MODERN POWER QUALITY MEASUREMENT TECHNIQUES

What has to be measured ?

POWER QUALITY PARAMETERS - TERMS AND DEFINITIONS §

eElectrical load character

=Phase values of voltage, current, power

ePhase toPhase values of voltage and power

<Voltage|and curent/harmonics, Total Harmonic Distortion] Crest factor
<Voltage events (dips, sags, interruptions)

<Voltage]and curent[transients

<\/oltage symmetry

<Flickers

<Interharmonic and signalingvoltages|
=Electrical energy

PARAMETERS RELATED TO EN50160AREMARKEDBLUE [

MEASUREMENT TECHNIQUES

ONLINEMEASURING

(Fast snap-shoot measuring of all important power parameters)

Result o n instrument Result onPC

*METER <“Direct Link” data table

«SCOPE =“Direct Link’scope

*SPECTRUM «“Direct Link” s pectrum

ENERGY =“Direct Link” e nergy counter
RECORDING

(Monitoring of power quality parameters in real time through predefined time period)

Measuringprocedure Recordingtypes
=Set Up type of recording =PERIODIC
=Selectionof signalsand parameters EN 50160

... Recording ... *FAST LOGGING
=Online checkingofrecorder *\WAVEFORMS
<Download o fresults =TRANSIENTS N

=Analysis ofresults



LOAD

PHASE VALUES

PHASE TO PHASE VALUES

POWER QUALITY PARAMETERS 1/2
BASIC TERMS AND DEFINITIONS

U, 1  Phase voltage, current L, Calculatedneutral current

P Activepower P, Total Power Factor

Q Reactive power 3W,4W  Wiring configuration

S Apparent power SEQ Phase sequence

PF  Power Factor THD TotalHarmonic Distortion

@ Phase angle Uee Voltage Crest Factor

U,  Phase to phase voltage l.. Current CrestFactor

P, TotalActivepower hl, n-thCurrentharmonic

Q TotalReactive power hu, n-th Voltage harmonic

S TotalApparent power Pt LongtermFlickervalue

F Frequency Pst Short term Flicker value
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POWER QUALITY PARAMETERS 2/2

Voltage Harmonics and THD‘ |Tronsien’rs
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Most of the important p arameters can be viewedonline on instrument’s
display or on a PC with software package Power Link (‘Direct Link’ mode).

ONLINE MEASUREMENT 1/2
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ONLINE MEASUREMENT 2/2
3. CHECKS & ANALYSIS

Instrument " sDISPLAY

PC (PowerlLink,'DirectLink'mode)
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MEASURING ENERGY 1/2

DEFINITION
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Resistive Capacitive  Inductive Generator

(negative)
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Nofte:Last IP energycounterisactivatedduringactive RECORDER active(PERIODICSmode)
IP(InfegrationPeriod-theperiodinwhichthe realtime recordedsignalsareintegrated)
E. Completeactive energy E... Positive reactiveenergy, capacitive
E,.. Complete reactiveenergy, capacitive E,. Negative reactiveenergy,capacitive
E, Complete reactiveenergy, inductive  E,, Positive reactiveenergy, inductive
E.. Positive activeenergy E,. Negative reactiveenergy,inductive
E.. Negative active energy IP  Integrationperiod



1. SET UP CONFIGURATION

AND PARAMETERS

2. MEASURING

3. ANALYZING

MEASURING ENERGY 2/2

|CONFI . METER Configuration
_ ¥

SIGNAL Uinp. k.(*): 1
Irange (1V): 1000A
RECORDER
f : 50H
SIGNALS sync.inpt. :  auto
HARMONICS /
METER L]

Esscutn
Wanrtacthurer METREL
Type of mstrument | 112082
Sl numbs CO000000
Laet calir. dula 15052001, 10239
Liser noke DIERAD RS TRATION
Inedny merd hrasd e |GTROD
U Fatin 1
| rare & (8] 1000
Canngziin A wirici
F reajusarezy' {Hz] 50
Eync. input aun
Tp= of 1o oviling Feivlie
L]

Setconfigurationisstoredintoinstrument.The actual
settingsremainmemorizeduntila newsetupis installed.

