Double-tap on a selected configuration will open it automatically and entering the screen

with inverter efficiency settings (Fig. 3.11). The button in the menu bar + is used for adding
new configurations starting of the inrush current (a window is displayed, as shown in Fig. 3.12

. . N . ' .
with default settings). Icon ,@ is used to edit the chosen configuration.

© 07:31:15 | 2020-01-28 | \Z\ | @ IR Fx | B 3768w é‘“ [}
Type Name *  Size Date

-n' 2020-01-24 12_03_46_inverter

-n- mojal

20KB  2020-01-2412:03:57

20KB  2020-01-2807:03:22

+ & #

Fig. 3.11. Menu of recording configuration
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3.20.2 Live mode

After entering the live mode screen, all the parameters of the measured inverter circuit are shown
in a tabular view.

® 07:32:03 | 2020-01-28 | H | @ IR Fx | Bl 3768 5\3 | @&
Nm nd U Unot Unc f I el
[l [%] vl vl [mv] [Hzl [Al
Ac/DC 1603 33.97 -~ - - -
DC - - 3282 - 3235 -~ 1.464
L1 — — 0.057 — 1473 0.000 0.624
L2 ~ ~ - - - -
L3 - - - - - -
N — — -— — — — —
L2 b= - - - - -
L2-3 [ ~ - - - - i

[ . _________________ Db

<= = .
Fig. 3.12. Live mode in tabular view for the inverter efficiency measurement mode

e AC/DC line:

o column nm displays the efficiency value n, of the inverter as the ratio of the active
power of AC side to active power of DC side:

nlo6] = P15 09
PocW]

o column M4 shows the difference between the measured and declared efficiency of
the inverter:

N4 (%61 = Nnom [%6] — Nim [ %]

where nnom is the declared efficiency of the inverter entered to the configuration
screen.

e line DC presents the parameters of DC side of the inverter such as voltage, current, active

power, active energy.
e values related to AC side are displayed in lines: L1 and X.
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3.21 Resetting C-PV clamp

Before the Isc measurement and testing the inverter (sec. 3.19, 3.20) reset C-PV clamp. To do this,
connect the clamp to the meter. Set the DC ZERO knob on the housing of the clamp to make the volt-
age and current readings as close to zero as possible. Only then you can connect the clamp to the
tested object.

ov
I=0A
© oesrz| wod B B 26cawone| "I]mnxm'
[ |sc S2=A
U \sc.src=—A Isc:srem
A|SC =%
2 . =a. " —

3.22 Irradiance and temperature

@ Pair the instrument and the irradiance meter according to sec. 2.3.3.

@ whda Select item Irr, to display the measure-
;.Z Irr ment screen.
-,
@© 1251 | 20210816 | Wi s7osree | Lord gl | #* ®® ¢ Connect the irradiance meter to the

tested object. The screen shows the cur-
rent readings:
E — irradiance,
= 140 W/m? Ta — ambient temperature,

Tev — PV module temperature.
To=9,8°C

Tpv= 1 4,2 °C
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4 Auto measurements

The meter includes automated test procedures.

® 09:50:16 | 2018-11-15 |

oo .llll | o3% @ ¥
©)

Measurements

ﬂ Main menu
Auto 7\
measurements ;@
Recorde] "é@ & Memory
Settings >’< Meter info

| | |

4.1 Proceeding auto measurements

© 16:07:51 | 2020-03-26 |

il sscnfiee | -Illl | 100 gEER) ¥
(O]

« |Modified |

.A/\/A\. Auto measurements

| Name
TN/TT/IT

EVSE

2020-03-26 15:3503

2020-03-26 15:35:03

« |+ ] 8

© 10:04:48 | 2019-1021 |

N |l oo @@ 4
[©)

4  Auto measurement - ZIn+ZIpeRCD

|

The measurement sequences are

grouped into two folders:

= measurements in TN/TT/IT
networks,

= measurements dedicated for
electric vehicles charging sta-
tions.

Select the measuring sequence
from the list.

Connect the meter to the measur-
ing system.

Zi @8] | neach setting field, enter the type
B of measuring accessory, installa-
Accessory | [ |¥ oo fn s @52 -B0 tion parameters and other re-
- quired data.
Zirepcn) ..| Description of function icons
- assistance for a particular
accessory| & | Won  fe @52- (e10] measurement
- 2% collapsing setting fields
. ’ ‘ 2 I = ‘ e § .7 expanding setting fields

116

e saving entered measurement
data

Press START. The automatic
measurement sequence will start.
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® 10:05:42 I 2019-10-21 |

®

Nl oo @

Zin=1,8100Q l=1237 A
In = 50,0 A
%_ '®M} -
| ‘ %) ‘ ) } T ‘ >

® 10:06:09 I 2019-10-21 |

®

A zn+ziperco

Nl o @@ ¢

l

.z [ =1237A @
Zi =1,8100 ®@
2 =924A @
Zee =2400 ©

- - - T

® 10:06:55 | 2019-10-21 |

ﬂ Measurement point

D Name
1

Socket 1

Description

Producer ‘ Model

Nl o @@ ¢

<« The screen after completion of
one of sequence measurements.

Description of function icons

B stopping the procedure and
going to summary

¥ repeating the measurement
with overwriting its result

¥ repeating the measurement
without losing its previous re-
sult

I ] stopping the procedure

pp going to the next step of the
procedure or to the summary.
Time remaining to the next
step is set according to sec.
2.2.1.

<« Summary screen.

The procedure can be restarted
with the ¥ icon.

Each measurement in a sequence
hides partial results. To call them,
touch the label of such meas-
urement. A window as for a single
measurement will be opened. En-
ter it with the use of the 4@ icon.

Save the measurement to the me-
ter memory using the | icon. A
detailed description of memory
management is contained in sec-
tion 6.1.3.

All sequence measurements will

@)l be saved in one measuring point.

‘ Measurements ]

ZL-N
2019-10-21 10:06:23

[
| ©

Z\-pE[RcD]
2019-10-21 10:06:23

Test cycle ‘ Serial number

Il |

MPI1-540 e MPI-540-PV — USER MANUAL

Signal lights for reaching the limit
() the result is within the set
limit
(®) the result is outside the set
limit
() assessment not possible
(O no measurement was made
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4.2 Creating measurement procedures

© 16:07:51 | 2020-03-26 |

@

.A/\/A\. Auto measurements

| Name > |Modiﬂed |
TN/TT/IT
2020-03-26 15:3503
]
EVSE
2020-03-26 15:36.03
]
« |+ | 8 @
v
© 16:08:50 | 20200326 | il sscnfree | -Illl | 100 gEER) ¥
J\NAL Auto measurements - auto_1
« |+ [ A & | 8
- ‘11_) »
@ g‘# ZL-N L-L g&/ ZL-PE gﬂ ZL-PEIRCD] 9 Rlsﬂ
%, o, P
@( J RCDI, f J’ ReD 1, @f J RCDuuro % Reonr
é\é Re @f\? Om ‘ Lux E Statement
Q Visual
inspection

118

Wsceree | gl |0 @D ¥ o Select 4, to go to the se-

quence wizard.

e Select ==, to add the desired

measurement procedure.

From the available items select
the one, which is to be a part of
the procedure. In addition to
standard measurements, the fol-
lowing are also available:

= text message,

= visual test.
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©® 16252 | 20200326 | il so0B e | .|||| |00« @R ¥ After each selection, the menu
win Sep. parametes il be

shown.
2, vepco @eo00|

’—r_ ’—r — ’—r If the tests contain measurements
Aocessory| = . L[ 12m gy EVL k] om) in electric vehicle charging sta-
L @5 - B tions, then EV box should be se-

lected.

Description of function icons
assistance for a particular
measurement

« | + | A | = | # 2% collapsing setting fields
.7 expanding setting fields
E saving entered measurement

data
© 161540 | 2020-03:26 Wosoeree | gl o @@ Y o Changing the order of the steps
"‘/\/AL Auto measurements - auto_1* @ iS performed by using .ﬁ
‘ Zuvepco .....H icons. Delete the step by using
B con
Statement (o]~ 8] s ] x] |
® Save the procedure by using
' ] icon. A window will be
R .
‘ = .....H shown requesting the name of
the procedure.
« |+ | 2 8 | 8
© 16118119 | 2020-03-26 | il sscnfiee | -Illl |00 @ ¥ The procedure will be available

AL Auto measurements o) from the main menu of auto-
I IWodined | procedures. To remove it, select

- . . -

ey — it with (& and choose .

i 2020-03-26 15:3503
i 2020-03-26 15:35:03

— Measurements 1

¥
kR

2020-03-26 16:17:37
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5 Recorder

5.1 Functional Description

MPI-540 meter can be used as a 3-phase recorder of power supply parameters. It allows measure-
ment and recording of parameters of 50/60 Hz power networks such as voltage, current, power, har-
monics values, etc. To switch to the meter to power supply quality analyzer mode, select Recorder on
the main screen.

In this mode it is possible to view the current network parameters (i.a. waveforms, component vectors,
tabular data), recording of average parameter values according to the user settings and analysis of the
recorded data (time diagrams, harmonics, etc.).

The analyzer module uses the following input sockets of the meter:
e three sockets of current clamps 11, 12, 13,

e three voltage banana sockets L1, L2, L3 in the multifunctional socket, to which individual
voltage phases are connected (max. 550 V relative to earth),

®  separate banana socket marked N.

Fig. 5.1 Measuring inputs

Four sockets for current clamps allow the user to connect several types of clamps to measure cur-
rents. The following clamps may be connected to them:
e flexible clamps F-1A, F-2A, F-3A of nominal range of 3000 A AC (different only in terms of
the coil perimeter ),
e  CT clamps: C-4A (range 1000 A AC), C-5A (range 1000 A AC/DC), C-6A (range 10 A AC)
and C-7A (range 100 A AC).
The measuring range may be changed by using additional transducers — for example, using a trans-
ducer of 10 000 A/ 5 A with C-6A clamps the user may measure currents up to 10 000 A.

The recorded data is stored on a removable microSD memory card. The meter also has an internal
memory, which is used for storing i.a. configuration files. A detailed description of memory manage-
ment is contained in section 5.5.3.

Configuration of the recorder consists in that the user only sets the basic parameters: type of network,
type of clamps, frequency, averaging period. All data that the meter is able to measure is always rec-
orded. All parameters of the power supply network measured by the meter in the recorder mode are
listed below:

RMS voltage,

DC components of voltages,

RMS currents,

DC components of currents (only using C-5A clamps),

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

harmonics of voltages and currents (up to 40th),
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total harmonic distortion (THD) THDk for currents and voltages,
active, reactive, apparent and distortion power,

active positive and negative energies,

passive energies consumed and returned,

apparent energies,

power factors (PF)

unbalance factors of voltages and currents

Some of the parameters are aggregated (averaged) according to the time selected by the user (avail-
able settings: 1 s, 3s,10 s, 30 s, 1 min, 10 min, 15 min, 30 min) and may be stored on a memory
card.

The meter is compatible with PC software Sonel Analysis, which also supports other analyzers pro-
duced by Sonel. This software allows analysis of the recorded data. The data may be read using the
USB cable or directly from a microSD card after inserting it to an external memory card reader con-
nected to PC.

Tab. 5.1 presents a summary of parameters measured by MPI-540, depending on the mains type.

Tab. 5.1. Measured parameters for different network configurations

e ehamnel | LPhase|  2phase iy i
Parameter L1 | N |L1|L2| N | E JL1|L2|L3| N [ ¥ |L12|L23(L31| &
U Effective voltage . . . . . . . . .
Upc Voltage constant component . . . . . . . . .
| Effective current . o | o | o o | o o | o o (o | o
Inc Current constant component . . . 3 3 . . . . . . .
F Frequency . . . .
B Active power . o | o o | oo o . .
Q1 Reactive power . o | o L3 O I ) . @
D, Sn Distortion power . o | o o | o | o | o .
S Apparent power . o | o . . . . . .
PF Power Factor ° ° ° ° ° ° ° ° °
tang tai:fetrir @ . o | e N EEERE . @
THDr U Total harmonic distortion voltage | e o | o o | o | o o | o | o
THDk | Total harmonic distortioncurrent | ¢ | o | @ | o | @ o (e | o @ o | o | o
Err. Ep. Active energy (;:lci:g;)umed and sup- . . . . . N . . .
Eg; Eg; Reactive en:l:g)’; lggz?sumed and . ol e ol el eole . o)
Es Apparent energy ) ) . . . . . ] .
Unz..Unao Voltage harmonic amplitudes . o | o o | o | o o | o | o
Iha..Ihao Current harmonic amplitudes o | o | oo | e o | o | o | o o | o | o
Unbalance , 1 | Symmetical components and un- . .

Explanations: L1, L2, L3 (L12, L23, L31) indicate subsequent phases,
N is a measurement of Iy current depending on the parameter type,
X is the total value for the system.
(1) In 3-wire networks, the total reactive power is calculated as inactive power N.
(2) Only consumed energy Ep+
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® During recording the HV LED / REC / CONT. diode flashes red at 2-second inter-
vals.

e In order to avoid ambiguity in the calculating power values, attach clamps with their
arrows indicating the point of connecting L terminal of the meter to the tested object.

e |f they are attached in the other direction, an appropriate correction may be intro-
duced in the meter before recording starts (section 5.5.1).

5.2 Main elements of the screen

After entering the recorder mode the Main menu is displayed. It is available:
e  after switching the meter on,
®  at any time after the ﬂ icon has been selected on the display.

1 @ narar | 2080722 | X @]~ NIl
6
Recording Recording
configuration \J/: J _’R analysis
- S L/

3 i AnalyZer Settings #ﬁ & Exit
Energy losses
calculator Eglgzg

4 - A- 1,150 Hz o @ defaultConfiguration

5N W = o I

Fig. 5.2 Main elements of the recorder screen

Top bar
Name of the active menu

The fact of introducing a change that has not been saved yet is indicated by the * symbol in the
screen header.

ﬂ Analyzer settings - Clamps ﬂ Analyzer settings - Clamps*

Main window

]

Information bar on current network configuration ,
Function icons bar

Active menu help

e  Visualisation of connection systems
e  Explanation of icons

(o] [o] [+] [¢]
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5.2.1 Top bar

At the top of the screen there is a bar with status controls (Fig. 5.3).

1) 2 3 4 |5 6 7 8

® 165920 | 20060720 | ] (v | @] 7= | B 37GBwone | &Y | @D ¥

(o] [=]

Fig. 5.3. Elements of the top bar

Current time and date

HOLD function control

Selecting this icon on the screens of LIVE mode (preview of the current network, see sec. 5.6)
will stop the refreshing of image displayed in the main window. Press it again to return to normal
mode.

Verifying the connection control

The icon on this button informs the user about the correctness or potential problem with the con-
figuration or connection of the recorder (symbols « ,"2 or 3 may be displayed). Pressing this
icon will display a window with more detailed information about possible errors in connecting the
recorder to the mains and with the compliance of mains parameters with the current measure-
ment configuration. More information can be found in section 5.3.2.

Recording status icon

@ recording inactive

@ recording active

Information on connected or configured current clamps

e |f the measurement configuration has no clamps indicated - the field displays dashes "---".
® When a specific type of clamps is selected, their name will be displayed.

Memory card icon with information about free space
If the card is not in the slot, the icon on the screen is crossed out.

USB external memory icon (flash drive)
If no external memory is connected, the icon is crossed out.

The icon of battery charge status and mains power supply

5.2.2 Title bar

The title bar (Fig. 5.2, element ) displays the name of the current main window with the name of the
section. It allows the user to quickly see which part of the interface is displayed.
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5.2.3 Main window

In the central part of the screen, the main window of the recorder is displayed. The default window
(shown in Fig. 5.2) contains the following items:

e  Recording configuration — this part of the interface is used to configure the measurement
system and all aspects related to the recording of network parameters such as: network type
(e.g. single-phase, three-phase) or clamps type (section 5.4),

e  Recording analysis — provides an analysis of the recorded data and 'live' view of the re-
cording process (section 5.7),

e  Analyzer settings — a series of the recorder configuration options can be found here (more:
section 5.5),

e Energy loss calculator — in this mode the user can estimate financial losses due to poor
quality of power supply,

e  Exit —go to the main menu.

5.2.4 Information bar on the parameters of the current network

Below the main screen a bar is displayed, which shows the main parameters of the active measure-
ment system (Fig. 5.2, element [ 4 ):

e  nominal voltage,

e network frequency,

e  network layout,

e name of the current recording configuration.

The network layout is symbolized by icons:
T [\1] 1-phase system,
:] N 2-phase system,
‘I'N 3-phase 4-wire system,
v 3-phase 3-wire system,

VA 3-phase 3-wire system with the measurement of currents using Aron's method,

5.2.5 Help

On the right side of the title bar the help icon (@) is seen (Fig. 5.2, element @) After its selection, a
context help is displayed, which describes interface elements visible on the screen.
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5.3 Connecting the measuring system

5.3.1 Measuring arrangements

The recorder may be connected directly to the following types of AC networks:
e single-phase (Fig. 5.4)

e 2-phase (split-phase) with split-winding of the transformer) (Fig. 5.5),

e 3-phase 4-wire (Fig. 5.6),

e 3-phase 3-wire (Fig. 5.7 ,Fig. 5.8).

In three-wire AC systems, current may be measured by the Aron method (Fig. 5.8), which uses
only two clamps that measure linear currents I; and I.s. I, current is then calculated using the follow-
ing formula:

I, =—l _||_3

Pay attention to the direction of current clamps (flexible and hard). The clamps should be in-
stalled with the indicating the load direction. It may be verified by conducting an active power meas-
urement - in most types of passive receivers active power is positive. When clamps are inversely con-
nected, it is possible to change their polarity using in software (Analyzer settings=> Clamps)

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

L1

-l =

m
AN
)

Fig. 5.4 Wiring diagram - single phase
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L1

S

L2

PE

Fig. 5.5 Wiring diagram — 2-phase

L1

L2
L3

=

PE

Fig. 5.6 Wiring diagram — 3-phase with four operating wires
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L1
L2
L3
PE

L1

Fig. 5.7 Wiring diagram — 3-phase with three operating wires

L2

L3

PE

Fig. 5.8 Wiring diagram — 3-phase with three operating wires
(measurement of currents using Aron method)
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5.3.2

Verifying the connection
Selecting the top bar icon signalling the correct connection of the recorder (Fig. 5.3 element ) a

window is displayed showing some important information on the connection of the recorder to the test-
ed network. This information helps the user to verify the compliance of the current configuration of
the recorder with the parameters of the measured network.

