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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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m The icon with the meter name is placed next to sections of the text that refer to specific
features 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:

= a damaged 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 am-
bient 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.

f NOTE!

Only accessories for a given device should be used, as listed in section 12. 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 present-
J jl ed in this operating manual.
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2 Main menu

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

corder).
2] 3 4 5 6 7]
© m&oulmu-nu' .1:r:| .'“Ilnx-:)'
1 6
Auto o\ /‘\
e ramais "e ,.JL. Measurements

Recorder 'b & Memory
Settings x 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 setfings ﬂ Date time setfings *
Time
Date

Main screen

[on] [] [eo] [1]

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

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,
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e  Settings — going to the settings of the main functions and parameters of the meter,

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.

@ Q@ oosarts | 201811015 | | .‘“u\-)v In the main menu select
F R ] S-tings.

Auto /’& rF\ Measurements

measurements 17

Recorder 6 & Memory
Settings )t e Meter info

@ Select Meter settings
Meter settings @
N

@ % 1enens | soreara | B | .d | a2 D Parameters to change
~ Date and ime (secton 2.11)

= Auto off (section 2.1.2)
= Display (section 2.1.3)

Dtz g thme

dasto off

MPI-540 e MPI-540-PV — USER MANUAL 9



2.1.1

®

©

10

Setting date and time

|o«@m  Select Date and time.

© nuu'mu-u :o' . |
Tersmgn
E— . ovesne
Auto ol
I
- .
® :|u|;|p-|-usn B t

|== @@y Touch the appropriate

r'Y value increase by 1,

Eass LT
o N — ¥ value decrease by 1,
shoe | o = sl o de e e ied o e e
[} touching opens the field for
manual entering of the value (step
. =] a Q)
2018 Delete the existing entry and enter
the required value manually.
Functions of icons
reject the changes and return
e . to step @
* accept changes and go to step
e | W
*
i |- £ | i Y

)

|-
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@ © srem | aoar Bl |=« @  Description of function icons

‘ return to the previous
A screen After touching the icon
i you may be prompted to save

:: “ “h. = or reject changes (figure):

Fols =l Yes — accept selection,
2\t = Kd No — reject changes,
Vi R Qo Cancel — cancel the action

saving changes
-« H b ] ﬂ return to the main menu

2.1.2 Automatic shutdown

@ © swreon | sernarin| Wl ﬂ |o«@@  Select Auto off.
oy

Dile arxd tave
)
Dngtey
- . |
@ © e | einar | B |ov@  Select the required option.
A o e
® e
< H . 3
@ (© wiee | se1aa70| @ |o« @ Description of function icons

@8 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
E saving changes
1% return to the main menu

@ H .
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2.1.3 Display parameters

(& 1wnans | somaraa | @ | '.’i | 12+ @@ Select Display.
Tty
(Elmaingg
At
L
e : f
G e | oz i@ | -ﬂi | 2+ g@y Parameters to change

= time after which the display
enters the  screen-saver
mode — select the required
option

)

rLsy e Tew i Trighieeen
= display brightness — move
[T ol
- g the slider pointer |y |
- . %
- 13 . §
(T 18314 I IURET-38 B | ‘ﬂ | AN ) Description of function icons

) return to the previous
screen. After touching the icon
you may be prompted to save

] Sawe Changes? - or reject Changes;
o Yes — accept selection,
A [ No - reject changes, .
. % Cancel — cancel the action
o W || Mo @t | E saving changes

ﬂ return to the main menu
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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,
(] MP-SA0-FY photovoltaic installation parameters,

o WUl photovoltaic modules database.

221 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,
Lel il minimum value of irradiance for conversion of STC conditions,

il B temperature measurement source,
L il the number of photovoltaic modules in series,

diesid the number of photovoltaic modules in parallel.

Before the measurements select the type of mains from which the tested object is powered.
Then select the mains rated voltage Un (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.

Setting Autoincrementing as active (| > |%) causes each saved measurement (section
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.

