S & METREL’

Power Master XT / Power Master / Master Q4
MI 2893 / MI 2892 / MI 2885
(HW: 9.0)

Instruction manual
Version 1.5.10 Code No. 20 753 179

&% METREL®



Distributor:

Manufacturer:

METREL d.o.o.
Ljubljanska cesta 77
1354 Horjul
Slovenia

web site: http://www.metrel.si
e-mail: metrel@metrel.si

c € Mark on your equipment certifies that this equipment meets requirements of all subjected
EU regulations.

Hereby, Metrel d.o.o. declares that the MI 2893, M| 2892, MI 2885 is in
compliance with subjected EU directive. The full text of the EU declaration of
conformity is available at the following internet address http://www.metrel.si/DoC.

© 2023 METREL

The trade names Metrel®, Smartec®, Eurotest®, Auto Sequence® are trademarks registered in Europe and other countries.

No part of this publication may be reproduced or utilized in any form or by any means without
permission in writing from METREL.



http://www.metrel.si/
mailto:metrel@metrel.si
http://www.metrel.si/Doc
https://www.metrel.si/DoC

MI 2893 / MI 2892 / MI 2885 Table of contents

1 Yo Te [T 4 To o TP 14
1.1 MaAIN FEAtUIES ..ccuiceiieiiiiiiiiiiiniitiiiiiieteetetteteeiesstasstascsnssenssossrsserasesssessssssssesssnsssnsssnsssnssanssanens 15
1.2 Safety cONSIAErations .........cccceiiieeeiiiiiieeiciiieeeerireeeeerrenesessrenesessrenssssrensssssrensssssrenssssseensssssnennns 16
1.3 Applicable standards ..........cccciiiiieiiiiiiiiiii e e reae s s ssse s s seane s ssaanens 17
1.4 ADDBreviatioNns... ..o iieeeiiiiieccciireceirreceeerreeeeee s reneseesrenesessrenssessrennssssrensssssrennsssaranssessrenssasanennnn 18
2 [ T of g o 1 4 e o 1P 29
D R o 0T a N+ T T 1= PR 29
2.2 CONNECEON PANEI ...t et e e rrree e s s rrees s s rrassssesnssessennsssssennsssssennsssssennsssssennsssnsennnnnns 30
28 T - o L o 4 TRV =L N 31
2 S Vol of XYY o] o LN 31
D 0 Y =Yg o = [ o I Tl ol Y o] =LY SRR 31
D B A O o) o] o = B Yol ol <1 Yo ] o [=T SRR 31
3 Operating the INSTrUMENT .......ccu it rreerreeeerenereanereaseseasesensesassssnssersnssssnsesensesenne 32
20 R 1 T4 0T 0 T=T0 1 4K = 1 VL) o T 1 PPNt 33
3.2 INSErUMENT KEYS...ceuuiieiiiieniireniireneteenetreneeteeerenserenserenserasesnssersnsssensesenssesansssensessnssssnssssnssennnnns 34
3.3 Instrument memory (MICrOSD Card) ......cciveeeeriieenieiriennieertensierreensierreessessesnsessenssessensssessennsnns 35
3.4 Instrument Main IMIBNU........ivuiiieiiiieiiiiiieeicreeiieeerreesressseesssensssensssenssssasssssassssnssssnssssnnssannnss 35
3.4.1  INSErUMENT SUDMENUS ...ttt e et e e e tte e e e bte e e e e be e e e e enbeee e eeabaeeeenrens 36
2 T U R R OO UPPPPPPTRNt 38
I T8 A Y/ = Y PSRRI 38
R 707 A oo T 1 40
I T8 T I =Y o Vo PRSP 42
3.5.4  Voltage and CUITENT trENdS ...ccuvieii et sbre e e e sbre e e e eabee e e enares 42
I o .= N 45
S T R 1 = T 45
70 A 1 =Y o Vo SRR 48
0 B =3 1= -4V N 51
0 01 R 1 = T 51
2 1 '~ o o B USRI 53
0 T = i ol =T Vox VAU SRR 54
3.8 Harmonics / iNter-RarmMONICS ..cceuerreeeeirieeneieriernssereeesssereessssereesssseseesssseseessssesesssssssesssssssessssnnns 56
R 700 R 1/ = T 56
3.8.2  HISTOZIAM (BAF) ceccveieiiieiiieeeiee et ettt e ete e eetv e e e te e e sta e e sbeeesabeesabeeebaeesabaesnsaeesasaesnsseesareeennes 58
3.8.3 Harmonics Average Histogram (AVE Bar).......cccveiieiiiieeeiiee ettt eetae et 59
S 0 A I Yo Vo USRS 61
3.9 FIICKEIS .t n e e 63
RS T R 1/ = T 63
I T8 A I Y o Vo USSR 64
3.10 Phase Diagram .........cceiiiiiiiiemuuiiiiiiiiiiieeueiiisiieieesaeiesiteesessassssessstersssssssssssssessssnasssssssssenensns 65
3.10.1 o T TN T < = o 1SR 65
3.10.2 UNDalance diagram ... ...uceeee i e e e e e e e e e e e rr e e e e e e e e nrraaeees 66
3.10.3 0T o] o1 = o [l <I d £=Y o Lo [P SRR 68
0 o R =T T oY= - 1 ¥ T N 69
3.11.1 BT e 69
3.11.2 I (=T [ USRI 69
3.12 Under deviation and over deviation .........ccceeiiiieeiiiieeiciiiircrrrreer e renee s e nns e s s e nn e s e e nnnnens 70
3.12.1 BT e 70