Voltage values — two possible icons:

v
-~

RMS voltages are correct, they are within the tolerance range + of 15% of the nominal
voltage,
RMS values are outside the range of Unom £15%.

Current values — four options:

RMS currents are in the range of 0.3% lnom...115% lnom,
RMS currents are lower than 0.3% lnom,
RMS currents are higher than 115% lnom,

dashes are displayed when the current measurement is disabled in the configuration.

Voltage vectors — the recorder verifies the correctness of the basic angles and displays the cor-
responding icon:

v
2

X

the vectors have correct angles in the range of +30° of the theoretical value for a resistive
load and symmetrical circuit (in 3-phase systems),

the accuracy of angles cannot be verified, because the RMS voltage value is too low (less
than 1% of Unom),

incorrect angles of vectors. In three-phase systems, this icon is displayed, among others,
in case of reversed sequence of voltage phases.

Current vectors — correctness of vector angles is verified for the components of main currents
in relation to the voltage vectors. The following icons are displayed:

& vectors are within £55° in relation to angles corresponding to the voltage vectors,

? the accuracy of current vector angles cannot be verified, because the RMS current values
are too low (below 0.3% of lnom),

¥ vectors are outside the acceptable range of angles ( £55°),

--- dashes are displayed when the current measurement is disabled in the configuration

Frequency:

« the measured grid frequency is in the range of fuom £10%,

? the RMS value of reference voltage phase is lower than 10V or there is no PLL synchroni-

-~

zation,
the measured frequency is outside of f,om +10%.

The icon is displayed in the top control bar in the following way:

128

-
2

v

if the table includes is at least one 3¢,
if the table includes is at least one ? but there is no error (no ),
if all measured parameters are correct.
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5.4 Recording configuration

Before any measurement it is necessary to properly configure the recorder in accordance with the re-
quirements of the user. |Configuration changes are made form the meter level.

5.4.1 Configuration using the meter

To access the configuration module on the main screen, select section Recording configuration. The
list is displayed with measurement configurations saved in the recorder memory (Fig. 5.9).

( &
@® 16:59:26 | 2018-07-27| X | © | a Fx | B sscBfree | X | G %
ﬂ Recording configuration - configuration list @
Type Name ~  Size Date
@w defaultConfiguration 1.7KB 2018-07-27 16:59:14

@ 2018-07-27 16_58_35_settings 1.7KB 2018-07-27 16:58:45

@}-’ 2018-07-27 16_58_50_settings 1.7KB 2018-07-27 16:59:01

A~ £,:50 Hz .ﬁ\l @ defaultConfiguration

S
+ % @ 11 §
Fig. 5.9. Recording configuration — configuration list.

The table consists of columns:
e Type — displayed icon determines the type of measurement configuration:
@ recording according to user configuration (inactive — grey)
@\-9 recording according to user configuration (active — green)

o Name — the name of the configuration given by the user,
® Size - the size of the configuration file,
e Date — Date - date and time of creating the configuration.

The list can be scrolled by moving a finger across the window.
Item sorting is performed by tapping the header. The first row of the table contains the active configu-
ration. In the next rows the item will be sorted:

e in ascending order (symbol “* next to the header),

e in descending order (symbol # next to the header).
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To activate the desired configuration, select its line, and then on the bottom bar select icon @(ac-
tivating the configuration).

To modify the selected configuration, on the bottom bar select icon ﬁ‘(editing) or double-tap the
line of this configuration.

To add a new configuration, select icon + (add).

Description of function icons
+ adding a new configuration

S editing the active configuration
@ activating the selected configuration

returning to the main menu of the recorder mode

5.4.2 Recording configuration

After the + icon has been selected, a new window will be displayed as shown in Fig. 5.10. The de-
fault name of the new configuration will be displayed in the title bar, created from the current date and
time in the "YYYY-MM-DD hh_mm_ss_settings" format, which may be modified.

An asterisk after the name indicates that the configuration has been modified but not

saved.
@© 11:45:03 | 2022-11-24 | | @ I] c4 | i 3708 X
’@ Recording configuration - 2022-11-24 11_44_23_settings* @
Mains system Frequency MNominal voltage
L
t
‘ 50Hz »V‘ ‘ 230/400 v ‘V
1 Period time Clamps type
‘ 10s 4w ‘ ‘ F-1(A), F-2(A), F-3(A +¥ ‘
‘ 3-phase 4-wire . v ‘
A~ 1,50 Hz ¢ @ 2022-11-1613_41_48_settings

<= = « H 11§

Fig. 5.10. Recording configuration — general settings
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Buttons (ﬁ and ﬁ} at the bottom menu bar are used to switch between successive screens.

At this point, you may define:

Mains system. By selecting the icon from drop-down list ¥ or on the network hame, you can se-

lect the following types:

= 1-phase,

= split-phase,

= 3-phase 4-wire — systems with neutral wire, e.g. star with N,

= 3-phase 3-wire — systems without neutral wire — star without N and delta,

= 3-phase 3-wire Aron — as standard 3-wire system, but with the current measurement using
two clamps (I1i I3). The third current (l,) is determined by calculation from the relationship
|2 =- |1 - |3.

Frequency — mains nominal frequency. The following options are available:
= 50 Hz,
= 60 Hz.

Averaging period - specifies the time of averaging recorded parameters and also the time be-
tween successive recorded data on a memory card (except events). The following settings are
available:

= 1s,

= 35,

= 10s,

= 30s,

= 1 min,

= 10 min,

= 15 min,

= 30 min.

Nominal voltage. The following settings are available: 58/100, 64/110, 110/190, 115/200,
120/208, 127/220, 133/230, 220/380, 230/400, 240/415, 254/440, 290/500, 400/690 V

Clamps type - here you can enable or disable the measurement of currents and determine the
type of clamps. If the current measurement is required, indicate clamps to be used from the follow-
ing list:

= No - clamps not applied,

= F-1(A), F-2(A), F-3(A) — flexible clamps (Rogowski coil) with a nominal range of 3000 A AC,

= C-4 — clamps CT (with core) with a range of 1000 A AC,

= C-5 — clamps with a Hall sensor with a range of 1000 A AC/DC,

= C-6 — clamps CT (with core) with a range of 10 A AC,

= C-7 — clamps CT (with core) with a range of 100 A AC.

Voltage events: Log events — ticking this box enables voltage event detection: swells, dips, inter-
ruptions. Three field with values allow the user to introduce own thresholds for these three types of
events. Thresholds may be entered in volts or as a percentage values referenced to the nominal
voltage of the network, e.g. setting the threshold of swell as +10% at nominal voltage of 230 V trig-
gers the detection of swell after exceeding 253 V voltage (RMS,,,). The event ends when the voltage
drops to the threshold value reduced by hysteresis. If the hysteresis in the described case is 2%, then
the end of the event will occur if when voltage (RMSyy,) is lower than 248.4 V (253 V —4.6 V).
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Current events: Log events — ticking this box enables current event detection. Entering "0" disa-

bles a given event. The entered values may be from range O ... I, (where I, is the current meas-

urement range after taking into account current transformers).

o L max [A] - maximum value threshold for current L1, L2, L3 (depending on the network). An
event is detected when the value of RMS,, current exceeds the specified threshold.

o L min [A] — minimum value threshold for current L1, L2, L3. An event is detected when the
value of RMS;, current drops below the specified threshold.

o N max [A] — similarly to L max, but it relates to N current channel (neutral current).

o N min [A] — similarly to L min, but it relates to N current channel (neutral current).

Settings: Hysteresis - percentage value in the range from 0.1 to 10, to be used for detecting
events. Higher values allow to limit the number of detected events if the parameter value fluctu-
ates around the threshold. The typical value of the hysteresis is 2%.

Description of function icons

3

s §

132

returning to configuration list without saving changes

saving changes Additional window will appear, where it is possible to:
= change the name of configuration,
= set the saved configuration as active (&) or inactive (),
= accept the selection (Ok),
= cancel the selection (Cancel)

return to the main menu of the recorder mode
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5.5 Analyzer settings

On the Analyzer settings screen it is possible to:
e specify the manner of clamps fastening,
e change the phase identification,
e view files stored in the recorder mode.

®© 11:52:25 | 2018-07-22| \XJ | (&) | ] Fx | N |N| (5Ea)

Hardware settings | Settings Managers
Clamps ‘ ’ ‘ Regional settings ‘ ‘ ‘ File manager
A~ £,:50 Hz *ﬁ\l @ defaultConfiguration

5.5.1 Hardware settings — clamps (manner of connecting)

If the clamps have not been attached in accordance with the direction of the current flow, this infor-
mation can be entered into the meter. Then the recorder readings will be automatically corrected. This
is useful in situations where the physical reversing of clamps is impossible or difficult.

® 11:52:46 | 2018-07-22| \XJ | (&) | ] Fx | N |b\Q| (EEa)
©)

ﬂ Analyzer settings - Clamps

L1/A L2/8 L3/c
Default Default Default
A~ £,:50 Hz &ﬂ\l @ defaultConfiguration
« B s §
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To enter information on the manner of attaching the clamps, tap the corresponding icon. The manner
of connecting (forward/reverse) will change to the opposite (reverse/forward).

® 11:53:01 | 2018-07-22 |

X | @If =~ &I} @

ﬂ Analyzer settings - Clamps*

L1/A L2/B L3/C
Default Reversed Default
A~ £,:50 Hz -I.N @ defaultConfiguration
- - s §

Phase of clamps can not be changed during the recording process.

Description of function icons
returning to the recorder settings menu

saving changes Additional window will appear, where it is possible to:
= accept the selection (Yes)
= cancel the selection (No)

ﬂ return to the main menu of the recorder mode

5.5.2 Settings — Regional settings

On the Regional settings screen it is possible to change:
e identification of phases. Available options:
= L1, L2,L3,
= A /B, C,
phase colours. Wire colouring schemes are available for:
= the European Union,
= Australia,
= India,
= China,
= the United States,
= plus two additional schemes (U1, U2), configurable by the user.

134 MPI1-540 e MPI-540-PV — USER MANUAL



® 11:53:27 | 2018-07-22' \i‘ | @ | a F-x | N | 6\Q| @
ﬂ Analyzer settings - regional settings @
Phase identification Phase colors
L1,12,13 }" ‘ E®OOO6®O0 }"
A~ £,:50 Hz *ﬂ\l @ defaultConfiguration

«

Fig. 5.11 Regional settings

@

POCCOOOO

|¢mk ‘ ‘oczncel ‘

=5 e §

f opton Us or Us has been select-

ed, a screen of colour selection for
a specific phase current or voltage
waveforms will appear.

e Tap the control of the required variable.

o Tap the required colour in the colour selection area.

o Repeat the @@ as many times as required.

Ok - confirming changes and returning to the previous screen
Cancel - rejecting the selection and returning to the previous screen

Description of function icons
« returning to the Analyzer setting menu

E saving changes

ﬂ returning to the main menu of the recorder mode
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5.5.3 Managers - file manager

On the Analyzer settings — file manager screen recordings saved to the memory of the meter can be

viewed.
01 o L
@® 17:01:08 | 2018-07-27 | X | © ] x| W sacenee| | @D ¥
ﬂ Analyzer settings - File manager ®
Type Select Name 2 Size Date
n | s 54KB  2018-07-20 15:42:43
n L] s 47KB  201807-181219:34
n L] s 3049KB  2018-07-18 12:40:06
B | | 201807201585 14 5ettings 98KE  201807-20 1836:00
n || sfios 793KB  2018-07-19 14:20:07
n || sfm1os 48MB  2018-07-19 07:16:36
N [ Y Moo onanooanacnnan
A~ £,:50 Hz % @ defaultConfiguration

» Y - i

a. Data viewing

11 §

In the Type column icons are contained defining the type of record (waveform E screenshot m
configuration file @). Checkbox in the Select column lets the user activate the required entry

¢ >

Description of function icons

selection of the location to be searched. After selecting, the menu with the following options appears:

E microSD card selection

ﬁ(‘l selection of the internal memory of the meter
&

"@ saving active (;) files to a flash drive (option active if there is a flash drive in the

USB slot)
@ activating/deselecting all records
@ closing the menu

A |

multiple selection, the active filter icon is orange):
saved waveforms
E.g configuration file
é screenshots with waveforms
returning to the Analyzer setting menu
removing active (;) record.
returning to the main menu of the recorder mode

Sl
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b. Data preview

From the file manager level the content of screenshots can be opened (symbol m). To do this, dou-
ble-tap the required item (Fig. 5.12).

® 12:03:43 | 2018-07-22 |

X @I~ NI @@

Energy losses calculator @

Popt 2133 mw Gt <0.01 EUR/Hour
Pais 1.034 mw Cais <001 EUR/Hour
Punb 23.84 mw Cinb <0.01 EUR/Hour
P -199.9 mw Cras <0.01 EUR/Hour
i s i Cor <001 EUR/Hour
Prot 38.30 mw Ciot <0.01 EUR/Hour
Psav -175.0 mwW Caav <0.01 EUR/Hour
( ‘ ) Hour (/ | Day { Month ) Year
A~ £,:50 Hz 'ﬁ\l @ defaultConfiguration

Description of function icons
previous screenshot
P nextscreenshot

v

return to the file manager

ﬂ' return to the main menu of the recorder mode

v

Fig. 5.12 Preview of a sample screenshot
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5.6 LIVE mode of the network

The recorder allows the user to preview network parameters in real time (LIVE mode). The icons of
available views are displayed in the main recorder menu, in the bottom part:

’\) view of waveforms of currents and voltages

N timeplot view,

ﬁ view of the table of measurements ,
A view of the phasor diagram,

Il. view of harmonics.

Screen refreshing in the LIVE mode can be temporarily blocked using the HOLD function (see descrip-
tion of the top bar in section 5.2.1.

e  To pause refreshing, select the button on the top bar (the colour of the icon changes to red).

e To resume screen refreshing, select the icon again (the colour of the icon will change to
black).

5.6.1 Transient waveforms of current and voltages (waveforms)

After the ’\) icon has been selected the view of waveforms of currents and voltages is displayed.
They show two periods of network waveforms for active channels (depending on the measurement
configuration).

A sample screen is shown in Fig. 5.13 Use labels on the right side of the window to switch on and off
individual measuring channels (at least one waveform must be always visible). Each label includes the
name of the channel (for example "U L1") and its effective value.

® 11:56:08 | 2013-0?-22| |ﬂ| |l| | Qo | R Fx | \ |$\e| (BsaE)

ﬂ Live mode - waveforms
~  U[mv] 1[A]

ULT  41.03mV

1200 g (BTN 2 45.28mV
800 w5 N L. 1.200

40,0 My - 0.743 UL3 39.55mV

-40.0 % == . S AL e iR
-80.0

L1 805.4mA

~-0.071
«-0.629 |[IW 123.5mA

4 1K et

-120.0 k"“~-—-*" s -1.086
-160.0 -1.543
-200.0 -2.000

0.000 0.005 0010 0015 0.020 0025 0.030 0.035
[second.msecond)]

< i
A~ £,:50 Hz % @ defaultConfiguration

4]

uibtin Q =

Fig. 5.13. "Live" mode - waveforms
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Description of function icons

il EJEEJEJ menu of active channels. After touching, an additional menu bar is opened with buttons for

enabling or disabling the display of a phase or current and voltage. The active channel is indi-
cated by colour of the icon. Remember that the screen must always display at least
one waveform (you can not turn off all of them). The menu displays only the buttons of chan-
nels that exist in the network layout. From this menu you can turn off:

U collectively all voltage waveforms
| collectively all current waveforms
L1 collectively all phase L1 waveforms
L2 collectively all phase L2 waveforms
L3 collectively all phase L3 waveforms

@ selecting this icon closes the menu

zooming of the displayed waveform. After the icon has been selected, a menu expands with the
following options:
after selecting this icon, use you finger to circle the area which is to be zoomed in. The
graph is then enlarged; it may be moved with a finger up, down and to the sides
Q after selecting this icon graph will be zoomed out in steps
@ selecting this icon closes the zooming menu (also, the Q, may be selected)

icon for selecting the view type. An additional menu appears, where type of view of the LIVE
mode can be changed
screenshot Selecting it saves the current contents of the main window to a graphic file. The file

name is automatically created basing on the view name and the current date, for example "Cur-
rent Readings - waveforms — 2016-08-01 12_00_00". The files are saved to the internal memory
of the meter

return to the main menu of the recorder mode

® The diagram can be scaled with gestures. To zoom in,move apart the two fingers
touching the screen in the opposite directions). To zoom out — bring together the
two fingers touching the screen).

e Waveforms return to their default size after turning on/off any channel (buttons on
the right side).
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5.6.2 Timeplot of effective values

After the N icon has been selected, the view of timeplot is displayed (Fig. 5.14). This view displays
a graph of the effective values of voltages and currents in time. The whole window covers time of ap-
prox. 110 seconds. After filling the entire window, the chart moves to the left by 30 seconds.

® 11:57:05 | 2018-07-22 | \E‘ ‘Z‘ |l @] ~| NI

ﬂ Live mode - timeplot

&

&

|
©)

= Umv] MUy 44.30my
84.00 A CENON U2 39.95mV
78.00 / ,“,-" 78.00
72.00 iy e X UL3  42.56mV
66.00 | | 66.00
P T .
54.00 A R f A 54.00
wi e A AN S CA A e
42,00 kﬂ}‘x@;‘*}%ﬂu -y M\L,;f-‘ﬁj”‘e oo
36.00 36.00

L 56:35 56:40 56:45 5650 5655 57:00 57:05

= [minute.second]
<[ I

A~ £,:50 Hz % @ defaultConfiguration
(1] .