@ I 1107180 V ﬁ ® Expand the selection list using the
" .
110190V eon-——
115/200V e Select the required parameter value.
127/220V

~~~~~~

| 220/380V
[y

¢ 'S

| 2407415V
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® TSN Dcciioo nsionon

Eihnnar 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

b b ] E saving changes

returning to the main menu

2.2.2 Sub-menu Edit fuses

On the Fuse base screen the following parameters of circuit breakers can be defined and edited:
e  manufacturer,
e  model (type) of fuse,
e  characteristic of fuse.

@ 155520 | 2020-05-26 | B zecanme | -I.I | 1o~ D ¥
Q‘J Fuse base @
Frnuser | Tiw Characiprissic
Manufact] ‘
Manufact2 ‘
+ & | + |# @& + i
. = | #

a. Adding fuse characteristics

Q) Suzslimasl Bl L= @ ¢4 soleot the BB icon
P Vo @
Friatats T 1 Ohidigins | e A menu will appear for adding
time-current characteristics of
Manufact] fuses
Manufaci2
& 3 + (& @ + i
- m i
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{I;.uuul:nrln-:u [ | .pﬂl“‘-}

Available options

+in adding characteristics for the
selected fuse rated current.

Crmcipins  -— Vi
2 | 5 e el | Oa | Bas I 51 m removing characteristics for
3 20 b o m 20 the selected fuse rated cur-
. ) = rent.
o e S P [EXg pasting the set value for rec-
1% B L g B 3 ords in the whole row or ta-
26 | MEE | 13E 33 136 | 1328 ble.
. = id e Description of function icons
- + # (7] . § | inactive characteristic
|‘f active characteristic
+ adding a new characteristic
&‘ editing the name of the
active characteristic
£y
[ removing the active character-
istic
‘ returning to the previous
screen
going to the main menu
M ocami? | 2inet-20 | Bl _'.‘I ||n @i To create a new characteristic:

s T ——

ChgrnoTRTEn;

LET] 111

B8 h mcherares _._‘_l =

U

® e

o | D e 35 aE

) 12]
1 —+ , @ o
- & # | = i & & ] Yo = + |

l.gl!lqlqla.r}a.nlu.-|-|""".
A
==, S LN AR S ES RS RS R AR REER AR LR
Comtock | 4 | 8 |0 [ | & W[4 KfE || [t

! . ) :
Ght I I I L AL il *
LAE 38
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® 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 re-
turning to step
o accepting changes and

going to step

15



() Suenlzwes

B _.ﬂ | =+ m» Description of function icons
Ok — accept the name
Cancel — cancel the action

Bl =m0 o Activate the created characteris-
tic lf .
e Add rated fuse current using
=~ icon .

e Editing fuse data proceed as in

steps .

m | ooma B1a | [0 nd | s
.|
g | ~
L. s ] |

@ (0 vearrs | HII-HI-&‘:'

Chaariegic -

i@ | Ll |+ WD o To activate a row of data, select
any item in the row.

A
Vit ® [cons m will be activat-

[l IHRJ’."! | LAR} | BdW I LR I L3 1 ed.

16
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© 1earar | nais 8|l o ED g selecting m, the follow-

.24 ing 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.

e Touch the K parameter edit field.
® Enter the parameter values as

in step .
Description of function icons

Ok — accept selection
Cancel — cancel changes

@ (0 ki | smimna B | '.‘ | ovs Y You will be prompted to conform
T ki T the selection.
Description of function icons
i P L I i I = | Yes —a_ccept selection
. No — reject changes
excibang v
C e }. Coevanue? - s i
wim | M
e | @ | & |
- + s i f
@ wasm | minaas| i | il |+~ D To change the contents of a se-
lected cell, touch it twice.
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L)
[ 0 I

g of il

@ (0 vz | :"!Il-nl-ﬂl

18

T Ak st

i -

| % |

ST
38 0

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

Functions of icons

reject changes and return
[ I — . to the menu for adding char-
acteristics
L accept changes and re-
-l i turn to the menu for adding
&
L ]

L characteristics
- | *

e IES Select the ‘ icon and return to
=0 the fuse base menu.

Wilaih

1e.0a] |U€n1 LAR} BdW I LR I L3

SO 3] =0 50 50
i) L) L] B0 L]

11-] (L] 150 §s0 &0

MPI-540 e MPI-540-PV — USER MANUAL



b. Adding fuses

@ 0 1303 | amenrn | B resere | _‘H | 1o D ¥
Pradote = v rrites =

Manufact] | s
el (e
& 7/ |n + & & + il
- m {2 ]
v
Manufact?|
slalgfslallelslalsl izt — 1
o 5 (1 ELREE (L LAV W0 0 E R Y
CagaLack |":";“|Fli|"l"i"|"i. | C e v
it |1|:=c|via|niu]‘ 'l: *
« s =
v
[L1] |s.“|:|1uz|-u:l-z|.| ._:ﬂbﬂlrlq-l ol Il!;lt-:p"

Prisddid

Manufact] |

MPI-540 e MPI-540-PV — USER MANUAL

Add a producer.
® |In Producer column press +
® Touch the name input field.

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

Functions of icons

reject the changes
o accept changes and go to

step

19



[
P—— . e Enter the fuse model as in step

@ (L1 |v|.wu|1nzbu.12|| B :l.nllrn-l ii 1w G} ¥ e Select the producer.
o |In Type column press =f=.
Froupscs )

Manufactl . s
Manufact2 | Tyt
Wi Qoo
* # A 4 & @ + i
*« | m L |

[
Do iz

@ (i mtaind | W eoei | ‘== [ ¥ e Highlight the required type of
fuse.
Projecs  -— Tree el e In the Characteristic column

press + .

Cussamiries e Enter the fuse characteristic

Manufactl

Manufactz | y_" B u from list.

@ (LT F I!IZIH:IJZI-I B :l.nllrn-l I 1o [ ¥ D_e-scription of function icons
m | record inactive
Froe —_— ipen f‘

20

—
f record active

Tl bt

-
Manufactl . TypeB | W B _ e

add new record

Manufact2 | e
i remove active record

return to the previous screen

return to the main menu

+

& edit active record name
-

m

«

. |

i*® & A g N + i

p m #
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2.2.3 [EEIX) sub-menu PV modules

@ |m seinss | maearn|

Bocein | il oo @B ¢ o In Module column, use == icon
to add PV module.

freeen Panrminis ® In Parameters column, com-
plete the module parameters.
FhoteV-100
+ i
- B #
@ | (% sevsn | mgoaran | R d’l | o+ @y 4 Description of function icons
record inactive
I =] i " record active
I e [ == add new record
eroein | il i8 " & edit active record name
¥ - .
Photovi200 [ w ol L e . M remove active record
o o a @@ return to the previous screen
Hee s » 4 return to the main menu
"0 .
+ i Ll an
A H L |

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

MPI-540 e MPI-540-PV — USER MANUAL
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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.

]— I Current versions of software may be found at the manufacturer;s website.

_d

2.4 Update

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

® Do not switch off the meter while updating.

@ The update file can be downloaded from the manufacturer's website (www.sonel.com).

@ Save the file to a USB drive. The memory must have the FAT32 file system.

@ @ e | sinors | i | il | o~ D Select Settings > Update to open
the upcate men

Please insert a USE stick with the software
update.

- b}
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@ ) 1ii.|.l:||.‘=||-u:-a-:| B | .'dluq-.} Insert the USB memory in the
Type A USB port in the meter.

The information screen will ap-
pear.

Do-you want i

% wirfale the mete
Please ins Fooem 1.0k software
{

wirlan ta 105
e

£ W - T

- m
- #

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

2.5 Regional settings

@ (@ oaarnn | s2i0mn | @ |l = D e Select Settings > Regional to
open the language settings
menu.

e Expand the list of languages to
select from.

rtmte g o ® Select the required language.

Description of function icons

@ return to the previous screen
(you may be prompted to save
or reject changes)

- =] P [ saving changes

ﬂ returning to the main menu

Efi%

@ oraxta | 22inora | 8| _.‘ | «» @ If the changes have not been
saved or the 48 icon was select-
ed, a prompt will appear to confirm
the selection.

Saee cranges?
Description of function icons
( Yes — accept selection

No - reject selection
Cancel — cancel the action
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2.6 Meter information

@ @ osets [ mmrras| o |« @) ¢ Select Meter info in the main
menu.

measurements o

Lol

Recorder % ; MEhory
Settings X e Meter info

Auto f% Q Measurements

@ @ pasags | =inorm | @ | .d | =~ @@ 4 The menu contains information on
the manufacturer and the meter.

Lordl st ? mfdrmabios
@nﬂ- Description of function icons
WE A S ‘ return to the previous
810 Swetere " e
oghletiegar i1 T It i screen (you may be prompted
Pt A e to save or reject changes)
woarw e (i
S el | . . . .
S © display detailed information

P 23 FAB5 NI N

. ; o _E ﬂ return to the main menu
(0 pasas | sevnmrm @ | .l |~ @2 % The screen after selecting icon
T ssbesnil et byt EJ] .

Al ol —wde vl
[T S
S B LT (£ ]

LS s L T A
CSF rurwma (£ ]

il e e TRiEY

L T TS e

.
@
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3 Measurements

The following tests are available from the Measurements menu.

ZJ. Low voltage (LV) measurements:

fault loop impedance(ZL~, L-L, ZL-pg, ZL-PE[RCD] With RCD),
voltage drop AU ,
insulation resistance Riso ,

checking the parameters of RCD (tripping current RCD la, tripping time RCD ta and auto-
matic measurements),

resistance Rx ,

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.

m @ Measurements of photovoltaic devices - PV:

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.

i : WARNING
During measurements (fault loop, RCD), do not touch conductive accessible or

foreign parts of the tested electrical installation.

l—"’— ® The content of this chapter should be thoroughly familiarized with. It describes the

| meter circuits, the methods of measurements and basic principles concerning

i interpretation of measurement results.

® A progress bar is displayed during long measurements.

e 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 E 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 dis-

plays 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
ZIN ° .
VAR . o
Z| pE[RCD] . o
Riso .

RCD Ia . .
RCD ta ° .
Rx

Rcont

Phase sequence .

Motor rotation .
Resistance-to-earth Re .

Soil resistivity o
llluminance

Recorder . .

26 MPI-540 e MPI-540-PV — USER MANUAL



3.3 Checking the correctness of PE (protective earth) connections

—_— L1
—— L2
N
T 1 "

=

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 ZLn, ... 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.

~— | ® Make sure to stand on non-insulated ground when measuring. Insulated ground
_/:J may cause an incorrect test result.

e |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!

e |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 ZL-pe [rcD].

® 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.

3.41 Settings of measurements

® 4y

Select item ZLN, L-L, ZLPE

- i,
LE # i g:y ZibE fﬁy Z, petacn) OF ZL-PE[RCD).

@ G 103718 | ssvmara | i@ | .il-l | s EED ¥ The correctness of the measure-
B 2

) ment depends on the correct ad-
justment of the length of leads.

If a WS type adapter has not
been connected to the meter,
standard  manufacturer's  lead
lengths are available in the menu.

e |n this case, touch the drop-

f=00Hz down list field.

L]

e Select the required lead length.

@ [URIETL A RS R i@ | .iﬂ |+ g@» 4 The prospective short-circuit cur-
B 2

[57]] rent Ik can be calculated based on
one of two values:

= rated network voltage Un ,

= voltage measured by the me-
A ter Uo.
The physical meaning of the pa-
rameter is presented in section
3.4.5.

w=pav Le|&m |- I [ o)

T » @ fun . .
el Nxkai ® v o Touch the drop-down list field.

28

e Select the required value.

MPI-540 e MPI-540-PV — USER MANUAL



@ @ 13em | mopm i@ | .‘:]-I | s EEDY % The result can be compared
T against the acceptable fault loop

impedance Zsdop, determined on
the basis of the fuse parameters
of the tested circuit:

= characteristic,

= rated current.

® Touch the fuse type field.

W=p2v

f=00H:

@ 0 vamar | ssnorm | & | .l |+ @m0 ¢ Options to select:
* Manufacturer
= GENERAL - no defined
manufacturer
= manufacturers defined in the
A meter memory  (section
L0 A 2.2.2)
T ir |uu b | br o Type
I = GENERAL - no defined type

I, =50A = types defined in the meter
Chl e E memory (section 2.2.2)
] # ® Time-current characteristic
e Rated current In
e Acceptable response time
e Limit — the limit resulting from
standard EN 60364-6
= -— — |5 as in the standard ta-
bles — no correction
= 2/3Z - |, is increased by the
value of 0.5l,

Frodbam T meimi

[EL\&R.I;. la, ||| oovean  fn |1: le

" s Lt

@ (@ razea | smnorn | i@ | .‘:ﬂ | o+ @@ % The current is calculated after set-
ting parameters in steps (6)7) .
la — current ensuring automatic

Prodems 1 Shenimais
i | . triggering of a protective device
[omena g | [eoenn ju [u [ within a required time.
L)
.. ! .. oA Description of function icons

e i | |6 = | = | 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

or @ for measurement in the L-N circuit,

for measurement in the L-L circuit.

L1
L3
PE

Il

@ f+ . Select item ZL-N, L-L.

@ [URIEIEA S R i@ | .*]I | «+ g@» 4 The measurement screen will ap-
T Tl pear.

READY! Live mode

ULn — current voltage between

z _ Q N phase and neutral conductors
= === = f — current frequency on the tested
o= 50,0 A object
Uy = 240,0% Le|sm |m |.i:u=rE'
{5 500 Ha N=t2m Fif"m
- b §

@ Enter the measurement settings in accordance with section 3.4.1.
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Press START to perform meas-
urement.

G e | ssnmar | i@ | .i]'l | san EEED ¥ Read out the result.

ZL-N — the main result
Ik — prospective short-circuit cur-
rent with signalling the fulfilment of

® qut
o the acceptable loop criterion (sec-
ZL-N - 2r0 38 0 b =TI2DA tion 3.4.1, step @):

20120721 103048

I =500 A
@ met
Uy = 2404 ¥ Le|&m |i i i fah e @ not met
.« 500 Ha Watam 50 (=) assessment not possible

In — current ensuring automatic
H L 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.

(G 1aaz0s | sonorm | i@ | .i]' |« g@» 4 R -—resistance of the tested circuit
X, - reaclance of ihe tested aircu

U_n — voltage relative to the neutral

READY! IEB0T2 103040 MR = 3007 O conductor
K. 00530 f - frequency
@ Ly = 240,5 ¥
- I =800z
ZL.N - 2,038 ﬂ k=1128 A e Selecting the bar u hides the
I = 30,0 A menu.

[TRE S5 LY Le| S |'l i ::.*;::-1
f = 5000 He M=1.2m E;{ um

H 1

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

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 L2 indicates that it is possible to perform another measurement.
Until the message is displayed, the meter prevents any measurements.
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Additional information displayed by the meter

IN PROGRESS
L-N!

L-PE!
N-PE!
Le>N
TEMPERATURE!
ft
ERROR!

Loop circuit mal-
function!

U=500y1
and continuous au-
dio signal

VOLTAGE!

LIMIT!

The meter is ready for measurement.

Measurement in progress.

UL voltage is incorrect for making a measurement.
UL-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 I for
the pre-set fuse and time of its triggering.
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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

= L2

= L3

[ Pe
+

Fig. 3.1 Measurement in L-PE circuit

== L1
= L2
PEN

Fig. 3.2 Checking effectiveness of protection against electric shock of the meter housing
in case of: (a) TN network or {b) TT network

Select item ZL.pE.

g:}) Zype
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@ (© 10arm | snopa i@ | .‘ﬂ | s EEDY ¥ The measurement screen will ap-
g =1 pear.

READY! Live mode

UL.pe — current voltage between

z s ﬂ f phase and protective conductors
L-PE = " W f — current frequency on the tested
la=30,0A object
U g = 24174 Le[azm e o [1a))e
f = 500 Ha PE=12m El‘_‘}am
- b+ ]

@ Enter the measurement settings in accordance with section 3.4.1.

@ Press the START button to per-
form measurement.

@ (T 10 | 220m03m @ | .‘ﬂ | sae EED # Read out the result.
: ] Z,..pe — the main result
G A e Ik — prospective short-circuit cur-

rent with signalling the fulfilment
of the acceptable loop criterion

O]
ZL-F‘E = 2,098 ﬂ k=1096A (section 3.4.1, step )1

Il =500 4
@ met
U g IS W Le|idm I". |,i|;u--|E|- @not met
1% 50,0 Ha PE=13m ¢k ,.m O 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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@ @ 10aam | einor | @ | .l |»- @D % R-resistance of the tested circuit

# -

ER]

/0 XL — reactance of the tested cir-
cuit
WL 2BoTIIngns A =100 ULpe - voltage relative to the pro-
£ SO0 tective conductor

L™ 241 4W

©
Z .pe = 2,098 Qln-1005a [t -ore Toireaueney

=04 Selecting the bar n hides the

T T LY AT Le .__.ml. L I'-'I'II" menu.

=500 Hr pestzm  GE=-T

- H b}

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

Save
memory management is contained in section 6.1.3.
The last measurement can be recalled using the H‘ icon.

L

® 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 LU indicates that it is possible to perform another measurement.
Until the message is displayed, the meter prevents any measurements.
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3.44 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 lub Fig. 3.5.

e —! e @ w| L1
1H‘W — L'z
R RCD L3
i ﬁl N
LA BN
ﬁ I PE
L
=]
@ N
Fig. 3.3 Measurement in the TN-S system
—_— L1
—J Lz
== Lﬂ
J_ N

Fig. 3.4 Measurement in the TT system
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L1
L2
L3
PEN . N
1 | |  TN-C-S
= = e
L
PE
N
Fig. 3.5 Measurement in the TN-C-S system
@ f Select item ZL-pe[reD).
‘Y, 7
@;_—ff L-PE
@ @ 1w | o | @ | gl |»-mm® 4 The measurement screen will ap-
=) pear.

HEADY! Live mode
ULpe — current voltage between
phase and protective conductors

ZL-F"E =---0 . f — current frequency on the tested
la= 50,0 A object

U g = 241,70 L= [13m | l.i:u—-rE!

f = 50D Ha PE=12m E"':um

- -y b §

@ Enter the measurement settings in accordance with section 3.4.1.

@ Press the START button to per-
form measurement.
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@ G 105188 | ssnmar | i@ | .il-l | o EEDY ¥ Read out the result.

T 2 et 50 2, pe — the main result
READY! 2015072 105143 Ik — prospective short-circuit cur-

rent with signalling the fulfilment of
ZL.pE = 2,86 0

the acceptable loop criterion (sec-
o= 80,3 A tion 3.4.1, step (8)):
15 = 50,0 A (%) met
@ not met

(=) assessment not possible

Uy g MY Le ':m:i |.i|:|_--r::l
1% 500 Ha PE=12m TE
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 results.

@ @ 1a570 | einara | @ | .l |» @D % R-resistance of the tested circuit
X, — reactance of the tested circui
UL.pe — voltage relative to the pro-

HEF.D‘r"_ F018-0721 1065143 :: =286 l tective conductor
Ui s ”3 l',. f — frequency
zL-F"E " 2r8 60 n-s03a Q' " selecting the bar B nides the
ly=500A menu.
W e = 240.8Y Le|lidm IT L I'-'I'II'I
= 500 Hr PE=13m ‘El'.:"m
- =) P

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

i

The last measurement can be recalled using the | icon.

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

-/J by pressing the ([l button.

fiie=s 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).

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

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 indicates that it is possible to perform another measurement.
Until 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 @):
Ik(Un) U=U,

U = Up for Ug < U,
Ik(U
K{Uo) U = Uy for Ug 2 U,

where:

Un — nominal voltage of the network,

Uo — voltage measured by the meter.

On the basis of Un 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
e, N
- ~
110 190
uetrov® 10 121 171 19 209 440y [V]
1 T 1 |
99103 115 \127 180 200 %\ 440
U=tV o | - UM
T T 1 |
127 220
ust7y 92 114 | 140 198 I‘}\ 440 Y v]
1 1 T t |
uz=220v % \\ 198 Q?OE\ 342 380 418 440y [V]
' \\ /1 f / 1 |
u=230v 9 /207 2|30 253 360 400 440 [y
1
/ 240
uz=240v % 216 “° 264 / 873 415 440 |y
T 1 ‘

The voltage range U
short-circuit current is calculated

.~ for which the The voltage range UL for which the 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 ZL.pe and ZL-pe[rcp) 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
—— 7 Lz
N
' PE

l | IT

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).

Uy U, _ AU U,

— l
I »

JAVA \
Loer V4

The voltage drop is calculated according to the following formula:

AU = m .100%
N
where:
Z — fault loop impedance at the destination point,
Zgrer — fault loop impedance at the reference point,
In — rated fuse current
Un — rated mains voltage.

@ £+ ® Select item AU.
{éy AU e Use setting Zref=--- to reset
previous measurement, if it has

not been done yet.

v
e Enter the limit of voltage drop
AUwax.
k| (Un) }' Zref = — }' e Enter the fuse type, which pro-

tects the tested circuit.
Limmit @E’;J = m

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

| I I
AZ

MPI-540 e MPI-540-PV — USER MANUAL 41



@ e Change the setting from Zref to Z.

e Connect the meter to the reference point, as for Z_.y measurement.

® Press START.

B reoeis | dl | 1oos gmm ¥

@ [L1] |:..:|un|1uza-u:|-a.|

Al Voltmps drop

AU =20 %

HI20-00-36 163516

©

R =067 0
X, =01120
Lk y= 2208 Y

o . h=340A kTR
Zunwr=03830 ELNE g, =70% !
®:0-0 [THER
— i L 01
- H tt

Read out the result.

AU - the main result and indica-
tion of meeting criterion AUwmax:

® green:

AU < AUmax
® red:

AU > AUmax

Ik — prospective short-circuit cur-
rent

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

R —resistance of the tested circuit
Xu — reactance of the tested circuit
UL~ — voltage relative to the neutral
conductor

f—frequency

la — 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 ﬁ. icon.
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If Zrer is greater than Z, then the meter indicates AU = 0%

3.6 Resistance-to-earth

3.6.1 Settings of measurements

@ ¥ T Select item Re.

@ [URTEA e R @ | d“luﬂ\.“}ﬂ Touch the parameter drop-down
T Lethenstitaces 51 menu Un (measuring voltage se-
lection).

Re = -~

L L]

U=ITY (=084 'rI?'i ' & | = [_". m

. #

@ @ 1rasar | snmm @ | d“lmﬂ.-ﬂ Select the required measuring
M Lothonsistans 510 voltage from the list.

L L]

U=02ay  (=0014 'r!?i'-'n & | L'. m
EXVE

SOV —-

P &
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@ @ tssam | E TR ER T | B | .“' | s [l ¥ Touch the drop-down menu of
measurement method selection.

Re=—-0

UspaTy =001 A un| 28 }-
- [ . 3
@ 0t | g | B | .“' | va s Y ¥ Available measurement methods
= 3-wire
- = 4-wire
= 3-wire + receiving clamp
= 2-wire (transmitting + receiv-
d ing clamp)
Re=-—0Q | =
wif] w2000
usoaey  lsoma unfmviE & | =ef ' i
- [ . 3
@ (@ vist | svaarzi | B .d' | v g %  Select Limit to set the resistance
limit.
Re = -0
Rl iaus =
vsgzry  1soma wijsvie & (=]l
pe T
@ 200 e Select unit.
&
e Enter the required resistance
limit value:
B = 0.00...1990 for Q,
e e e ; = 0.00...2 for kQ.
tlatalalsdndsdallal [ ) )
Functions of icons
reject changes and exit to the
P ) ;
g previous screen
* » accept changes
g B3 T q.i..|¢
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3.6.2 Measurement of resistance to earth using 3P method
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.

|l

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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@ @ 1ok | w1001 @ | il | o B9 ¢ o Select the 3P option in the
LT T . il measurement menu.

® Select other settings in accord-

- ance with section 3.6.1.
Re=---0 [*

] o = 00 O
— AR
UsOiEY =001 A 'rI;li'- }_r @-fni_n m
- | #
@ T 1eaes | 22eorm B | 'd“ | te0n D ¥ The meter is ready for measure-
T Lothoniams ment.

m Live mode

U - interference voltage currently
on the object
Re = -0 N
Ry s * 7000 Limits
Re max — currently set earth re-
sistance limit

UenIEY 'I?"—"F' @1__"'_i.'. ﬁ

- b+ ]
@ Press START to start the meas-
urement.
@ @ 1 | e @ | il o @@ ¥ Read out the result.

T Lt owniitaces

Signal lights for reaching the limit

| READY! | 20180721 111202 @
)

(section 3.6.1 step
@ @ the result is within the set limit
— the result is outside the set
Re=11,90 ® e
Flo waas = 700 0 imi

() assessment not possible

Redaay wfavls & [= s @3 After selecting the bar n on the

o ™ right side, a menu will slide out
- I % with additional measurement re-
sults.
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@ @ e | snoan | & | .|I|| | o+ gmr 4 Ru — resistance of current elec-

S ) e
Rs - resistance of voltage elec-

trode
& — additional uncertainty caused
by resistance of the electrodes

READY! 201B07-21 111202 Flip= 2024 01
R = 20270
ey igl

F{Ez-l-l,gﬂ

Rl i 2001 Selecting the n bar hides the
menu.
U=021 -*-[?hv-i & | » i [
- H b |

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

Repeat the steps (2)(5)(6) for

two additional locations of the

voltage electrode S:

o located at a certain distance
from the tested earth electrode,

| ® 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 difference
b between the value of Re between
i i ll the main measurement and each
I additional measurement should

U 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 : 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 website www.sonel.com and in professional literature special cas-
es of probes location have been discussed.

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, 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 &, 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.