‘ TOTAL & SUBTOTAL
COUNTERS

tostartreset suBTOTAL il &) 1 @D
-tostart/resetTOTAL D

-tostartLASTI.P.

[ LAST INTEGRATION
PERIOD COUNTERS

N —

[©)F SNYOV]

. Selectsettingsicon

. SelectPERIODSrecording
mode

. Selectatleastonesignal

. SelectlP

. Selectfrecorder’s starting

condifion

... @ RECORDING.

...MEASURING ENERGY...

ONBASEOF10ms TRMS U, | VALUES,NOGAPS

ENERGY

eP= 000001826.75 kWh
eQC= 000000942.31 kVArh
0 = 00029 .66 kVATh

SUBTOTAL
000000213 .58 kWh

= 000000152-49 kVArh
= 000000082.92 KVArh

ep+= 8 .26 kWh
eQc+= 2.38 KVAT h
eQi+= 8.32 kKVAT h
eP-= 1.48 kW h
eQc- = 2.25 kVAT h
eQi- = 1.88 kVAr h

Scope
Energies

Energy of P
Energy of O

Energy of [

Z8

-
+ ! |+| Eng |

0.00 Kwh

o |-221.04 K

i nookvarh

Note:LASTIP
counters are
notavailable




1. SETUP CONFIGURATION, PARAMETERS AND DATA

MONITORING POWER QUALITY 1/3

Recorder in PERIODICS mode: p eriodic values of o ver 300 signals
(64 atthe same time) can be recorded and a nalysed.

1. Step: enterconfiguration menu

2. Step: selectRECORDERconditions

-
ErspReER 3

CONFIG. ™»

METER

HARMONICS & T
.—l'

RECORDER : conditions

rec. node: PERI ODI CS

start 22.05.2001. 14: 25
stop

stat. ON

per. ON

anom wi ndowF| XED
main.integ.per.: 1min
power sub.i.p. : 1lper
noninal voltage : 230.0 V
upper | i mi t: 10% 253.0 V
lower | i mit: 10% 207.0 V
buffer mode: circular

20. 05. 2001. 12:44: 00

3. Step: selectsignalsofinterest

RECORDER:

si gnal s

Pfti-

4, Step: selectharmonicsofinterest

RECORDER : harnoni cs +47
enabl ed on : L2 L3
thd: thdU thd |
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5. Step: check oradjust instrument’s
configuration
U np. k.(*): 1
|'r2?1ge (&vg: 1000A
connection : 4w
sync. freq 50Hz
sync.inpt. : aut o

1. Step: checkinstrument's seftingsand
selectPERIODICS MODE
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4. Step: sendsettingstotheinstrument

Send

- fo activateRECORDER @ X e

- waitingforSTARTcondition

|m_.

RECORDER = READY

\ 4




MONITORING POWER QUALITY 2/3

) 4

.. @ RECORDING....
START on TIMER or MANUAL (& )

Real time recording ofselectedquantities is performed.
Averaged data andanomalies(ifselected) are storedintomemory.

A Samplingf=6,4kHz Voltage anomalies store
u3 g | Power breaks |— 64 samples
D before e vent
> —
REE
> O = (PSQU,cosd... ,
t S B s L. Averaging:
—— E =R
=R S
B over
| = : integration
DATA X-3 6y B = Harmonics (subinteq)
S ] eriod
DATA X-2 ! 16y .8 e THD P
6o+ —
DATAX-1 ST .
1|12 13U u2| U3:DATAX 0, 2| T

Twomemorymodes are available:

Q)
Z
(| .
o~ | (oldest data iserased
8 whenmemoryisfull)
% I CONSIDERAVAILABLE
% whenmemoryisfull) (Avoidrecordingunimportant
h parameters, takecareoflength
> ofintegrationperiod)
6
7 Numberof __ (2032-N_) x 1024-N__ x 164
< storeddata =— R,
E EN
o
Il RECORDING
STOP on TIMER, REMOTE(|x ) or MANUAL (@ @)
Basic informationofcurrent recorder status are shownoninstrument’sdisplayduring recording
Note:Online measurements are available duringrecording!
(4]
eC. stal . CurrentRECORDERstatus
o é buf-mode: READY (cire) o Memory(bufferjconfiguration
Z , ,
6 Q) B &l t ' {ng.%s. 1999 14:25:00 | .- START/STOPTIH\?
B Z|  [RECORDER], [t°P: MAWAL 0 oiss. o START/$ OPsettings
& % stati st: OFF anomal: 3 remaining memory
“ <) periods: a4 Int.pr: 00 info.about setparameters
LLI
v

power off/on: O
numberof detected events

(anomalies, breaks)



5. DOWNLOAD

MONITORING POWER QUALITY 3/3

MEMORY
CONTENT

1.Step:Savethe selected
results to a PowerlLinkfile

6. ANALYZING

/. DOCUMENTATION

Select
Recording

Download

1.Step:OpenaPowerlinkfile —
and selectdatarecordtoanalyse 1 Analyse
2.Step:Selectsignals H=
ofinterests Shortreportof

Kcheceed FJ5

3.Step:Selecttypeofanalysis Execute

PERIODICS:to analyse
periodicalvalues ofsignals

STATISTICS:toperformstatisticalanalysis

A B e S e i e i

e
==
)

POWERLINK FILE PRINTOUTS

recorded Datfa

|~ Storedsignals
areredcoloured

Nselected signals
foranalysisarebluecoloured

ANOMALIES: detailed analysis
ofcaptured voltage events

EXCELFILE
(Formakingcustom test

reportsor further analysis
with other tools)



1. SET UP PARAMETERS

2. MEASURING

EN 50160 ANALYSIS 1/2

In this recorder mode the EN 50150 parametersare preselected to simplify
the instrument’s set-up. Preselected and other signals can be switched on/off.

METER Configuration Send
2t
CONF 5 uinp. k. (*): 1
Irange (1V):  1000A it | s | e t ...... T] e o stisnns i
i .-i 17 M i
RECORDER g e e g AR
SIGNALS P [y
HARMONICS lem . e E
METER teﬂi;\jl_?ledv:m: Zthla?i S
har moni cs: o7 osm —
15 16 17
e (N T A i
39 40 41 Jﬂ—
17 18 97 il : f A X
23 24 25 [T 4 ¢ smamaing
35 35 a1 m;_ﬂ(ﬁ-)—_
= i O T W [ |
lowerlimt: 10% 207.0V
] e
1.Step:enterconfigurationmenu 1. Step: checkinstrument settingsandselectEN50160mode
2.Step:selectEN 50160and RECORDER conditions 2. Step: selectRECORDERconditions
3.Step:select/deselectsignals(optional) 3. Step: select/deselectsignals(optional)

4.Step:checkoradjustinstrument’sconfiguration 4. Step: Sendsettingstotheinstrument

- toactivate RECORDER @ ' D

RECORDER = READY
- waitingforSTARTcondition

... @ RECORDING...
START on TIMER

\ 4

nogap:
VOLTAGE
FREQUENCY
DIPSandSAGS
INTERUPTIONS
FLICKERS
UNSIMETRY

1/200ms:
THD(1...40)

HARMONICS (1...25)

optional

PERIODICS
ANOMALIES | CONSIDERAVAILABLE

' » MEMORYSIZE

B RECORDING
STOPon T IMER, REMOTE (X Jor MANUAL (@ @)