Fig. 5.14. "Live" mode - timeplot
Description of function icons

U H“H‘ Menu of active channels. After touching, an additional menu bar is opened with buttons
for enabling or disabling the display of a phase or current and voltage. The active channel is in-
dicated by orange colour of the icon. Remember that the screen must always display at least
one waveform (you can not turn off all of them). The menu displays only the buttons of chan-
nels that exist in the network layout. From this menu you can turn off:

U collectively all voltage waveforms

| collectively all current waveforms
L1 collectively all phase L1 waveform
L2 collectively all phase L2 waveforms
L3 collectively all phase L3 waveforms

® selecting this icon closes the menu
Q, zooming of the displayed waveform. After the icon has been selected, a menu expands with the
following options:
after selecting this icon, use you finger to circle the area which is to be zoomed in. The

graph will be enlarged. After zooming in it may be moved with a finger up, down and to
the sides

Q after selecting this icon graph will be zoomed out in steps.
@ selecting this icon closes the zooming menu (also, the Q may be selected)
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== icon for selecting the view type. An additional menu appears, where type of view of the LIVE
mode can be changed
E screenshot Selecting it saves the current contents of the main window to a graphic file. The file

name is automatically created basing on the view name and the current date, for example "Cur-
rent Readings - waveforms — 2016-08-01 12_00_00". The files are saved to the internal memory
of the meter

ﬂ return to the main menu of the recorder mode

® The diagram can be scaled with gestures. To zoom in,spread the two fingers touch-
ing the screen in the opposite directions). To zoom out — bring together the two
fingers touching the screen).

e Waveforms return to their default size after turning on/off any channel (buttons on
the right side).

5.6.3 "Live" mode - tabular view

After the ﬁ icon has been selected a summary table with the values of network parameters is dis-
played. The table is refreshed in real time. A sample screen is shown in Fig. 5.15

@© 11:57:45 | 2018-07-22 | \E‘ ‘Z‘ @] ~| & @

ﬂ Live mode - measurements @

u Unor Uoc f 1 Ihor loc
[mv] [mv] [mv] [Hz] [a] [A] [ma] [
L1 56.97 21.62 -45.39 0.000 0.796 0.798 -10.02 -7
L2 4521 29.26 23.23 — 0.143 0.134 -3.599 -0
L3 41.33 23.79 -25.26 - 0.152 0.142 -4.187 -0
N — — — -—- 1.077 1.072 17.80 0
L1-2 7750 — — -—- -—- -—- -—-
L2-3 5047 — — -—- -—- -—- -—-
L3-1 4091 — — - -—- -—- -—-
3 -—- - -—- 0.000 - -—- -—- 8
[«1 T |
A~ £,:50 Hz .ﬁ\l @ defaultConfiguration

<= = =a s §
Fig. 5.15. Live mode - measurements

The next lines were determined as follows:
phase values L1,
... phase values L2,
... phase values L3,
... voltage values of the current channel Iy,
... phase-to-phase values L1-L2,
... phase-to-phase values L2-L3,
.. phase-to-phase values L3-L1,
total values.
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The next column show the values of individual parameters:

U V] e, RMS voltage,

Unot [V] . ... RMS of the fundamental voltage component,

voltage constant component,

network frequency,

. RMS current,

RMS of the fundamental current component,

current constant component,

. active power,

reactive power of the fundamental component or reactive power, according to
Budeanu (depending on the method of calculating reactive power),

S[VA] o, apparent power,

Sn[VA] or D [var] ....... apparent distortion power or Budeanu distortion power (depending on the
method of calculating the reactive power),

Eps [Wh] oo active energy consumed,

Ep. [Wh] .... ... active energy returned,

EqL+ [varh] . ... inductive reactive energy consumed,

EqC- [varh] .. ... capacitive reactive energy supplied,

EolL- [varh] .. . inductive reactive energy supplied,

... capacitive reactive energy consumed,
... apparent energy,
... Power Factor,
... displacement power factor,
... tangent @ inductive reactive energy consumed,

. tangent @ capacitive reactive energy supplied,
tangent @ inductive reactive energy supplied,
tangent @ capacitive reactive energy consumed,
. short-term flicker factor,
long-term flicker factor,
zero symmetric voltage component,
. positive sequence symmetrical component of voltage,
negative sequence symmetrical component of voltage,
Uo/Up [%0] oo voltage unbalance factor for negative sequence,
. unbalance factor for zero component of voltage,
current zero symmetrical component,
current positive sequence symmetrical component,
. current negative sequence symmetrical component,
current unbalance factor for negative sequence,
current unbalance factor for zero sequence.

EoC+ [varh] .

Description of function icons
{ﬁ ﬁ} scrolling the table to the left/right (can also be moved using a finger)

== icon for selecting the view type. An additional menu appears, where type of view of the LIVE
mode can be changed

E screenshot

ﬂ return to the main menu of the recorder mode
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5.6.4 Vector diagram of fundamental components (phasor)

After the A icon has been selected the phasor diagram appears (example in Fig. 5.16). It shows the
basic layout of component vectors of voltages and currents. It may be used to quickly verify the cor-
rectness of connecting the recorder to the network.
The following tables are next to the diagram:
the first, containing information on basic component values and their angles,
the second, containing the unbalance coefficients of negative components (the coefficients are
only displayed for 3-phase networks).

The nature of the load is signalled by the icon of:
1L, the coil (inductive load) if the angle between the fundamental components of the voltage and
current (Qun1,n1) is greater than zero (voltage is ahead of current),

the capacitor (capacitive load) if the angle @un1,m i negative (current is ahead of voltage).

NNy o &
@© 11:58:09 | 2018-07-22 | H X | @]~ N IX|
A
Unit L1 L2 L3
[mv] 22.35 31.63 24.07
! 0.000 -18.72 9973
300
[maA] 801.1 115.3 128.0
[ -127.3 1226 1290
270 [ 127.3 103.9 119.0
-—= S YL, NaaaW
240 Unit Unbalance
[%] 88.83
180 12/l (%] 103.6
A~ £,:50 Hz % @ defaultConfiguration

uE
=a O] #
Fig. 5.16. "Live" mode - phasor graph

Description of function icons

== icon for selecting the view type. An additional menu appears, where type of view of the LIVE

mode can be changed
m screenshot
ﬂ' return to the main menu of the recorder mode

MPI1-540 e MPI-540-PV — USER MANUAL 143



5.6.5 Harmonics graph/table

After the Il. icon has been selected the mode of harmonics display is displayed. This screen allows
you to view the harmonics of voltages and currents, angles between the current and voltage harmon-
ics, cosg factors of these currents and THD factors. Harmonics are displayed graphically in a bar
graph (default) or in a table.

@© 11:58:35 | 2013-07-22| |ﬂ| X | ()} | ﬂ Fx | \ | 6\” [BsEE)

ﬂ Live mode - Harmonics

Us [%] boliell Uh2 L1 23.96%
300.0 -%* 300.0
270.0 bRV Uh2 L2 5.295%
240.0 2400
i 180.0 THDU L1 65.15%
150.0 g 150.0
120.0 UXUNE THDU L2 42.95%
90.0 90.0
60.0 [ THDU L3 51.45%
30.0 #y 30.0
0.0 l.l‘...‘...h. ol | [ S 15 0.0
2 b 10 14 18 22 2b 30 34 38 42 4B 50
[harmonic order]
A~ £,:50 Hz ‘ﬁ\l @ defaultConfiguration
(i (1]
I‘ ‘N‘ ﬁ 1] éﬁ ﬂ
UL

Fig. 5.17 Live mode - harmonics - bar graph

The graph includes:
graphs for the harmonics selected from the menu Graph data selection,
slider "' - indicator of actual values. The user can slide it to any graph point.

Labels of individual waveforms are located on the right side of the screen. They display the participa-
tion of harmonics in the basic signal for these harmonics, which are indicated by the slider ".. In addi-
tion, tapping the label hides its corresponding graph (in graph mode only).

Description of function icons

H ﬂlﬂﬂﬂ menu of active channels. After clicking, an additional menu bar is opened with icons for

enabling or disabling the data and to switch between current and voltage harmonics. The active
channel is indicated by orange colour of the icon

ﬁ switching to tabular view of harmonics (Fig. 5.18). The table in each row displays the harmonic

values (from DC harmonic to the harmonic of 40th order) or the angles between the current and
voltage harmonics. In case of harmonics, the values may be displayed in absolute units (V/A), or
as percentage related to the fundamental harmonic

Il. switching to histogram view

144 MPI1-540 e MPI-540-PV — USER MANUAL



icon for selecting the view type. An additional menu appears, where type of view of the LIVE
mode can be changed

X =a

options menu for a chart or table. After selecting it, an additional menu bar is displayed, which
provides several new options:

e hide/show the fundamental harmonic (not available in tabular view)

[V,A] displaying values in absolute units (volts and amps)

[%] displaying values as percent in relation to the fundamental component.

&  screenshot

(®  closing the menu

ﬂ return to the main menu of the recorder mode

® 11:50:07 | 2018-07-22 | ‘ﬂ‘ ‘l‘ @] =~ K| 8| mm
ﬂ Live mode - Harmonics
Uu ULz ULz
[%] %]
THD 65.47 4377 5214
DC -126.498 -0.218 -37.129
h01 100.0 100.0 100.0
ho2 6.670 7.985 9.744
ho3 1051 10.60 7.801 115.9mA
ho4 11.80 10.65 6.065 IL3  130.3mA
ho5 10.49 10.31 8.082
h06 14.69 7.685 11.53
ho7 15.95 11.33 1037
A~ £,:50 Hz % @ defaultConfiguration

ulettln I o ¥ #

Fig. 5.18. Live mode - harmonics - tabular view
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5.7 Switching the recording on/off

After correct configuration you can trigger recording by pressing the START button. Recording in-
progress is signalled by icon @ on the top bar and flashing red LED.

To stop recording, press the START button and confirm your intention to stop in the pop-up window.
Stopping the recording will be confirmed by sounds (three long and three short signals) and the col-

our of the recording icon will change into @ , and the red LED will stop flashing.

Recording ends automatically when the memory card is full, recording terminates au-
tomatically.

5.7.1 Approximate recording times

The maximum recording time depends on several factors, such as:
® memory card capacity,

® averaging time,

® network type,

A few selected configurations are given in Tab. 5.2. The last column specifies the approximate record-
ing times when the memory card is almost completely empty and has approx. 3.6 GB of free space. If
the averaging time is different than the one chosen for the sample user configuration of 1 second, the
approximate time of recording is proportionally extended, e.g. for 10-second averaging, the recording
time will be 10 times the specified recording time at 1-second averaging.

Tab. 5.2. Approximate recording times for a few typical configurations.

. System type A A . .
Averaging Current Approximate recording time with
period (ClEnt n;ia)lsurement Measurement 3.6 GB allocated space

10 minutes 3;&?/?;8 . > 10 years
10 minutes 1-phase . > 10 years

1 second 3;1?2?;(3 . 90 days

1 second 3;5\2?? 144 days

1 second 1-phase . 250 days

1 second 1-phase 330 days

1 second 3;_):\]/?;8 . 125 days

1 second Sé?vr\]/ﬁ,ze 144 days
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5.7.2

Recording guidelines

Before starting the recording, pay attention to the following issues:

Verify time of the instrument. If the date or time are incorrect, correct data must be entered
in accordance with section 2.1.1.

Verify connections of the analyzer with the tested network. If the icon for the correct connec-
tion of the analyzer on the top bar is Z or %, then before recording parameters, an addi-
tional window is displayed warning about a potential problem with the connection. The user
must:

confirm the start of recording despite this or

resign from the start.

For more information about the potential problem:
call up the connection correctness window (section 5.3.2).
It may also be helpful to check the phasor diagram (section 5.6.4) - vectors of voltages
and currents; rotation sequence of phases in 3-phase system should be such that phase
UL1 (UL1-2) is at 0°, UL2 (UL2-3) approx. -120°, UL3 (UL3-1) approx. -240°. Both un-
balance factor (for voltage and current) shown on this screen should be low (typically
less than 10%).
The display of waveforms may be checked for the shape of the waveforms and the ef-
fective values of voltages and currents.
The correct connection of current clamps may be verified by checking the mark(s) of ac-
tive power - in most cases of operation of receivers this sign will be positive.

If the recording is longer, ensure the continuity of power supply by connecting an external
12 V power supply adapter to the socket of the meter (the bar in the upper right corner will
show an electric plug icon).

The memory card must be inserted into the socket, and have enough free space (which is
indicated on the top bar). If the card has not enough free space for the expected records
(which depends e.g. on the averaging time, recording time, network type), you must ensure
a free space by deleting previous records (go to Analyzer settings = File manager).

Recording takes the name of measurement configuration, which is active at the time of its
triggering and there is no possibility to change it later. Therefore, it may be helpful to name
the configuration before that, using a name which describes the measurements to facilitate
finding it on the list of records (the name of the configuration can be modified before the
start, entering the edition of active configuration).
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5.8 Recording analysis

Analysis of the recorded data is possible directly using the meter itself, without additional software.

The scope of the analysis includes:

e general preview of the recording - start and end time, average values of voltages and cur-

rents,

preview the average value of voltage across the whole recording range,

preparing timelines of any recorded parameters (limited to 1100 points and 4 parameters on
a single graph) with zoom-in option and time-point marker.

e  preview of bar graph for harmonics (average value for the whole recording period).

It is possible to analyse records completed and saved on the memory card and on-going records.

The list of recording (entries on the symbol E) stored in the meter memory can be found on the Re-
cording analysis — recording list screen. The list can be scrolled by moving your finger up and down

within the visible summary.

To open the contents of the file:
® double-tap the desired item or

e activate the required item and select the @ icon with one tap.

@® 11:49:57 | 2022-11-24

|z|| ©I] c+ | W 3.735free|@,\e| D

& Recording analysis - recordings list

Type
_,/‘r 2022-11-16 13_41_48_settings
_& 2022-11-16 13_16_23_settings
_& 2022-11-16 11_05_30_settings
_& 2022-09-24 14_01_21_settings
_& 2022-09-156 17_51_13_settings
_& 2022-09-15 17_19_07_settings
n
A~ f,:50 Hz .ﬁu

Name Size

1007.3 KB

169.3 KB

286.4 KB

T41KB

2.0MB

2493 KB

Date v~

2022-11-16 14:00:24

2022-11-16 13:23:.06

2022-11-16 11:10:57

2022-09-24 14:14:42

2022-09-15 18:29:38

2022-09-1517:32:38

@ 2022-11-16 13_41_48_settings

©
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@ © 11:50:23 | 2022-11-24 | \7\ | @ |} c4 | [ 3768free] ¢\£| [

Q Recording analysis - recording summary @

@  2022-11-16 13_41_48_settings

Recording configuration:

Start: 2022-11-1613:43:08 Uave min Uave Usve max
Stop: 2022-11-16 14:00:24 L1: 2714V (1.18%Un) 232.1V (100.91%Un) 248.0V (107.82%Un)
Duration: 0d Oh 17m 16s L2: 1.034V (0.45%Un) 231.9V (100.82%Un)  242.7V (105.54%Un)
L3: 2931V (1.27%Un)  231.7V (100.72%Un)  243.0V (105.64%Un)
}I. Swells: 140 'LF Interruptions: 6 - — (—%Un) — (—%Un) — (—%Un)
v D|p5 44 h Other. 4 ‘AVG MIN |AVG IﬂVG Max
L1
A All: 194 131.5mA 306.4mA 627.1mA
L2: 257.9mA 291.5mA 338.3mA
L3: 244.3mA 398.4mA 722.6mA
N: —-— - e
A £,50 Hz h @ 2022-11-1613_41_48_settings

g g g ad g

A W - =D #

The record content will appear (recording summary). The following parameters will be shown on
the screen:

Start — time of starting the recording process,

Stop — time of stopping the recording process,

Duration (of the recording process).

In addition, the parameters of voltage and current in the phase conductor and the neutral con-

ductor are shown:

Uave min Minimum average voltage; the percentage relative to rated voltage Un is shown in
brackets,

Uave average voltage; the percentage relative to rated voltage Un is shown in brackets,

Uavemax Maximum average voltage; the percentage relative to rated voltage Un is shown in
brackets,

lavamin  Minimum average current,

lave average current,

lave MAX maximum average current.
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@ ®© 11:50:45 | 2022-11-24 |

|z|| @ | ﬂ C-4 | w 3.?GBfree|é\?| "I

Q Recording analysis - recording summ @

Recording configuration: @ 2022-11-16 13_41_48_settings

Start: 2022-11-16 13:43:08 Usve mm
Stop: 2022-11-16 14:00:24 L1 2.714V (1.18%Un)
Duration: 0d Oh 17m 16s L2: 1.034V (0.45%Un)

L3: 2.931V (1.27%Un)
}l. Swells: 140 LF Interruptions: 6 -

Uave
2321V (100.91%Un)
231.0V (100.82%Un)
231.7V (100.72%Un)

Usve max
248.0V (107.82%Un)
242.7V (105.54%Un)
243.0V (105.64%Un)

— (—%Un) — (—%Un) — (—%Un)

v DipS: 44 h Other‘ 4 lAVG MIN |AVG IAVGMAX
L1: — — _
A Al 194 Lo: B B B
L3: — — .
v PR - = =

<}
(W In ®
i W « &9 %

Description of function icons
A event list (section 5.8.3)
N expanding graphical analysis options:
V\Sj recording timeplot (section 5.8.1)
g harmonics waveform graph (section 5.8.2)

closing the menu
return to the file manager

®
%9 energy costs calculator (section 5.8.4)
#

return to the main menu of the recorder mode

displayed.

played.

150 MPI1-540 e MPI-540-PV — USER MANUAL

e Minimum and maximum voltage values are determined from the recorded aver-
age values (these are not minimum and maximum RMS,,values ). In addition to the
values in volts, in brackets you can see the percentage value related to the nominal
voltage. If a channel has not been measured in a given configuration, dashes are

® Minimums and maximums of currents are determined from the average cur-
rents. If a channel has not been measured in a given configuration, dashes are dis-



5.8.1 Recording timeplot

a. Functional Description

If in section 5.8 step @ the [V\Sj icon has been selected, the screen shown in Fig. 5.19 will appear.