sl 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 cal-
LiMiIT! culating 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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3.6.3 Measurement of resistance to earth using 4P method

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 re-
sults. It is also suitable for determining the resistivity of the soil. However, it is recommended that the
dedicated function should be used for this measurement (section 3.7).

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

| L

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.

MPI-540 e MPI-540-PV — USER MANUAL 49



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.

@ @ waem | senarn | @ | .dl“'“‘--i' e Select the 4P option in the
LT T . il measurement menu.

READY! 220721 V34

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

- ©
RE=12,50 5|-

« = N0

R-K
oy | o[5E o[> @ Em

- | #
@ [CRTRIATA RN R B | oll“ | te0n D ¥ The meter is ready for measure-
T Lothoniams ment.

READY! 20721 1710341 Live mode

U - interference voltage currently
on the object
Reg = -0

Fo e 000 O Limits
Re max — currently set earth re-
sistance limit

U022V wlavis o[+ js B9
- K b |
@ Press START to start the meas-
urement.
@ (R ru|| BR-07-T0 E | .d“ I oo EEEF W Read out the result.

T Lt owniitaces

Signal lights for reaching the limit

READY! 20120721 11:1538 ©)

(section 3.6.1 step

@ @ the result is within the set limit
R — 4 83 ﬁ @ the result is outside the set
E ¥ e L] Ilmlt

(=) assessment not possible

a0y wlaviy o[« J B2 After selecting the bar n on the

right side, a menu will slide out

- = Ee 1 with additional measurement re-
sults.
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@ T 15167 | 21e0m & | ulll | o+ gmmr 4 Ru — resistance of current elec-
T bt conistans &) trode

Rs — resistance of voltage elec-

READY! FOTRATI 111538 Ai=20550 trode
'? ?""'""' & — additional uncertainty caused
@ ' by resistance of the electrodes
Re=4,830
Pl waz ST Selecting the u bar hides the
menu.
e 020V -a..|-:".-|'u -i [ _| - ;.. Lirmst
b H b |

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

Repeat the steps @@@for

two additional locations of the
voltage electrode S:

e at a certain distance from the
1 tested earth electrode,

: ® moved closer by the same dis-
] tance to the tested earth elec-
trode.

®

This is done to confirm that the S
i electrode was driven into the ref-
3 erence earth. If so, the differ-
1 r 3 ence between the value of Rg
U ] U between the main measurement

H 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 : WARNING
e 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 website www.sonel.com and in professional literature special cas-
es of probes location have been discussed.

- Particular attention should be paid to quality of connection between the object be-
ing 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.
MOISE! Signal / noise ratio is too low (interfering signal too large).
Error due to the resistance of electrodes > 30 % (for cal-
LiniT! culating uncertainty, measured values are taken into ac-
count).
Interruption in measuring circuit or resistance of test
probes is higher than 60 kQ.

MPI-540 e MPI-540-PV — USER MANUAL



3.6.4 Measurement of resistance to earth using 3P + clamps method

= = ==
Py

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.

@ @ ek | o | i | .ﬂ“ | v @@y 4 Select the 3P + clamps option in
the measurement menu.
READY!

Select other settings in accord-
ance with section 3.6.1.

Re=-<0 [B
“_. FT]

i-%
Usgxv 1= 001 A L [:‘i'f}- @iy-i :

- f
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@ [CRTRTRETR R i | .dlll' | te0n D ¥ The meter is ready for measure-
T Lt owniitaces @ ment.

READY! Live mode

U - interference voltage currently
on the object
HE = m=- n | — interference current currently
R iy = 700D flowing through the object

U=0HXY  (=0014 "]?'5'-' f_' & | =] |» Re max — currently set earth re-
sistance limit

- [y 1
@ Press START to start the meas-
urement.
@ [CRTRTE R TR R B | .',_“,I' I oo EEEF W Read out the result.

T Lt owniitaces (8]
Signal lights for the limit (section

20120721 111906 3.6.1 ste )
S (=) the result is within the set limit
— @ the result is outside the set
F:{E = ?:78 0 —— limit

(=) assessment not possible

uegtay tsoma | [Vl ® [=0f Js
After selecting the bar n on the
- =] * right sidg,_ a menu will slide out
with additional measurement re-
sults.
@ @ 1ama | mwarm | & | d“l;m-ﬂ Ru — resistance of current elec-
T Lt owniitaces @ trode
Rs - resistance of voltage elec-
READY! FOTRAT-2N 1115060 Fu=2021 0 trode
i f"'-;':"q_':' & — additional uncertainty caused
Bo=OM% -
@ by resistance of the electrodes
Re=7780 | |
R s * T Selecting the u bar hides the
menu.
U=D20V I=001 4 l.||-|—!l.u'i- L8 !1#-[|. m
- H b |

@ 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 using the & icon.
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Repeat the steps @@@for two

additional locations of the voltage
electrode S:

e located at a certain distance
from the tested earth electrode,

® 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
i between the main measurement
W 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 website www.sonel.com and in professional literature special cas-
es 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 im-
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proved, 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.

® 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

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 cal-
LimiT culating uncertainty, measured values are taken into ac-
count).

Interruption in measuring circuit or resistance of test
probes is higher than 60 kQ.

Interruption in the test probe circuit.

Interruption in the voltage probe circuit.

Too small test current.

No continuity in the current clamps circuit.

Ppcp

56 MPI-540 e MPI-540-PV — USER MANUAL



3.6.5 Measurement of resistance to earth using double clamp method

~— | ® The double-clamp measurement may be applied where there is no possibility to use
I 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.

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

e  The arrow on the clamps can be directed in any direction.
e  Connect the transmitting clamps N-1 to H and E socket.
e  Connect the measuring clamps C-3 to the clamp socket.

MPI-540 e MPI-540-PV — USER MANUAL 57



58

@ © naa|waea| i | |- @@ ¥ o Select the clamps + clamps
option in the measurement

m menu.
» ® Select other settings in ac-
RE = -==0) o cordance with sec-

,..i i = 200 £ tion 3.6.1.
UeBIsN 1= 000 A '.r-Ei!nr Ei S Ir-ﬂ u m
- i

@ (M E T |rm=| srar | B | |« @@ 4 The meter is ready for meas-

urement.

ReAon] Live mode
I — interference current cur-
- rently flowing through the ob-
HE oot g n ject
Mg nias = SO0 O
Limits

io 000 & & 4.5« I Rewax - currently set earth re-

sistance limit

@ Press START to start the
measurement.

[ anazas | wmaata | B | |« @@ 4 Read out the result.

Signal lights for the limit (sec-
20T807-27 T2
Lz tion 3.6.1 step @)
@ @ the result is within the

= set limit
RE 11 '5 b s = H00 8 (®) the result is outside the
set limit

fw B & W [ Ut | (=) assessment not possible

- H L. |

@ 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 using the | icon.
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IV—’— 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-

,I__ _#'| menu Measurement settings (section 2.2.1 step (1)).

® Use N-1 clamps as signal transmitting clamps and C-3 clamps as receiving
clamps.

e |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!

e 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 cal-
LiniT gglf:tr)]g uncertainty, measured values are taken into ac-

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
function is identical to 4-wire measurement of earth resistance, however, it contains an additional pro-
cedure of entering the distance between the electrodes. The measurement result is the resistivity val-
ue, 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 Om.
e = Om

@ 0 Trdear | snmm i | .ﬂ“l;m @@ ¥ Touch the parameter drop-down
P Lt susisieity T menu Un (measuring voltage se-
lection).
READY!
p=--—-§m
Paae = 200 Om
U= 026V i |-.:!w .. L -i o= :.4 Limit
- f
@ G 1asm | ssisorm & | .ﬂ“ | o~ gmmy 4 Select the required measuring
P Lt senisity voltage from the list.

READY!

p=--0m

Pasn = 200 e

U=025V al-!n.l |_-|' ha !,.‘
L.

50 L

- b+ ]
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@ | il |0~ @@ ¥ Select Limit to set the soil resis-

tivity limit.
- b §
@ -FEUD e Select unit.
& Om
e Enter the required resistance
limit value:
kim = Om: 0...99 900,
= kQm: 0...100.
g lsliledalilalele Sl |

Functions of icons
. reject changes and exit to the

pmll - previous screen
* + accept changes
e 9o PR 8 %
3.7.2 Main elements of the screen
@ ~ Select item Soil resistivity Qm.
@ = 0m
@ @ 1ok | snar | i | .d“ | o g@m 4 The measurement screen will
P e iy 51 appear.
Live mode
U — interference voltage
p = mm= ﬂm Limits
e = 00 Chm pmax — soil resistivity limit
— : After selecting the bar n on the
e i wforviy osf  we s right side, a menu will slide out
with additional measurement re-
- # sults.
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@ G 1ran | senmor |
T Lt swnivieity

READY!

i | .ﬂ“ | o+ gmmr 4 RH — resistance of current elec-

Paaz

0

trode

Rs — resistance of voltage elec-
trode

® — additional uncertainty
caused by resistance of the
electrodes

Selecting the u bar hides the
menu.

usoaty | on [N vk :
- b |
3.7.3 Soil resistivity measurements
ES E
[— ==
7] I | 7

62

L

.

*

L

L

=]

o

Drive 4 probes into the ground in one line and at equal distances.
Connect the probes to the meter according to the figure above.
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@ @ aea | o @ | il o m® ¢ o Cal up the measurement
T Lt swnivieity menu.

® Select other settings in accord-
ance with section 3.7.1.

Paan = F00 Ore

U= .26V u|-:!|_u-ll. |_-4!' n E; m

- f

o Select distance L between the
W v

measuring electrodes:

(a)using arrows & W |
@ (b)from the keyboard after
touching the field with the dis-
10 tance value (range 1...30 m)

Functions of icons
reject changes and exit to the
previous screen

= accept changes

-

=l -r|
[
Mg 110 « 3 =
@ (0 veszas | smopa B | .d“ I to [y W The meter is ready for measure-

T Lt swnivieity ) ment.

Paan = F00 Ore

U=021 v e [1_..-}- L 'tl i E__ m

- f

@ Press START to start the meas-
urement.
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@ [RIE ] |.1| 200770 ﬂ | .ﬂll l tea s §EEp ¥ Read out the result.

T Lt swnivieity

Signal lights for reaching the limit

READYI ELrE ST B (section 3.7.1 step (4)):
@ @ the result is within the set
limit
p i 34:4 nm @ the result is outside the set
Paase = 200 Om |Im|t

(=) assessment not possible

U=021 v -a[:ﬁu}- |_-;I I--;

P =] # Aﬂer sglecting the balt n.on the
right side, a menu will slide out
with additional measurement re-

sults.
@ @ 1azer | einara | @ | il |~ @@ ¥ Ru — resistance of current elec-
T — 5] trode
Rs - resistance of voltage elec-
READY! 20180721 115047 MR = A06AT trode
] 801,56 " .
Pt .,'H"h':' & — additional uncertainty caused

by resistance of the electrodes

= 34,4 Qm
p 3 . Puiss = 200 0 Selecting the n bar hides the
menu.

a2V ."[.}”_:‘. l-{ ' }..

bt H 1

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

g-l' "-'. WARNING

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.

e Over 50 V it is signalled as hazardous. The meter must not be connected to
voltages exceeding 100 V.
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® 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.
st Interruption in the voltage probe circuit.
RE>1.99 kQ Measuring range is exceeded.
MNOISE! Signal / noise ratio is too low (interfering signal too large).
Error due to the resistance of electrodes > 30 % (for cal-
Linim culating 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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3.8 RCD parameters

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

3.8.1 Settings of measurements

.("ti_- 'l;, Select item RCD la or RCD ta.
@ @.J RCO I, E‘:;J RCD 1,

@ @ vsam| :"!II-IH-'I'I-l i | ol‘-‘“ | te0n D ¥ Define the displayed measure-
ment components with the &%
icon:
READY!
[READVE @ if RCD la has been select-
=i ed,
Ip,, = - A (b) if RCD ta has been select-
la = B VD MA
U, =350 ed.
L= 238, &n| loma l-
f=5a0 \ (] |.| D El
- * Uy b |
] 1rnu|:—:||-u:-1-t| B | d“lmu.-ﬂ For RCD Ia the following pa-
rameters are available:

Ia — RCD tripping current,

Us — voltage measured on PE,
Re — PE continuity,

tai — RCD triggering time when

measuring tripping current.
W =350

[CRTERT| :"!II-IH-'I'I-l B | .d“ I wav @@ 4 For RCD ta the following pa-
rameters are available:

Us — voltage measured on PE,

Re — PE continuity,

ta — RCD triggering time when

given the rated differential cur-

14> 300 ma rent ratio.
U, =250
Up Ay |
L= 235, Lsn -LEE-
x| [OE
- E' U %
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@ @ siawm | suvnasa | B .l |- m® % Select UL to define the meas-

uring voltage.

o= A

U= 2356V {n | Bmi i
1= 68,8 He E I E

Lo B0 mA

- [ * [ o
@ ) unulv-u: 2| 8| .l =~ m® ¢ Select the required measuring
ﬂ "o r) voltage from the list.
= 5. 10mA I
U =250V
- * U
@ @ ooz | mvnanai | B | ‘ﬁl |vew g % If the RCD ta mode has been
selected in step @ set the

t‘ﬁ' =---5 rated residual current of the
| S

=550 tested circuit breaker.

forced current in the RCD test.
The set current is ratio of the
U= 3TV \ nu,-i 10 mi 1_ aldin

= E00 He E [
E-
- L% W
@ (%) rrooss | minara | B | .l =~ m® % The correctness of the assess-
ment of the test circuit breaker
. efficiency is dependent on the
rated residual current.
[A —p— A Rated differential currents of
N LB 10 mA RCDs are available in the
LAY menu.
e 2392 1&n | 10k . .
SET— \ 1k I-D—F e Touch the drop-down list field.
mm . e Select the residual current of
] the test circuit breaker.
T prctingy T
- * U o A
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@ rewm | e | B
e

o= A

L =250 W

LLES- 054 l&n
1 sani ﬂ

Al | e~ @@ ¢ In the menu you can the wave-

m form of the current, which will

N be used to test the RCD.

Fat

AL e Touch the drop-down list field.
A Select the waveform of the
S j = 1830 maA measuring current.

L U

@ {0 12mm | ::ll-u:-rtl
| READY!
Iy = - A

W =250

f=500Hz

& | ',“Hum.-y Determine the type of circuit
breaker.

Available circuit breaker types
general purpose
short-time delay type

selective
U« 7395y \ Ian | 30ma t-

— (7

bt £ U

| #
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3.8.2 RCD tripping current

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

e e ) L1
L2
RCD L3
PEN . Ne
= = L.
@ P - Select item RCD Ia.
%J Dl
@ Enter the measurement settings in accordance with section 3.8.1.
@ [REPIRE]| :"!II-IH-'I'I-l i | .dlll' | te0n D ¥ The meter is ready for measure-
T ment.
Live mode
U — voltage between phase con-
I i A ductor L and PE conductor
A i » 15.30mA f — network frequency in the tested
0 =250V circuit

U= 239.0Y i&n | 30ma }-
= 500Hs A o s e

- * U b+ ]

@ Press START to start the meas-

urement.

To cancel measurement, select

the — icon on the screen.
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@ [CRERTS RETR R i | “'III | o+ @ ¥ Read out the result.

Measurement result assessment

L-PE 20120721 12:1524 green:
@ 0.5 Ian < la < Ian
—t red:
I":" 23"0 mA Tl 14<0.5 Ian
U, =350 or

Us BTV \ ET T Ia> lsn
LT [D i) After selecting the bar n on the

right side, a menu will slide out

f=500Hz

- ¥*® U = Ee 1 with additional measurement re-

sults.
@ & s | snorm | i | “||| | o+ g ¥ Depending on the selection made
in section 3.8.1 step @ some of
g suamdiieiirilcente the parameters below will be dis-

Py played:
0,00 &2
@ Us — voltage measured on PE,
la=23,0 mA Re — PE continuity,

I #1530 maA ta — RCD triggering time with flow

=y idd of RCD disconnecting current.

UsT1RTY \l.-.n Wma
b ol [T Selecting the [ bar hides the

menu.

b L Uy H b |

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

~— | ® Measurement of the triggering time ta; (ta measured during |Ia measurement) for se-
/J lective RCDs is not available.

® The measurement of triggering time ta; is not performed as required by applicable
standards (i.e with RCD nominal current |, ), but with Ia 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 instal-
lation. When measured |4 is lower than |, (most frequent case), then triggering time
tai will be usually longer than the triggering time measured in function ta, which
measures the time at I, current:

Ia < lan = tai > ta

where:
tai = f (lan)

Therefore, when time ty; 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>UL!

LN
L-PE!
N-PE!

L<e=N
#
PE!
ERROR!

U=500Vv!

Measurement in progress.

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

UL\ voltage is incorrect for making a measurement.
UL-pe voltage is incorrect for making a measurement.
Un-pe Vvoltage 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.

e e ) L1

L2

RCD L3

PEN . : :E
= = [/ %

HL Select item RCD ta.
@ E‘:j” RCDt,

@ Enter the measurement settings in accordance with section 3.8.1.

@ @ vk | sinorn | @ | il o~ @@ ¢ The meter is ready for measure-
T ment.
Live mode
U — voltage between phase con-
t =---8 ductor L and PE conductor
A i 0300 ma f — network frequency in the test-
U =250V ed circuit
Us3e3Y m,«ixm I.- an [ 01 k-
\'=8 s
- #* Uy #*
@ Press START to start the meas-
urement.
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@ G 1A | ssnmmem & | ‘l“ | o+ gmmr 4 Read the result — RCD triggering
time ta.

L-FE! SMNEATEIILNIAS Measurement result assessment
@ green:
ta=10ms | o = loor
1= 0,300 me red:
W =250 ta > taop
Ll k e e I P After selecting the bar n on the
o200 [~ fe ImjT right side, a menu will slide out
with additional measurement re-
- * Uy = # sults.
@ @ 13z | snon | @ | .rl“ | =+ gmm % Depending on the selection made
in section 3.8.1 step @ some of
O ssamii ity the parameters below will be dis-
- Epp e played:
@ ? Us — voltage measured on PE,
ta=10ms Re — PE continuity.
U =250V TS9P e
R Selecting the u bar hides the
UsT18TY u:-.-.l:ﬂm. E- :Ir.nl:l- }-_ menu.
vow ||\ S| (T
- # U (%] f

Save the measurement to the meter memory using the H icon. A detailed description of
memory management is contained in section 6.1.3.
The last measurement can be recalled using the [ﬂ" icon.
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Additional information displayed by the meter

IN PROGRESS

Us>UL!
No UL!
L-N!
L-PE!
N-PE!
L<=N
TEMPERATURE!
f!

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.

UL\ voltage is incorrect for making a measurement.
UL-pe voltage is incorrect for making a measurement.
Un-pe Vvoltage 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).

f 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.

— . Teea L1
I i L2
= RCD L3
CoilusiCut T PE

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

— ] L1
Lz
— RCD

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 (ta), disconnection current
(Ia), 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
@ f.i—tiJ Select RCDauro.

@ LU ETER T B |:| By | .dl |"" E# ¥ e Select UL and from then se-
lect the required measuring
voltage from the list.

iy l_“""' Ts ® Select the rated differential
U=3a 0y D . current of tested protection.
B m~E Ok
® Select the type of tested pro-
U =250V Rec=—V  Ug==V  Re=—0 tection.
- Uy ) ) #
@ (@ enarian | 0w oo fl =~ mm ¢ Select the parameters to be
measured.

Designations
Ia tripping current

53 i :
U= 2410V - ta response time

Ry L + current with increasing head
m is forced
- current with decreasing head
U =250  Uipe=—%¥ Ug=—V Rg=-10 is forced
x0.5/1/2/5 a multiplicity of
RCD rated current, accord-
- Uy * ing to IEC 61557-6

Select the metering mode:
ful (I,
@ standard .
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@ eizm | 281118 B --:.ul | wis W ¥ If full mode has been selected,
select the type of tested protec-

. tion.
READY!

140
D

U=247.0¥
f =500 H

8
3

B
ﬂ
L

U =250 Ue=—V

&
CEEEE
: 2
-

- Uy

@ ooz | mie-

Il'Ib-l

lected, set the shape of the
testing current.

(PR [
TEFTIR T Exl
RCO
f = 50,0 Hx

U =250% Uum=—V | U

. ul. g st T ﬂ

3.9.2 Automatic measurement of RCDs
@ Connect the meter to the installation according to the drawing.

i

RCD

PEN

m=LkL

L Select RCDauro.
@ é "i,_, RCDaymo
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@ Enter the measurement settings in accordance with section 3.9.1.

@ () oasiiin | 2eini6as | e |2« @@ % The meter is ready for measure-
ment.

READY! Live mode
U — voltage between phase con-
Soen AL e -

ductor L and PE conductor
f — network frequency in the tested

i mm circuit
U =280Y LUp=—V Ug=—V
- U #
@ Press START to start the meas-
urement.
@ @ esrr | 260818018 B --:.'.l | v @iy § Tested RCD switch, must be
turned on after each triggering,

measurements are completed.

L-PE!
[ [E P — '-D k The progress of the measurement
P L e e o o is illustrated by progress bars:
Uo=250V g7 - i fe=007 kD B top — progress of the ongoing
| Wby h] ) | measurement,
Moty 10,5+ S e bottom — progress of the entire
Mo 1, 0,5 — " il e measurement sequence.

N LAY =W é The sequence may be cancelled

- Uy Le at any time using icon —
(% ocsact | 110018 | W oo .‘l |+~ @5 ¥ Eventually, measured parameters
are displayed (sec. 391 step
L-PE! FO1811:15 0T 5426 U )’ tan(:: it
Ao b xl- t. =20ms L — test voltage,
r - _ E} UL-pe — voltage between L and PE,
Mo Lx2+ 1y =8Bms (&)
T t. =18 ms @ Us — voltage measured on PE,
A A Re — PE continuity.
Mo tax5+ ta=Tms (@
No x5ty =17Tms (@ The list of results may be scrolled
Ao gt In =23,0mA &) on the screen.
Mo g ln =258mA (@
. . . . . Symbols indicating correctness of
- Uy H .} response

@ criterion met
@ criterion not met

For more information refer to Cri-
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L

@ oosmoo | 200w | | _'|| | =~ mrs ¢ teria for assessing the correct-
ness of component results.

L-PE} FO1A=11-16 5426

e s [wrn e (HEEHE
RO
Er~ ke [Ok

U =250V Upe=2414V| Ua=02Y Re=001k0D

My x5+ ti =300ms (A

-

U H f

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

® Ug and Rg are always measured.

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

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
IAny

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 Ia, and its multiplicity exceed the testing range of the
meter.
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Criteria for assessing the correctness of component results

Parameter
Ia "y

lann
la o

lann
lA oo

taat 0.5 lan
taat 1 lan
taat 2 lan
taat 5 lan
taat 1 lan
taat 2 lan
taat 5 lan
taat 1 lan
taat 2 lan
taat 5 lan

Assessment criterion

130 ms < ta < 500 ms

Notes

0.51an=1a< 1 lan -

0.35Ian < 1a <2 Ian for lan = 10 mA

0.351an<1a<1.4 Ian for other lan

0.51an<1aA<2 I -

ta — rcd for all types of RCD
ta <300 ms for general purpose RCDs D
ta< 150 ms for general purpose RCDs D
ta<40 ms for general purpose RCDs D

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

60 ms < ta <200 ms
50 ms <ta< 150 ms
10 ms < ta <300 ms
10 ms <ta< 150 ms
10ms<ta<40ms

Additional information displayed by the meter

IN PROGRESS

Us>UL!
No UL-n!

L-N!

L-PE!
N-PE!
L<=N
TEMPERATURE!
f
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.

UL\ voltage is incorrect for making a measurement.
UL-pe voltage is incorrect for making a measurement.
Un-pe Vvoltage 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

WARNING

A\

3.10.1 Settings of measurements

O @' 1.

@ G Trsens | snmor |
ﬂ P T

Rigoinpe=s — 0 Lo Lpi-pe= ===

U=ty == \ terrn | u.-lsl:'-' . @m m

The tested object must not be live.

-
G Trss | ssimor |
ﬂ P T
READY!
R[SCI = n
-
G Trsena | sevmor |
ﬂ P T
READY!
Risoinpe= —— 0 Lo Lps-pe= =

e\ [Cel - ol
L

- ILA8NPE)

Select item Riso.

i | .._“,I'I:aqx.-ﬂ 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,
() AutolSO-1000c adapter

i | .'_‘I.I'Iiaq\--f If separate leads with probes

have been connected to the me-
ter, select the required option from
the menu:

== single measurement mode,
(r continuous measurement
mode.

El .ﬂl,l'l:alu--ﬂ 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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@ (0 reants | mvnasa | i | .l | =~ m® % If AutolSO adapter has been con-
nected to the meter, select the re-
quired option from the menu:

= 3 wires — measuring a 3-core
Rimoiia==0 Uigg i1 ===V I cable,
Risorrz=—0 Usaia=—V R = 4 wires — measuring a 4-core
A: 50 LBy = = 4] LFl.‘u:] Ly = == v e Cabl_e’ .
Risaiin == 0 Uksorin =—Y e} = 5 wires — measuring a 5-core
cable.
veven 4R E [T ol
Awires
A wims
- | @] BTy [ o
@ M Hnlmlul-zll B | ‘,ﬂ | va s R ¥ Touch the drop down menu to set