DEFAULT SETTINGS

VICULTACE

N/




3. DOWNLOAD

4. ANALYZING

5. DOCUMENTATION

EN 50160 ANALYSIS 2/2

MEMORY
CONTENT
1.Step:Savetheselected = Select =
resultsto a Power Linkfile: Recording DOW—nload
1.Step:OpenaPowerlLinkfile ~—N\ T
andselectdata recordto analyse: [ /| ¥ _Analyse ! Execute 9 EN50160
2.Step:Checkstandardized = ThestandardizedEN50160
EN50160 report reportquicklydisplayswhether
themeasuredvaluesarewithin
thelimitsdefinedbythestandard.
3.Step:Selectfurther .
EN50160 analysingtools
Note :Periodicandanomalies OPTIONAL:
analysisare alsoavailable I Periodics
inthismode IEE_EEEEE EEEm Voltage Anomalies
B T N o W Ewai bl vk e el L O B el 1 B
Wl ¥ o e s e e e
Execute
Dataintabelaricform FlickersGraph CumulativeFrequencyGraphs
- = = = | ':':E' =
N . | |
- 1 n B = | |
U B T [ .

POWERLINKFILE

=
-

X

EXCEL FILE
(Formakingcustom test
reportsorfurtheranalysis

withothertools)

PRINTOUTS




FAST LOGGING 1/2

MEASURING STARTUPS, INRUSHES, FLUCTUATIONS...

DEFINITION

Measuredsignal

A
Uorl

A half period

Uorl / \\.\ TRMSvalues
(10msatb0Hz)
\\‘.
~

Inrush, fluctuationorotherevent

Recordingofwaveformwith high
resolution128samples/period
(6.4kHz@50Hz)

»
Lgd

t

SETTINGS

TRIGGERS

Definesstartingconditions

(different combinationsare possible):
LEVEL-predefined signal10msTRMSvalue
SLOPE-predefined slopeof10msTRMSvalues
TIMER-startonelapsedtime
MANUAL-manualstart

INPUT: U,, U, U,, Y., L, L, |- triggerchannel

@A (oA

-
-

TINER @

t e 1

{2 LEVELandTIMER

@)A Jamay
. {5 LEVELOIMANUAL
% L \f) TIMEROrMANUAL
t ’;‘ (LEVELandTIMER)orMANUAL
PREandPOSTBUFFER

Pretriggerbufferisusedtoobservewaveforms
beforetriggerconditionhas occured

A
TOTALBUFFER
PRE POST
. >
START I STOP
F.LOGGING F.LOGGING

TRIGGER POINT

| LOGGING OF1 TO6 SIGNALS |

Fastloggingon 1 to6channels canbe recorded
simultaneously. Considermaximalrecordingbuffer
size (max.rec.buff).

i

1 t +
g e e

STORE MODE
SINGLE MODE: recordingisstoppedafterbuffer isfull

N START:
h Jk V\
i T ;

REPEAT MODE: recordingisperformedn-times
a new startisallowedafterpreviousrecordisfinished.

N START

I

START

AN

START

NN

REPEAT




1. SET UP RECORD CONDITIONS

CONFIG]

i

RECORDER
SIGNALS

HARMONICS]

FAST LOGGING 2/2

RECORDER : condi tions
rec. mode: FASTLOGG.

timer: 17.07.2001 11:01
signals: U U2U31 11213
uffer: 2 sec

pretrig. buff: 1 sec
lev.trg.input: Ux
lev.trg.level: 244.0 V
lev.trg.slope: RISE
storenode: SINGLE

max.rec. buff: 10321sec

trigg: LEVEL MANUAL TIMER

METER

- fo activateRECORDER (&) 1 @D

Unp. k.(*) 1

| range (1 1000A
connection : 4 w

sync.freq 50 Hz
sync.inpt. : aut o

SetParameters& Date  Send

PP

RECORDER=READY |

- waitingforcorrectstarting condition ‘

2. MEASURING

START on TRIGGER, TIMER or MANUAL (&)

... @ RECORDING...