@© 17:04:19 | 2013-07-2?| X | ol R Fx | B 3468 free | é‘ﬂ @ v
E Recording analysis - Timeplot - time range ®
| 2018-07-26 14:27:00 || 17h 6m 59.909s || 2018-07-27 07:34:00
8 vl
260 0
240.0 S o 240.0
2200 2200
200.0 200.0
180.0 — 180.0
160.0 1600
L 2616 2618 2620 2622 2700 2702 2704 2706
- day hour]
<[ I3
{ < J‘ 2018-07-26 14:27:00 H 17h 6m 59.909s “ 2018-07-27 07:34:00 ‘{ > J
A~ f,:50 Hz .It\l @- defaultConfiguration

v v v v v

™ Q « #

Fig. 5.19. Recording timeplot

The range of data to be analﬁsed may be determined in two ways:

e by dragging the icons above the graph or
e by manually entering boundary values of date and time and the interval for analysis.

T T

Begin time

[Select time interval with respect to:
Date Time

Year Meonth Day

Hour Minute Second ‘,I Start ( /J =il

" " " " " "

Time interval

Day Hour Minute Second

T e -
&J @ cancel « Ok @ cancel

Fig. 5.20 Setting the beginning of the analysis range Fig. 5.21 Setting the width of the analysis
range
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End time

Date Time

Year Month Day Hour Minute Second

ViDOIpA w407 pA (W47 A |||W4 07 pA W43 A W4 Q0 A
1~ | 1~ 1§ 17§ |

‘vﬁk HQCance\‘

Fig. 5.22 Setting the end of the analysis range

The| < | > icons reset the analysis range to initial settings.

Description of function icons
YN opens the Selecting data for the plot menu. The parameters to be analysed can be selected
on this screen. A detailed description is provided in point b.
zooming of the displayed waveform. After tapping, an additional menu expands with icons:
after selecting this icon, use you finger to circle the area which is to be zoomed in. The

graph will be enlarged. After zooming in it may be moved with a finger up, down and to the
sides

Q after selecting this icon graph will be zoomed out in steps
® selecting this icon closes the zooming menu
« returning to Recording analysis — recording summary menu
performing the screenshot
1% return to the main menu of the recorder mode

The diagram can be scaled with gestures. To zoom in,move apart the two fingers
touching the screen in the opposite directions). To zoom out — bring together the two
fingers touching the screen).
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b.Selecting parameters for the timeplot

After selecting the YA;. icon, the Selecting data for the plot screen opens. The parameters to be
analysed can be selected here. Types of readings are assigned to each of the categories, and the pa-
rameters which may be selected are assigned to these.

-05- & s
@® 17:05:35 | 2018-07-27 | B3 ‘ | @ |} Fx | I sacenee| | @ %
E Recording analysis - timeplot - plot data selection ®
Category Type Max Avg Min Inst
Voltage Un —
L2 L
‘ Current i » ‘ t » ‘
| L3 |
‘ Powers
‘ Energy
‘ Voltage harmonics t} ‘
A~ £,:50 Hz ‘ﬁu @ defaultConfiguration
W o - #

Available option (differing depending on the network layout)

e Un voltage
U RMS (effective voltage) — for phases L1, L2, L3 (A, B, C)
U L-L (phase-to-phase voltage)
f (frequency) — for phase L1 (A)

e Current
I RMS (effective current) — for phases L1, L2, L3 (A, B, C)

L] Power
P (active power) — for phases L1, L2, L3 (A, B, C) and X sum
Q1 (reactive power) — for phases L1, L2, L3 (A, B, C) and Z sum
Sn (distortion power) — for phases L1, L2, L3 (A, B, C) and £ sum
S (apparent power) — for phases L1, L2, L3 (A, B, C) and Z sum
cos — for phases L1, L2, L3 (A, B, C) and X sum
PF (power factor) — for phases L1, L2, L3 (A, B, C) and Z sum

e  Energies
EP+ (active energy consumed from network) — for phases L1, L2, L3 (A, B, C) and X sum
EP- (active energy supplied to network) — for phases L1, L2, L3 (A, B, C) and X sum
EQ+ (reactive energy consumed from network) — for phases L1, L2, L3 (A, B, C) and £ sum
EQ- (reactive energy supplied to network) — for phases L1, L2, L3 (A, B, C) and X sum
ES (apparent energy) — energy for phases L1, L2, L3 (A, B, C) and in total X

e Harmonics U
THD U (total harmonic distortion) — for phases L1, L2, L3 (A, B, C)
U h1...U h40 (1...40. voltage harmonic) — for phases L1, L2, L3 (A, B, C)
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e In the window for selecting the parameters, only those parameters are displayed
which were recorded.

® For better orientation, the fields with parameters selected for the chart, the fields of
category and type are surrounded by orange border, if they contain any selected pa-
rameters.

e |f you have already ticked four parameters, any attempt to select another will result
in displaying a message on limited number of parameters in the chart.

Description of function icons

calling up the time graph

deselecting all variables

returning to menu Timeplot — time interval (pointa)
return to the main menu of the recorder mode

= 5 A\

c. Creating and managing a timeplot

@ @© 17:05:54 | 2018-07-27 | ‘z‘ | © | ] Fx| B 3408fee| &\” e ¥

E Recording analysis - timeplot - plot data selection @

Category Type Max Avg Min Inst
L1
ﬁJ M
2 @
Current [ ‘ ‘ f » ‘ S
| s O
[ Powers » ‘
[ Energy » ‘
[ Voltage harmonics P ‘
A~ f,:50 Hz % @ defaultConfiguration

v v v v v

W @ « #

Select the data to be displayed on the plot on the Selecting data for the plot screen. For this pur-
pose:
e in the Category column select the required item, in the Type column select the required parameter,

and in the last column select the required variable (|_| > |£|)
e select the N icon.
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@ ® 17:06:14 | zms-ﬂ?-z?l ‘z‘ | © | R Fx | B 3408 free | x| D ¥

a Recording analysis - Timeplot

]

A UL2Agg[V] UL2Avg [V] o 20180726
260.07* 260.0 14:27:00.121

L »@ 20180727
2400 s 240.0 07:34:00.030

4O» 17h 6m 59.909s

2200 2200

2018-07-26
200.0 2000 14:27:00.121

180.0 180.0
_ = UL2 Avg 170.3V
160.0 160.0
L] 2615 2618 2621 2700 2703 2706
= [day hour]
<[ I
A~ £,:50 Hz .ﬁ\l @u defaultConfiguration

u u
A4 Q * o
The timeplot appears. It includes:
waveforms for the values selected in the menu Selecting data for the plot,

slider ". - indicator of actual values. The user can slide it to any graph point.

On the right side of the screen you can see:
O time of starting the recording process,
*0O time of stopping the recording process,
©» duration of the recording process.

time corresponding to the position of the slider ".,
labels for individual waveforms. They display instantaneous values of the readings, corresponding to
the position of the slider .'. on the plot. In addition, tapping the label hides the graph that it represents.

Description of function icons

iii menu of active channels. After this icon has been selected, an additional menu bar opens
with buttons to enable and disable the display of waveforms set for step @ The active channel
is indicated by orange colour of the button.
zooming of the displayed waveform. After the icon has been selected, a menu expands with the
following options:

after selecting this icon, use you finger to circle the area which is to be zoomed in. The
graph is then enlarged; it may be moved with a finger up, down and to the sides
Q after selecting this icon graph will be zoomed out in steps

@ selecting this icon closes the zooming menu (also, the Q may be selected)
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x options menu for a chart or table. After the selection has been made, an additional menu bar
appears which enables selection of a scale description on the right side and on the left side of
the graph. To do this, click on the icon with the name of the parameter.

1 The icon with the unit name is displayed when the graph has at least two parameters
with the same unit. Select this icon to rescale waveforms having the same unit to a
common scale (described by one of the common parameters). Remember that when
scales are not unified, only one waveform with unit assigned to the axis is scaled to
the indicated scale and its plot is adjusted to the size of the window - other waveforms,
even having the same unit, are not scaled.

« returning to the Selecting data for the plot menu

m performing the screenshot

The diagram can be scaled with gestures. To zoom in,move apart the two fingers
touching the screen in the opposite directions). To zoom out — bring together the two
fingers touching the screen).

5.8.2 Harmonics waveform graph

If in section 5.8 step @ the Il. icon has been selected, the screen shown in Fig. 5.23 will appear.
The workspace consists of a graph, the labels menu and function icons menu.

This screen allows you to view the harmonics of voltages and currents, angles between the current
and voltage harmonics, cos¢ factors of these currents and THD factors. Harmonics are displayed
graphically in a bar graph (default) or in a table.

@®© 17:07:16 | 2013-07-2?| ‘ b4 ‘ | | R F-x | i 34GBﬁee| &\ | D ¥
UH[%]' %
L

2800 |- 7
2.000 |

1.600 |
1.200 |-

0800 M-
0.000 8

JjJ]_l_l_l_l_:_-

3 65 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39
[harmonic order]

A~ f,:50 Hz % @ defaultConfiguration

vigzan X - f

Fig. 5.23. Live mode - harmonics - bar graph
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The graph includes:
graphs for the harmonics selected from the menu Graph data selection,
slider ". - indicator of actual values. The user can slide it to any graph point.

Labels of individual waveforms are located on the right side of the screen. They display the name of
the harmonic and its participation in the basic signal for these harmonics, which are indicated by the
slider ".. In addition, tapping the label hides its corresponding graph.

Description of function icons

|U I menu of active channels. After selecting the icon, an additional bar is opened with buttons for

enabling or disabling the data and to switch between current and voltage harmonics. The active
channel is indicated by orange colour of the icon.

;& options menu for a chart or table. After selecting it, an additional menu bar is displayed, which
provides several new options:
ila  hide/show the fundamental harmonic
[V,A] displaying values in absolute units (volts and amps)
[%] displaying values as percent in relation to the fundamental component.
ﬁ switching to tabular view of harmonics (Fig. 5.24). Each row in the table displays the

values of harmonics (harmonics up to the 40th and additionally for the [%] mode — al-
so THD)

@ closing the menu
“ returning to the previous screen

m performing the screenshot
ﬂ' returning to the main menu of the recorder mode

® 17:07:43 | 2013-07-2?| ‘E‘ ‘Z‘ | ) | ﬂ Fx | "R GB free | &\Ql @ v

ﬂ Recording analysis - Harmonics

UL UL2 ULs

[%] [%] %]
THD 1.432 3.331 3.266
ho1 100.0 100.0 100.0
ho2 0.016 0.108 0.106
ho3 0.520 2.869 2.800
ho4 0.014 0.073 0.070
ho5 0.357 0.778 0.741
ho6 0.011 0.051 0.049
ho7 0.684 0923 0923
ho8 0.011 0.031 0.029

A~ £,:50 Hz % @ defaultConfiguration

T - ' #t

Fig. 5.24. Live mode - harmonics - tabular view
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5.8.3 Eventlist

Selecting option A from the recording summary screen (in the bottom menu) will display a win-
dow with a list of recorded events. The analyzer may detect the following types of events:

In 50/60Hz systems:

o voltage dips,
voltage swells,
voltage interruptions,
exceeding the maximum current threshold (I > max.), separate thresholds for I1, 3 and Iy
dropping below the minimum current threshold (I < min.), separate thresholds for 11,3 and I
In DC systems:

o exceeding the absolute maximum DC voltage threshold (JUpc| > max.)

e exceeding the absolute maximum DC current threshold (]lpc| > max.)

If the user selected detection of any of the events listed above in the measurement configuration
screen, and if these events have been recorded, the list will include all of them. An example of the
event window is shown in Fig. 5.25.

@© 11:50:20 | 2022-11-24 (X | ©I] ca| il 3708t XN e
E Recording analysis - Events - 2022-11-16 13_41_48_settings
Type Source Start ~  Duration Threshold  Extremum -
A 1smax L1 2022-11-16 13:43:08.695 >17m .. 530.0A .
A 1smax L2 2022-11-16 13:43:08.695 >17m .. 530.0A
h1smax L3 2022-11-16 13:43:08.695 >17m .. 530.0A
A 1smax N 2022-11-16 13:43:08.695 >17m .. 530.0A
v Dip L2 2022-11-16 13:43:17.396 0.060s 207.0V 207.0V
v Dip L2 2022-11-16 13:43.27.376 0.080s 207.0V 2069V
v Dip L2 2022-11-16 13:43:37.397 0.060s 207.0V 207.0V
v Dip L3 2022-11-16 13:43:39.537 6.820s 207.0V 2621V
LE interruption L3 2022-11-16 13:43:39.557 6.800s 46.00V 2621V
v Dip L2 2022-11-16 13:43:47.397 0.060s 207.0V 207.0V
v Dip L2 2022-11-16 13:43:51.658 1.860s 207.0V 7222 mvV

— —

" r ®

ARHRERE - v t
Fig. 5.25. Recording analysis — list of events

The table contains the following columns:
e Type of event: dip, interruption, swell, | > max, | < min, Upc > max, lpc > max.
e Source of event: channel where the event occurred,
e Start: date and time of beginning of event,
e Duration of the event (if the event was in progress when recording was ended, an additional

sign ">" is displayed, which means that the event has not been ended),

Threshold: threshold value that has been set in the recording configuration,

e Extremum: parameter limit value (maximum or minimum, depending on the event type), which
was recorded during the event. For example, in case of voltage dip, it is a residual voltage,
which is the lowest Urus12 Value recorded during the dip.
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The table may be sorted by selected column after clicking its header. Next to the column name, a
small arrow is present to show the direction of sorting.

Menu bar functions
After selecting a specific event in the table (by clicking its line), you can perform additional opera-
tions by selecting the following options from the menu bar:

- opens additional menu of waveforms:

b - ANSI chart. It shows the graph of voltage events according to ANSI criteria. Dots rep-

resent individual events and their location indicates the duration (horizontal axis) and peak
(extremum in the event table) related to the nominal voltage on the vertical axis. Arrow icons
on the right side of the graph may be used to select individual events. By touching the screen
in the graph area, the user may move the marker to the indicated place. Information about the
specified event (type, duration, extreme value) are shown on the right side of the screen. An
example of screen with similar diagram is shown in Fig. 5.26.

®© 11:59:46 | 2022-11-24| ‘ b ¢ ‘ | © | R cs | B 3768 free | &\ﬂ )
E Recording analysis - ANSI plot @
%) _11-
= %] @ 20221116
N 13:43:17.396
180.0 - 2022-11-16
AN *O 40017627
150.0 ALRR
1900 . 4@ 17m0.231s
90.0 b
60.0 E'
30.0
0.0 coo
| | 0.0010.0020.0040.008 0.02 0.040.0[?] 02 04 07 2346
= S
< s 17197
A £,:50 Hz I @ 2022-11-1613_41_48 settings

BEMassy @ i 2 #t

Fig. 5.26. Recording analysis — ANSI graph
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® 1547 | 2022-11-24 |

Q Analiza rejestracji - wykres CBEMA

\F - CBEMA graph. It shows the graph of voltage events according to CBEMA criteria. De-

scription of the graph and its properties are similar to ANSI chart (see above). An example of
screen with similar diagram is shown in Fig. 5.27.

@l @|% c-4 | ™) 3.TGBwolne|§| @)

©)

~ [%] 2022-11-16
"280 . OF 134317306
' »o 20221116
240.0 14:00:17.627
200.0 (@ 17m0.231s
160.0 . 2022-11-16
120.0 T oo 1 17.627
300 b @ eigid |§| Zapad L2
=
0.0 - e o
0.0050.009 0.02 0.04 007 F.}z 03 05 08 2 34 6 90.00%
s
-
< s 1197
' @ 2022-11-16 13_41_48_settings

-

160

-

Q aa

-

ft

Fig. 5.27. Recording analysis — CBEMA graph
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5.8.4 Energy costs calculator

a. Functional Description

When the parameters recorded by the recorder include active energy Ep, it is possible to calculate the
energy costs according to the cost calculator set by the user. To enter the screen of the energy cost

calculator, use the bar on the recording summary window (section 5.7 step @) and select icon @‘9 .
The screen with energy costs will be displayed as shown in Fig. 5.28. The following sections present:

e Recording time — @ # start, # @ end and 4@} duration of the recording. The last line
shows the 4(@» duration which is analysed by the algorithm of the cost calculator (full aggre-
gation periods). The algorithm enables the calculation of the energy costs for the whole re-
cording period and there is no option to select a different time interval.

e Energy - this field displays the total active energy in kilowatt-hours measured in the reporting
time interval.

e Single zone tariff — this section displays the total cost of energy in the selected currency for
single-zone variant. The tariff of this type has a single flat rate per kWh, regardless of the time
of day and day of the week. Tariff type (may be modified by the user) is displayed in the up-
per part.

e Multi-zone tariff — shows the total cost of energy in the chosen currency in the multi-zone var-
iant. This tariff allows you to define two continuous time intervals in 24 hours, which have dif-
ferent cost rates per kWh, and the third the rate for other times of the day. Tariff type (may be
modified by the user) is displayed in the upper part. Configuration of rates and zones is car-
ried out in the control panel of the energy cost calculator.

If you have not used or have not changed the settings of the cost calculator, the recorder will use
the default settings. The settings of the cost calculator may be modified by selecting from the menu

bar the ;& icon.

© 17:12:25 | 2013-07-2?| ‘i‘ | () | ﬂ Fx | B 34cBfree | é\‘ﬂ = v
Recording time Energy Single zone tariff Multi-zone tariff
e ez
[kWh] ' [EUR] ' [EUR]

O» 2018-07-26 14:25:56
» @ 2018-07-27 07:34:08
@ 17h8m12s

<@ 17h6m 59s 2572 0.81

A~ £,:50 Hz % @ defaultConfiguration

K « kel 1« §

Fig. 5.28. Screen with indications of the energy cost calculator

Description of function icons
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entering the settings of the energy cost calculator.
returning to the previous screen

performing the screenshot

returning to the main menu of the recorder mode

RE P

b.Settings of the energy cost calculator.

The settings of the cost calculator may be easily modified to fit individual needs. The calculator allows
you to calculate costs for two tariffs:

e  Single zone tariff — this is the simplest form of tariffs - a single rate for each kilowatt is tak-
en into account throughout the analysed interval, regardless of time of day or day of the
week,
e  Multi-zone tariff — more extensive tariff. It allows you to set three different rates that apply
in different time intervals:
= Zone A billing rate — you may enter the cost of 1 kWh for the first time interval of the
day (e.g. daytime rate),

= Zone B billing rate — you may enter the cost of 1 kWh for the second time interval of
the day (e.g. night-time rate),

= Zone C billing rate (not included in zones A and B).