the measuring voltage Un.
Rigo iw-pe= = 0 Lhigo iw-pe= =
Reso vini
5,00 MO
U= ¥ & \Iu.m :E'r un| SaWW je @mm
- ' | =
@ m u:a.lmlul-zll B | ‘d |m.|'L m® % Select the required measuring
voltage from the list.

Rizoinpe= =0 Uigginpg=s ==V
Reso mimi
5,00 MO
U=y S \II:LIHKHJET un!:mr ‘@mm
@y
1046
* | o | B
@ @ v | saora | @ | il = m® % Set the measurement duration
using the icon. After the selection
e has been made, it will display the
ooz set value.
Ruso iype= == 0 Ugso oype= ==V
Riso min
5,00 MO
W=y Fee \ll‘Lle}"’Lm[ﬂ\l’il E:l m
- | L |
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Bl | e oy

Riso iw-pe™
Reso vini
5,00 MO
U= ¥ mm [ Limit |
- [ [ L. §

Bl | e oy

Riso iw-pe™
Reso vini
5,00 MO
b bV %7 m
- - |

- N

4=l W
i
LR Bk

I

| oo~ D ¥

© nn ulm-u: "

Ruso ty-pe= ==
Reso min
5,00 MO
Us=1v sen
- .}
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Available options

= Auto — the meter automati-
cally selects measurement
duration depending on the
capacity of the object meas-
ured

= 30s

= 60s

= Custom — manual setting of
time within the range of
1..60s

If the Custom option has been se-
lected, enter the required time.

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

« accept changes

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

83



@ @ 1 | inor | @ | il o @@ ¥ Select Limit to set the acceptable
insulation resistance criterion.

T Whyses  pipg= =V

@ 5| e Select unit.
kil

& Mo ® Delete the previous value and
enter a new one. Ranges:
= kQ: 0...2 000 000,

GO
= MQ: 0.0...2000.0,

L] ® g L i k! .
MR ERERREE - . = GQ: 0.000...2.000.
: _ Functions of icons
- s | .rejecting changes and exit to
* | the previous screen
e, (13 D - F900L WS - :i L4 ¥ accepting changes
@ @ 11esm | einor | @ | il |- @@ v 4@ returning to the previous
screen
’ﬂ going to the main menu
Rigoinpe=s — 0 Usas i pi-pe= =V
HIL-:}‘JIH
5,00 MO
v Y [ e[ oNEN
- E #
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3.10.2 Measurement using probes

i f 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.

@ o Select item Riso to call up th
f Riso measurement menu.

Connect the probes to the meter.

©)

@ Enter the measurement settings in accordance with section 3.10.1

® 7=

Connect test leads according t
the drawing.

e

(]

@ ' Press and hold the START but-

ton.

The measurement is performe
continuously when the START i
held in the pressed position.

d
S

In order to interrupt the meas-

urement, press START.

If continuous measurement ha
been selected (icon (C* ),

prompt will appear to confirm th
start of the measurement.

During the measurement th
H.V./REC/CONT. diode is lit i
orange.
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@ 0 e | s | & | ulll | o+ gmmy 4 Read the measurement result.

e L Si | lights fi hing the limit
ignal lights for reaching the limi
i (section 3.10.1 step (11))
® () the result is within the set
limit
HISD =1 021-2 Mn Riso mim (®) the result is outside the set
5,00 MO limit

(=) assessment not possible

Uy s 53V w[=1r wl s

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

selecting the [N icon.

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

e After completion of measurement, the capacitance of the object tested is dis-
charged 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.
A 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-
MOISE! 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
LiMIT! is displayed after the measurement, it means that the
measurement result was obtained during operation with a
current 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 f 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

® o
f) 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.

@ Enter the measurement settings in accordance with section 3.10.1

Connect the adapter to the test
socket.
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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.
@ @ 133z | mmorn | i | il o~ mm ¢ View of the screen during meas-
wement
A The display shows the symbol of
il e the resistance being measured
RisoLre = a Usso v and the progress bar of this
R:an HPE == Moy s = 1818 MO AETREE F||-_:-: dif measurement.
Bavre = | Il s

5.00M0° T, progress bar indicates the
status of the measurement.

g = 53V % | " ,,,.l ¥
The measurement may be can-
7 P celled at any time using the
icon.
@ [UREETS RESTR R i | .ﬂ“ | o+ gmmp 4 Read out the results.

v SIS L e
Rnin =1019MOUgon =53V @ (@ (¥) the result is within the set

Frconpe > 250 MO Uisoppe =53V = limit
Bizoree *250M0  Usoies =53V A ey @‘ the result is outside the set

5,00 MO limit

() assessment not possible

Us1y == \ |INFP‘I::-_LI N u.-lsl:'-' !1- @m m
Additional signal lights for each of

P the measured lead pairs

@ noise — too strong interfer-
ence signal recorded

- H

£71 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 using the |§" icon.
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preset value (and also when 110% of the preset value is exceeded).

__,/5' e After completion of measurement, the capacitance of the object tested is dis-
charged by shorting Riso+ and Riso— terminals with resistance of 100 kQ.

IV—#— ® The meter emits a continuous audio signal until test voltage reaches 90% of the

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-
@ 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
measurement result was obtained during operation with a
current limiting device (e.g. short circuit in the test object).
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3.10.4 Measurements using AutolSO-1000c

i f 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 adapter.

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.

@ G 1290 | simar | i | “-III |+« gmmy 4 The meter is ready for measure-
ment
Live mode
[ ey e s I U — interference voltage
Efi’"“"f : g E "':'j __E Ai-oun  Description of function icons
rn ol o) A B scrolling down the list of
Rizauim =0 Wigain ==V 5k0 measurements
T = scrolling up the list of meas-
v on B T wfE T ol ] scrline
- £} I "
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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 par-
ticular pairs of wires is performed.
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.

@ (@ vz | svmorn | @ | il |- @@ ¢ View of the screen during meas-
urement
A The display shows the symbol of
2y | e the resistance being measured
R””"""": f Ussou142 ¥ . and the progress bar of this
RisoLias = P2+ 250 M0 Ai=qwy Measurement.
Risorze = | Il " —
Rizoiim ==-0 Uon = — ¥ 5K The bar shows % of progress of

total measurement.

wesv | R Tl T

The measurement may be can-

& celled at any time using the
icon.

- &

=
=
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@ unm| :"!II-IH-'I'I-l i | .',_“,I' | te0n D ¥ Read out the results.

e = Signal lights for reaching the limit
AT (section 3.7.1 step (4))

R|=,|| Li-ig ™ 250 MD Lo p1a = B3V @' I @ @ the result is within the set

Rreatiw =250 M0 Ussnp=53YV @ limit

Risnizz > 250 MO Ugq a3 =53V 2] Risa e (#®) the result is outside the set

Rizgirw = 25000  Ugaw =53V /2 @ 5 k0 ) limit
{-) assessment not possible
Um@y M A‘ Smrra F'I Un| sy Elr I:EI m
Additional signal lights for each of
7 @ & = P 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)
@ @ 1azzar | snorn | i | .l |- m® ¢ Using the slider or icons |E||E|
% re il scroll the screen to read other
AR measurement results.
Risoliee>250 M0 Ugoupc=53V ®

Rnizee > 250 MO LUhgppepe= 53V
Risorape=250M0O Uigoape= 53V
Risonee » 250 M0 Umones = 53V 5kO

vov o AR | e[ ol 3
. ) 0} (] *

Risowm

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

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

e After completion of measurement, the capacitance of the object tested is dis-
charged by shorting Riso+ and Riso— terminals with resistance of 100 kQ.
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Additional information displayed by the meter

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
measurement result was obtained during operation with a
current 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 Rx, to call up the
Q Ry measurement screen.

@ @ vierrer | sannam | i | d“ | o gy ¥ Select Autozero to eliminate the
esistance of esteads.

Rx > Jp99 Q

- f

@ ) unn].\cu-m-n|
# ~

B ..u] | o« g@ ¢ Follow the on-screen prompts.
0]

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

IN DEBNCRECS
MWTILOD

T alisinate wrs
rntance shont
oo sad After selecting Yes the meter will
press VIS give the result reduced by the
resistance of test leads.

Ym K

- Autozero

To disable compensation of the
resistance of leads, repeat steps
: with open test leads.
Then the measurement result will
contain the resistance of test
leads.
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@ [RETIEE]] :"!II-IH-'I'I-l i | .dlll' | te0n D ¥ The meter is ready for measure-

ment.

Rx >1999 Q

Autoreeo

e Connect the meter to the tested
object.

e Measurement starts automati-
cally.

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

@ [ REEE Y :-:ll-na-'rtl 5] | .dlll' I reaw §EEPF ¥ Read out the result.

Rx=1,9Q

Autoreeo

- b+ ]

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

measurement 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
repeated.

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

e |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 over-
stated 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-
MOISE! 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

® Q

@ G 1nara | simar | i | dl,l'l:alu--ﬂ

READY!

Renesr pax = =00

- b+ ]

@ © uu|7|.~:u.u)-nl
ﬂ -

Bl | o 0 ¢
@

To slisinate wre
ruatance short

cocut s
endngs and
gpress VES Wi max === 0

v

X

Autozero

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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@ 0 viara | spvnoam | i | .d“ |« gmm 4 To disable compensation of the
resistance of leads, repeat steps

with open test leads. Then
the measurement result will con-
tain the resistance of test

IN PROGRESS

R = leads.
(TR [ | Lz
- 1
@ [RERTE | :"!II-IH-'I'I-l B | .',_“,I' I tea s §EEp ¥ Set the acceptable limit  re-

sistance of the measured object

READY! 2120721 134350

R=-0,00Q

Aulozera
b H b |
@ 1 Using the on-screen keyboard de-
lete the existing value and enter
the required one.
Range: 0...400 Q
TR TR R Ta 5T 15 Functions of icons
o e Il el P - . .reject changes and exit to the
previous screen
v « accept changes
*
a1 ) - | L ] ; L]
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@ G 1naam | snmar | i | d,_“.l' | te0n D ¥ The meter is ready for
measurement

READY! 220721 134350

R=-0,00Q

Rigen wax = 1000

- H b §

e Connect the meter to the tested
object.

= e Measurement starts automati-

cally.

-

@ € 13m6 | sermar | @ | il o @@ ¥ Read the measurement result.
) B &)
The result is the arithmetic mean
READY! 2012721134601 of the values of two measure-
ments at a current of 200 mA with
H 0 3 5 ﬁ @ opposite polarities RF and Rr.
- Rconr max = 1,000 R= Re +Rp
2
Aailazera Signal _lights for _the limit
(step @)
P =] # () 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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[RERTE SRR n:-T'l B | dlll | o+ gEmr 4 Rr — result obtained for a posi-
tive ol of the measuring cur
rent

KL i St -‘HTE .o RR —result obtained for a nega-
w -panp  tive polarity of the measuring cur-
R [] 35 Q rent
. Regarmax = 1,00 0 Selecting the n bar hides the
menu.

- H b}

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

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

without disconnecting test leads

from the object and proceed to

step .

f NOTE!

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

~— | @ If the Autozero option was not deselected, (steps @@@) the meter invariably

I reduces the measurement result by the resistance of the connected test leads.

4| 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.

e |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 over-
stated 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.

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

]

L1
L2
L3
N
J_P‘EM PE
@ @ 1as | aminara | B | |~ @@ % The meter ready for testing.

Ur1-2, U213, ULzt

IN PROGRESS values of phase-to-phase voltag-
es
Uppa= 1181V m| =
Uzis=1418YV signalling the presence of indi-
U= 138 TV vidual phases
=
pe o
& 1w | minora | il | 122+ @8 4 The phase sequence is correct ,
i.e. the phase sequence is in

clockwise direction.

‘ Wgz=1093V

UE{; = 1 2"}.4 .llll
J Uisas = 1490V

MPI-540 e MPI-540-PV — USER MANUAL 101



o 1|.~hh|z!llﬂ-zl| i I a Imu\--f' The phase sequence is incor-
rect, i.e. the phase sequence is
in anticlockwise direction.

IN PROGRESS

U. 147 = ‘49.3 "u"
Uu L1= ]25,3 Ill'

\ U._]-Ll = I33.9 v

3.13 Motor rotation direction
Select item Motor rotations, to

@ @U-an call up the measurement

screen.

@ ® 1asaz | msmn | B | il 1o @@ ¢ The meter ready for testing.
15t iy Q

IN PROGRESS

UU ® -
v Uy ==
Uw =

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

e Vigorously rotate the motor
shaft to the right.
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© tasxs | is0ra | B | i.l“:m-' 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=131V
Uy,=486V
Uy =260V
A L.

@ 1ase1z | s |

.

B | il 1o~ @@ ¢ Arrows on the screen rotating
7] to the left mean that the motor

connected to a 3-phase net-
work will rotate the shaft to the
left.
Uu = ]3,] V
Uy=486V
Uy =260V
- o

® Do not move the test leads during the test.

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

®

104

Lux

2|5 | = 1

e i R A e P T ‘—-
al

L ¢
Mg 3 - 0600 ','i‘

G 1aars | snsar |

T Luerrim @

Ezelx  eo
Esq = 300 Ix

b b |

Select item Lux to call up the
measurement screen.

Connect the optical probe.

e 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

= accept changes

i | ‘]“I;m'v The meter is ready for light

measurement.

Live mode

E [Ix] — illumination expressed
in lux (Im/m?2)

E [fc] — illumination expressed
in Im/ft2 (lumen per square
foot)

Emin — limit set in steps
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Place the probe in the test work
plane.

@ | il |~ @@ ¥ Read out the result.

@ [RTRIET] :‘EII-HI-Tl-l

Signal lights for the limit (step (3))
IN PROGRESS
(<) the result is within the set

® limit
@ the result is outside the set
E =496 Ix E=460fc

limit
Eyire = 300 Ix @ assessment not possible

- H 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.

3.15 [EEZX) Resistance-to-earth (PV)

Y s ¥ R Connect the measuring system. The measurement is performed similarly
O " as in section 3.6.
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3.16 [EIXD 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-

# Rico 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 Riso. 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 Riso+ socket, select Riso- method in the instrument

and start the measurement.

ocs 7 L

L2
L3

3.17 EZZX] Continuity of connections (PV)

After selecting the bar n

on the right side, a menu
will slide out with additional
measurement results.

Uso LN — measurement
voltage

Selecting the n bar hides
the menu.

B R Connect the measuring system. The measurement is performed similarly
=Ml as in sec. 3.11.2.
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3.18 XX Open circuit DC voltage Uoc
- Select item Uoc to call up the meas-

@ 'r% UD{: urement screen.

Turn off the inverter or disconnect it
from the tested object. Connect the me-

1
! i ter to the chain of PV modules using
o 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.
f WARNING S oncitons. for which the. manufacturr ro.
Do not disconnect MC4 connectors when the yides all the parameters of the modules.
load current of working inverter flows through
them. This may cause arcing and danger to the
user!
@ | owara | snmearun | B necare | ‘“l | oo g % Enter the test parameters:

Ta — ambient temperature, f the saurce
of temperature measurement = air

(sec. 2.2.1),
Uge=-—--V () Tc — module temperature, if the source
. of temperature measurement
Uppgre ===V Uocgrem = 20.00 ¥ = module (sec. 2.2.1),
AUge = — % Al s =1 % G —irradiance,

Limit — setting of AUoc max values,

- “ M — photovoltaic module selected from
999 g EmD T

the meter database (sec. 2.2.3).

In addition, the screen displays the fol-

- k| ;

lowing:

Uoc:ster) — open circuit voltage in STC
conditions, declared by the manufac-
turer,

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
{_3_-) the result is within the set limit on the right side of the screen, containing the pa-
(3 the result is outside the set limit rameters of the measured PV object.

M — number of modules in series,

N — number of modules connected in parallel,
Tc — temperature of the module.

Selecting the n bar hides the menu.

(=) assessment not possible
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3.19 X0 Short circuit DC current Isc

@ , 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
i and adapters of MC4 connectors The fol-
lowing parameters will be measured:

Isc — short-circuit current

Isc:stc — short circuit current after con-
version 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.

WARNING

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

@ | @ swrwta | ammoearn | @ oecarm | gl | o« @y §  Enter the test parameters:
Ta — ambient temperaturs, f the source
temperature measurement =air (sec.

2.2.1),
lse=—A O Tc — module temperature, if the source of
_ " temperature  measurement = module
Iscsc=-—A ' : (sec. 2.2.1),
ﬁlsr '} Ay = = % G —irradiance,

Limit — setting of Alsc max values,

o 2 9 fun « TR M — photovoltaic module selected from the
e l & f=ﬂm - N meter database (sec. 2.2.3).

- P In addition, the screen displays the following:
Isc:stcr) — short-circuit current in STC condi-
tions, as declared by the manufacturer,
Alsc max — limit Alsc set.

@ If necessary, reset the clamps again.
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 param-
(%) the result is outside the set limit sters of the measured PV object.

M — number of modules in series,

N — number of modules connected in parallel,
Tc — temperature of the module.

Selecting the bar hides the menu.

(=) assessment not possible
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3.20 XX Test of the inverter panel n, P, |

@ e, Select item n, P, 1, to call up the
E Pl measurement screen. Then reset the

b clamps (sec. 3.21).
Connect the meter to the tested ob-

ject. The following parameters will
measured:

e at the inverter input (DC)
e 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.

e

PRORC

You may use #% icon, to select the

data presented on the screen.

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

= 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 B to go to the measure-

ment configuration. See sec. 3.20.1,
3.20.2.
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@ Press START. The live mode readings will be
captured and displayed in the main screen.

@ Signal lights for the limit (step @) After selecting the bar n on the right side, a
(¥} the result is within the set limit menu will slide out with additional measure-
(%) the result is outside the set limit ment results.

© assessment not possible nm — the efficiency value of the inverter as the

ratio of the active power of AC side to active
power of DC side

nNnom — efficiency of the inverter declared by
the manufacturer

na — 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

lac — current measured on AC side

Ioc — current measured on DC side

Selecting the u bar hides the menu.

3.20.1 Measurement configuration

© o7:31:05 | 20200128 | X | @] x| W arcene| | @D

4} inventer measurement configuration - 2020-01-28 07_31_01inverter @

Maing system Manufacturer effictency | Frequency
T{ 50.00 {-1_ S0Hz I- ¥ |
DC clamps type 1 AL clamps typa
C-PY 404 }" C-5(A) } Tl’.l

Single phase, DC + 1-F } v

(%] w ‘S = 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:
e 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
(-
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.
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),

e current of DC side of the inverter is measured with DC clamps connected to
I1 input of the clamps.

| _/;J 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.

e Manufacturer efficiency — efficiency of the inverter declared by the manufacturer. This value
is used to compare the measured efficiency with the declared value.

o 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.
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After setting the required parameters, you can go directly to the required measurements.

Menu bar functions

@ entering the measurement screen (live values in a tabular view) with the specified settings
(without saving the configuration).

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

"H 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
-[-. 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

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

© oz31:15 | 2020-01-28 | X | ©I|] x| il 27ceree | | D

Type Hame ~| Size Date
=l 2020012412 03 46_inverte 2O0KE 200 035
Q- o 20¥8 202001280703

+ e &

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 | - | @ IR Fx | Il 27ceree | | ED

ﬂ Live mode - measurements @

fim e u Unan Une { I E-2)
sl [l vl M Imv] [Ha] i
AC/DC 1603 33497
[+ 3282 . w3235 1.464
L1 - - D.Os7 14.73 0.000 0624
L2 = - -
L3
N - — =l S - - =1
L1-2 i = = s
L2-3 =l — . - =

[«] I

== S» «

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

e AC/DC line:

o column Mm displays the efficiency value nn, of the inverter as the ratio of the ac-
tive power of AC side to active power of DC side:

PacW]
%] = —AC"2 . 100%
nm[ 0] PDC[W] o

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

nd[%] = Nnom [%] - nm[%]

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.
o values related to AC side are displayed in lines: L1 and X.
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3.21 X 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
voltage and current readings as close to zero as possible. Only then you can connect the clamp to the
tested object.
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4 Auto measurements

The meter includes automated test procedures.

@ oasarts | 20081015 | | .d |os @D ¢

Auto % @ Measurements

measurements % f’“

Recor 'b ; Memory
Settings )t e Meter info

4.1 Proceeding auto measurements

@ @ 1warst |amenra| @ seoenes | gl |2+ @R ¢ The measurement sequences are
i "ol grouped into two folders:
= measurements in TN/TT/IT
networks,
= measurements dedicated for
electric vehicles charging sta-

SE tions.
[*- 3
Select the measuring sequence
from the list.
- Lo i -}
@ @© 1000 | 20191021 | | "‘ | o @ ¢ Connect the meter to the measur-

ing system.

In each setting field, enter the type
of measuring accessory, installa-

nccessory |8 b2 ves g o Qi tion parameters and other re-
E = s 4 quired data.

Znpess @8 | Description of function icons

oy assistance for a particular
accessory| BB |, o e iz measurement

” 4% collapsing setting fields

- A B . 1 " expanding setting fields
ke saving entered measurement

data

@ Press START. The automatic
measurement sequence will start.
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@ 10054z | 1310 | ¥ | il |~ mm ¢ <« The screen after completion of
® r.u. )l one of sequence measurements.

Description of function icons
@ B stopping the procedure and
ZL-N =1 '8'] 00 h=1237A going to summary
= 50,0 A +J) repeating the measurement
a with overwriting its result
"l T. ¥ repeating the measurement
% e without losing its previous re-
@0 sult
I | stopping the procedure
| 0 9 " »> »» going to the next step of the
procedure or to the summary.
Time remaining to the next

step is set according to sec.
2.21.

<« Summary screen.

2 “* The procedure can be restarted
.z [ =1237A © with the 43 icon.

2 T =924 A 8 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.

- 0 B % 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.
@ @® 10035 | 20191021 | | ." |vos @ ¢ All sequence measurements will
be saved n one measuring point
[remiz] Signal lights for reaching the limit
e Nate Ity . . .
Y - the result is within the
o @ . 2 set limit
N amewatiensss | @ the result is outside the set
e e ® ) - limit
(=) assessment not possible
Test iyte Ll rasmiom {') no measurement was made
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4.2 Creating measurement procedures

@ R Eesid B oeosie | ] o @D ¥ e Select 4+, to go to the se-
quence wizard.
[ e - Imostes I
THITFY e Select ==, to add the desired
= measurement procedure.
EVED
-
* + i f
v
[L1] ||.uw|1uzwm| .:lwllml l‘l Il:ln-"
- + A% H i

£ ' From the available items select