...FAST LOGGING RECORD. .. s yic1ORY

- fo abort recording: @J@ ; l

3. ANALYZING

Part (around
figger point)
oflast
recorded
fastlogging
is displayed

Il RECORDING

Scope

’

1.Step:Savetheselected seloct
= Recording !

resultstoaPowerlinkfile:

2.Step:OpenaPowerlinkfile

FASTLOGGING
19.8A

rec.no: 1 andselectdatarecordtoanalyse:

T=LEVEL

E\ 1| Analyse

[

DOCUMENTATION

(SAVE to FILE, PRINT, EXPORT)




WAVEFORMS 1/2
TOOL FORANALYSING VOLTAGE AND CURRENT WAVEFORMS

DEFINITION

A Meosuredwoveform
Uorl

Vet

Voltageevent,
fIuc’ruohonoro’rheronomoly

VA

P

Recordingofhalf

A A periodTRMSvalues
Uorl]| . “ . orl (10ms@50Hz)
.. vs = Recording ofwoveformW|’rhh|gh
N Tt * resolution 128samples/period N I o
LT . (6.4kHz@50Hz) —
& t “ ! ; > . . ; »
4. “»-
WAVEFORM PARAMETERS

TRIGGERS

Definesstarting conditions

(different combinations arepossible):
LEVEL-predefinedsignal10msTRMSvalue
SLOPE-predefinedslopeof10ms TRMS values
TIMER - start on elapsed fime
MANUAL-manualstart

INPUT: U,, U,, Us, Uy, I, I, I, 1+ T riggerchannel

qa (15
w -: /
&2 =

i o

— T

) ——

Sa {4 LEVELandTIMER
= ~
é {5} LEVELOrMANUAL
<
=

{& TIMEROrMANUAL

{7} (LEVELandTIMER)orMANUAL

PRE and P OST BUFFER

Pretriggerbufferisused toobservewaveforms
beforetrigger condition hasoccured

A
TOTALBUFFER
PRE . POST
*—»
START STOP
RECORDING | RECORDING
TRIGGERPOINT

RECORDING OF 1 TO 6 WAVEFORMS

Waveformsonlto6channelscanberecorded
simultaneously. Considermaximalrecording buffer
size (max. rec.buff).

ufy U2 U3’ /»\
T vy
A AN
vVorov

STORE MODE

SINGLEMODE:recordingisstoppedafter buffer isfull

WAAn
RAAY |

REPEAT MODE: recordingisperformedn-times
anewstartis allowedafterpreviousrecordisfinished.

START START START

A
\VU YAVERAY |




1. SET UP RECORD CONDITIONS

WAVEFORMS 2/2

RECORDER: condi tions
rec. node: WAVEFORVB
trigg: LEVEL MANUAL TIMER
timer: 17.07.2001 11:01 [ oy
signals: U WL WBI 11 213 =
/ | storebuffer: 2 sec i I - o
pretrig.buff: 1 sec o
CONFIG] lev.trg.input: W al e
lev.trg.level: 244.0V [
lev.trg.slope: RISE
ﬁ st orenode: SINGLE rom T :
ot it T stall
max.rec.buff: 161lsec et o —
RECORDER 20. 05. 2001. 12:44: 00 e
SIGNALS T
HARMONICS] =
METER Configuration = [+
METER - Ty |
.,ﬂ-_‘ : ’ = | e |
Unp. k.(*): 1 N
| range (1V): 1000A S
connection : 4 w
sync.freq 50 Hz
sync.inpt. : aut o
Y e Y tewl | Sred Coar | ey |

(REMOTE)

- fo activateRECORDER (&) 1 @D |

RECORDER=READY |

- waitingforproperstarting condition ‘

... @ RECORDING...