Settings of the cost calculator are divided into two screens (Fig. 5.29 and Fig. 5.30). The first screen
allows you to configure the following parameters:

® Currency — you can choose from a list of several predefined currencies (PLN, EUR, USD, RUB, INR)

or set your own (up to four characters), which will be shown on the list as the last position and marked
with an asterisk (*).

® For single zone tariff:

= Name of the single zone tariff (C11 as default) — after clicking the name field a panel is
displayed for editing.

= Single zone rate — the cost of 1 kWh of energy for the single zone tariff. The panel for edit-
ing will be displayed after the value field has been selected. The value may also be changed

using the ¥4 icons. Rate values may be entered with an accuracy of four decimal places.

@® 171515 | 2018-07-27 | X | © ] Fx| W sacamee] | @ ¥
Currency Single zone tariff Multi-zone tariff
Name
| ci12 ‘
Name Zone A billing rate
T 7
ELR }' ‘ Billing rate || Zone B billing rate
0 e |
Zone C billing rate
'{ 0.2537 }A
“A~ £,:50 Hz .ﬁu (.) defaultConfiguration
<= e} 2 - B s ¢

Fig. 5.29 Energy cost calculator — Settings
e  For Multi-zone tariff:
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Name of the zone (C12 as default),

Zone A billing rate for 1 kWh (colour: orange),

Zone B billing rate for 1 kWh (colour: blue),

Zone C billing rate for 1 kWh (for other times of the day).

Time intervals of the day corresponding to A, B and C zones are set on the second screen with cost
calculator settings (Fig. 5.30). The main elements are the bars representing the entire day, divided into
15-minute blocks.

In the simpler variant, the same zone settings are valid for all days of the week (only the set marked

with icon lrb). If you need to configure other time intervals for the selected days (e.g. for Saturdays
and Sundays), then selecting the box at the bottom left of the window unlocks the second set of time

intervals marked with icon g~". Select weekdays for the second set by indicating the selection boxes
for desired week days.

@® 171600 | 2018-07-27 | X | © | R Fx | B 2408 free | Nl m ¥
Mon. Tue. Wed. Thu. Fri. Sat. Sun.

oo
I 11:00 | 16:00 - 21:00

P o . \d \d . L L

Mon. Tue. Wed. Thu. Fri. Sat. Sun.
£ [ O O 0O 0 & &
» = Im:uo-zz-uo

A £,:50 Hz et @ defaultConfiguration
= - = #

Fig. 5.30 Energy cost calculator — Billing zones in multi-zone tariff

Intervals for zones A and B (respective colours: orange and blue) may be modified by:

e  touching the centre of the time interval and moving it sideways,

e  touching and moving the left or the right edge of the interval, changing the limits of the tariff zone.
Start and end time is visible in the middle of the time interval. The resolution of time intervals is 15
minutes. The minimum duration of an interval is 2 hours.

Description of function icons
4] ) switching between the two setting screens of the cost calculator.

‘h returning to the results indicated by the cost calculator. If the settings have been modified and
saved, the energy costs will be automatically calculated and displayed.

E saving the settings in the analyzer memory.
ﬂ returning to the main menu of the recorder mode

The settings are global for the entire recorder (not related to a specific recording).
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5.9 Energy loss calculator

5.9.1 Functional Description

In this mode, you can estimate the loss of active power and associated costs due to poor power sup-
ply quality. The loss analysis screen is shown in Fig. 5.31. Analysis can be performed in terms of the
desired time.

&
@© 12:03:43 | 2018-07-22 | X | ©I] ~| N IX| @@

Energy losses calculator @
Popt 2133 mw Copt <0.01 EUR/Hour
Puis 1.034 mw Cais <0.01 EUR/Hour
Punb 23.84 mw Cunb <0.01 EUR/Hour
P -199.9 mw Cra <001 EUR/Hour
-—- - -—- Cut <001 EUR/Hour
Prot 38.30 mw Crot <0.01 EUR/Hour
Pssv -175.0 mw Caav <0.01 EUR/Hour

"! Hour ; Day § Month () Year
A~ £,:50 Hz W @ defaultConfiguration

A ft

Fig. 5.31 Energy loss analysis

Parameters to analyse

Popt  power loss due to wire resistance (as- Copt  COst related to Poy losses
suming the absence of higher harmonics,
unbalance and reactive power)

P4is losses due to higher harmonics Cais cost related to Pgs losses

Punw power losses due to network unbalance Cunp cost related to Py, losses

Prea power loss due to the presence of reac- Crea cCoOst related to Pre, lOSses
tive power

Cpi  cost related to a low power factor (large
share of reactive power)

Pt total losses (the sum of the above) Ciot cost related to P, losses

Psav losses which can be reduced by improv- Csav  cCoOst related to Ps,y losses
ing the quality parameters (e.g. compen-
sation of harmonics, elimination of unbal-
ance), arising from the relationship:
Psav = Ptot - Pom

164 MPI1-540 e MPI-540-PV — USER MANUAL



The financial loss can be estimated based on the current readings in terms of:
= one hour,

= one day,

= one month

= oneyear.

When one of the above options is activated ( > (@), the table will display data relevant to the
selection.

Description of function icons

;‘& going to the configuration panel of the loss calculator (section 5.9.2)
m performing the screenshot
ﬂ returning to the main menu of the recorder mode

5.9.2 Configuration of the loss calculator

After the x icon has been selected, the calculator configuration panel appears, shown in Fig. 5.32
and Fig. 5.33. It is possible to switch between screens using the 4 EJ) icons.

@® 12:04:03 | 2018-07-22 | \i\ @ I] ~| R |N| (@aEE)

Energy losses calculator settings @

Wires parameters

Wire Number Section [mm?] Length [m]
L v 1 } AV { 185.00 } A
X { 150.00 }A

N v 1 } A Vv { 120.00 } o
. Copper 0.0196 Qmm?/m

Aluminium 0.0320 Qmm?2/m

A 1,50 Hz T @ defaultconfiguration
<< =» « s §

Fig. 5.32 Energy loss analysis — configuration screen 1

On the first screen, set the parameters of the wire, to which the analysis applies, namely:

e  for phase conductors L:
o number of wires in the phase,
o0 cross section of cores in mm?2,

e  for neutral conductors N:
0 number of neutral wires,
0  cross section of cores in mm?,

e the length of the analysed line in metres,
e line material — copper or aluminium.
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Based on the above parameters, the calculator will calculate the power loss in the analysed line.

®© 12:04:20|20'I8-07-22| \i\ | () |ﬂ Fx | N |6\‘Q| EaEE)

Energy losses calculator settings @

Energy cost

Price Currency
Active energy cost v { 0.100000 } A
Reactive energy cost (PF=0,8) ¥ { 0.041554 } - ‘ EUR

Reactive energy cost (PF<0,8) ¥ { 0.062332 }A

A~ £,:50 Hz .ﬂ\l @ defaultConfiguration
L {==) e} 2 « #

Fig. 5.33 Energy loss analysis — configuration screen 2

On the second screen, set the parameters defining the financial loss, i.e:
e  cost of 1 kWh of active energy,
e  cost of 1 kWh reactive energy at power factor PF = 0.8,
e  cost of 1 kWh of reactive energy at power factor PF < 0.8,
e currency.

To change the currency:
e tap the field with the current unit,
®  enter a new unit using the on-screen keyboard.

Description of function icons
4] P switching between the two setting screens of the calculator.

« returning to the results indicated by the calculator. If the settings have been modified and saved,
the results will be automatically calculated and displayed.

E recording calculator settings
ﬂ' returning to the main menu of the recorder mode

5.10 Inverter efficiency

See sec. 3.20.1, 3.20.2.
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6 Memory of the meter

6.1 Memory of measurements

6.1.1

©

Memory settings
© o09:5016 | 2018-11-15 | ilsros -l||| |osx @ % In the main menu select
Settings.

Auto Z\ @

measurements @ /=)

Recorder 4@ ; Memory
Settings >§ g Meter info

Measurements

| | | |

Select Memory settings.

Memory settings e
ras
® 132300 | 2018-07-22 | N | .|I|| | o7« @@ ¥ Two options will appear.
4 Memory setiings (@) e Default settings — restores the

meter memory to default
memory settings. When this op-
tion has been selected, a
prompt will appear asking to

. confirm the selection.

e SD card format. When this op-
tion has been selected, a
prompt will appear asking to
confirm that the user wants to
format the SD card.

| | | o8
Description of function icons

‘ return to the previous screen
ﬂreturn to the main menu
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6.1.2 Structure of the memory

The memory of measurement results is of a tree structure (Fig. 6.1). The user can record an un-
limited number of clients. Any number of objects with sub-objects can be created in each client.

Client 1
L+ Location 1
L+ Measurement point 1

L+ Measurement 1
> Measurement 2
Ly

L+ Measurement n

—» Measurement point 2

L+ Measurement 1
L+ Measurement 2
Ly

L+ Measurement n

L+ Measurement point n
L+ Measurement 1

L+ Measurement 2
Ly

L+ Measurement n

— ..

L+ Location n
— Measurement point 1

L+ Measurement 1
Ly

L+ Measurement n

L+ Measurement point n
L+ Measurement 1
L+ Measurement 2
Ly

L» Measurement n

Fig. 6.1. Structure of meter memory for a single client
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a. Fundamentals of navigating the Memory menu

® o09:50:16 | 2018-11-15 | [ -llll | s« @@ % Select Memory in the main menu.
ﬂ Main menu

Auto f ,;__‘ M@surements

measurements @ =

Memory

Recorder '\@

Settings >~ e Meter info

N

©® 132551 | 20180722 | N | ..||| |95« @ ¥ Memory management panel will
appear
Clents st O ez Description of function icons
Default . ) —
Ciient | DefaultClient | [ o | item inactive
Client . —
1 Client 1 L\ B ’ p— W item active
clil Sonel ] ) i
SRR S G @@ retuming to the previous
screen
* ‘ | s ‘ i« | = ) going to a lower level of the

active (¥') item

Vgoing to the folder tree of the
active (v) client

ﬂ returning to the main menu

WC recording the active item to
the SD card

B& expanding the active item
management menu
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® 1327:10 | 2018-07-22 |

N | ..||| | o2« mmm ¥ Description of icons in the edit
ﬂ Clients

©) menu

== adding a new client
& editing the active client

Sonel
Default M) one

Clients list = ’ Name ‘
Client | DefaultClient U ’

‘Address

e — iego 1 56-100 Swidrica Q search mode (section 6.1.4)
1 Client 1 d ’ Enal e ‘ il removing the active client
olit Sonel < ’ JE— ‘ @ closing the menu
Jan Kowalski
+ & Q ] ®
[ ] ]
[ 1]
® 1327:35 | 2018-07-22 |

N | .|I|| | oz« @@ ¥ To go to alower level of the fold-

ﬂ Locations and measurement points

) er tree:
® gctivate the required item
. > ¥
= e select the B icon.
DEFAULT_LOCATIO

| K

® 132817 | 2018-07-22 |

N | ol | oo @ ¢ @ To go to a higher level of the
4 Locations and measurement points @ folder tree, select the « icon.

] Measurement points ]

@To move several levels up,
select the name of the re-

‘ ppl | MeasuringPoint1 @ quired folder on the top navi-
gation bar.
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b. Adding a new measurements tree

® 13:3249 | 2018-07-22 |

ﬂ Clients
Clients list J ’ Nam ‘
Dcehf:::‘ DefaultClient Addr ‘
Cli_:-'_'nt Client 1 E-mail H Phone number ‘
il Sonel Contact person ‘
+ Q ®
s
[ | ]
©® 133306 | 2018-07-22 | N | -llll | o6 @ ¥
4 Add client
D Namg
\ 1| |
Add City Zip cod:
\ I/ /|| |
Phone number E-mail Contact person
\ I/ /|| |
¢ | B o8

N | il |« @B ¥ Add a new client using the == icon.
©)

Tap and complete the required
fields using the on-screen key-
board:

= Client ID,

= name,

= address:

= city,

= postal code,

= phone number,

= e-mail,

= contact person.

Enter the name from the touch key-
pad (holding certain buttons for a
longer time triggers Polish charac-
ters).

Functions of icons
rejecting changes and returning

to step
+ accepting changes and going to

step @
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® 133524 | 2018-07-22 |

L

N |l o @8 % o Save changes using the E icon.
@

Name

cli2

‘ Sonel S.A.

Zip code

58-100

Phone number

Contact person

Address
‘ Wokulskiego 11 [l |
‘ +48748583800 ‘ ’ ‘

John Smith

—"
|

L]

® 133552 | 2018-07-22 |

4 :

oa

® The display will return to the client
management menu.

Nl o @@ ¥ e Tap to activate the selected client

172

ﬂ Clients ®
Clients list \E Name.
] Sonel S.A.
Default . /)
ot Defautciient | ]
CI ient X B Wokulskiego 11 58-100 Swidnica
Client 1 0
1 E-mail Phone number
c||2 Sonel S A @ export@sonel.pl +48748583800
Contact person
. ] John Smith
clil Sonel [ onnsmi
[ 1]
« v = & | oa

® 133613 | 2018-07-22 |

ﬂ Locations and measurement points

Sonel S.A. /

Locations

. DEFAULT_LOCATIO E
N

] > ¢
e Select icon g and &' to edit da-
ta.
e Further actions are the same as
in steps D))
® To go to the lower level of the
tree:
= tap the label of the required
item,
= activate the required item and
select o .

N | ..||| | o2« @@y ¥ Creating a new client results in cre-
@) ating a default location for the

measurements.
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® 1336129 | 2018-07-22 | N | cllll | os« @@ ¥ To add a new location:
ﬂ Locations and measurement points ® L] tap to activate the Location col-
umn,
.
® expand the edit menu using the
B icon and select =,

DEFAULT_LOCATIO| (— .
- L]
N ([ proceed as in steps (2)(3).

Locations

+ Q ®
s
(1]
0 © 133658 | 2018-07-22 | N | 0l |2 @@ % Inthe Name field the list of names
fo further use may be defined.
D Name
\ ok [ |
Address Zip code City
\ 1l \ |
E-mail Phone number Contact person
\ 1l ||| |
« | CH o8
© 13345 | 2018-07-22 % @} ¢ (a) Tap the name creation field and
# Defined naimty [©) add a new name, the same as
| Defined names list | Name — in step (3).
= oot 1 | - @ Using the == icon add the cre-
- e *@ toc1.3 [ ated item to the list of names.
- loc] 2 E] $elect the required item and us-
‘ @ | ing the icons:
— " > || & * edit the name
—] loc1.3 @ + & m || f )
0 - | [[D remove the name.
— ¥ | @cancel |- Tap to assign a location from the
- I = I I . | list to a required location of the tree

(| >

Ok — accept all changes.
Cancel — cancel changes.
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@ 13:38:04 | 2018-07-22 |

Bl | o v
@

M Add location

[} Name
‘ | lok3 | loc1.3 | ‘
Address Zip code | City
i | d d
E-mail Phol imber Contact person
L ! | |
- | | oo

@® 13:38:20 | 2018-07-22 ‘

W |l | @D ¢

P Locations and measurement points [©)]

]DE FAULT_LOCATIO

N
lok3

locl

« | s | =z | o oa
® 13:38:2 | 2018-07-22 | N | _.||| | 0% @D ¥
4 Locations and measurement points @

Measurement points |

+ . Q L ®

® 13:39:23 | 2018-07-22 | N | -ll'l | oo @my %

P Locations and measurement points [©)]
Sonel SA. / [loc1.3/

e

®

Measurement points |

loc1.2 v
+ s | a i | ®
o ou |

174

® Save changes using the E icon.

® The display will return to the loca-
tion management menu.

e Activate the required location

] > @
® Select * to go to the lower level
of the tree.

The screen for locations and meas-

uring points will appear.

® Tap to activate the Location col-
umn.

e Expand the edit menu using the
=& icon and select =,

® Proceed as in steps
and (8)(9)(10).

e Activate the required location

] > ¥
e Using the W icon, go to a lower
level of the menu.

o If necessary, repeat steps .

® Using the == icon expand the ed-
it menu and select:
& 1o edit location (as in steps
@),
Qto enter the search mode
(section 6.1.4),
ﬁ remove.
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@ © 123947 | 20072 N |l [ @D % o Activate the column Measure-

ﬂ Locations and measurement points @ ment points d_| > |£|)
® Using the g @ icon expand the ed-

it menu and select == to add a
new measurement point (step

@).

Locations ‘ ‘ Measurement points

+ Q ®

® 13:40:03 | 2018-07-22 | N | 0l |2= @@ % Tap and complete the required fields
® using the on-screen keyboard:
point ID,

name,

description,
manufacturer,

model,

serial number,
measuring cycle,

year of manufacture,
safety class,

nominal voltage,

nominal current,

nominal power.

ﬂ Add measurement point

D Name. Description

)
Producer Model Serial number
M \

’ Test cycle

Protection class
1 {v

« | B K

Year of production

Nominal voltage[V] || Nominal current[A]

Nominal powerW]

L R R

Description of function icons
‘ returning to the previous screen

E saving changes
ﬂ returning to the main menu

@ © 13:40.49 | 2018-07-22 | N | 0l |s= @@ ¥ The measuring point has been
8 om0 B

Description of icons in the edit

B e menu
== adding a new point
MeasuringPoint1 & editing the active point

Q search mode (section 6.1.4)
ﬁ removing the active point.
@ closing the menu

e« | o« | & ] 8
® The results of measurements performed for all measuring functions can be stored in one

cell of the Measurement points column.

® Only the results of measurements activated by pressing the START button can be stored in the
memory (except autozeroing in low-voltage measurement of resistance).