@ gﬁ Zonin g} Zire u,._# L. repcnn ?) Pio the one, which is to be a part of
'(;f_u -'h "r.i_“ the procedure. In addition to
%'J RCD I, £ " ACDt, o ACOy % P standard measurements, the fol-

: lowing are also available:

;é;-‘-‘ AL éj? i Lusx _ sutement — {EXt Message,

= visual test.
m Visiial
inspection
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@ L] |mzn|3m-p-a| ._M'wlrwl iI I'l!l‘-"'

e ——
“ﬁhmm L] 13m = EV
l.{‘j:r

@ L] u.l::..qlzm-p-al ._M'wlrwl iI I'l!l‘-"'

@ {'_l}lul.ﬂlzm-p—al ._M'wlrwl iII'III‘-"'
s =

[masted |

IT§

EvsE

|

Mieasedpmenia 1

fﬁﬁ.

118

After each selection, the menu
with step parameters will be
shown.

If the tests contain measurements
in electric vehicle charging sta-
tions, then EV box should be se-
lected.

Description of function icons
assistance for a particular
measurement

2¥ collapsing setting fields

z" expanding setting fields

g saving entered measurement
data

e Changing the order of the steps
is performed by using .
icons. Delete the step by using

icon.

e Save the procedure by using

icon. A window will be

shown requesting the name of
the procedure.

The procedure will be available
from the main menu of auto-
procedures. To remove it, select it

-
with l!l and choose [[.
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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 vec-
tors, 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 I1, 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),

e  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) THDF 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

Netwo::atx::i 1-phase 2-phase 3;'_)\,':;? 3;)‘:1’:?
Parameter L1 | N L1 |L2( N | X |L1|L2|L3|N | X |L12(L23|L31| X
U Effective voltage . o | o o | o | o o | o | o
Ubc Voltage constant component ° ° ° ° ° ° . . .
| Effective current . o | o | @ ° ° o | o o | o | o
Inc Current constant component ° ° ° ° ° ° ° ° ° ° ° °
F Frequency ° ° . .
P Active power ° ° ° ° ° ° ° ° °
Qi Reactive power . o | e N EEERE . o(1)
D, Sn Distortion power ° ° ° ° ° . . .
S Apparent power . o | o o | o | o | o . °
PF Power Factor . o | o . ° . . . .
THDr U Total harmonic distortion voltage | e o | o o | o | o o | o | o
THDk | Total harmonic distortioncurrent | o [ ¢ | @ [ @ | ® o (o | o | e o | o | o
Ep., Ep. Active energy (pclti);ds)umed and sup- . . . . o o . . .
Ears, Eat Reactive en:l:‘%)‘;“(:g?sumed and . . . . o o . . o(1)
Es Apparent energy ° o | o o | o | o | o ° °
Un1..Unao Voltage harmonic amplitudes ° o | o o | o | o o | o | o
Ih1..Ihao Current harmonic amplitudes o | o | o || e o | o | o | e o | o | o
Unbalance U, || Symmetrical components and un- . .

Explanations: L1, L2, L3 (L12, L23, L31) indicate subsequent phases,
N is a measurement of In current depending on the parameter type,
I 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.

® |n 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:

(2]

[N

[@] [o] [+] [«]

-3

(] after switching the meter on,
e  atany time after the ﬂ icon has been selected on the display.

® 114747 | 20180722 | X | @] 83X =
:

A 150 Mz oo @& detmarcontiguation
N W i A In

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.

‘H‘ Anafyzer setlings - Clamgps ‘H‘ Anafyzer setlings - Clampa®

Main window
Information bar on current network configuration ,
Function icons bar

Active menu help
e  Visualisation of connection systems
e  Explanation of icons
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5.21 Top bar

At the top of the screen there is a bar with status controls (Fig. 5.3).
1 2] [3] [4] [s 6 7 8

® 165920 20060720 | | & | @ | R Fx | I 3768 woine | h gl

Fig. 5.3. Elements of the top bar

| 1| Current time and date

[2] 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.

§'3 | Verifying the connection control
The icon on this button informs the user about the correctness or potential problem with the
configuration or connection of the recorder (symbols +* , 7 or # may be displayed). Pressing
this icon will display a window with more detailed information about possible errors in connect-
ing the recorder to the mains and with the compliance of mains parameters with the current
measurement configuration. More information can be found in section 5.3.2.

' 4 Recording status icon
& recording inactive
@ recording active

| 5| Information on connected or configured current clamps
e |f the measurement configuration has no clamps indicated - the field displays dashes "---".
e When a specific type of clamps is selected, their name will be displayed.

fi, Memory card icon with information about free space
If the card is not in the slot, the icon on the screen is crossed out.

| 7| USB external memory icon (flash drive)
If no external memory is connected, the icon is crossed out.

|8 Theicon of battery charge status and mains power supply

5.2.2 Title bar

The title bar (Fig. 5.2, element |F2_) 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:

5.2.4

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),

Recording analysis — provides an analysis of the recorded data and 'live' view of the re-
cording process (section 5.7),

Analyzer settings — a series of the recorder configuration options can be found here (more:
section 5.5),

Energy loss calculator — in this mode the user can estimate financial losses due to poor
quality of power supply,
Exit — go to the main menu.

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 )):

nominal voltage,

network frequency,

network layout,

name of the current recording configuration.

The network layout is symbolized by icons:

Tn
n
T
hva
Va

5.2.5

1-phase system,
2-phase system,
3-phase 4-wire system,
3-phase 3-wire system,

3-phase 3-wire system with the measurement of currents using Aron's method,

Help

On the right side of the title bar the help icon () is seen (Fig. 5.2, element :E_) 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 |4 and I_s. I2 current is then calculated using the follow-
ing formula:

IL2 = _IL1 _IL3

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
connected, 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 o0

Fig. 5.4 Wiring diagram — single phase
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L1

Fig. 5.5 Wiring diagram — 2-phase

Fig. 5.6 Wiring diagram — 3-phase with four operating wires
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Fig. 5.7 Wiring diagram — 3-phase with three operating wires

L1

L3

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 IP i)a
window is displayed showing some important information on the connection of the recorder to the
tested network. This information helps the user to verify the compliance of the current configuration
of the recorder with the parameters of the measured network.

e  Voltage values — two possible icons:
«" RMS voltages are correct, they are within the tolerance range + of 15% of the nominal
voltage,
3 RWMS values are outside the range of Unom +15%.

e  Current values — four options:

" RMS currents are in the range of 0.3% Inom...115% lnom,
7 RMS currents are lower than 0.3% Inom,
x RMS currents are higher than 115% lnom,

=== dashes are displayed when the current measurement is disabled in the configuration.

e Voltage vectors — the recorder verifies the correctness of the basic angles and displays the
corresponding icon:
o" 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),

x incorrect angles of vectors. In three-phase systems, this icon is displayed, among others,
in case of reversed sequence of voltage phases.

e  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,

"2 the accuracy of current vector angles cannot be verified, because the RMS current values
are too low (below 0.3% of lnom),

x vectors are outside the acceptable range of angles ( £55°),

--= dashes are displayed when the current measurement is disabled in the configuration

e  Frequency:
o" the measured grid frequency is in the range of from +10%,
? the RMS value of reference voltage phase is lower than 10V or there is no PLL synchroni-
zation,
x the measured frequency is outside of from £10%.

The icon is displayed in the top control bar in the following way:
3 ifthe table includes is at least one 3,
? if the table includes is at least one ? but there is no error (no x),
«" 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 | @R rx| W 240eme| | @D ¥

Type Name Size Date

{i')d defaullConfiguration ] KE 20180727 16569.14

::,} 0180727 16_58_35_settings > KR 20180727 1

L_i), [; | '
A 1,50 Hz b @  defauliconfiguration

v - v v

N
+ & @® e |
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)

= ) ) ) ) )
- ., recording according to user configuration (active — green)

o Name - the name of the configuration given by the user,
e 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 config-
uration. 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

ﬁ’ editing the active configuration
@ activating the selected configuration
ﬂ 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.

®© 11:5:1:51]21:15-1:?-22 | -,Q, Iﬂ F-x | ﬁ ]ﬁl | (T

™  Recording configuration - 2018-07-22 11_50_36_settings* @
Mains sysiem Frequency Haminal voltage
L
[¥]
L3
2 * 50Hz E'-' 2307400 {'r )
Perind time Clamps type

3-phase 4-wire

[ = o=

A 150 Hz “n @ defaultConfiguration

- = 5§

Fig. 5.10. Recording configuration — general settings
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At this point, you may define:
e Mains system. By selecting the icon from drop-down list | + or on the network name, 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 (l1i I3). The third current (lz) is determined by calculation from the relationship
I2=-1I1-1s

e Frequency — mains nominal frequency. The following options are available:
= 50 Hz,
= 60 Hz.

e 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,
= 3s,
= 10s,
= 30s,
= 1 min,
= 10 min,
= 15 min,
= 30 min.

e 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

e 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 fol-
lowing list:
= No - clamps not applied,
= F-x — 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.

Description of function icons
h returning to configuration list without saving changes
B saving changes Additional window will appear, where it is possible to:
= change the name of configuration,
= set the saved configuration as active (w" ) or inactive (),
= accept the selection (Ok),
= cancel the selection (Cancel)
n 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.

@® 1sz2s | 2s07-22 X | oI~ & |38

Hardware sotings Setungs Managers
Camps Hegiona! settngs | Flemanager
A 1250 Mz ') @ detudconfiguration

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.

© 115245 | 20080722 X | @I~ &I a»
@

ﬂ Aralyzer settings - Clamps

L1/A
Defauit

A 1250 Wz ')
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To enter information on the manner of attaching the clamps, tap the corresponding icon. The man-
ner of connecting (forward/reverse) will change to the opposite (reverse/forward).

© nszon ] 201:-07-2z|

X |@If e §IX @»
©)

ﬂ Aralyzer settings - Clamps*

A 1250 He )

F_ Phase of clamps can not be changed during the recording process.

Description of function icons
returning to the recorder settings menu

E 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,

e  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.
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® wisaar | 20s0722 | X | @I}~ 8 |&| &)

ﬂ Aralyzer settings - regional settings @

Phase identification Phase coloe

L1,12,13 }'41 = 0O® ® O }v

A 150 Mz ') @ detudeConfiquration

TN ] L+ ]

Fig. 5.11 Regional settings

() S vk 1L s e

ed, a screen of colour selection for
| = {1] | : a specific phase current or voltage
] [T | waveforms will appear.

00CODO® " - o

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
k5 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.

(0 17:01:08 | zma-m-le (3| ()] | R o | i 3408t §| v

ﬂ Analyzer settings - File manager @
Type Select Mame - Slze Date

s
-
]

&
& f 048K B
n T : aBNE
n KR 2010711470
n

A~ 1,50 He b ) ®  detautiConfiguration

a. Data viewing

In the Type column icons are contained defining the type of record (waveform ﬁ screenshot E
configuration file @.-). Checkbox in the Select column lets the user activate the required entry

Ch>

Description of function icons
selection of the location to be searched. After selecting, the menu with the following options ap-
pears:

microSD card selection
m selection of the internal memory of the meter

"ﬁ 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

-

filtering the list of files. After the icon has been selected, filtering options appear (possibility of
multiple selection, the active filter icon is orange):
saved waveforms

Eﬁ’ configuration file

% screenshots with waveforms
returning to the Analyzer setting menu
removing active ([ record.
returning to the main menu of the recorder mode

uan-’.

-
w
S
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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 | 20180722 | X | @If =~ N | &Y | mm

Energy losses calculator ®
Poge 2133 mw Coge <0.01 EUR/Hour
Pas 1.034 mw Cae <001 EUR/Hour
Pun 2384 mwW Cum <D EUR/Hour
Pres 1999 mw Cres <001 EUR/Hour
Cor

A~ 1,50 Hx “In @ defaulConfigueation

Fig. 5.12 Preview of a sample screenshot

Description of function icons

previous screenshot

next screenshot

return to the file manager
'ﬂ' return to the main menu of the recorder mode
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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:

ﬂu view of waveforms of currents and voltages
# timeplot view,

ﬁ view of the table of measurements ,

,‘L view of the phasor diagram,

Il. view of harmonics.

Screen refreshing in the LIVE mode can be temporarily blocked using the HOLD function (see de-
scription 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 ﬂu 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.

@© 11:5a:na|zn1a-n?-zz| H x | (>)] |g F-:l ﬁ |§|

ﬂ Live mode - waveforms @
~ Ulmv] QB 41.03mv

[R-CDN (112 45.28BmV

8004 1.200
a0 RS L3 39.65mY
o eth K | | TSNV 1 11 805.4m
WINE ———— = g i Iy o0
120.0 1085 o =
600+ ; i ; i i i i 543
200.0 S I N N o, 2 000
D000 0005 0010 0015 00X 0035 0030 0035
= [second meecond
1 r
A 1.:50 Hz “ ®  defauhconfiguration

Ylaass @ “ t

Fig. 5.13. "Live" mode - waveforms
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Description of function icons

L ﬁ-ﬁ'}‘éﬂ 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 waveforms
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 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)
mm 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

ﬂ’ return to the main menu of the recorder mode

l_‘"’— ® 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
,| B 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 # 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.

H X | @]~ NI} @@

@© 15705 ] 2018-07-22

ﬂ Live mode - timeplol
U fmv]

B0 i e T U SRS r—" 5 UL?  2995mVy
a1 1 R TR S PSR ity R | e ULZ 47 56mV
BE.00 ;

60,00
54.00
48,00
42,00

36,00
o R 1 BT WS ! = ! !
| SB35 5640 5645 SES0 S6055 2700 =T L]
- [rrinute second]
L3 ¥
A 1250 Hz “n @ detaultConfiguration

URLLER  Q - -

Fig. 5.14. "Live" mode - timeplot

Description of function icons

I m 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
a 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
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).

5.6.3 "Live" mode - tabular view

After the % 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

® 11:51:45]21:15-1:?-22' " x. | @ |‘R Fx | N ]&l

u Lot Uoc f I Thia Ioc
[m¥] [m¥] Im¥] [Hz] 1Al il |ma |
L1 EEOT 2162 453 0.000 0.796 0.798 10.02
L2 4521 226 2323 ——— 0,143 0134 3504 L
L3 4133 b i 2526 — 0152 0142 A 18T
N --- - 1077 1072 17.80 o
L1-2 | 7750 -
L2-3 2047
L3-1 4091
3 S e - 0.000 — e £
[«T '’
A {50 Hx In @  defaultConfiguration

<« Sy an f
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,
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b PP RURPRTRRRUPRRTINY total values.

The next column show the values of individual parameters:

UIV] RMS voltage,

Uno1 [V] .. RMS of the fundamental voltage component,
Upc [V] coooieiiee voltage constant component,

flHz] .o network frequency,

RMS current,
RMS of the fundamental current component,

Inc [A] .o current constant component,

PIW] active power,

Q1orQ@B|[var] ........... reactive power of the fundamental component or reactive power, according to
Budeanu (depending on the method of calculating reactive power),

S[VA] ...oooiiiieeeen apparent power,

Sn[VA]orD [var] ....... apparent distortion power or Budeanu distortion power (depending on the

method of calculating the reactive power),

active energy consumed,

active energy returned,

reactive energy consumed,

reactive energy returned,

apparent energy,

Power factor),

displacement power factor,

short-term flicker factor,

long-term flicker factor,

zero symmetric voltage component,

positive sequence symmetrical component of voltage,
negative sequence symmetrical component of voltage,
voltage unbalance factor for negative sequence,
unbalance factor for zero component of voltage,

Ua/U1 [%] ..
Uo/U1 [%]

lo [A] «ooooieiiiie current zero symmetrical component,

1 [A] ... current positive sequence symmetrical component,
12 [A] oo current negative sequence symmetrical component,
12011 [%] oo current unbalance factor for negative sequence,
lo/l1 [%] oo current unbalance factor for zero sequence.

Description of function icons

(E E} 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
m 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:
o the first, containing information on basic component values and their angles,
o 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:
T YL 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,in1 is negative (current is ahead of voltage).

® n-.ﬁnmlzmn-n?-zzl H K_ | (#]} I‘a F-x | ﬁ ]ﬁl | (T

Unit L1 Lz L3
[miv] 2235 31.63 2407
§] 0.000 18.72 Q973
| 8011 1153 1280
i 127.3 1226 125.0
'l 127.3 1039 119.0
RRRS e ‘aaa
Unit Unbalance
BB B3
103.6

[ 1] .
am e}
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

E screenshot
ﬂ return to the main menu of the recorder mode
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5.6.5 Harmonics graph/table

After the I|| 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.

® 1:58:35 ] 2018-07-22 "

ﬂ Live mode - Harmonics
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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 Earticipa-
tion of harmonics in the basic signal for these harmonics, which are indicated by the slider [&,. In ad-
dition, tapping the label hides its corresponding graph (in graph mode only).

Description of function icons

ﬂ ﬂm 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

% 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

‘l. switching to histogram view
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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

}Q options menu for a chart or table. After selecting it, an additional menu bar is displayed, which
provides several new options:

|. hide/show the fundamental harmonic (not available in tabular view)
['H‘.A] displaying values in absolute units (volts and amps)

[%] displaying values as percent in relation to the fundamental component.
K&l screenshot
@ closing the menu

ﬂ return to the main menu of the recorder mode

{I} ]1:59:5?!2015-1]?-22 H x | @ Iﬂ F-x I ﬁ ]&I E
ﬂ Live mode - Harmanics @
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ho3 1051 1060 7.801
ho4 1180 1065 & 065
hos 1049 o g 087 " San
ho6 1469 7.685 1153
ho7 1595 1183 10.57
A 1250 H2 I @ detauncontiguration
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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 @J 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.

,—7’_ Recording ends automatically when the memory card is full, recording terminates au-
[ | tomatically.

(R

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.

Averaging Sytstem type ¢ Current Approximate recording time with
period (e n;z;suremen Measurement 3.6 GB allocated space
10 minutes 3-phase o > 10 years
4-wire
10 minutes 1-phase . > 10 years
1 second 3‘-1ph<_’:\se o 90 days
-wire
1 second 3‘-1ph§se 144 days
-wire
1 second 1-phase . 250 days
1 second 1-phase 330 days
1 second 3-phase . 125 days
3-wire
1 second 3-phase 144 days
3-wire
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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 con-

nection of the analyzer on the top bar is # or x, then before recording parameters, an ad-
ditional window is displayed warning about a potential problem with the connection. The us-
er must:

o confirm the start of recording despite this or

o resign from the start.

For more information about the potential problem:

o call up the connection correctness window (section 5.3.2).

o It may also be helpful to check the phasor diagram (section 5.6.4) - vectors of volt-
ages 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 unbalance factor (for voltage and current) shown on this screen should be
low (typically less than 10%).

o  The display of waveforms may be checked for the shape of the waveforms and the ef-
fective values of voltages and currents.

o  The correct connection of current clamps may be verified by checking the mark(s) of
active 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).

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:

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.

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 symbolﬁ) 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.
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To open the contents of the file:
® double-tap the desired item or
® activate the required item and select the @ icon with one tap.

% | © ] rx | il cscniee| | @D ¥

(El 1Toxz2 | EHIE-EIIT-Efl

g Recording analyses - recordings list

_Tyoe Name Size Date
;}( tegt E 10min BIGOKE Z0FEOT-2T 072408
_“.n“v Tt 53 A0 KR 1807 -2% | L1
_{}, teat &f 32 TEKE HNELT-26 083346
_.’,‘, text 1/ 3x VKR ONEOTEE DA I00S
_l'?r aln 10 bl prace 76 RsR B0 DOl d2
_J':', 20VB-07-20 TE_6A.14_setings GRKE 7-20 183600
A L e e
- L0 9 o @ detaunConfiguratian

L . . W W

©

@ m 1?:ux39|zma-w-ir| |£| (+)} | ﬂ Fx | kil 3.4ﬁamn|ﬁ| D ¥

_.‘_}v Recording analysis - reconding summany

Recording configuration: @1 test 31 10min
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Srart 20180726 14:25:56 (U PE— Uau L v v
Stop WME07-27 073408 L1 T8 BV (102.42%Un) 2403V (104 4T5%0n) 244 4V (106, 27%LIn)
Duration 04 17h Bm 115 L 1666 (T2 42%LUn) 1699V (73 B8%LIn) 1TEAY (TS5 12%LUn)
L3 166 TV (T2 459%LUn) 1701V (7T3.95%L0n) 17EaV (T5.1%%LUn)
N cas [~==%lhn) == (===%Lin) - [===%Li)
Navon vansi luva L e
L1 596 TmA B45.9maA 1.EETA
L2 418 dmA 432 Tmah 472 9mA
La: 211.1maA 233 Ema 202 4mh
M BES 2maA 923.4mA 19324
(WS [P ®

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).
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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,

Uave max maximum average voltage; the percentage relative to rated voltage Un is shown in
brackets,

lave N - minimum average current,

lave average current,

lave MAx maximum average current.

@ m 1?:03:39|2mu-u?-2?| (3] ()] | ﬁ Fx | il 3.¢Gﬂlm|§| v
@

E Recording analyses - recording summarny

fecording configuration: @ test 3f 10min

Start 20180726 14:25.56 Uas; vam Uy L v
Stop: 20180727 07:3408 L 2356V (102.42%Un)  240.3V (104.47%Un) 2dd .4V (106.27%LUn)
Doraiion od 17h B 115 L2 1666 ([T2.42%LUn) 169.9v (73.66%Lin) 1728V (T5.12%LUn)
L3 166.TV (T2.49%Un) 170.1 (73.95%Ln) 1729V (75.1%%Un)
N === [==="%lIn} === [===%lLin) === [==="%lin)
Lo vimiy [T L
L1 586.TmaA 645 BmaA 1.6694
L2 A8 GmaA A32 T AT2 8mi,
L3 210.1mA 233 .6maA 292 4ma,
N, BGS Ama 923 dma 1.9324
[ I ®
W - = i1 |

Description of function icons

expanding graphical analysis options:
waj recording timeplot (section 5.8.1)

é. harmonics waveform graph (section 5.8.2)

closing the menu
4, retumn to the file manager

g‘i} energy costs calculator (section 5.8.3)
ﬂ return to the main menu of the recorder mode

dashes are displayed.

played.
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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,

e 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-

147



5.8.1 Recording timeplot

a. Functional Description

If in section 5.8 step @ the [WGJ icon has been selected, the screen shown in Fig. 5.19 will appear.

@ 17:0819 | 2008-07-27 | X | ©@ IR e | Bl 2ecere| 3| @D ¥

g Recording analysis - Timeplot - time range

| 201 8-07-26 14.37.00 [ 17h 6m 59.909¢ i 2018.07-27 07:34.00 1
A
B 2 £
240.0 1M e s -
00
2000 T — —ir—
1500 e S e
1800 i ; i { ] i
; 2816 2618 2630 2622  FTOD  ITO2 P04 2706