[ pe—

2. MEASURING

START on TRIGGER, TIMERor MANUAL (&)

¥

...WAVEFORMS... s \\FfMORY

- fo abort recording: @,@ ; D ¢

3. ANALYZING

Il RECORDING

- 1. Step: Savetheselected &, select
, Download
Scope resultstoaPowerLinkfile; & Recording ”
2. Step: Open a Power Linkfile = [ Ana
yse
Part (around WAVEFORMS rec.no: 1 andselectdatarecordtoanalyse: ﬁ
friggerpoint ) 19.8A 3
oflast =
recorded i s |
waveform =
isdisplayed v \/J v \/ ) =
maem o feds AOmEETE
»
22.9A T=LEVEL

DOCUMENTATION
(SAVE to FILE, PRINT, EXPORT)




TRANSIENTS 1/2
TOOL FORANALYSING FAST VOLTAGE AND CURRENT TRANSIENTS

(observing waveforms in full detail, with very high resolution)

Measuredsignal

DEFINITION

U orIA Spikes, burst,sparkingor other anomaly

Recordingofwaveformwithhighresolution(20-50us)

SETTINGS

TRIGGERS

Definesstartingconditions
(different combinationsarepossible):
LEVEL-predefinedsignal’smomentary level
dL/scan-signalssiope
MANUAL-manualstart
INPUT-triggerchannel(U,l)

. 4
t

L ~ l:2:) ::;A dl/scan
/A\ _J;l dL/scan

“Tscan(20-50ps)

(-

LEVEL

N
\:”)) LEVELanddL/scan
(@) LeveLomaNuAL

lg/‘ (LEVELanddl/scan)orMANUAL

PREaNdPOST BUFFER

Pretriggerbufferisused toobservewaveforms
beforetriggerconditionhasoccured

A

TOTAL BUFFER

PRE , POST

l}—i—'—}
START l STOP
RECORDING RECORDING

TRIGGERPOINT

LOGGING OF 1 TO 6 SIGNALS

Transientson1to 6 channelscanberecorded
simultaneously. Considermaximalrecordingbuffer
size (max. rec. buff),

STORE MODE
SINGLE MODE:recording isstopped after bufferisfull
SNGLE®  sTART

\J AV
REPEAT MODE: recording isperformedn-times

a new startisallowedafterpreviousrecordisfinished.
REPEATA START START START START START

A A\ 1\




CONFIG.

RECORDER |#
SIGNALS
HARMONICS

TRANSIENTS 2/2

RECORDER : condi tions
rec. node: TRANSI ENTS

trigg: LEVEL MANUAL TIMER
timer: 17.07.2001 11:01
signals: UlU2U31 11213
storebuffer: 10per
pretrig. buff: 5 per
lev.trg.input: Ux
lev.trg.level: 230.0V
lev.trg.slope: RISE
storemode: REPEAT 15x

x.rec.buff: 50per

e
20. 05. 2001. 12:44:00

SetParameters&Date

Pimisiie srisiis

1. SET UP RECORD CONDITIONS

METER Configuration e ] o2

Unp. k. (*): 1 [we oa (ﬁ_ HI——===
Irange (1V): 1000A | Tape o i wEin |
connection : 4w e

sync.freq : 50Hz Sewsds
sync.inpt. : aut o

METER ke

I

Seowd S |

Dme | Hey |

-fo activateRECORDER () 1 @D

| RECORDER=READY

-waitingforproperstartingcondition ‘

... @ RECORDING...

2. MEASURING

START on TRIGGER or M ANUAL ( &)

... TRANSIENTS.... s (e MORY

- to abort recording: @!@ ‘ K

3. ANALYZING

Il RECORDING

1.5tep: Savethe selected [y 1, select

7 Recording !

Scope results to a Powerlink file:
2.5tep: OpenaPowerlinkfile 3
Part (around TRANSIENTS rec.no: 1 ongselepc’rdo’rorecord’roonolyse: EM@
friggerpoint) |, St =
oflast | ! i
recorded il :
fransient ]
is displayed \/ _ "
> W ETmlds wamlin u-..|=--l'
318.2V T=LEVEL r

DOCUMENTATION
(SAVE to FILE, PRINT, EXPORT)
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