® Complete set of results (main result and supplementary results) for a given measuring function,
preset measurement settings, date and time of the measurement are stored in the memory.
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6.1.3 Entering the measurement result

©® 13:49:39 | 2018-07-22 | N | .llll | 100 EEER %
M Zeckeo Uorerpen

2018-07-22 13:49:35

ZL-pE = 3,27 Q |k=7®U.4A

la=50,0A

f=50,0 Hz o3

’ Upse=239,5V ’ I | (Un) [v

« | 5 |

@ © 13:5048 | 2018-07-22 |

Save measurement result

N |l |0 @ %
®

Locations Measurement points ‘ |

loc1.3.1

0
‘ loc1.3.2 @

TR T s

©® 135207 | 2018-07-22 | N | .llll | 100 EEER %

ﬂ Save measurement result

Locations ]

Measurt  nt points

‘ loc1.3.1 OJ MeasuringPoint1
‘ loc1.3.2 \:|
«  « | m B | a

e After the measurement, se-
lect the | icon.

e The menu Entering the
measurement result will ap-
pear (the menu and control
the same as in section
6.1.1).

e |f necessary, create a new
location in accordance with
section 6.1.2b.

® Select the required meas-
urement point from the loca-
tion or create a new point in
accordance with section

6.1.2b step (12)15)3e).

® Tap E to save the result to
memory.

® In case of cancellation, re-
turn to the measurement
menu using the 48 icon.

Management of objects and sub-objects id possible both in the saving to memory mode

and memory viewing (section 6.1.4).
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6.1.4 Viewing saved measurements

® 09:50:16 | 2013-11-15| "] 37GB| -.||I |93% @ ¥ Select Memory.
A Mainmenu [©)

Auto ’ ,‘_ /A) surements

measurements @ e

Memory

Recorder '¢© ;
Settings ){’ Meter info

© 135447 | 20180722 | N | il [0 @@ ¥ o Go to a location with a meas-
g, o0 wheh e
;naiisdl.;rement results were

Locations ‘7‘ Measurement points ‘z‘ e Activate the required measur-

‘ loc1.3.1 O MeasuringPoint1 @‘ ing pointdi\ > M)'

‘ — ® Using the B icon, go to the

loc1.3.2 U contents of the measuring
point.
« |+ | s | o8
O® 135522 | 20180722 | N | ..llllwn%@"" The list of measuring points

contained in the aciive port il

be displayed.

’ D Name ‘ emsurements Description of controls signal-
op1 MeasuringPoint1 ling that the set limit has been
’ S ‘ @® | |Luxmeter reached.
2“‘8';783?42 2 (©) condition fulfilled
s —| b2 I ® condition unfuilled
Test cycle Sl @ RCD I ‘_‘ ‘ @ limit not defined
2018-07-20 22:41:12 o
To call up the measurements
- | | | | e § management menu, activate

the required records

) >«
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@© 135506 | 2018-07-22 |

‘ﬂ Measurement point

loc1.3/ floc1.32/

N | ol |00~ @m@ ¥ Description of function icons
©) « returning to the previous
screen
« going to details (step (5))

- . .
’ e R — ‘ ey “ | i removing the active record.
e @ | Luxmeter 4 retuming to the main menu
’ ‘ 2018-07-20 22:42:23
Producer Model @ RCD ta
2018-07-20 22:41:28
Test cyole Serial number RCD Ix
’ H ‘ @ 201807-20 2241112
« | v s [ 8
© 135546 | 2018-07-22 | N | il |- @@ ¢ To go to the selected meas-
‘ﬂ Measurement point @ urement resu“:
() tap the record label,
Sonel / |loc1.3/ Jloc1.3.2/ .
~ (b)activate  the  record
D Name Measurements o ] @
’ ppl MeasuringPoint1 ‘ — di‘ > l!/) and select
- Luxmeter m v
Description .
’ ‘ ® 2018-0( @ Y2:42:23 b
RCD t &
Producer Model A v
’ ‘ ’ ‘ @ 2018-07-20 22:41:28
Test cyole Serial number RCD Ix (] ‘
’ H ‘ @ 2018072022412 |

« | | v ]

©® 135621 | 2018-07-22

4 ReD:t, Us Re

8|
N | 0l |0+ @@ ¢ The value of the required

@] measurement will be displayed.

2018-07-20 22:41:25

tA=10ms

©

14 =0..300 ms
U =250V
U=198V x IAn ’ v | xian ’ v
f=50,0 Hz ’ nU v ’ D v
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6.1.5 Sharing recorded measurements

@© 1511:37 | 2021-08-16 | il s7cBfree | ..||| | s mmD ¥ o Select (: The following op-
) it @1l tions are available:
Clients ist v ‘ Name ‘ Wc import of all clients from

DEFAULT_CLIENT

DEFAULT CLIE | — the memory card to the
‘ — v ‘ meter,
W» export of selected clients
to a memory card,
(@ sending selected cus-
tomers via e-mail,
P P @ Be@ ® @»@ generating a report
} in PDF format and send-

< ing it by e-mail.

e |f necessary, select the cus-

tomer (| > [), which is to
be subject to the requested
action.

® Select the icon with the de-
sired action.

Before sending data by e-mail, the Outbox must be configured. See sec. 2.3.4.
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6.1.6 Searching the meter memory

® 13:58:35 | 2018-07-22 | N | il oo @ % o From anywhere in the browse
ﬁ Locations and measurement points @ menu select == and Q

Locations ]

DEFAULT LOCATIO O ‘
lok2 loc1.3 |:\ H

®

® 135005 | 20130722 | N | il |0« @@ % o The search menu will be dis-
ﬁ Search @ played

e In the Settings field, select
the type of the searched ob-
ject: location or measuring
point.

Search result | ‘ ‘ Settings

” Measurement point }v

\:\ search e{illclient

e |[f necessary, select Search

allclients (| > #).

f
‘ Il MeasuringPoint |

- ‘ ‘ un ‘ ‘ #“ e In the Name field, enter the
searched phrase from the on-
screen keyboard.

® Select Search.

@ 135922 | 2080722 | § | il o @@ ¥ o Activate the required result
] > @

® Go to details using the Wp
icon.

Search result Settings

pp1 | MeasuringPoint1

] search evry ten e After the gm icon has been
pp2 | MeasuringPoint1 | || ’ ’ Name selected, the option of record
)

‘ ’ Measurement point }'

editing is also available in ac-
cordance with section 6.1.2b,

steps (8)(9)(10).

MeasuringPoint

« R R
Description of other function
icons
@@ returning to the previous
screen

ﬂ returning to the main menu
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6.2 Recorder memory

6.2.1 microSD Memory Card

Removable microSD HC card is the primary place of data storage. The following are saved on it:
e recorded measurement data,

e screenshot files.

The top bar shows the status of the card and its free space available.

To ensure proper operation of the meter and prevent data loss, do not:

e remove the memory card during recording. Removal of the card may result in ending the record-
ing process ,damage of data recorded, and in some cases, damage to the entire structure of
files saved on the card.

e modify or delete files stored on the card or store your own files on it. If after inserting the card the
meter detects an error in the file system, the memory format panel is shown to perform formatting
of the card. Only after formatting (which removes all files) it will be possible to reuse the card in
the device.

In addition, before removing the card from the meter (e.g. to read the data by Sonel Analysis) it is rec-

ommended to turn the meter off, to save all cached data.

MicroSD memory card may be formatted from the user interface level. Go to Analyser settings, and
then select the Memory section, where the user can format the selected memory (see also section
6.1.1).

6.2.2 USB external memory (flash drive)

Connecting an external USB stick allows user to:
e copy selected files with screenshot from microSD memory card to the memory stick,
e save the log file of the meter, in case of an error in the device in order to perform an analysis in the
service of the manufacturer,
e update the firmware of the device.

Supported file systems are FAT32. When a memory formatted in a different file system is inserted,
the device will display a window informing about detecting unformatted media carrier. From this win-
dow, the user may directly enter the formatting screen.

The data on the memory stick are stored in the folder named " MP1-540_DATA".

6.2.3 Compatibility with Sonel Analysis software

Sonel Analysis is an application used to work with MPI-540 meter and power analyzers of PQM series.
In combination with the above devices it enables to:

e read data from the device,

e  present data in the tabular form,

e  present data in the form of graphs,

® updating firmware of analyzer to new and updating the application itself.

The software operates with Windows XP, Windows Vista, Windows 7, Windows 8 and Windows 10.

Detailed manual for "Sonel Analysis" is available in a separate document (also downloadable from the
manufacturer's website).
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6.2.4 PC connection and data transmission

Connection to a computer (PC mode), ensures transmission of data stored in the recorder memory — it
is possible to read data from all completed recordings.

e When connected to a PC, the display shows message "PC Connection"

e When connected to a PC, all buttons are locked except

button, unless the recorder operates

with key lock mode (e.g. during recording ) — then all the buttons are locked. The ® icon whose
selection interrupts the connection with the PC is displayed on the screen on the bottom bar.

e When within 10 seconds of connecting a PC to the device no data exchange occurs between the
device and the computer, the device exits data exchange mode and terminates the connection.

Sonel Analysis software also allows you to read data directly from a microSD card using an external
memory card reader. This method allows for the fastest reading of the recorded data. To use this
mode, remove the memory card from the meter and put it into the reader connected to a computer
(when removing the card, follow the rules described in sec. 6.2.1; it is safe to turn the meter off
earlier).
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7 Power supply

7.1 Monitoring of the battery charge status

The device is equipped with a Li-lon battery pack 11.1 V 3.4 Ah. The battery pack includes a cir-
cuit monitoring its charge status, which provides precise level of battery pack charge and a tempera-
ture sensor.

The charging level of the battery pack is indicated by icon on the top bar of the screen on the right
side (section 2 element ).

charging level 80...100%
charging level 60...80%
charging level 40...60%
charging level 20...40%

charging level 0...20%

JUO0BE

® batteries fully discharged.
® no battery
® no communication with the battery pack

7.2 Replacing rechargeable batteries

MPI-540 meter is powered from SONEL Li-lon rechargeable battery pack.

Battery charger is installed inside the meter and cooperates only with the manufacturer's re-
chargeable battery pack. The charger is powered by external power supply adapter. It can be also
powered from the car cigarette lighter socket. Both the rechargeable battery pack and the adapter are
standard components of the meter.

WARNING
If the test leads are left in the terminals during replacement of the batteries,

there is arisk of electric shock.

The internal real time clock is supplied from the battery pack, therefore to avoid deleting the clock
settings, the battery pack replacement may be performed with connected power supply of 12 V DC.
In order to replace the battery pack it is necessary to:

e remove all the test leads from the sockets and turn the meter off,
e  connect the external power supply 12 V DC (to prevent deleting date and time settings)

e remove the four screws of the battery compartment (in the lower part of the casing),
Fig. 7.1),

remove the battery compartment,

remove the compartment cover and remove the batteries,
insert a new battery pack,

Insert (snap) the compartment cover,

Insert the compartment in the meter,

screw the 4 screws of the battery compartment.
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Fig. 7.1. Replacing the battery pack

NOTE!
Do not use the meter when the accumulator compartment is removed or open or pow-
er it from other sources than those mentioned in this manual.

7.3 Charging the rechargeable batteries
Charging the battery pack of the device is started automatically after connecting:
e 2V DC power supply adapter,
e  charging cable for the car cigarette lighter.
Charging is indicated by the ¥ icon next to the battery symbol on the top bar and by the
H.V./REC/CONT. diode. The temperature of the battery and the ambient temperature influence the

charging process. If the battery temperature is below 0°C or higher than 45°C, the charging process is
stopped.

Indication of charging status
e charging

meter off — diode H.V./REC/CONT. is lit green (@)
A
meter on — charging signalled only by an icon on the display ¥ D

e damage
meter off — diode H.V./REC/CONT. flashes green every 0.5 second [
meter on — error signalled by an icon on the display

Due to interferences in the network or to high ambient temperature, the charging pro-
cess of rechargeable batteries may finish prematurely. When charging time is too short,
turn off the meter and start charging again.
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7.4 General rules for using Li-lon rechargeable batteries

Store the half-charged battery pack in a plastic container placed in a dry, cool and well venti-
lated place and protect them from direct sunlight. The battery pack may be damaged if
stored when fully discharged. The ambient temperature for prolonged storage should be
maintained within the range of 5°C...25°C.

Charge the batteries in a cool, well-ventilated place at a temperature of 10°C ... 28°C. Mod-
ern fast chargers detect both too low and too high temperature of rechargeable batteries
and react to the situation adequately. When the temperature is too low, charging should be
prevented as it may irreparably damage the batteries. The increase in temperature of the
battery pack may cause electrolyte leakage and even its ignition or explosion.

Do not exceed the charging current, as it may result in ignition or "swelling" of the battery
pack. "Swollen" battery pack must not be used.

Do not charge or use the batteries in extreme temperatures. Extreme temperatures reduce
the lifetime of rechargeable batteries. Always observe the rated operating temperature. Do
not dispose the battery pack into fire.

Li-lon cells are sensitive to mechanical damage. This kind of damage may cause their per-
manent damage and thus - ignition or explosion.

Any interference in the structure of Li-ion battery pack may cause its damage. This may re-
sult in the ignition or explosion.

A short-circuit of the battery poles "+" and "-" may permanently damage the battery pack or
even cause its fire or explosion.

Do not immerse Li-lon battery in liquids and do not store in humid conditions.

If the electrolyte contained in the Lithium-lon battery pack, contacts eyes or skin, immediate-
ly rinse the affected place with plenty of water and consult a doctor. Protect the battery
against unauthorised persons and children.

When you notice any changes in the Lithium-lon battery pack (e.g. changes in colour, swell-
ing, excessive temperature), stop using the battery pack. Li-lon batteries that are mechani-
cally damaged, overcharged or excessively discharged are not suitable for use.

Any misuse of the battery may cause its permanent damage. This may result in the ignition.
The seller and the manufacturer shall not be liable for any damages resulting from improper
handling Li-lon battery pack.
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8 Cleaning and maintenance

NOTE!

A

The meter has been designed for many years of reliable use, provided that the following recom-
mendations are observed for its maintenance and care:

1. THE METER MUST BE DRY. Wipe the dampened mater.

2. THE METER MUST BE USED AND STORED IN NORMAL TEMPERATURES. Extreme
temperatures may shorten the life of electronic components and distort or melt plastic parts.

3. THE METER MUST BE HANDLED CAREFULLY AND GENTLY. Dropping the meter may
damage its electronic elements or the housing.

4. THE METER MUST BE KEPT CLEAN. From time to time wipe the housing with a damp cloth. DO
NOT use chemicals, solvents or detergents.

5. CLEAN THE PROBES WITH WATER AND DRY THEM Before the probe is stored for a
prolonged period of time it is recommended to grease it with any machine lubricant.

Use only the maintenance methods specified by the manufacturer in this manual.

6. The reels and test leads should be cleaned with water and detergents, and then dried.
The electronic system of the meter does not require maintenance.

9 Storage

In the case of storage of the device, the following recommendations must be observed:
Disconnect all the test leads from the meter.

Clean the meter and all its accessories thoroughly.

Wind the long test leads onto the reels.

In the case the meter is to be stored for a prolonged period of time, the batteries must be
removed from the device.

e |n order to prevent a total discharge of the rechargeable batteries in the case of a prolonged
storage, charge them from time to time.

10 Dismantling and utilisation

Worn-out electric and electronic equipment should be gathered selectively, i.e. it must not be
placed with waste of another kind.

Worn-out electronic equipment should be sent to a collection point in accordance with the law of
waste electrical and electronic equipment.

Before the equipment is sent to a collection point, do not dismantle any elements.
Observe the local regulations concerning disposal of packages and used batteries/rechargeable bat-
teries.
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11 Technical data

11.1 Basic data

= Abbreviation "m.v." used in the specification of accuracy means standard measured value

11.1.1 Measurement of alternating voltages (True RMS)

Range Resolution Accuracy
0.0V...299.9 V 0.1V +(2% m.v. + 4 digits)
300 V...500 V 1V +(2% m.v. + 2 digits)

e Frequency range: 45...65 Hz

11.1.2 Frequency measurement

Range Resolution Accuracy

45.0 Hz...65.0 Hz 0.1 Hz +(0.1% m.v. + 1 digit)

e Voltage range: 50 ... 500V

11.1.3 Measurement of fault loop impedance Z..pg, ZiN, ZL-L

Measurement of fault loop impedance Zs

Test range according to IEC 61557-3:

Test lead Test range Zs
12m 0.130Q...1999.9 Q
5m 0.170Q...1999.9 Q
10 m 0.210 Q...1999.9 Q
20m 0.290 0...1999.9 Q
WS-03, WS-04 0.190 Q...1999.9 Q
Display range:

Display range Resolution Accuracy
0.000...19.999 Q 0.001 Q +(5% m.v. + 0.03 Q)
20.00...199.99 Q 0.01 Q +(5% m.v. + 0.3 Q)
200.0...1999.9 Q 0.10Q +(5% m.v. +3 Q)

o Rated operating voltage Un.n/ Un: 110/190 V, 115/200 V, 127/220 V, 220/380 V,
230/400 V, 240/415 V

Operating voltage range: 95 V...270 V (for Z_peand Z,..v) and 95 V...440 V (for Z..)
Rated mains frequency f,: 50 Hz, 60 Hz

Operating frequency range: 45 Hz...65 Hz

Maximum test current (for 415 V): 41.5 A (10 ms)

Control of correctness of PE terminal connection by means of a touch electrode
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Indications of fault loop resistance Rs and fault loop reactance Xs
Display range Resolution Accuracy
0...19.999 Q 0.001 Q +(5% + 0.05 Q) of Zg value

e Calculated and displayed for Zs< 20 Q

Indications of short-circuit current I
Test range according to IEC 61557-3 can be calculated on the basis of test ranges for Zs and nominal
voltages.

Display range Resolution Accuracy
0.055...1.999 A 0.001 A
2.00...19.99 A 0.01A
20.0...199.9 A 0.1A Calculated on the basis of
200...1999 A 1A accuracy for fault loop
2.00...19.99 kA 0.01 kA
20.0...40.0 kKA 0.1 kA

e Prospective fault current calculated and displayed by the meter may slightly differ from the value
calculated by the user with a calculator, basing on the displayed value of the impedance, be-
cause the meter calculates the current from unrounded value of fault loop impedance (which is
used for displaying). As the correct value, consider |, current value, displayed by the meter or by
firmware.