. [day hour]
A ==
< || 20180726 142700 17h 6m 59.9095 201807-27 072400 || >
A 1,50 Ha b 1 @  defauConfiguration

™ Q L) o |

Fig. 5.19. Recording timeplot

The range of data to be analysed may be determined in two ways:
e by dragging the ﬁ icons above the graph or

e by manually entering boundary values of date and time and the interval for analysis.

| e SR
g i
Pleloen fivie interval sl respieny oy
Dese T
Yidt Ron' Cay BTl [t T St . St Fl
'{I"‘"}"_ -_‘{"". }. .'{':' i‘. .'; 'L*- "11" 1‘- '-.i = ﬁ‘- Time ntenval
=y Hour ] 000
¥ o i" 'ri i {l .l'.{ ] &l_ .T'i L) &
o Dieen E | Dot

Fig. 5.20 Setting the beginning of the analysis range Fig. 5.21 Setting the width of the analysis
range
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WL @ Carcel

Fig. 5.22 Setting the end of the analysis range

The| = = icons reset the analysis range to initial settings.

Description of function icons
'TM 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

El after selecting this icon graph will be zoomed out in steps

@ selecting this icon closes the zooming menu

h returning to Recording analysis — recording summary menu
m performing the screenshot
ﬂ‘ return to the main menu of the recorder mode

touching the screen in the opposite directions). To zoom out — bring together the

*_ | The diagram can be scaled with gestures. To zoom in,move apart the two fingers
/’I two fingers touching the screen).
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b. Selecting parameters for the timeplot

After selecting the 'T,.I\,. 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.

@ 110535 | 200727 | X |@IR~IN asceies | 38 | EED ¥
& Recording analysis - timeplat - plot data selection @

Categeay Max arg Kb Inan

Type
=an| (e
Fuwern E-r
—
e
e {80 e L] @) detusrtonfguration

" @ - L

Available option (differing depending on the network layout)

e  Un voltage
o U RMS (effective voltage) — for phases L1, L2, L3 (A, B, C)
o U L-L (phase-to-phase voltage)
o f(frequency) — for phase L1 (A)

e  Current
o | RMS (effective current) — for phases L1, L2, L3 (A, B, C)

e 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 X sum

Sn (distortion power) — for phases L1, L2, L3 (A, B, C) and X sum

S (apparent power) — for phases L1, L2, L3 (A, B, C) and £ 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 £ sum
EP- (active energy supplied to network) — for phases L1, L2, L3 (A, B, C) and Z 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 Z sum
ES (apparent energy) — energy for phases L1, L2, L3 (A, B, C) and in total

e Harmonics U
o  THD U (total harmonic distortion) — for phases L1, L2, L3 (A, B, C)
o Uh1...U h40 (1...40. voltage harmonic) — for phases L1, L2, L3 (A, B, C)

OO0Oo0o0OO0O0

Oo0o0oo0oo
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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
ﬁ returning to menu Timeplot — time interval (pointa)
ﬂ return to the main menu of the recorder mode

c. Creating and managing a timeplot

@ ® 17:05:54 | 2018-07-27 | X | @R~ & sacetee | JY | EED ¥

ﬁ Recording analysis - limeplol - plot data selection

A {:50H: T @ detaunicontiguration

W @ L f

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 # icon.
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@ ® 17:06:14 | 2018-07-27 | X | @R x| Bl 2ecere| | @D ¥

g Recording analysis - Timeplol

& UlZAgg V] ULzavg [V] 2018-07-26
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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,
4 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

& & & 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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“ 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.

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 wave-
forms, even having the same unit, are not scaled.

h 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 I|. 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.

@ 170716 | 2008-07-27 | X | @]~ & sacetee | 3 | @D ¥
g Recording analysis - Hamonics @
NN h2 1 0.016%

Uh2Ll2 0:108%

Uh2 L3 0.106%

J—IJJJ_.J,_._._._-_-._-__ | =T T S
5 7 9017 ¥ Y& 19021 23 2627 29031 3335 37 39
[harmonic order]

e 1,50 Ha b () @  defauitConfiguration

sIELER % -

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

|11 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.

}Q options menu for a chart or table. After selecting it, an additional menu bar is displayed, which
provides several new options:

|. hide/show the fundamental harmonic
¥ isplaying values in absolute units (volts and amps
[V, A] displaying values in absolute units (volts and
[%] displaying values as percent in relation to the fundamental component.

@ 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

h returning to the previous screen
E performing the screenshot
ﬂ returning to the main menu of the recorder mode

@© rroraz|20s0r27| [ (X | @ | R rx | B 240etee| & | @D ¥

ﬂ Recording analysis - Hammonics

Ly Lhz Uiz
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Fig. 5.24. Live mode - harmonics - tabular view
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5.8.3 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 é%g
The screen with energy costs will be displayed as shown in Fig. 5.25. The following sections present:

e Recording time — (@ # start, #@ end and 4@ duration of the recording. The last line
shows the (¥ 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.

o Energy — this field displays the total active energy in kilowatt-hours measured in the reporting
time interval.

o 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.

o Multi-zone tariff — shows the total cost of energy in the chosen currency in the multi-zone
variant. This tariff allows you to define two continuous time intervals in 24 hours, which have
different 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
carried 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.

M 17:7:;25|2um-n'.r-z'.r| n | ) | i Fx | il 3408 r.ﬂlﬁl &
Recording time Enengy Smghe zone tariff Multi-zone tariff
c1 ci2
[ kwh] [EUA] [EUA]

G I018-07-26 14:25:56
G 20180727 07:34:08
B¢ 1Thém 125

A 17h Gm 595 25?2 []81 ] Il

A 50 He o @ defaultionfiguration
K LY s |

Fig. 5.25. Screen with indications of the energy cost calculator
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Description of function icons

}& entering the settings of the energy cost calculator.
h returning to the previous screen

&l performing the screenshot

1 returning to the main menu of the recorder mode

b. Settings of the enerqy cost calculator.

The settings of the cost calculator may be easily maodified 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. 5.26 and Fig. 5.27). The first screen

allows you to configure the following parameters:

e 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 v{‘ icons. Rate values may be entered with an accuracy of four decimal places.

@ 171505 | 2018-07-27 | X | @] rx| B sscome| 3| D ¥
Currency Sangle zone fantf Mgl 2o jarf
P
(+ i 4
Hame Zong & bdling rate

1 (1] v
EUR ['l

Bilinyg rate Liane B hilling rate
¥ :.I 0.3133 } & ¥ -
’ Zome T billing rate
1
¥ '} 0,2837 i- &

A 1250 He b 8 detmunconfiguration

P = “ = @

Fig. 5.26 Energy cost calculator — Settings
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e  For Multi-zone tariff:
o  Name of the zone (C12 as default),
o  Zone A billing rate for 1 kWh (colour: orange),
o0  Zone B billing rate for 1 kWh (colour: blue),
o  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. 5.27). The main elements are the bars representing the entire day, divided in-
to 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 ig‘). 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 z‘a. Select weekdays for the second set by indicating the selection boxes
for desired week days.

® 17:16:00 | 2018-07-27 | X | @] rx| B secore| 3| D ¥
Mon Tue. Wed Thu. Fri. Sal. Huan,
p ¥ ¥ ¥ v ¥
m’ 16:00 - 21:00
HW' Tue ';'ld “"U-' Fl1-
1‘3
v =

- 150 HE e v ®  detaunconfiguration

= = - = #

Fig. 5.27 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 [J» switching between the two setting screens of the cost calculator.

#m, 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

;—f_ 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. 5.28. Analysis can be performed in terms of the
desired time.

@© 120343 | 208-07.22 | X | @] ~|NIX o=

Energy losses calculator @
Pq_. 13 mY Cw, aX EUR/Hour
P 1.034 mw Cas 101 EUR/HGur
Pus 84 " Cib X R/ Hour
Poce 1999 mw Cro 1.0 EUR/MHOU
Cot <001 EUR/Hour
Pt 28,30 W Cot <001 EUR/Hout
Pes 1760 m Ciw <001 EUR/Hour
. Hour Day Moanth Yoar
“A- 1,50 Hz e @ detauconfiguration

v Vv g v v

£ 'O s |

Fig. 5.28 Energy loss analysis

Parameters to analyse

Popt power loss due to wire resistance (as- Copt cost related to Popt losses
suming the absence of higher harmonics,
unbalance and reactive power)

Pdis losses due to higher harmonics Cais cost related to Pgis losses

Punb power losses due to network unbalance Cunb cost related to Pynp losses

Prea power loss due to the presence of reac- Crea cost related to Pres losses
tive power

Cpt cost related to a low power factor (large
share of reactive power)

Piot total losses (the sum of the above) Ctot cost related to Prea losses

Psav losses which can be reduced by improv- Csav cost related to Pg,y losses
ing the quality parameters (e.g. compen-
sation of harmonics, elimination of un-
balance), arising from the relationship:
Psav = Prot - Popt
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The financial loss can be estimated based on the current readings in terms of:
= one hour,

= one day,

= one month

= one year.

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)
&l performing the screenshot
ﬂ‘ returning to the main menu of the recorder mode

5.9.2 Configuration of the loss calculator

After the }& icon has been selected, the calculator configuration panel appears, shown in Fig. 5.29
and Fig. 5.30. It is possible to switch between screens using the € ¥ icons.

® 120008 | 20180722 | X | @I~ &I a»

Energy losses calculator settings

Wires parameters

Wire Numrder Section nm?] Length Im}
L v 1 }A v { 185.00 }A
of 1000 Ja
N v 1 }A v { 120.00 }A
@ Copper 00196 omme/m
Alsmersom 00320 Cmm*/m
A 1250 M2 b o) @ detudeConfiguration

L {om = - L+ 1

Fig. 5.29 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:
0  number of wires in the phase,
o cross section of cores in mm2,

e  for neutral conductors N:
o] number of neutral wires,
o] cross section of cores in mm2,

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.

® 120020 | 20080722 | X |@|If & |&| (D)
Energy losses calculator settings ®
Energy cost
Price Currency
Active energy cost v { 0.100000 }‘
Reactive energy cost (PF = 08) % ‘ 0.041554 }‘ EUR

Reactive energy sost (PF < 09) v{ 0.062332 } .

A 150 He ') @ detasdtConfiquration
L fomm = - o

Fig. 5.30 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,
e  enter a new unit using the on-screen keyboard.

Description of function icons

4= ¥ 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
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6 Memory of the meter

6.1 Memory of measurements
6.1.1 Memory settings

@ orsmis | erm 1015 | moo| glll=-®>% In the man menu select
F S ) Sng-.

Auto ff\ Q Measurements

measurements

<@ A

Recorder 6 & Memory
Settings X e Meter info

@ Select Memory settings.
Memaory settings WQ
LY

@ @ vazem | e | i@ | .*]I | 7+ g@m 4 Two options will appear.
T Meriery st 11| e Default settings — restores the

meter memory to default
memory settings. When this op-
tion has been selected, a
prompt will appear asking to

IR ST | S e soecton
50 card formial

® 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.

Description of function icons
@8 return to the previous screen
ﬂ return 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
— Location 1
L Measurement point 1

L+ Measurement 1

= Measurement 2
Low

= Measurement n

— Measurement point 2

= Measurement 1
— Measurement 2
L

= Measurement ©

— .

—+ Measurement point n

-+ Measurement 1

= Measurement 2
[

L+ Measurement n

—* ...

L Location n
L+ Measurement point 1

— Measurement 1
[—y

L+ Measurement n

= Measurement point n
= Measurement 1
— Measurement 2
(S

= Measurement n

Fig. 6.1. Structure of meter memory for a single client
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a. Fundamentals of navigating the Memory menu

@ @ casts | 20181015 |

©

Auto
measurements

)

©
%

Recorder

Settings

L
e

M@urements

Memory

Meter info

[CREELTE| :‘EII-HI-&‘}'

|« @) ¢ Select Memory in the main menu.

i@ | .‘Hluu“}ﬂ Memory management panel will

e
[y =
Dedmt
Py | DefauitClient Ry
CHEOt et 1
1 L Fam
ehil Sonel
| £ et prn
- - - #*
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¥ appear.

Description of function icons

| item inactive
| item active

@8 retuning to  the
screen

previous

’ going to a lower level of the
active (w) item

" going to the folder tree of the
active (\_l) client

ﬂ returning to the main menu

it recording the active item to
the SD card

=@ expanding the active

management menu

item
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@ [REECATY HII-HI-&‘I'

i@ | gl |»- mm ¢ Description of icons in the edit

[ — -
"‘;:;T I}efaullﬂiienli ‘H_
Eﬁm ; | skt 11 W |00 L dmien
[ 5] Client 1 - Flersa mmdm
—i-a| - g vl HSEI
clil | Sonel w Enplen et
+ # Q i | @

@ [CREECEY z:ll-u:-ﬂl

menu

== adding a new client

& editing the active client

Q search mode (section 6.1.4)
il removing the active client
@ closing the menu

@ | il | @m® % To go to alower level of the fold-

DEFAULT_LOCATIO|

N 1
— LM
Iok? loc1 o

[CREETLLY HII-HI-&‘I'

e

er tree:
® activate  the required item
] > #

e select the WP icon.

R X To go to a higher level of the

[T Rerp—

ppl | MeasuringPoint] |

@
1’
M4
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Il1

folder tree, select the 4@ icon.

@To move several levels up,
select the name of the re-
quired folder on the top navi-
gation bar.
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b. Adding a new measurements tree

@ @ 113z | inora| @ | il | = @m® % Add anew client using the == icon.
[ =T —
Lw' Deffaultﬂ!lenl Adtrtm
_CliEﬂ'Lf Client 1 | A Fleria tausden
1 3
elin Sore| Tt
- Q @
L1l
-m
@ (0 e | minora| @ | .d |~ @ % Tap and complete the required
fields using the on-screen keyboard:
= Client ID,
“ - = name,
= address:
= city,
bt Dy - oe

= postal code,
= phone number,
= e-mail,

T over v b Bmad Commut
= contact person.
b H b |
@ ;ZTI'Z Enter the name from the touch key-

pad (holding certain buttons for a
longer time triggers Polish charac-
ters).
Functions of icons

| I = [ o = rejecting changes and returning

Sl ilels el el ilel ] LT s (@
L l“"|""'I=|“I'|"|""| '|°|P. i |;!; + accepting changes and going to
mm_a|::n -|r.,n_1|u..1l I -l v step@
we[efzfefv]s]n]u][2]0] (o
LR L.
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@ il il @ il == ¢ osave changes using the B icon.
&

a e ® The display will return to the client
= = 1 management menu.
LRETAEY ity S
Widh ki 11 il LR
T b Commut
+ AT LA M) I Anka STy
b H b |
@ @ v | snors | B ol em»y e Tap to activate the selected client
(1 > #
s Lz - e e Select icon == and #" to edit da-
i 1 [ e ta.
Dhed iy ;
e | DefRURClient | nizen e Further actions are the same as in
Ohent  cicnq | e steps (D@
LS ¥ S """ eTo go to the lower level of the
cliz| SonelSA | v B - tree:
— — i = tap the label of the required
cit | Sonel | | —— item,
— — = - = activate the required item and
. v - & # select .
@ (@ 133673 | 2vnora | @ | .ﬂl |~ @@ 4 Creating a new client results in cre-
ating a default location for the
: measurements.
E LT
e v
DEFAULT_LOCATIO]
= !
e i : "
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@ [REETE RSP R B | .d | v~ @ ¥ T0add a new location:
11| e tap to activate the Location col-
umn,
e expand the edit menu using the
= = icon and select 4,

DEFAULT_LOCATIO|

= * proceed as in steps (2)(3).
+ Q ®
L1l
mm
@ e | mema| @ | .‘H | s~ @@ 4 In the Name field the list of names
for further use may be defined.
m Hare
wad
hitwri T Cily
gt e LRER UL Cosmut peran
b H b |
@ (0 1397as | 2e1000.32 s D @ Tap the name creation field and
add a new name, the same as
[ ———— Hare in step (3).
— ' (b) Using the == icon add the cre-
o | @ e T ated item to the list of names.
loe1.2 @ Select t.he required item and us-
_® ing the icons:
loe1.3 @ w * F i il #" edit the name,
— P i remove the name.
| v | @y | Tap to assign a location from the list
- i — — % to a required location of the tree

1 > ¢

OK — accept all changes.
CANCEL - cancel changes.
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® Save changes using the B icon.

® The display will return to the loca-
tion management menu.

e Activate the required location
(1 > #

e Select WP 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.

® Expand the edit menu using the

=. icon and select ==,

® Proceed as in steps
and ®(@).

e Activate the required location

« = M)
e Using the B icon, go to a lower
level of the menu.

o |f necessary, repeat steps .

® Using the == icon expand the edit
menu and select:
#" to edit location (as in steps
®®W).
Q to enter the search mode
(section 6.1.4),
ﬁ remove.
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@ vawa | mieara| it | .d:]l |~ B} ¥ e Activate the column Measure-
T Leabinns i ranerre s ment points ( | > # )-

— T T ® Using the g g icon expand the edit

el m;l menu and select == to add a new

measurement point (step @).

+ Q | @

i@ | .ﬂl |~ g 4 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.

1 [, Cratrphin

Fedimt s L) S0t o bt lealcpt

A e T L R e ree——

- H 1

tsusuvuuuiil

Description of function icons

« returning to the previous screen
E saving changes

ﬂ returning to the main menu

(@ 1342 | senan | @ | .l |»- @@ % The measuring point has been

T Lonatinns i raavasrre ety saved.

e T -!'.-\.IS'II}.'.

Description of icons in the edit menu
i P |+ adding a new point

ﬁ editing the active point

(), search mode (section 6.1.4)

f']] removing the active point.

(%) closing the menu

ol | MeasuringPaint | o

- - s b+ ]

® 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

®

©
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Entering the measurement result

© vaam | ::ll-uw;rl

ZL-F‘E = 3,2? 0

U g m 395N

f & GO0 Hr

&l e

20120722 13:49°35

=TG4 A
le=350,04

-

[REECT| ::ll-uw;rl

Eiem
T - |

H 1

&l e

[THTR——

foc1.3.1 |
loc1 3.2 l_-f
- - - E 1
@ vaszer | 22000922 5] | d“lliﬂ\.-f

[E B

foc1.3.0 |

locl.3.2 |

o
=1

e After the measurement, se-
lect the B icon.

e The menu Entering the
measurement result will ap-
pear (the menu and control
the same as in section
6.1.1).

o If necessary, create a new
location in accordance with
section 6.1.2b.

e Select the required meas-
urement point from the loca-
tion or create a new point in
accordance with section

6.1.2b step (19)(18)(7).

o Tap | to save the result to
memory.

e I[n case of cancellation, re-
turn to the measurement
menu using the 4y, 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
| |+ @) ¢ Select Memory.

@ @ oasein | 2181018 |

Auto

B

measurements

Recorder

Settings

Q
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% 8

urements

Meter info
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[E B
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locl.3.2

i | -dﬂ | 1o0 D 1‘ e Go to a location with a meas-

uring point to which the
measurement results were
saved

m"l ® Activate the required measur-
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.

@ @ usen | ::ll-u:-ﬂl

L4
=

ot e

Weanarin et

[

hirsw

Rarual ruonbe

H

@

@ L

ing point ( > W)
e Using the B icon, go to the

contents of the measuring
point.

@ | dﬂllaﬂ\.-ﬂ The list of measuring points

s marsress

Luxmeter

VB0 B A

RCD by

HITEOTI0 740 TR

©

ACO Iy
0§70 T4

.

contained in the active point will
be displayed.

Description of controls signal-
ling that the set limit has been
reached.

{+) condition fulfilled

@ condition unfulfilled

| (=) limit not defined

To call up the measurements
management menu, activate
the required records

( > W)
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@ @ s | mnma| B | il |+ @@ 4 Description of function icons
4@ retuming to the previous

screen
it utar «" going to details (step @)
- *,._::l, " e = [ removing the active record.
Bt gy ‘Lusmeter % returning to the main menu
OTEOT-I0 IR ErE
5 RCOT,
— - @ TR L TN !
et e arrd ey ACD I,
@ I FOT-30 T4 T
- v i 1
@ (0 awwas | sinnra| @ | .dﬁ | v gmm 4 To go to the selected meas-
urement result:
— : (a) tap the record label,
e s (b)activate  the  record
- e e = (| > &) and select
et 7 Luxmeter .
M. @ :p_a.um{??: @_I #
oy
5 RCDt,
— - @ TR L TN !
e St i ACOI, |
@ migorao iz |
- v i 1
@ m-"lll'llﬂ-ll-ﬂl-&‘i'l B | dﬁll;ﬂ\.-' The value of the required
measurement will be displayed.
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6.1.5 Searching the meter memory

@ @ 1w | sernaa | i | .l |« ®® ¢ o From anywhere in the browse
T omsiienm irs rmasevimrrer pesta W menu select g g and .

DEFAULT_LOC ﬁ.TJI:II:

| N
lok2 | loci 3
= £ —
L1l
mm
@ (D 11sans | s210m 22 i | .l | @ ¢ o The search menu will be dis-
played.
== G e In the Settings field, select
e e the type of the searched ob-
| wesnmer pors " ject: location or measuring
PR . point.
: RERAET, e If necessary, select Search

e e O V)

- ] b ] e In the Name field, enter the
searched phrase from the on-
screen keyboard.

® Select Search.

@ @ s | @ |l | o @ ¥ o Activate the required result
6l ( > W)

e Go to details using the WP

] Masnaemen poit |= icon.

ppl | MeasuringPaintl

G 4 caTH ey 2

o After the g icon has been
@ it selected, the option of record
Uanmpif e editing is also available in ac-

“ cordance with section 6.1.2b,
steps (8)()0).

pp2 | MeasuringPaint1

- H
Description of other function
Icons
@@ retuming to the previous
screen

% 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 format-
ting 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

recommended 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 insert-
ed, the device will display a window informing about detecting unformatted media carrier. From this
window, the user may directly enter the formatting screen.

The data on the memory stick are stored in the folder named " MPI1-540_DATA".

6.2.3 Compatibility with Sonel Analysis software

Sonel Analysis is an application used to work with MPI1-540 meter and power analyzers of PQM se-
ries. In combination with the above devices it enables to:

e read data from the device,

real-time preview of the mains,

present data in the tabular form,

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 www.sonel.com).
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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 | 2 ).

charging level 80...100%
charging level 60...80%
charging level 40...60%
charging level 20...40%

charging level 0...20%

® batteries fully discharged.
® no battery
® no communication with the battery pack

J00BER

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.

i f WARNING
If the test leads are left in the terminals during replacement of the batteries,

there is a risk 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

f NOTE!
Do not use the meter when the accumulator compartment is removed or open or
power 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
o meter off — diode H.V./REC/ICONT. is it green ([ (D
o  meter on — charging signalled only by an icon on the display # >

e damage

ol
o  meter off — diode H.V./REC/CONT. flashes green every 0.5 second -q‘
o meter on — error signalled by an icon on the display [_7_}

IV—’— 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,
I| & [tum off the meter and start charging again.
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7.4 General rules for using Li-lon rechargeable batteries

178

Store the half-charged battery pack in a plastic container placed in a dry, cool and well ven-
tilated 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, immedi-
ately 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.

o
| | 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 Inorder 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 basic uncertainty means standard measured value

11.1.1 Measurement of alternating voltages (True RMS)

Range Resolution Basic uncertainty
0.0V...299.9V 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 Basic uncertainty
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, Z N, Z,

Measurement of fault loop impedance Zs

Test range according to IEC 61557-3:

Test lead Test range Zs
1.2m 0.130 Q...1999.9 Q
5m 0.170 Q...1999.9 Q
10m 0.2100...1999.9 Q
20m 0.290 0...1999.9 Q
WS-03, WS-04 0.190 0...1999.9 Q
Display range:

Display range Resolution Basic uncertainty
0.000...19.999 Q 0.001 Q +(5% m.v. + 0.03 Q)
20.00...199.99 O 0.01Q +(5% m.v. + 0.3 Q)
200.0...1999.9 O 0.1Q (5% m.v. + 3 Q)

e Rated operating voltage Uni-n/ Uni-: 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_.pe and Zi.n) and 95 V...440 V (for Z..)
Rated mains frequency fn: 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

Indications of fault loop resistance Rs and fault loop reactance Xs

Display range Resolution Basic uncertainty
0...19.999 Q 0.001 Q +(5% + 0.05 Q) of Zs value

e Calculated and displayed for Zs< 20 Q
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Indications of short-circuit current Ik

Test
volta

1.1

range according to IEC 61557-3 can be calculated on the basis of test ranges for Zs and nominal
es.
Display range Resolution Basic uncertainty
0.055 ...1.999 A 0.001 A
2.00...19.99 A 0.01A .
20.0._1999 A 01 A Calculated on the basis of
200..1999 A A uncertainty for
2.00...19.99 KA 0.01 KA aultioop
20.0...40.0 KA 0.1 kKA

Prospective fault current calculated and displayed by the meter may slightly differ from the val-
ue calculated by the user with a calculator, basing on the displayed value of the impedance,
because the meter calculates the current from unrounded value of fault loop impedance (which
is used for displaying). As the correct value, consider I, current value, displayed by the meter or
by firmware.

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 Basic uncertainty
0...19.99 Q 0.01Q +(6% m.v. + 10 digits)

20.0...199.9 Q 0.1Q -

2001999 O 170 +(6% m.v. + 5 digits)

It will not trip RCDs of Ian = 30 mA

Rated operating voltage U,: 110V, 115V, 127 V, 220 V, 230 V, 240 V
Operating voltage range: 95 V...270 V

Rated mains frequency fn: 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 Basic uncertainty

0..19.99 Q 0.01Q +(6% + 10 digits) of Zs value

Calculated and displayed for Zs < 20 Q

Indications of short-circuit current Ik

Test range according to IEC 61557-3 can be calculated on the basis of test ranges for Zs and nominal
voltages.
Display range Resolution Basic uncertainty
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 uncertainty for fault loop
2.00...19.99 KA 0.01 kKA
20.0...40.0 kKA 0.1 kKA

Prospective fault current calculated and displayed by the meter may slightly differ from the val-
ue calculated by the user with a calculator, basing on the displayed value of the impedance,
because the meter calculates the current from unrounded value of fault loop impedance (which
is used for displaying). As the correct value, consider Iy current value, displayed by the meter or
by firmware.
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11.1.5 Measurement of parameters of RCD

Measurement of RCDs type: AC, A, B, B+, F
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 fn: 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

) for Ian = 10 mA and 0.5 I, uncertainty is (2% m.v. + 3 digits)

182

Setting
Type of multi- Test range . Basic
of RCD ple val- el uncertainty
ues
General 0.5 lan 0..300 ms (TN/TT)
and 1 lan 0..400 ms (IT)
short-time delay| 2 |4, 0..150 ms
type
yP 055'?” 0.40 ms Tms  |£(2% m.v. + 2 digits)"
T an 0..500 ms
. An
Selective 2l 0. 200 ms
5 lan 0..150 ms

Accuracy of differential current setting:

for 1*|Any 2*|An i 5*|An
FOT 0.5% AR <t ettt ettt

Effective value of forced leakage current at measurement of RCD [mA] disconnection time

Multiplication factor setting
lan 0.5 1
My o [Aa) s My o [Aa) s
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
lan 2 5
My o [Aa) s My o [Aa) s
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, 115V and 127 V and IT network
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Measurement of resistance-to-earth Re (for TT)

Selected
nominal cur- Test range Resoluti Test Basic
rent esolution current uncertainty

of RCD

10 mA 0.01...5.00 kQ 0.01 kQ 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 -
500 mA 1..100 Q 10 200mA_| O+O% mv. #5 digits
1000 mA 1..50 Q 400 mA

Measurement of touch voltage Us in relation to nominal differential current
Test range according to IEC 61557-6: 10.0 V...99.9 V

Test range . Test Basic
Resolution X
current uncertainty
0..99V 0%...10% m.v. 5 digits
10.0..99.9 V 0.1V 04 X lan 0%...15% m.v.

Measurement of RCD disconnection current Ia for sinusoidal differential current
Test range according to IEC 61557-6: (0.3...1.0)lan

Selected nomi-
nal current Test range . Test Basic uncer-
Resolution .
of current tainty
RCD
10 mA 3.0..10.0 mA
30 mA 9.0..30.0 mA 0.1 mA
100 mA 30..100 mA o
300 MA 90300 MA oA 0.3 X Ian..1.0 X Ian +5% lan
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 cur-
rent
e test current duration...............ccoeeeeeenn. max. 8.8 s

Measurement of RCD disconnection current |a 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)lan for 14,30 mA and (0.35...2)Ix, for [4,,=10 mA

Selected nomi-
nal current Test range . Test Basic uncer-
Resolution i
of current tainty
RCD
10 mA 3.5..20.0 mA 01 mA 0.35 X Ian..2.0 X lan
30 mA 10.5..42.0 mA
100 mA 35..140 mA +10% lan
300 mA 105..420 mA 1ma | 035X lan 14X lan
500 mA 175..700 mA
e measurement may be performed for positive or negative half-periods of forced leakage current
e test current duration...............ccoeeiiieis max. 8.8 s
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Measurement of RCD disconnection current Ia for differential direct current
Test range according to IEC 61557-6: (0.2...2)In

SRl ) e Test range Basic uncer-
inal current Resolution Current tainty
of RCD
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 1an..2.0 X lan +10% lan
300 mA 60..600 mA
500 mA 100..1000 mA
e measurement can be performed for positive or negative forced leakage current
e testcurrent duration.............cccceiiiiiiiis max. 5.2 s
11.1.6 Measurement of resistance-to-earth Re
Test range according to IEC 61557-5: 0.50 Q2...1.99 kQ for test voltage of 50 V
and 0.56 Q...1.99 kQ for test voltage of 25 V
Range Resolution Basic uncertainty
0.00...0.35Q 0.01Q +(2% m.v. + 10 digits)
0.35...9.99 Q 0.01Q +(2% m.v. + 4 digits)
10.0...99.9 Q 0.10Q
100...999 Q 10 +(2% m.v. + 3 digits)
1.00...1.99 kQ 0.01 kQ

test voltage: 25 V 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 Un>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 Ru, Rs

Display range Resolution Basic uncertainty
000...999 Q 10

1.00...9.99 kQ 0.01 kQ +(5% (Rs + Re + Ry) + 3 digits)

10.0...50.0 kQ 0.1 kQ

Measurement of interference voltages
Internal resistance: approx. 8 MQ

Range Resolution Basic uncertainty
0...100 V 1V +(2% m.v. + 3 digits)
Selective measurement of earthing with clamps
Range Resolution Basic uncertainty®
0.00...0.35 Q 0.01Q +(8% m.v. + 10 digits)
0.35...9.99 Q 0.01Q
10.0...99.9 Q 0.1Q
o -
1009990 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.
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Selective measurement of earthing with two clamps
Range Resolution 0
9 uncertainty*
0.00...0.35 Q 0.01Q +(10% m.v. + 10 digits)
0.35...9.99 Q 0.01Q o -
1001990 10 +(10% m.v. + 4 digits)
20.0..99.9 Q ) +(20% m.v. + 4 digits)

* — at maximum interference current of 1 A
e Measurement with transmitting clamps N-1

and receiving clamps C-3.

e The range of interference current is up to 9.99 A.

Measuring soil resistivity (p)

. Basic
Range Resolution uncertainty
0.0...99.9 Om 0.1 Om .
100...899 Om om bacis incortainty o
1.00..9.99 kOm 0.01 kOm the measurement Re
10.0...99.9 kOm 0.1 kOm

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).

11.1.7 Low-voltage measurement of continuity of circuit and resistance

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 Basic uncertainty
0.00...19.99 O 0.01Q
20.0...199.9 Q 0.1Q +(2% m.v. + 3 digits)
200...400 Q 10

Voltage at open terminals: 4 V...9 V

Compensation of test leads resistan

ce

Measurements for both current polarizations

Measurement of resistance with low current

Output current at R<2 Q: min. 200 mA (Isc: 200 mA..250 mA)

Range Resolution Basic uncertainty
0.0..199.9 O 0.1Q -
200..1999 O 10 (3% m.v. + 3 digits)

Voltage at open terminals: 4 V...9 V
Output current < 8 mA

Compensation of test leads resistan

Audio signal for measured resistance < 30 Q + 50%

ce
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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

Test range according to IEC 61557

Test range according to IEC 61557

*

Test range according to IEC 61557

Test range according to IEC 61557

186

Display range for

Un =50 V Resolution Basic uncertainty
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...250 MQ 1 MQ

for WS-03 and WS-04 leads

-2 for Uy = 100 V: 100 kQ...500

MQ

Display range for

Un = 100 V Resolution Basic uncertainty
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...500 MQ 1 MQ

for WS-03 and WS-04 leads

-2 for Uy = 250 V: 250 kQ...999

MQ

Display range for

Un = 250 V Resolution Basic uncertainty
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

-2 dla Uy = 500 V: 500 kQ...2.00 GQ

Display range for

Un = 500 V Resolution Basic uncertainty
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 0.01GQ (4% m.v. + 6 digits)

[+(6% m.v. + 6 digits)] *

for WS-03 and WS-04 leads

-2 for Uy = 1000 V: 1000 kQ...4

99 GQ

Display range for

Un = 1000 V Resolution Basic uncertainty
0...1999 kQ 1kQ
2.00...19.99 MQ 0.01 MQ -
20.0...199.9 MQ 0.1 MQ #(3% m.v. + 8 digits)
200...999 MQ 1 MQ
1.00...4.99 GQ 0.01 GQ +(4% m.v. + 6 digits)
5.00...9.99 GQ 0.01 GQ unspecified

Test voltage: 50 V, 100 V, 250 V, 500 V i 1000 V
Accuracy of generated voltage (Robc [Q] > 1000*Un [V]): -0% +10% from the set value
Detection of a dangerous voltage before commencing a measurement
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e Discharging the object tested
e Measurement of insulation resistance with the use of UNI-Schuko plug (WS-03, WS-04) be-

tween all three terminals (for Un=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 +Rso, -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 Basic
[Ix] [Ix] uncertainty 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 Basic
[fc] [fc] uncertainty uncertainty
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
asuring ranges of LP-10B probe
Range Resolution Spectral Basic
[Ix] [Ix] uncertainty 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 Basic
[fc] [fc] uncertainty uncertainty
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 Basic
[Ix] [Ix] uncertainty uncertainty
0...3.999 0.001
4.00...39.99 0.01
toogggggg 01'1 f1<2% +(2% m.v. + 5 digits)
4.00 k...39.99 k 0.01 k
40.0 k...399.9 k 0.1k

MPI-540 e MPI-540-PV — USER MANUAL

187



Range Resolution Spectral Basic
[fc] [fc] uncertainty uncertainty
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

Probe class A

11.1.10 Phase sequence

e Phase sequence indication: in the same direction (correct), opposite direction (incorrect)
e Range of network voltages Up..: 95 V...500 V (45 Hz...65 Hz)
e 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 Basic uncertainty
0.0V...299.9V 0.1V +(3% m.v. + 5 digits)
300 V...1000 V 1V +(3% m.v. + 2 digits)

11.1.13 m Measurement od short circuit DC current Isc

Range

Resolution

Basic uncertainty

0.00 A...20.00 A

0.01A

+(3% m.v. + 0,10 A)

Before the measurement reset the clamp

11.2 Recorder data

Recorder class: compliance with EN 61000-4-30:2015 class S.

11.21

Inputs

Voltage input terminals

Number of inputs 5 (L1, L2, L3, N - 3 measuring channels) not galvanically in-

sulated
Maximum input voltage L1, L2, L3, N: 500 Vrus 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)

188 MPI-540 e MPI-540-PV — USER MANUAL




Current input terminals

Number of inputs

3 (L1, L2, L3) not galvanically insulated from one another

Maximum peak input
voltage

5V relative to earth

Nominal input voltage

(hard clamps) 1 Vius
Peak input voltage (hard 36V
clamps, without cutting) '
Analogue transmission 12 kKHz

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

A/C 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 Basu.:
uncertainty
Urus (AC+DC) 20% Unom < Urms £ 120% Unom | 0.1% Unom 10,5% Unom
for Unom = 100 V
Crest Factor 1..10 0.01 +5%
(1..2.2 for voltage 500 V)
for Urms = 10% Unom
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11.2.4 Measurement of current (True RMS)

Current Range and conditions Rt:isoor:u- Basic uncertainty
Irws (AC+DC) Basic uncertainty of the device
10% lnom < Irms < 100% | 0.01% +2%
Inom Inom
Flexible clamps F-1A/F-2A/F-3A
0..3000 A 0.01% Additional uncertainty
(10 kApp @ 50Hz) Inom +1% (+2% taking into account additional er-
ror due to the position)
Hard clamps C-4A
0..1000 A 0.01% Additional uncertainty
(3600 Ap-p) Inom 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% Additional uncertainty
(3600 Ap.p) Inom 0.5.100 A: £ (1.5% + 1 A)
100..800 A: < 2.5%
800..1000 A AC: 4%
1000..1400 ADC: £ 5%
Hard clamps C-6A
0..10A 0.01% Additional uncertainty
(36 Ap-p) Inom 0.01..0.1 A: £(3% + 1 mA)
0.1..1 A: +2.5%
1.12A: 1%
Hard clamps C-7A
0..100 A 0.01% Additional uncertainty
(360 App) Inom 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 l,om) | 0.01 +5%
for Irms 2 1% lnom
11.2.5 Frequency measurement
Frequency Range and conditions Resolution Basu_:
uncertainty
f 40..70 Hz 0.01 Hz +0,05 Hz
15% Unom < Urms < 120% Unom
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11.2.6 Measuring

harmonics

Harmonics

Range and conditions |

Resolution

| Basic uncertainty

Harmonic (n)

DC, 1..40, grouping: harmonics sub-groups according to EN 61000-4-7

Urms amplitude 0..200% Unom 0.01% Unom +0.15% Unom if M.v.<3% Unom
+5% +0,1% x n) m.v. if m.v.2 3% Unom
Irms @amplitude Depending clamps 0.01% Ilnom +0.5% lnom if M.v.<10% Inom
used (see specifica- 5% +0,1% x n)ym.v. if m.v.= 10% lom
tions for lrms)
Voltage THD-F 0.0...100.0% 0.1% +5%
(n =2..40) for Urms = 1% Unom
current THD-F 0.0...100.0% 0.1% +5%
(n = 2..40) for Irms = 1% lnom
11.2.7 Unbalance
Al ETED Range and conditions Re_solu- Basic uncertainty
(voltage and current) tion
Unbalance factor for positive, | 0.0% ... 10.0% 0.1% +0.15%
negative and zero sequence for 80% Unom < Urms < 150% Unom (absolute uncertainty)
11.2.8 Power and energy measurement
Conditions Resolu- Basic uncertainty
Power and energy (for power and energy ti )
80% Unom S Urms < 120% Unom) gon
Active power 2% lnom < Irms < 5% lnom cosp =1 depending [522 | <2 o
Active Energy on Unom Y257+ G %
5% lnom < Irms < Inom cosp = 1 and lhom + 202 4 52}7 %
142 o
5% lnom < lrms < 10% lhom  cose = 0.5 + [252 4 52n %
+./2, 5
10% Inom < Irms < Inom cosp =0.5 +./20% + 52 %
+./2, o
Reactive power 2% lnom < Irms < 5% lnom sing =1 depending (102 . 52 o
Reactive energy on Unom G e
5% lnom < Irms < lnom sing =1 and lnom + 13702 . 55’) %
5% lnom < Irms < 10% lnom  sing = 0.5 + [402 1 52 %
+.4, -
10% lnom < Irms < Inom sing = 0.5 + /302 + 62, %
+./3, o
10% lnom < Irms < Inom sing = 0.25 + [a02 162 %
+ /4, -
Apparent power 2% lnom < Irms < 5% lnom depending | +2.5%
Apparent energy 5% Inom < Irus < lnom on Unom +2.0%
and lhom
Power factor (PF) 0...1 0.01 +0.03
50% Unom < Urms < 150% Unom
10% lnom < IrMS < lnom
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):

Spq = (0% + 32 + 5oy

where: dp,o — measurement uncertainty for active or reactive power,
oun — total measurement uncertainty of voltage harmonic amplitude (recorder, transduc-
ers,clamps),
oin — total measurement uncertainty of current harmonic amplitude (recorder, transducers,
clamps),
dpn — additional uncertainty of error in the measurement of the phase between voltage and
current harmonics.

The &n uncertainty may be calculated when the phase angle is known for the considered fre-
quency 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:
5ph = 100(1 _ M] [%],COS(D =0
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 [%],sing % 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

e s o -
esgzez3zTIzeSSIes

type of insulation acc. to EN 61010-1 and IEC 61557 .........ccoiiiiiiiiiiiiiiiieeeee double
measurement category acc. to EN 61010-2-030.......... Iv 300 V, 111 500 V, [El0aad Il 1000 V DC
housing degree of protection for the housing acc. to EN 60529....... IP51 (with closed sealing plug)
MELEr POWET SUPPIY ..ttt Li-lon 11,1V 3,4 Ah 37,7 Wh
parameters of AC adapter for the battery charge.............ccocoiiiiiiiniiie 12VDC/25A
............................................................................................. 100 V...240 V, 50 Hz...60 Hz (mains)
dimensions .........cccccevceeiiieeninene 288 mm x 223 mm x 75 mm
weight of the meter with batteries ..., approx. 2.5 kg
storage temMPErature ........ ..o ...+60°C
operating temperature ..............ccoooiiiiii ...+45°C
temperature range suitable for initiating battery charging ...+40°C
temperatures at which the charging process is interrupted ...............ccccceeeenne <+5°C and = +50°C
AUMIAILY ..o 20%...90%
referenCe tEMPEIAtUIE .........c..uviiiiee et e e e e e e e eananes +23°C £ 2°C
reference NUMIAILY .........oooiiiiiii e 40%...60%
altitude (above sea level): ... e <2000 m
time until AUto-OFF .........oueiii 2 min, 5 min or off
number of measurements Z or RCD (for batteries)............. ..>3000 (6 measurements/minute)
number of measurements Riso or R (for charged batteries)............ccccovviiiiiiiiiiiinicee >1000
recording time (for DAtEIIES).........coiiiuiiiiiie e 16 h
AISPIAY .. colour LCD TFT, touchscreen
.............................................................................................................................. 800 x 480 pixels
.................................................. weveeenene.... diagonal 7"

memory of measurement results .... unlimited
recorder memory . unlimited
data trANSMISSION ......ciiiee ettt ettt e ettt e et e e ab e e eeaneeeas uUsB
quality standard design, construction and manufacturing are 1ISO 9001, ISO 14001, ISO 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 STANAAIAS. ...ttt ettt e et e et e e e e e e eas
...EN 61326-1 and EN 61326-2-2

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 ade-
quate measures (e.g. increasing the distance between affected products).

11.4 Additional data

no

Data on additional uncertainties are useful mainly when the meter is used in
n-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 E4 0%
Supply voltage Eo 0%
Temperature 0°C...35°C Es 2%

MPI-540 e MPI-540-PV — USER MANUAL 193



11.4.2 Additional uncertainties according to IEC 61557-3 (Z)

Significant parameter Designation Additional uncertainty
Position E4 0%
Supply voltage Eo 0%
1.2mlead -0Q

5mlead - 0.011 Q

Temperature 0°C...35°C Es 10 mlead — 0.019 Q
20 m lead — 0.035 Q

WS-03 and WS-04 lead — 0.15 Q

Phase angle 0°...30° = 0.6%

Frequency 99%..101% fa E; 0%

Mains voltage 85%..110% Un Es 0%

Harmonic Eo 0%

DC component E1o 0%

11.4.3 Additional uncertainties according to IEC 61557-4 (R £200 mA)

Significant parameter Designation Additional uncertainty
Position E4 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 E4 0%

Supply voltage = 0%

0,

Temperature 0 °C...35 °C Es e df’gift"srfi? ey
Serial interference voltage E4 +(6.5% + 5 digits)
Resistance of electrodes Es 2.5%
Frequency 99%...101% fa Ez 0%

Mains voltage 85%...110% Ux Es 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° Rz +33-10+)- U2 +(-12-10° - Rz +13-107%)-U,)-100%+ 0,026 - ,JU, Q)
210 Q +(((-46-10° Rz +1:104)-U2 + (14108 -Rz +19-107°)-U,)-100% + 0,26,/U, Q)

Additional uncertainty caused by resistance of electrodes

Rs

Ri

Saod = :
oo (RS+106

Re -Ry, +200

.3.107° +[1+RLJ.RH -5~10*“J[%]
E

Formula is valid for Rs > 200 Q and/or Ry = 200 Q.

194 MPI-540 e MPI-540-PV — USER MANUAL




Additional uncertainty due to interference current for 3p + clamps function

for 25V and 50 V)
Re Uncertainty [Q]
<50 O (4107 Re Lo’
>50 Q +(25-10° - Re? L p?)

Additional uncertainty due to interference current for double clamps function

Re Uncertainty [Q]
<50 i(5'10_2'RE2'IzakI)
250 +(25:102 Re? L)

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 0 15103 Fe
- 2
5 R,
>99.90 i(9~102~R,—02)

Rc[Q] is a value of resistance measured with clamps on the branch displayed by the device,
whereas Rw[Q] is a value of resultant resistance of multiply earthing.

11.4.5 Additional uncertainties according to IEC 61557-6 (RCD)

Ia, ta, Us

Significant parameter Designation Additional uncertainty
Position E4 0%
Supply voltage E, 0%
Temperature 0°C...35°C Es 0%
Resistance of electrodes Es 0%
Mains voltage 85%...110% Un 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

MPI-540 e MPI-540-PV — USER MANUAL 195



12 Accessories

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

12.1 Standard accessories
Standard set of equipment supplied by the manufacturer includes:

MPI-540 meter - WMGBMPI540PV / WMGBMPI540PVNC / WMGBMPI540 / WMGBMPI540NC
set of test leads:
WS-03 adapter with START button with UNI-SCHUKO plug — WAADAWS03
1.2 m leads, cat. Ill 1000 V with banana plugs — 4 pcs:
o yellow - WAPRZ1X2YEBB
o red — WAPRZ1X2REBB
o blue - WAPRZ1X2BUBB
o  black with N marker - WAPRZ1X2BLBBN
test lead on reel (banana plugs):
o 15 m blue - WAPRZ015BUBBSZ
o 30 mred - WAPRZ030REBBSZ
USB cable - WAPRZUSB
crocodile clip 1 kV 20 A (cat. Il 1000 V) — 4 pcs:
yellow KO2 —- WAKROYE20K02
red KO2 — WAKRORE20K02
blue K02 —- WAKROBU20K02
black KO2 — WAKROBL20K02
pin probe with banana socket (cat. Il 1000 V) — 3 pcs:
yellow — WASONYEOGB1
red — WASONREOGB1
blue - WASONBUOGB1
earth contact probe (rod), 30 cm — 2 pcs — WASONG30
adapter with M4/M6 thread for rail connectors — set of 4 pcs (for a rail connector with M4 and
M6 thread) - WAADAM4M64
Z7 power supply — WAZASZ7
mains cable (IEC C13 plug, 230 V) — WAPRZLAD230
cable for battery charging from car cigarette lighter socket (12 V) —- WAPRZLAD12SAM
L2 carrying case —- WAFUTL2
L2 hanging strips (long 1,5 m and short 30 cm) - WAPOZSZEKPL
Li-lon 11,1V 3,4 Ah battery - WAAKU15
4 GB microSD card
F-3A flexible clamps, curent up to 3 kA AC (J 120 mm) — 3 pcs — WACEGF3AOKR*

PVM-1 adapter - WAADAPVM1

C-PV clamp — WACEGCPVOKR

MC4-banana sockets adapter (set) - WAADAMC4
adapter for C-PV clamp — WAADACPV

carrying case for PV accessories — WAFUTM13
user manual
guarantee card
calibration certificate

* Not applicable to WMGBMPI540PVNC, WMGBMPI540NC
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12.2 Optional accessories

Additionally, the following items that are not included in the scope of standard equipment may be pur-
chased from the manufacturer or the distributors:

® Testing vehicle charg-
ing stations

e General measure-
ments

® |nsulation resistance
measurement

® Test lead red 1 kV
(banana plugs)

EVSE-01 adapter

WAADAEVSEO01

WS-04 adapter with UNI- Foldable pin probe, 1kV, 2 m
SCHUKO angular plug (Wlthout (banana Socket)

triggering) WASONSP2M

WAADAWS04

AutolSO-1000c PRS-1 resistance test probe
adapter
WAADAAISO10C WASONPRS1GB

5/10/20 mlong
WAPRZ005REBB
WAPRZ010REBB
WAPRZ020REBB
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® Test lead (banana
plugs, on a reel)

e Earth contact

probe (rod)

® Three-phase
adapter 16 A

® Three-phase
adapter 32 A

® Three-phase
adapter 63 A

® |ndustrial
phase adapter

198

test

socket

socket

socket

socket

25 m blue 50 m yellow
WAPRZ025BUBBSZ WAPRZ050YEBBSZ

Earth contact test probe (rod) L3 carrying case for 80 cm rods

80 cm WAFUTL3
WASONGS80

5-lead version 4-lead version
AGT-16P AGT-16C
WAADAAGT16P WAADAAGT16C

5-lead version 4-lead version
AGT-32P AGT-32C
WAADAAGT32P WAADAAGT32C

5-lead version

AGT-63P

WAADAAGT63P

AGT-16T 16 A AGT-32T 32 A
WAADAAGT16T WAADAAGT32T
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o |P-1 light meter
probe with WS06
plug, class B, resolu-
tion from 0,1 Ix

e | P-10B light meter
probe with WS06
plug, class B, resolu-
tion from 0,01 Ix

e | P-10A light meter
probe with WS06
plug, class B, resolu-
tion from 0,001 Ix

e only WS-06 adapter
with PS/2 socket

set with WS-06 adapter only light meter probe with

WAADALP1KPL PS/2 plug
WAADALP1

Q

set with WS-06 adapter only light meter probe with
WAADALP10BKPL PS/2 plug
WAADALP10B

R

set with WS-06 adapter only light meter probe with

WAADALP10AKPL PS/2 plug
WAADALP10A

Q.

WAADAWS06

{
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® N-1 transmitting WACEGN1BB
clamps (& 52 mm)

® Current clamps C-3 (J 52 mm) for grounding C-4A (D 52 mm) 1000 A AC for
measurements power recorder
WACEGC30KR WACEGC4AOKR

C5A (@ 39 mm) 1000 A C-6A (@ 20 mm) 10 A AC

AC/DC for power recorder for power recorder
WACEGC5A0KR WACEGC6AOKR
Z = !
C-7A (9 24 mm) 100 A AC for
power recorder
WACEGC7AOKR
® Flexible clamps for F-1A @ 40 cm F-2A @ 25 cm
power recorder (3000  WACEGF1AOKR WACEGF2AOKR

AAC)

e AZ-2 power supply WAADAAZ2
adapter (IEC C7 plug

/ banana plugs) /;
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e TWR-1J -  RCD