11.1.4 Measurement of fault loop impedance Z .perep; (Without triggering of
RCD)

Measurement of fault loop impedance Zs
Test range according to IEC 61557-3:

e  (0.50...1999 Q for 1.2 m leads, WS-03 and WS-04
e 0.51..1999 Q for 5m, 10 m and 20 m leads

Display range Resolution Accuracy
0...19.99 Q 0.01Q +(6% m.v. + 10 digits)

20.0...199.9 Q 0.10 .
200..1999 O 10 (6% m.v. + 5 digits)

It will not trip RCDs of Iy 2 30 mA

Rated operating voltage U,: 110V, 115V, 127 V, 220V, 230 V, 240 V
Operating voltage range: 95 V...270 V

Rated mains frequency f,: 50 Hz, 60 Hz

Operating frequency range: 45...65 Hz

Control of correctness of PE terminal connection by means of a touch electrode

Indications of fault loop resistance Rs and fault loop reactance Xs
Display range Resolution Accuracy

0..19.99 Q 0.01Q +(6% + 10 digits) of Zs value
e Calculated and displayed for Zs <20 Q
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Indications of short-circuit current I
Test range according to IEC 61557-3 can be calculated on the basis of test ranges for Zs and nominal
voltages.

11.1.5 Measurement of parameters of RCD

Display range Resolution Accuracy
0.055...1.999 A 0.001 A
2.00...19.99 A 0.01 A
20.0...199.9 A 0.1A Calculated on the basis of
200...1999 A 1A accuracy for fault loop
2.00...19.99 kA 0.01 kKA
20.0 ...40.0 kA 0.1 kA

Prospective fault current calculated and displayed by the meter may slightly differ from the value
calculated by the user with a calculator, basing on the displayed value of the impedance, be-
cause the meter calculates the current from unrounded value of fault loop impedance (which is
used for displaying). As the correct value, consider |, current value, displayed by the meter or by

firmware.

Measurement of RCDs type: AC, A, B, B+, F, EV
Rated operating voltage U,: 110 V, 115V, 127 V, 220 V, 230 V, 240 V
Operating voltage range: 95 V...270 V

Rated mains frequency f,: 50 Hz, 60 Hz
Operating frequency range: 45...65 Hz

RCD trigger and response time test ta (for measurement function ta)
Test range according to IEC 61557-6: Oms ... to the upper limit of displayed value

1
2)
3)

Setting
oPI?C?D C:Jflén\l/’;tl'_' Testiningfe Resolution Accuracy
ues
= General type [ 0.5 Ian 0..300 ms (TN/TT)
= Short-time de- 1 lan 0..400 ms (IT)
lay type 2 lan 0..150 ms
= AC module in 5 1, 0.40ms
EV type 1ms +(2% m.v. + 2 digits)?
0.5 lan 0..500 ms
Selective L lan
2 lan 0..200 ms
5 Ian 0..150 ms
1 s 0.0..10.0s 0.1s
A SO R £ I PSS
50 15,Y 0..40 ms

for Ixn = 10 mA and 0.5 I, accuracy is (2% m.v. + 3 digits)
for measurements acc. to IEC 62955
for measurements acc. to IEC 62752

Accuracy of differential current setting:

FOF 1¥1an, 2%1an, D¥IAR «eveeereeeertiieeitie e creee e see s e
FOF 0.5 AR «ooeevteie et
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Effective value of forced leakage current at measurement of RCD disconnection time
(does not apply to RCD EV 6 mA DC and RCM) [mA]
Multiplication factor setting

Ian 0.5 1
AV NN [ATA - N NN [A¥A) ==
10 5 3.5 3.5 5 10 20 20 20
30 15 10.5 10.5 15 30 42 42 60
100 50 35 35 50 100 140 140 200
300 150 105 105 150 300 420 420 600
500 250 175 175 — 500 700 700 | 1000*
1000 500 — — — 1000 — — —
Multiplication factor setting
Ian 2 5
,\/ NN [AYA === ,\/ NN [ANA ===
10 20 40 40 40 50 100 100 100
30 60 84 84 120 150 210 210 300

100 200 280 280 400 500 700 700 [ 1000*
300 600 840 840 — — — — —
500 1000 — — — — — — —
1000 — — — — — — — —
* - does not apply to U, =110V, 115 V and 127 V and IT network

Effective value of forced leakage current at measurement of RCD disconnection time
(applies to RCD EV 6 mA DC and RCM) [mA

| Multiplication factor setting
An 1 10 33 50
6 mA DC acc. to IEC 62955 6 60 200 —
6 mA DC acc. to IEC 62752 6 60 — 300
Measurement of resistance-to-earth Re (for TT)
Selected
nominal cur- Test range . Test
rent Resolution current Accuracy
of RCD
10 mA 0.01...5.00 kQ 0.01 kO 4 mA 0..+10% m.v. +8 digits
30 mA 0.01...1.66 kQ ) 12 mA 0..+10% m.v. 5 digits
100 mA 1..500 Q 40 mA
300 mA 1...166 Q 120 mA L
()
500 A 1 1000 10 500 MA 0..+5% m.v. £5 digits
1000 mA 1..50Q 400 mA

Measurement of touch voltage Ug in relation to nominal differential current
Test range according to IEC 61557-6: 10.0 V...99.9 V

Test range . Test
Resolution current Accuracy
0..99V 0%...10% m.v. +5 digits
10.0..99.9V o1V 0.4 X lan 0%...15% m.v.
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Measurement of RCD disconnection current I for sinusoidal differential current
Test range according to IEC 61557-6: (0.3...1.0)lan

Selected nomi-
nal current Test range . Test
o Resolution e Accuracy
RCD
10 mA 3.0..10.0 mA
30 mA 9.0.. 30.0 mA 0.1 mA
100 mA 30..100 mA
300 MA 90.300 MA LA 0.3 X Ian..1.0 X Ian +5% Ian
500 mA 150..500 mA
1000 mA 300..1000 mA
e itis possible to start the measurement from the positive of the negative half of forced leakage current
e testcurrent duration...........ccccevevvieiennnn. max. 8.8 s

Measurement of RCD disconnection current | for differential unidirectional pulsed current and
unidirectional pulsed current with 6mA direct current offset

Test range according to IEC 61557-6: (0.35...1.4)I4, for 1,,230 mA and (0.35...2)I4, for 1,,.=10 mA

Selected nomi-
nal current Test range . Test
o Resolution Oy Haw Accuracy
RCD

10 mA 3.5..20.0 mA 0.35 X 14n..2.0 X Ian

30 mA 10.5.42.0 mA 0.1 mA

100 mA 35..140 mA +10% lan

300 mA 105..420 mA 1mA 0.35 X lan--1.4 X lan

500 mA 175..700 mA

L]

measurement may be performed for positive or negative half-periods of forced leakage current
e test current duration..........cccoceevieiieenne. max. 8.8 s

Measurement of RCD disconnection current I, for differential direct current
Test range according to IEC 61557-6: (0.2...2)Ian

Selected nom- Test range
inal current Resolution Current Accuracy

of RCD
6 mA?Y 1.0..6.0 mA 0.1 mA 1.0..6.0 mA +6% ln
10 mA 2.0..20.0 mA 0.1 mA
30 mA 6..60 mA
100 mA 20..200 mA 1 mA 0.2 X Ipn--2.0 X Ign +10% lan
300 mA 60..600 mA
500 mA 100..1000 mA

measurement can be performed for positive or negative forced leakage current
test current duration (does not apply to RCD EV and RCM)
test current duration (applies to RCD EV and RCM)

= acc. to IEC 62955...
= acc. to IEC 62752
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11.1.6 Measurement of resistance-to-earth Rg

Test range according to IEC 61557-5: 0.50 Q...1.99 kQ for test voltage of 50 V
and 0.56 Q...1.99 kQ for test voltage of 25 V

Range Resolution Accuracy
0.00...0.35 Q 0.01Q +(2% m.v. + 10 digits)
0.35...9.99 Q 0.01Q +(2% m.v. + 4 digits)
10.0..99.9 Q 010
100...999 Q 10 +(2% m.v. + 3 digits)
1.00...1.99 kQ 0.01kQ

test vol

tage: 25V or 50 V rms

test current: 20 mA, sinusoidal rms 125 Hz (for f,=50 Hz) and 150 Hz (for f,=60 Hz)

blocking of measurement at interference voltage of Uy>24 V
maximum measured voltage of interferences Unmax=100 V
maximum resistance of auxiliary earth electrodes 50 kQ

Measurement of resistance of auxiliary earth electrodes Ry, Rs

Display range Resolution Accuracy
000...999 Q 10

1.00...9.99 kQ 0.01kQ +(5% (Rs+ Re+ Ry) + 3 digits)

10.0...50.0 kQ 0.1kQ
Measurement of interference voltages
Internal resistance: approx. 8 MQ

Range Resolution Accuracy
0...100 V 1V +(2% m.v. + 3 digits)

Selective measurement of earthing with clamps

Range Resolution Accuracy*
0.00...0.35Q 0.01Q +(8% m.v. + 10 digits)
0.35...9.99 Q 0.01 Q
10.0...99.9 Q 0.10Q

o -
100999 O 10 *(8% m.v. + 4 digits)
1.00....1.99 kQ 0.01 kQ

* — at maximum interference current of 1 A

o Measurement with additional current clamps C-3,
e The range of interference current is up to 9.99 A.

Selective measurement of earthing with two clamps
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Range Resolution Accuracy*
0.00...0.35Q 0.01 Q +(10% m.v. + 10 digits)
0.35...9.99 Q 0.01Q o .
100 1990 10 +(10% m.v. + 4 digits)
20.0...99.9 Q ) +(20% m.v. + 4 digits)

* — at maximum interference current of 1 A

o Measurement with transmitting clamps N-1 and receiving clamps C-3.
e The range of interference current is up to 9.99 A.
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Measuring soil resistivity (p)

11.1.7 Low-voltage measurement of continuity of circuit and resistance

Range Resolution Accuracy
0.0...99.9 Om 0.1 Om .
100...999 Om 170m Dcieggg'gf’tﬁg rt:eeaic'
1.00...9.99 kOm 0.01 kQm urement Re
10.0...99.9 kOm 0.1 kKOm

e Measurement with Wenner method,
e Option for setting the distance in meters or feet,
e Selecting a distance: 1 m ... 30 m (1 ft ... 90 ft).

Measurement of continuity of protective conductors and equipotential bonding with 200 mA +

current

Measurement range according to IEC 61557-4: 0.12...400 Q

Range Resolution Accuracy
0.00...19.99 Q 0.01Q
20.0...199.9 0 010 +(2% m.v. + 3 digits)
200...400 Q 10

Voltage at open terminals: 4 V...9V
Output current at R<2 Q: min. 200 mA (Isc: 200 mA..250 mA)
Compensation of test leads resistance

Measurements for both current polarizations

Measurement of resistance with low current

Range Resolution Accuracy
0.0..199.9 Q 0.1Q L
200..1999 O 10 +(3% m.v. + 3 digits)

Voltage at open terminals: 4 V...9 V

Output current < 8 mA

Audio signal for measured resistance < 30 Q + 50%

Compensation of test leads resistance
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11.1.8 Measurement of insulation resistance

Measurement range, according to IEC 61557-2 for Uy = 50 V: 50 kQ...250 MQ

Display range for

Un = 50 V Resolution Accuracy
0 k...1999 kQ 1kQ
2.00 MQ...19.99 MQ 0.01 MQ +(3% m.v. + 8 digits),
20.0 MQ...199.9 MQ 0.1 MQ [+(5% m.v. + 8 digits)] *
200 MQ...250 MQ 1 MQ

* — for WS-03 and WS-04 leads

Test range according to IEC 61557-2 for Uy = 100 V: 100 kQ...500

MQ

Display range for

Uy = 100 V Resolution Accuracy
0 k...1999 kQ 1kQ
2.00 MQ...19.99 MQ 0.01 MQ +(3% m.v. + 8 digits)
20.0 MQ...199.9 MQ 0.1 MQ [+(5% m.v. + 8 digits)] *
200 MQ...500 MQ 1 MQ

* — for WS-03 and WS-04 leads

Test range according to IEC 61557-2 for Uy = 250 V: 250 kQ...999 MQ

Display range for

Uy = 250 V. Resolution Accuracy
0 kQ...1999 kQ 1kQ
2.00 MQ...19.99 MQ 0.01 MQ +(3% m.v. + 8 digits)
20.0 MQ...199.9 MQ 0.1 MQ [+(5% m.v. + 8 digits)] *
200 MQ...999 MQ 1 MQ

* — for WS-03 and WS-04 leads

Test range according to IEC 61557

-2 dla Uy = 500 V: 500 kQ...2.00 GQ

Display range for

U = 500 V Resolution Accuracy
0...1999 kQ 1kQ
2.00...19.99 MQ 0.01 MQ +(3% m.v. + 8 digits)
20.0...199.9 MQ 0.1 MQ [+(5% m.v. + 8 digits)] *
200...999 MQ 1 MQ
1.00...2.00 GQ 0.01 GQ (4% m.v. + 6 digits)

[£(6% m.v. + 6 digits)] *

* — for WS-03 and WS-04 leads

Test range according to IEC 61557-2 for Uy = 1000 V: 1000 kQ...4,99 GQ

D'SS,Lag {gggci/for Resolution Accuracy
0...1999 kQ 1kQ
2.00...19.99 MQ 0.01 MQ L
20.0..199.9 MO 0.1 MO +(3% m.v. + 8 digits)
200...999 MQ 1MQ
1.00...4.99 GQ 0.01 GQ +(4% m.v. + 6 digits)
5.00...9.99 GQ 0.01 GQ unspecified
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Test voltage: 50 V, 100 V, 250 V, 500 V i 1000 V
Accuracy of generated voltage (Robc [Q] > 1000*Uy [V]): -0% +10% from the set value
Detection of a dangerous voltage before commencing a measurement

Discharging the object tested
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e Measurement of insulation resistance with the use of UNI-Schuko plug (WS-03, WS-04) be-
tween all three terminals (for Uy=1000 V is not available)

e Insulation resistance measurement for multi-wire cables (max. 5) using an optional external
AutolSO-1000c adapter

e Measurement of voltage on terminals +R;so, -Riso within the range of: 0 V...440 V

e Testcurrent <2 mA

11.1.9 Light measurements

Measuring ranges of LP-1 probe
Range Resolution Spectral Accuracy
[Ix] [1X] uncertainty
0...399.9 0.1
400...3999 1 f1<6% +(5% m.v. + 5 digits)
4.00 k...19.99 k 0.01 k
Range Resolution Spectral
[fc? [fc] un(?ertainty AL
0...39.99 0.01
40.0...399.9 0.1 f1<6% +(5% m.v. + 5 digits)
400...1999 1
e Probe class B
Measuring ranges of LP-10B probe
Range Resolution Spectral Accuracy
[1X] [1x] uncertainty
0...39.99 0.01
40.0...399.9 0.1
400...3999 1 f1<6% +(5% m.v. + 5 digits)
4.00 k...39.99 k 0.01 k
40.0 k...399.9 k 0.1k
Range Resolution Spectral
[fc(]:’ [fc] uncpertainty IS
0...3.999 0.001
4.00...39.99 0.01
40.0...399.9 0.1 f1<6% +(5% m.v. + 5 digits)
400...3999 1
4.00 k...39.99 k 0.01 k
e Probe class B
Measuring ranges of LP-10A probe
Range Resolution Spectral Accuracy
[1X] [1x] uncertainty
0...3.999 0.001
4.00...39.99 0.01
toogzgggg Oil f1<2% +(2% m.v. + 5 digits)
4.00 k...39.99 k 0.01 k
40.0 k...399.9 k 0.1k
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Range Resolution Spectral
[fc? [fc] uncpertainty NEELITESY
0...3.999 0.001
4.00...39.99 0.01
40.0...399.9 0.1 f1<2% +(2% m.v. + 5 digits)
400...3999 1
4.00 k...39.99 k 0.01 k

e Probeclass A

11.1.10 Phase sequence

e Phase sequence indication: in the same direction (correct), opposite direction (incorrect)
e Range of network voltages U,..: 95 V...500 V (45 Hz...65 Hz)
o Display of phase-to-phase voltages

11.1.11 Motor rotation

e SEM motor voltage ranges: 1V + 500 V AC
e Test current (per phase): <3.5 mA

11.1.12 Measurement of open circuit DC voltage Uoc

Range Resolution Accuracy
0.0 V...299.9 V 0.1V +(3% m.v. + 5 digits)
300 V...1000 V 1V +(3% m.v. + 2 digits)

11.1.13 Measurement od short circuit DC current Isc

Range Resolution Accuracy
0.00 A...20.00 A 0.01A +(3% m.v. + 0,10 A)
e Before the measurement reset the clamp

11.2 Recorder data

Recorder class: compliance with EN 61000-4-30:2015 class S.

11.2.1 Inputs

Voltage input terminals

5 (L1, L2, L3, N - 3 measuring channels) not galvanically in-

Number of inputs sulated

Maximum input voltage L1, L2, L3, N: 500 Vgus relative to earth.