breaker testing
adapter

e Software Sonel Re-
ports Plus. Supports
creation of documen-
tation after testing of
electrical installation.

e CS-1 cable simulator

WAADATWR1J
g

WAPROREPORTPLUS

| sundey TNOS
g

e Calibration certificate issued by an accredited laboratory
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12.2.1 C-3 clamp

Clamps C-3 are used to measure AC in electrical systems of low and medium power. As op-tional
accessories for instruments produced by SONEL S.A., they are compatible with earth re-sistance me-
ters of MRU series and multifunctional meters of MPI series.

The output signal is conducted by a cable (1.5 m) ended with a pin adapted to the socket on the
meter.

f NOTE!
Do not measure currents exceeding 1200 A. Limit the measurement time for currents
higher than 1000 A, according to the following data.

Overloads
Current Range 1 <1000 A 1000 A <1 <1200 A
. 15 minutes of measure-
Operating mode contl?)uous ment, followed by 30-
minute break

) For frequencies f < 1 kHz. Limiting the maximum current in continuous operation for frequencies
above 1kHz according to the ratio:

1000 A
oot ™ £ [kHz]

Terms of reference

) TEMPEIALUIE ... .eiiiiiiie ettt ettt ettt e
b) Relative Humidity ....
c) Conductor .......ccccevvviiniiieennnn.
d) Frequency of sinusoidal current.
e) Total harmoniC diSTOrtION ..........oouiiiiiiiie e
f)  Current constant COMPONENE ..........oiiiiiiiiii e
g) Constant magnetic field.............
h) Variable, external magnetic field
i) Conductors in the immediate vicinity

Technical specifications

Current Range unczftzlizty” Phase error
10...100mA <3% + 5mA unspecified
0,1A...1A <3% + 3mA unspecified
1A...10A <1% <20
10A...100A <0.5% <1°
100...1200A <0.3% <0,7°

) as % of the measured value

a) output for maximum power
b) ratio....cccooeiiiii
C)  TTEQUENCY FANGE. ... .. iiieiiie ittt
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Other data

a) type of INSUIAtioN ..o double, according to EN 61010-1
b) measurement category according to EN 610101 ........cooiiiiiiiiiiiiiiiiee e 111 600 V
c) degree of housing protection acc. to EN 60529 ..............ccocoeiiviieinnen. P40, with open jaws: IP30
d) diMENSIONS ...ccvviiiiiiiiieiiee e e 216 x 111 x 45 mm

e) weight......ccocoeiiiiiiennn. S approx. 550 g

f) jaws opening distance ......... 53 mm
g) height of open jaws........................ ... 139 mm
h) maximum diameter of tested cable... .. 52 mm
i) length of Clamp CabIES..........ooii s 1.5m

j)  working temperature

k) Relative Humidity ....

)

m) quality standard ... design, construction and manufacturing are ISO 9001, ISO 14001, PN-N-18001
compliant

n) the product meets EMC requirements acc. to...........cccccevuvveennnnn. EN 61000-6-3 and EN 61000-6-2

12.2.2 C-4A clamp

Clamps C-4A are used to measure AC in electrical systems of low and medium power. The output
voltage is proportional to the measured current. The output signal is conducted by a cable (2.2 m)
ended with a pin adapted to the socket on the meter.

The arrow marked on one of the clamps indicates the direction of current flow. It is assumed
that the current flows in the positive direction if it flows from the source to the receiver. This orienta-
tion of clamps is required for the correct power measurement.

f NOTE!

® Do not use non-insulated clamps for conductors with a potential exceeding 600 V
with respect to the ground and in systems with the measurement category higher
than IlI.

® Do not measure currents exceeding 1200 A. Limit the measurement time for cur-
rents higher than 1000 A, according to the following data:

1<
Current Range 1000 A 1000 A <1<1200 A
Operating continu- 15 minutes of measurement,
mode ous' followed by 30-minute break

) For frequencies f < 1 kHz. Limiting the maximum current in continuous operation for
frequencies above 1kHz according to the ratio lcont. = 1000A / f [kHZ]

Reference conditions

@) EBIMPEIALUIE ...ttt e e bt e et e e e et e e et e e e ee e
b) relative humidity .....
c) conductor position
d) frequency of sinusoidal current .
e) Total Harmonic Distortion .........
f) current constant component ..

g) permanent magnetic field ... <40 A/m (Earth's magnetic field)
h) variable, external magnetic field ... none
i) conductors in the immediate VIiCinity ...........cccciiiiiiiiii no current flow
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Specifications

a) accuracy:
Basic
%L;:Z:t unce:}ainty Phase error

0.1...10 A <3% + 0.1 A | unspecified

10...50 A <3% <3°

50...200 A <1.5% <1.5°

200...1000 A | <0.75% <0.75°

1000...1200 A | <0.5% <0.5°

) as % of the measured value

b) output for MaXiMUM POWET .........ooiiiiiiiiiiee et 1VAC
C) ratio...ccceiiiiiicee e 1mV AC/1 AAC
d) frequency range .. 30 Hz...10 kHz
€) INSUlatioN tYPE ....cooiiiiiiii e double, according to EN 61010-1
f)  measurement category according to EN 61010-1.......coooiiiiiiiiiiiiiieie e 111 600 V
g) protection class according to EN 60529 .IP40, with open jaws: IP30
D) dIMENSIONS ... 216 x 111 x 45 mm
1) WEIGNT e e approx. 640 g
j)  JAWS OPENING QISTANCE ....cuviiiiiiiii ettt 53 mm
k) height of open jaws..........cccccccueeeen. ... 139 mm
1) maximum diameter of tested cable .. .. 52 mm
M) length Of ClaMP CADIES ........coiiiiiiiiiie et 22m
n) operating temperature ......... —10°C...+55°C

... <85%

0) relative humidity ..
.............. <2000 m

p) altitude........oooiiiiiis <
q) electromagnetic compatibility . EN 61000-6-3
............................................... EN 61000-6-2

12.2.3 C-5A clamp

Clamps C-5A are used to measure AC and DC currents and without breaking the circuit with flow-
ing current. The measuring range is 1400 A for DC and 1000 A for DC. The output voltage is propor-
tional to the measured current. The clamps have the range of 1000 A, with a sensitivity of 1 mV/A, ze-
ro adjustment knob and a LED indicating power supply.

The output signal is conducted by a cable (2.2 m) ended with a pin adapted to the socket on the me-
ter.

The arrow marked on one of the clamps indicates the direction of current flow. It is assumed
that the current flows in the positive direction if it flows from the source to the receiver. This orienta-
tion of clamps is required for the correct measurement of power and constant components.

Overloads

a) direct current (DC) ....ccoouiiiiiiiie e do 3000 A (continuous mode)

b) alternating current (AC) ........cccecuvveeeen. up to 1000 A in continuous mode - up to frequency of 1 kHz

c) Limiting the maximum current in continuous operation for frequencies above 1kHz according to
ENE TAHIO et lcont. = 1000 A/f [kHZ]

Turning on

e Battery powered. Move the switch to the ON position. The green LED indicates correct operation.
The probe will turn off automatically after 10 minutes of non-use.

e Battery powered. Move the switch to the ON position while holding the DC ZERO button. The or-
ange LED indicates correct operation. The probe does not turn off automatically, operating until
the battery is discharged.
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e External power supply. Connect the probe to the power supply via the USB port. The orange LED
indicates correct operation. The probe will turn off after disconnecting the power supply.

If after switching the LED is not lit or goes off, replace the battery.

Signalling measurement range overflow
e If the measured current exceeds the measurement range of the probe, the OL LED is on.

DC zero indication correction

e Turn on the probe.

e Make sure the jaws are closed and there is no conductor inside them.

e Connect probe to the analyzer.

e Press the DC ZERO button. The OL diode will light for approx. 3 seconds, signalling the duration
of the correction.

e The OL diode will turn off when the correction is successful. If it does not go off, it means that the
correction could not be performed. In this situation, check that the clamp does not have any con-
ductor inside it and that the jaws are properly closed. Then press the DC ZERO button again or
turn the clamps off and on again and repeat the procedure.

When the clamp is switched on, it recalls the last saved correction.

Reference conditions
) TBIMPEIAtUIE ... ..ot
b) relative humidity .
c) battery voltage.........
d) conductor position ..

the conductor centred in the jaws
€) CUMeNnt.....cooeevvvreiriieeeeee. direct (DC) or sinusoidal (AC) f < 65 Hz
f)  permanent magnetic field ... <40 A/m (Earth field)
g) alternating magnetic field ... none
h) external €lectric fIEld ........ ..o none

Technical data
a) accuracy:

Current range 0.5...100 A 100...800 A | 800...1000 A | 1000...1400 A (DC)
Basic uncertainty ") <1.5%+1A <2.5% <4% <5%
) as % of the measured value
b) phase error (45...65 Hz):
Currentrange | 3...200 A | 200...1000 A
Phase error <2° < 1.5°
(o T = 1o TP PO PR PR PSP 1mV/1 A
d) frequency range... .. DC...30 kHz
€)  OULPUL IMPEAANCE ...ttt ettt e e et e ene e e et eeeeneees 215Q
f) additional errors
= due to current frequency
10400 HZ oo <1%
400..7000 Hz ... <3.5%
7. AOKHZ o =12%
= due to relative humidity in the range of 10...85% ............. ...£0.5%
= due to the position of the conductor with diameter @20 mm ...<0.5%
= due to a parallel conductor with 50...60 Hz, located within 23 mm of the clamps .......... <10 mA/A
= due to an external magnetic field of 400A / m (50 Hz), influencing the centred conductor...<1.3 A
= in-phase rejection factor ... <65 dB A/V (50 Hz)
MPI-540 e MPI-540-PV — USER MANUAL 205



Other data

a) INSUIALION tYPE ... double, according to EN 61010-1
b) measurement category according to EN 61010-1.........ooiiiiiieiiiiiiniiiiiiee e, 111600 V (IV 300 V)
c) protection class according to EN 60529 ............cooiiiiiiiiiiii e IP40
d)  POWET SUPPIY .ottt battery 9 V (6LR61, 6LF22, NEDA 1604)

................................................................................. 5V DC 100 mA via type B microUSB

e) operating time powered by alkaline battery .. TP PP PPPPPPR RPN approx. 50 h
f)  dimensions ... ... 237 x 97 x 44 mm
g) Weight....oooiiiiiiiieiiee e U PRRUPRN approx. 520 g
h) maximum diameter of tested CabIe...........ccoiiiiiiiii @39 mm
i) length of Clamp CaDIES ..........eeeeeee e 22m
j) operating temperature

K)  relative NUMIAITY ......ooie e <85%
L) (18 o [T OO TPPPP SRR <2000 m
m) electromagnetic compatibility ............ccooiiiiiiiiii e EN 61326-1

12.2.4 C-6A clamp

Clamps C-6A are designed to measure AC currents with frequencies up to 10 kHz for range
10 mA...10 A. As optional accessories for instruments produced by SONEL S.A., they are compatible
with power quality meters of PQM series and multifunctional meters of MPI series.

The output signal is a voltage proportional to the measured current at the sensitivity of 100 mV/A.
It is introduced via a cable (length: 2.2 m) ended with a plug suitable for a socket in the meter.

The arrow marked on one of the clamps indicates the direction of current flow. It is assumed
that the current flows in the positive direction if it flows from the source to the receiver. This orienta-
tion of clamps is required for the correct power measurement.

f NOTE!
Do not use non-insulated clamps for conductors with a potential exceeding 600 V with
respect to the ground, in systems with the measurement category higher than Il and
systems of measurement category IV with potential exceeding 300 V.

Reference conditions

@) EBIMPEIALUIE ...ttt ettt et e et a e

b) relative humidity .

[0 I oo g o [0o1 (o] PP UPPRPRP

d) frequency of SINUSOIdal CUITENT...........iiiiiiii e 48...65 Hz
e) Total Harmonic Distortion ......... <1%
f) current constant component .. none
g) permanent magnetic field ....... ....<40 A/m (Earth's magnetic field)
h) variable, external magnetic fiel s none
i) conductors in the immediate VICINity ............cccoiiiiiiiiiii e no current flow

206 MPI-540 e MPI-540-PV — USER MANUAL



Technical data

Basic
Current Range uncertainty ! Phase error
0.01...0.1 A <3%+1mA unspecified
0.1...1A <2.5% <5°
1...12A <1% <3°
) as % of the measured value
E= ) I o TSRS 100 mV AC/1 AAC
D) frEQUENCY FANGE. ..ottt 40 Hz...10 kHz
Other data
a) INSUlation tyPe ......cooiiiiii double, according to EN 61010-1
b) measurement category according to EN 61010-1 B PP PO PPPPRPRN 111 600 V
c) protection class according to EN 60529 ... ceveernr.IP40, with open jaws: IP30
d) diMEeNSIONS .....ccvveiiiiiiiiiiie e e 135 x 50 x 30 mm
e) weight......ccceiiiieiiinen. e approx. 180 g
) JaWS OPENING AISTANCE .....oiiiiiiiiiii et 21 mm
g) height Of OPEN JAWS........uiiiiii e

h) maximum diameter of tested cable............ .

i) length Of ClamMP CADIES........coiiiiii et

j)  operating tEMPEIAtUIE ..........oiiiiiiiiiiii e

k) relative humidity

1) altitude (abOVE SEA IEVEI).......coiiiiiiiii e <2000 m

M) quality STANAAIA ...
............ design, construction and manufacturing are ISO 9001, ISO 14001, PN-N-18001 compliant

n) the product meets the EMC requirements according to................. EN 61000-6-3 and EN 61000-6-2

12.2.5 C-7A clamp

C-7A clamps are used to measure alternating currents in networks of low and medium power
within the range up to 100 A.

The output signal is a voltage proportional to the measured current at the sensitivity of 5 mV/A. It
is introduced via a cable (length: 3 m) ended with a plug suitable for a socket in the meter.

The arrow marked on one of the clamps indicates the direction of current flow. It is assumed
that the current flows in the positive direction if it flows from the source to the receiver. This orienta-
tion of clamps is required for the correct power measurement.

f NOTE!
Do not use non-insulated clamps for conductors with a potential exceeding 300V with
respect to the ground and in systems with the measurement category higher than Il1.

Reference conditions
Q) TBMPEIATUIE ... s +18...428°C
b) relative NUMIItY ........ocoiiiiiiiii e <85% (non-condensing)

Technical data

) ST FANGE .o e e a e e e 0...100 AAC
b) frequencyrange..........cccccoiiiiiiiiiiininnnn. e 40 Hz..3 kHz
¢) maximum allowable continuous current 100 A AC (50/60 Hz)
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d) accuracy (sine wave)

Frequency Basif:: Phase error
uncertainty
45...65 Hz +0.5% <2°
+0.1 mV
40 Hz...1 kHz +1.0% unspecified
+0.2 mV

.................................................................................................................. 5mV AC/1 AAC
f) output impedance
g) INSUlAtioN tYPE ...oooiiiiiiiii e

double, according to EN 61010-1

h) measurement category according t0 EN 610101 ........cooiiiiiiiiiiiiiiiie e 111 300 V
i) dimensions . ... 100 x 60 x 26 mm
J) WBIGNT et approx. 160 g
k) maximum diameter of tested CabIe ............ooiiiiiiiii @24 mm
1) length of Clamp CaDIES .........ooi e 3m
m) operating temperature C...+50°C
n) relative humidity ..o <85% (non-condensing)
0) electromagnetic compatibility ...........ccooiiiiiiiiii EN 61326

12.2.6 F-1A, F-2A, F-3A clamp

Flexible clamps (Rogowski coil) F-1A, F-2A and F-3A are designed to measure AC currents with
frequencies up to 10 kHz for range 1 A...3000 A.

Flexible clamps F-1A, F-2A and F-3A are different only in terms of the coil perimeter. Electrical pa-
rameters are the same. The output signal is voltage proportional to the measured current derivative at
the sensitivity of 38.83 mV/1000 A for 50 Hz and 46.6 mV/1000 A for 60 Hz.

Fig. 12.1 Clamps F-1A

Fig. 12.3 Clamps F-3A

Fig. 12.2 Clamps F-2A

The output signal is conducted by a cable (2.2 m) ended with a pin adapted to the socket on the

meter.

The arrow marked on one of the clamps indicates the direction of current flow. It is assumed
that the current flows in the positive direction if it flows from the source to the receiver. This orienta-
tion of clamps is required for the correct power measurement.

A

208

NOTE!

Do not use non-insulated clamps for conductors with a potential exceeding 1000 V
with respect to the ground and in systems with the measurement category higher
than IlI.
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Reference conditions

a)
b)
c)
d)
e)

LI 0] L= = (U OO PPPPN +18...+22°C
Conductor position ....conductor centred in the clamp loop
Permanent magnetic field ..o <40 A/m (Earth's magnetic field)
Variable, external magnetic field ...hone
External €leCtric fIld ............oi i none

Technical data

a) Nominal measuring range in recorder mode.... ...TA...3000 A (10 000 A peak at 50 Hz)
b) Coefficient iINpUt/OUtPUL..........ooooiiii e 38.83 mV/1000 A (50 Hz)
................................................ 46.6 mV/1000 A (60 Hz)
c) Basic uncertainty ... +1% in the range of 1 A...3000 A
[o )T g T= T PSPPSR 1+0.2%
e) Additional error due to the position of the conduCtor............ceeiiiiiiiiiii s +1% max.
f)  Additional error due to external magnetic field <r.. £0.5% max.
g) Additional error due to teMPEerature ...........cocciiiiiiiiiiii e +0.07%
h)  OUtPUL IMPEAANCE ...t 70 Q/450 mm
Other data:
a) INSUlAtioN tYPE ....ooiiiiiiii double, according to EN 61010-1
b) measurement category according to EN 61010-1.........coiiiiiiiiiiiiiiiiieieee e 1111000 V
c) protection class according to EN 60529 ...........coociiiiiiiiiiiiii e IP65
d)  COIl QIAMELET ... ettt e et 15.5 mm
e) diameter of the clamps (MaXiMUM) .......coiiiiiiiiiii e 30 mm
f) coil circuit ....... F-1: 120 cm
....................... F-2: 80 cm
...................................................................... F-3:45cm
g) inner diameter of clamps after closing .... F-1: 360 mm
F-2: 235 mm
........... F-3: 120 mm
D) WEIGNT .. F-1: approx. 410 g
..... F-2: approx. 310 g
..... F-3: approx. 220 g
i) length of Clamp CabIES .........oooii s 22m
j)  operating teMPErature ............ccuiiiiiiiii e -20°C...+80°C
k) electromagnetic compatibility ...........ccccoiiriiiiiiiiiii EN 61000-6-3, EN 61000-6-2
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12,

2.7 XX c-PV clamp

C-PV clamps are used for Isc DC measurements and for DC measurements of the modules at the

input of the inverter in "Inverter test" function. Clamps should be connected to the meter via
WAADACPYV adapter.

Correcting zero indication for DC current measurements

Connect the clamps to the meter, turn on the clamps.
Use DC ZERO knob to reset the clamps to current indication closest to zero.

Reference conditions

) TBIMPEIAtUIE ..ottt ettt
b) relative humidity ..
c) power supply ...........
d) conductor position . the conductor centred in the jaws
e) permanent magnetic field ... <40 A/m (Earth's magnetic field)
f) variable, external magnetic field ............oooiiiiiiiii none
g) external €lectriC field: ... none
Technical data
a) accuracy
range: 40 ADC ..o 0...40.0 ADC: £(2.5% + 0.1 A)
= range: 400 ADC ...0...400 ADC: + (2.8% + 0.5A)
= range: 40 A AC (50/60 Hz) ... ..0...40.0 AAC: +(2.5% + 0.1 A)
= range: 400 A AC (50/60 HzZ) .......cccovviiiieiiiiicceeee e 0...400 AAC: £ (2.8% + 0.5 A)
b) ratio
=40 A 10 mV/A
=400 A . TmV/A
C)  OULPUL IMPEAANCE ... ettt ettt e e 1320 Q
Other data
@) INSUIALION tYPE ..o double, according to EN 61010-1
b) measurement category according to PN-EN 61010-1............ccccene. CAT IV 300 V, CAT IIl 600 V,
.................................................................................. max. 1000 V DC only for isolated conductors
c) protection class according to PN-EN 60529 ............cocciiiiiiiiiiiiie e P40
d)  POWET SUPPIY .ot two batteries of AAA 1.5V type
e) maximum diameter of tested cable @30 mm
f) operating temperature range e 0...+50°C
g) StOrage tEMPErAtUrE ........cocuiiiiiiiii ettt -20...+70°C
h) operational relative huMIdity ..........coooiiiiiiii e <70%
i) storage relative humidity ....<80%
j)  altitude (abOVE SEA IEVEI).......coiuiiiiiiii e <2000 m
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12.2.8 N-1 clamp

Clamps N-1, as optional accessories for instruments produced by SONEL S.A., are compatible
with earth resistance meters of MRU series and are designed to be signal transmitting clamps in dou-
ble-clamp measurements.

The output signal is transmitted via two banana plugs.

Overloads:

Current Range | | <1000 A 1000 A <1 <1200 A

. 15 minutes of measure-
Operating mode cont|r11uous ment, followed by 30-
minute break
) For frequencies f < 1kHz. Limiting the maximum current in continuous operation for frequencies
above 1kHz according to the ratio:

1000 A
ciagly = W
Reference conditions

@) TEIMPEIATUIE ...ttt e e

b) relative humidity .

[ I oo g o [0 o3 (o A TSP O PP ROTPPRPON

d) current constant COMPONENT .........cooiiiiiiiiii et e s

e) permanent magnetic field
f) variable, external magnetic field
g) conductors in the immediate vicinity

Technical data

a) output FOr MAaXIMUM POWET ......ccuuiiiiiiiii ettt et e s 1AAC
o) I -1 {1 TSP UPPR 1000/1
C)  TTEQUENCY FANGE.......eii ittt 30 Hz...10 kHz
d) insulation type .........cccooiiiiiiiiiei e .. double, according to EN 61010-1
e) measurement category according to EN 61010-1 et eee e e teeeeeeeeaanaaeeeaeeeann—naaaaeeaaanes 111 600 V
f) protection class according to EN 60529 .... weeeeer...|P40, with open jaws: IP30
g) dimensions e ———— 216 x 111 x 45 mm

h) weight........ccoooiiiins e approx. 550 g
i) JAWS OPENING QISTANCE ......ueieiiiiiiie ettt 53 mm
j) Deight Of OPEN JAWS ... ..eiiiiiiii ettt

k) maximum diameter of tested cable............

1) operating tEMPEIAtUIE ..........ooiiiiiiiiiii e

M) relative NUMIAILY ......oooiii et

n) altitude (above sea level)

0)  QUANILY STANAAIT ...t e
............ design, construction and manufacturing are ISO 9001, ISO 14001, PN-N-18001 compliant

p) the product meets the EMC requirements according to ................ EN 61000-6-3 and EN 61000-6-2
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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 74 858 38 60
fax +48 74 858 38 09
E-mail: export@sonel.pl
Web page: www.sonel.pl

NOTE!

A\

Service repairs must be performed only by the manufacturer.
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15 Laboratory services

SONEL Testing and Calibration Laboratory has been accredited by the
Polish Center for Accreditation (PCA) - certificate no. AP 173.

o
SN
Laboratory offers calibration for the following instruments that are used m
for measuring electrical and non-electrical parameters. Ly

o METERS FOR MEASUREMENTS OF ELECTRICAL PARAMETERS
voltage meters,

current meters (including clamp meters),

resistance meters,

insulation resistance meters,

earth resistance and resistivity meters,

RCD meters,

short-circuit loop impedance meters,

power quality analyzers,

portable appliance testers (PAT),

power meters,

multimeters,

multifunction meters covering the functions of the above-mentioned instruments,

OO0 O0O0OO0OO0OO0O0OO0OO0OO0O0

e ELECTRICAL STANDARDS
o calibrators,
O resistance standards,

o METERS FOR MEASUREMENTS OF NON-ELECTRICAL PARAMETERS
O  pyrometers,
o thermal imagers,
O luxmeters.

The Calibration Certificate is a document that presents a relation between the calibration standard
of known accuracy and meter indications with associated measurement uncertainties. The calibration
standards are normally traceable to the national standard held by the National Metrological Institute.

According to ILAC-G24 ,Guidelines for determination of calibration intervals of measuring instru-
ments”, SONEL S.A. recommends periodical metrological inspection of the instruments it manufac-
tures no less frequently than once every 12 months.

For new instruments provided with the Calibration Certificate or Validation Certificate at the factory,
re-calibration should be performed within 12 months from the date of purchase, however, no later
than 24 months from the date of purchase.

it ATTENTION!

The person performing the measurements should be absolutely sure about the effi-
ciency of the device being used. Measurements made with an inefficient meter can
contribute to an incorrect assessment of the effectiveness of health protection and
even human life.
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NOTE!

A\

MEASURING MESSAGES

The MPI-540 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=Mt
L-PE!
N-PE!
L <==N
TEMPERATURE!
fi
ERROR!
Loop circuit malfunction!

U=5001
and continuous audio signal

VOLTAGE!

LIMIT!

VOLTAGE!
H!
sl
Re>1.99 kQ
NOISE!

LiMIT

A

Us>UL!
!

PE!
and continuous audio signal

A

and continuous audio signal

NOISE!

LIMIT!

Measurement Zs
UL voltage is incorrect for making a measurement.
UL-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 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 Un.

Toq low value of the prospective short circuit current I for the pre-set fuse and time of its trig-
gering.
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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