Peak input voltage (without cutting) 1150 V (L-N)

Analogue transmission band (-3dB) |12 kHz

Transformers defined by user
Impedance of measurement inputs | 14 MQ (L-L, L-N)
CMRR >70 dB (50 Hz)
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Current input terminals

Number of inputs

3 (L1, L2, L3) not galvanically insulated from one another

Maximum peak input
voltage

5 V relative to earth

Nominal input voltage

(hard clamps) 1 Vrus
Peak input voltage (hard 36V
clamps, without cutting) '
Analogue transmission 12 kHz

band (-3dB)

Input Impedance

Path for hard clamps: 100 kQ

Path for flexible clamps: 12.4 kQ

Measurement range
(without transformers)

Flexible clamps F-1(A)/F-2(A)/F-3(A): 1..3000 A (10000 A peak, 50 Hz)

Hard clamps C-4(A), C-5(A): 1..1000 A (3600 A peak)

Hard clamps C-6(A): 0.01..10 A (36 A peak)
Hard clamps C-7(A): 0..100 A (360 A peak)

Transformers

defined by user

CMRR

60 dB (50 Hz)

11.2.2 Sampling and RTC

AIC converter

16-bit

Sampling rate

5.12 kHz for 50 Hz and 60 Hz

Simultaneous sampling in all channels

Samples per period

102.4 for 50 Hz; 85.33 for 60 Hz

PLL synchronization

40..70 Hz

Reference channel for
PLL

L1-N, L1-L2 (depending on the type of network)

Real-time clock

+30 ppm (approx. +2.6 s/day)

11.2.3 Voltage measurement

Voltage Range and conditions Resolution Accuracy
Urus (AC+DC) 20% Unom < Urms < 120% Unom | 0.1% Unom +0,5% Unom
for Upom = 100 V
Crest Factor 1..10 0.01 +5%

(1..2.2 for voltage 500 V)
for URMS > 10% Unom

MPI1-540 e MPI-540-PV — USER MANUAL

197




11.2.4 Measurement of current (True RMS)

Current

Range and conditions

Resolu-
tion

Accuracy

lrws (AC+DC)

Accuracy of the device

10% lnom < lrms < 100%

Ian

0.01% I | 2%

om
Flexible clamps F-1A/F-2A/F-3A

0..3000 A
(10 kA, @ 50H2)

0.01% Ip.

Additional uncertainty
om +1% (+2% taking into account additional er-
ror due to the position)

Hard clamps C-4A

0..1000 A 0.01% I,. | Additional uncertainty
(3600 Ap.p) om 0.1.10 A: £ (3% + 0.1 A)
10 A: +3%
50 A: £1.5%
200 A: £0.75%
1000..1200 A: £0.5%
Hard clamps C-5A
0..1000 A 0.01% I,. | Additional uncertainty
(3600 Ap.p) om 0.5.100A:=(1.5% + 1 A)
100..800 A: £ 2.5%
800..1000 A AC: < 4%
1000..1400 A DC: < 5%
Hard clamps C-6A
0..10A 0.01% I,. | Additional uncertainty
(36 App) om 0.01.0.1 A: (3% + 1 mA)
0.1..1 A: £2.5%
1.12 A: 1%
Hard clamps C-7A
0..100 A 0.01% I,. | Additional uncertainty
(360 App) om 0..100 A: +(0,5% + 0,02 A) (45..65 Hz)
0..100 A: +(1,0% + 0,04 A) (40..1000 Hz)
Crest Factor 1..10 (max. 3.6 for lpom) | 0.01 +5%
for lrms 2 1% lnom
11.2.5 Frequency measurement
Frequency Range and conditions Resolution Accuracy
f 40..70 Hz 0.01 Hz +0,05 Hz
15% Unom < Urwms £ 120% Unom
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11.2.6 Measuring

harmonics

Harmonics

Range and conditions |

Resolution

| Accuracy

Harmonic (n)

DC, 1..40, grouping: harmonics sub-groups according to EN 61000-4-7

Urms amplitude 0..200% Unom 0.01% Upnom +0.15% Unom if M.v.<3% Unom
+5% + 0,1% x n) m.v. if m.v.= 3% Unom
lrws amplitude Depending clamps 0.01% lnom £0.5% lnom if M.v.<10% lnom
used (see specifica- +5% +0,1% x n) m.v. if m.v.2 10% lnom
tions for lrms)
Voltage THD-F 0.0...100.0% 0.1% +5%
(n = 240) for URMS 2 1% Uan
current THD-F 0.0...100.0% 0.1% +5%
(n = 240) for IRMS 2 1% Inom
11.2.7 Unbalance
Unbalance - Resolu-
(voltage and current) Range and conditions - Accuracy
Unbalance factor for positive, | 0.0% ... 10.0% 0.1% +0.15%
negative and zero sequence | for 80% Unom < Urus < 150% Unom (absolute error)
11.2.8 Power and energy measurement
Conditions Resolu-
Power and energy (for power and energy : Accuracy @
80% Unom < Urus < 120% Unom) tion
Active power 2% lnom < lrms < 5% lnom cosp=1 depending [5 2 2 o
Active energy on Unom £257 +Jpn %
5% lnom < lrms < lnom cosp=1 and lnom T 2102 n (Sgh %
5% lnom < lrms < 10% lnom cosp = 0.5 ¥ [2,52 N 5§h %
10% lnom < lrms < lnom cosp = 0.5 n /2102 + 55'1 %
Reactive power 2% lnom < lrms < 5% lnom sinp=1 depending 2 2 o
Reactive energy 0N Unom 140% + 05, %
5% lInom < lrws < Inom sing =1 andlen 1 [302, S5 %
5% lnom < lrms < 10% lnom Sin(p =0.5 i 4,02 i §§h %
10% Inom < lrms < lnom sing = 0.5 + (3102 + 5§h %
10% lhom < lrms < lhom Sin(p =0.25 5 4,02 i 6§h %
Apparent power 2% lnom < lrms < 5% lnom depending | +2.5%
Apparent energy 5% lnom < lrums < Inom on Unom +2.0%
and lhom
Power factor (PF) 0...1 0.01 +0.03
50% Unom < URMS< 150% Unom
10% Inom < IRMS< Inom
Displacement power | 0...1 0.01 +0.03
factor (cos¢/ DPF) 50% Unom < Urms < 150% Unom
10% Inom < IRMS< Inom
(1) See section 11.2.9 Estimated measurement uncertainty values for power and energy
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11.2.9 Estimated measurement uncertainty values for power and energy

The total measurement uncertainty for power, active and reactive energy (fundamental compo-
nent) is based on the following relation (for energy we ignore the additional uncertainty due to time
measurement, as it is much smaller than other uncertainties):

Sp.o =+[00n + 62 + 62,

where: & o — measurement uncertainty for active or reactive power,
dun — total measurement uncertainty of voltage harmonic amplitude (recorder, transduc-
ers,clamps),
dn — total measurement uncertainty of current harmonic amplitude (recorder, transducers,
clamps),
Sn — additional uncertainty of error in the measurement of the phase between voltage and cur-
rent harmonics.

The & uncertainty may be calculated when the phase angle is known for the considered frequen-
cy ban. Tab. 11.1 describes error of the phase difference between the voltage and harmonics for MPI-
540 recorder (without clamps and transducers).

Tab. 11.1. Phase error of MPI-540 recorder, depending on the frequency.

Frequency range | 0..200 Hz | 200..500 Hz | 500 Hz..1 kHz | 1..2 kHz | 2..2.4 kHz

Phase error <1° <2.5° <5° <10° <15°

Phase error introduced by transducers and clamps may be usually found in their technical docu-
mentation. In this case, we need to estimate the resultant phase error between the voltage and the
current for a given frequency caused by all elements of the measuring circuit: current and voltage
transducers, clamps, and the recorder.

The uncertainty of the specific harmonics active power measurements may be calculated according to
the following formula:

Son = 100(1— MJ [%],COS¢ % O
cosg

On the other hand, the uncertainty of the harmonics reactive power measurement may be calculated
according to the following formula:

S = 100(1— MJ [%],5ing % 0
sing

In both formulas, ¢ means the actual phase shift angle between the current and voltage components,
and Ap means the total phase error for a given frequency.
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11.3 Other technical data

a)
b)
c)
d)
e)

f)
9)
h)
i)

type of insulation acc. to EN 61010-1 and IEC 61557 ..........cooiiiiiiiiiiiieiiiiiiieieee e double
measurement category acc. to EN 61010-2-030........... 1V 300 V, 111 500 V, ligiigid || 1000 V DC
housing degree of protection for the housing acc. to EN 60529 ....... IP51 (with closed sealing plug)
MELEr POWET SUPPIY ..einiiiieiiiie ettt Li-lon 11,1V 3,4 Ah 37,7 Wh
parameters of AC adapter for the battery charge . B PR PUUUPPPPRIN 12vDC/25A
........................................................................ veeenne 100 V...240 V, 50 Hz...60 Hz (mains)
dimensions e 288 mm x 223 mm x 75 mm
weight of the meter with batteries .. BT PO PTUPPPPRI approx. 2.5 kg
(5100 ) = (o [ (=T 00T o 1T = LU (=P UPP TP PPPPTN -20°C...+60°C
OPErating tEMPEIALTUIE ......eeiieiiiitiiiee e ettt e ettt e e e e ettt e e e e e e aabbeeee e e e e e nbbbeeeeeeeannnes 0°C...+45°C
temperature range suitable for initiating battery charging..... e +10°C...+40°C
temperatures at which the charging process is interrupted... ...<+5°C and = +50°C
NUMIITY . e 20%...90%
reference temperature ......... +23°C £ 2°C
referenCe NUMIAILY .......c.eiiiiiiie et 40%...60%
altitude (AbOVE SEA IBVEI): ......eiiiiiiii s <2000 m
tIME UNLTAULO-OFF ....ooiiiiiieee s 2 min, 5 min or off
number of measurements Z or RCD (for batteries) .............. ..>3000 (6 measurements/minute)
number of measurements R;so or R (for charged batteries).. ..>1000
recording time (fOr DALLEIIES) .........iiiiieie i 16 h
display ......ccooceeiiiiiiiiiiieien .... colour LCD TFT, touchscreen
.............................................................................................................................. 800 x 480 pixels
...................................................................................................................................... diagonal 7"
memory of measurement results . .... unlimited

recorder memory . unlimited
LA tTANSIMISSION ...ttt ettt nr e s e b e e s reeeenas usB
quality standard design, construction and manufacturing are 1ISO 9001, ISO 14001, I1SO 45001
compliant

the device meets the requirements of IEC 61557 standard

the product meets EMC requirements (immunity for industrial environment) according to the fol-
[OWING SEANGAITS. ...ttt ettt e bt e e e et erb e s eeee e

f EN 55022 Compliance statement
MPI-540 / MPI-540-PV is a class A product. In a domestic environment this product

may cause radio interference in which case the user may be required to take adequate
measures (e.g. increasing the distance between affected products).

SONEL S.A. hereby declares that the radio device type MPI-540 / MPI-540-PV com-
plies with Directive 2014/53/EU. The full text of the EU Declaration of Conformity is
available at the following website address: https://sonel.pl/en/download/declaration-of-
conformity/
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11.4 Additional data

Data on additional uncertainties are useful mainly when the meter is used in
non-standard conditions and for metrological laboratories for the purpose of calibration.

11.4.1 Additional uncertainties according to IEC 61557-2 (Riso)

Significant parameter Designation Additional uncertainty
Position = 0%
Supply voltage E, 0%
Temperature 0°C...35°C Es 2%

11.4.2 Additional uncertainties according to IEC 61557-3 (2)

Significant parameter Designation Additional uncertainty
Position = 0%
Supply voltage E, 0%

12mlead-0Q
5mlead - 0.011 Q
Temperature 0°C...35°C Es 10 mlead — 0.019 Q
20 mlead — 0.035 Q
WS-03 and WS-04 lead — 0.15 Q

Phase angle 0°...30° = 0.6%
Frequency 99%..101% f, E; 0%
Mains voltage 85%..110% U, Esg 0%
Harmonic Eo 0%
DC component Eio 0%

11.4.3 Additional uncertainties according to IEC 61557-4 (R 200 mA)

Significant parameter Designation Additional uncertainty
Position =3 0%
Supply voltage E, 0.5%
Temperature 0 °C...35 °C Es 1.5%

11.4.4 Additional uncertainties of earth resistance measurement (Rg)
Additional uncertainties according to IEC 61557-5

Significant parameter Designation Additional uncertainty

Position E; 0%

Supply voltage E» 0%

0,

Temperature 0 °C...35 °C Es + ZOd?g{t%rfi(r) ;/5 Vv
Serial interference voltage E4 +(6.5% + 5 digits)
Resistance of electrodes Es 2.5%
Frequency 99%...101% f, E; 0%

Mains voltage 85%...110% U, Esg 0%

Additional uncertainty caused by serial interference voltage for 3p, 4p, 3p+clamps functions
for 25 V and 50 V)

Re Additional uncertainty
<10 Q +(((-32-107° -Rg +33:104)-U2 +(-12-10 % -Rg +13-107%)-U,)-100% + 0,026 - /U, Q)
>10Q +(((-46-10"° -Rg +1.104)-UZ +(14-10® .Rg +19-107°)-U,)-100% + 0,26,/U, Q)
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Additional uncertainty caused by resistance of electrodes

2
Rs 300+ R
Rg +10° Re -Ry +200

.3.107° +[1+iJ-RH -5-10*41[%]
Re

Formula is valid for Rs> 200 Q and/or Ry = 200 Q.
Additional uncertainty due to interference current for 3p + clamps function

(for 25 V and 50 V)

Re Uncertainty [Q]
<50 Q +(4:107 Re “lpaq?)
>50 Q +(25-107° ‘Re? 1)

Additional uncertainty due to interference current for double clamps function

Re Uncertainty [Q]
<50 +(5-1072-Rg? - ,gq)
25Q +(25-102 -Rg? - lu?)

Additional uncertainty for the ratio of the resistance measured with clamps on a branch of a

multiple earthing, to the resultant resistance the as a function of 3p + clamps.

Rc Uncertainty [Q]
<99.9 Q +(5_10*3 . RC
- 2
R
>99.90 £(0:107 =)

Rc[Q] is a value of resistance measured with clamps on the branch displayed by the device,

whereas Ry[Q)] is a value of resultant resistance of multiply earthing.

11.4.5 Additional uncertainties according to IEC 61557-6 (RCD)

IA, tA, UB

Significant parameter Designation Additional uncertainty
Position = 0%
Supply voltage E, 0%
Temperature 0°C...35°C E; 0%
Resistance of electrodes Es 0%
Mains voltage 85%...110% U, Esg 0%

11.5 List of reference standards

EN 61010-1:2010

EN 61010-2-030:2010

EN 61557-1:2007,-2, 3, 4, 5, 7:2007, -6:2007, -10:2013
EN 60529:1991/A2:2013

EN 61326-1:2013

EN 61326-2-2:2013

IEC 62752

IEC 62955
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12 Optional accessories

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

N1 c3 CPV
WACEGN1BB WACEGC30KR WACEGCPVOKR

Rated current 1000 AAC 1000 AAC ig ﬁ 28 238 '2 28
Frequency 30 Hz...5kHz 30 Hz...5kHz —
Max. diameter
of measured 52 mm 52 mm 30 mm
conductor
Minimum accuracy — <0.3% 25%+0.1A
Battery power — — v
Lead length 2m 2m 09m
c'“:;;‘;’;"‘e“t 111 600 V 111 600 V 'I\lf ggg ://
Ingress protection P40

C-4A C-5A C-6A C-7A F-1A F-2A F-3A
o o o o o o o
X x x x x X X
o [} [} [} o o o
3 Py S < S 3 3
O [} o 15} e [y iie
o] o} 0] 0] G} O] O]
3 S o} 8 S o) o)
< < <
E: E E: S s E ES
1000 A AC

Rated current 1000 A AC 1400 A DG 10AAC 100 AAC 3000 A AC

Frequency 30 Hz...10 kHz DC..5kHz | 40Hz...10kHz | 40 Hz...1 kHz 40 Hz...10 kHz

Max. diameter

of measured 52 mm 39 mm 20 mm 24 mm 380 mm 250 mm 140 mm

conductor

Minimum accuracy <0.5% <1.5% <1% 0.5% 0.5%

Battery power — N - - —

Lead length 22m 22m 22m 3m 25m

Measurement IV 300 V IV 300 V IV 300 V 111300 V IV 600 V

category

Ingress protection IP40 IP67
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13 Positions of the meter’s cover

The movable cover enables using the meter in various positions.

< &

1 — Cover as the bottom of the meter

2 — Cover used as a support

3 — Cover in the position that enables convenient use of the meter suspended on the neck by means
of hanging straps

14 Manufacturer

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

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

NOTE!

A

Service repairs must be performed only by the manufacturer.
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NOTE!

A

MEASURING MESSAGES

The meter is designed for operation at rated phase voltages of 110 V, 115V, 127 V, 220 V, 230 V and 240 V and

phase-to-phase voltages of 190 V, 200 V, 220 V, 380 V, 400 V, 415 V.
Connecting voltage higher than allowed between any of the test terminals may damage the meter and cause a hazard

to the user.

L-N!
L-PE!
N-PE!

L<>N
TEMPERATURE!
fl
ERROR!
Loop circuit malfunction!
U>500V!

and continuous audio signal

VOLTAGE!

LIMIT!

VOLTAGE!
H!
S!
Re>1.99 kQ
NOISE!

LIMIT!

A

Us>UL!
!

PE!
and continuous audio signal

A

and continuous audio signal

NOISE!

LIMIT!

Zs measurement
UL voltage is incorrect for making a measurement.
ULpe voltage is incorrect for making a measurement.
Un-re voltage exceeds allowable value of 50 V.

Phase connected to N terminal instead of L terminal (for example, exchange of L and N in the
mains socket).

Maximum temperature of the meter is exceeded.
Network frequency is outside the range of 45 Hz...65 Hz.
Measurement error. Correct result cannot be displayed.

The meter should be serviced.
Before measurement, voltage at test terminals exceeds 500 V.

The voltage on the tested object is not within the limits specified for the set rated voltage of the
network Us.

Too low value of the prospective short circuit current I for the pre-set fuse and time of its trigger-
ing.
Re measurement

Too high voltage at the meter terminals.

Interruption in the test probe circuit.

Interruption in the voltage probe circuit.

Measuring range is exceeded.

Signal / noise ratio is too low (interfering signal too large).

Measurement uncertainty Re due to the resistance of electrodes >30 %. (For calculating uncer-
tainty, measured values are taken into account).

Interruption in measuring circuit or resistance of test probes is higher than 60 kQ.

RCD measurement
The touch voltage exceeds a preset UL threshold value.

displayed on the right side of the result indicates a fault of RCD.
Voltages between the contact electrode and PE conductor exceeds the allowable limit value of UL.

Riso measurement
Voltage detected on terminals of the meter. Measurement is not possible.

Interference voltage occurs on the tested object. Measurement is possible but may be burdened
with additional uncertainty.

Current limit tripped. The symbol displayed during the measurement is accompanied by a con-
tinuous beep. If it is displayed after the measurement, it means that the measurement result was
obtained during operation with a current limiting device (e.g. short circuit of the test object).
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