MI 2893 / MI 2892 / MI 2885 Table of contents

3.12.2 I (=T [ U PURR 71
0 e T 1= T 11 [T - PPNt 72
3.13.1 BT e, 72
3.13.2 I =T2 Lo P T 73
3.13.3 - o LTSS TRPPR PP 75
3.14 GeNEral RECOIAEN.....uuiiiiiiiirinnniiiiiiiiiiirnnsssssisiiiieresssssssiseiimesesssssssssssssesessssssssssssssssssssssssssssssennne 76
3.15 Waveform/INrush r@COIAEN .........cciiiiiiitieeeiieieiiitteeeeereeeeteeteeeassseeeseeeessssssssssesesssssnnssssesessessannns 79
3.15.1 Y= AU o PSR 79
3.15.2 CaPLUNING WaVETOIM ... e e e e e e e s ae e e s sbee e e e sabee e e enanes 81
3.15.3 Captured WaVEFOIM ... i e s rbee e e e 83
3.16 TranSieNt FECOIAEY ....cuuuiiieeeeirieiereeiteeeeertrasseereenssesseenssessesnssessesnsssessesnssessesnsssssennsssssennsssssennnnnns 85
3.16.1 Power Master XT - IMI 2893 ..., 85
00 701 00 Y - U 85
3.16.2 Power Master/Master Q4 - MI 2892/ MI 2885 ......ocuueeieeeeeieeeeieeeeeeeeeeeeeiieeeeeessesesneaeees 88
IR 0 0 R Y=Y U o SRS 88
3.16.3 (O oL (UL T aY = =] 4 T =Y o) 3PP 90
3.16.4 CaPtUrEd traNSIENTS coveeieeeeciiiieeee et e et e e e e e e e tbbrraeeeeeesesasbsaaeeeeeesssnsssbaaeeaaenns 92
20 I 21 V7101 £ =] <] L= TPt 93
3.17.1 GIOUP VIEW...uetitteeiteeteeeeeeeteeeseeesesesesesesesesseesseesseessaesseeesssseaseeesensssssssnsnsnsnsssnsssnsnsssnsnsnnsnnsnnnns 93
3.17.2 PRASE VIEW ..eeiieeiiie ettt ettt e ettt e e e et e e e e ata e e e eataeeeeataee e e ssaeeesnsaeeesansseeesanssneenn 96
3.18 Alarms table....cccveeuuiiiiiiiiiirii s s e s a e s s s s s e e e nnnn 97
3.19 Rapid voltage changes (RVC) table ..ot esrreee s s eense s e ennseseennsseseennnnnns 99
30 0T 14T T 1 1 ] =N 100
3.21 E-Meter recorder (Ml 2892/ IMI 2885) .....ccceitiiieiiieieiiiiiieiieeiieeeeeeeeeeeeeeeseeeseseeesesssesesesesssssesssesee 101
3.22 IMI@MOKY LiSt ..uieuuiiiuiiiniiieniiiieiienioiiasiiineserasssrenssiessstsssssrssssrssssrsssssessssssssssssssssssssasssssnsssanssssans 106
3.221 LCT=T oY= |l 2 U= oo o IR SRRt 110
3.22.2 Waveform SNAPSNOT..........eiiiieee e e et e st e e e e br e e e e areea s 113
3.22.3 WaVeTOrM/INTUSN FECOMT ...ttt ettt et e ettt e e e s e s esereaeteeeeesesasseaaeees 114
3.22.4 BT (] 0 € =Tl o SRRt 114
3.23 Measurement SEtUP SUDMENU .......ceeuiiiiiiieiiieniereeereeneetenereeserenserenserensesrasessnssesansssensesensassnne 115
3.23.1 (0] o] oT=Toru o] o 1= (U] o FS O PO PPPP R ROTPTPPPTPO 115
3.23.2 BV NT SOIUD c o 121
3.23.3 F N =Y 0 TR AU 1o PSR 122
3.234 SIBNAIING SELUD cevieee et e e e e et e e e etta e e e sate e e e saataeeesntaeeeaans 124
3.23.5 Rapid voltage changes (RVC) SETUP ..cccuvieciieeiieeeiie ettt ettt sre e e ree e areeeveeeeane s 125
3.23.6 Measuring Methods SETUP..........uuiiiiiie e e e e e s e e e e e e e e eennes 125
3.23.7 TranSieNt SETUP oo, 127
3.24 General SEtUP SUDMENUL........ ittt rreneeerreneee s renesessrenessseensssssssnessssssnssssseenssssssennns 128
3.24.1 (600 201 4 18T a1 or=1 4 Lo] s FHURR PP PP P PP PP PP P PP PPPPPPPPPPPPPPPRt 129
3.24.2 TIME & DAL cutiiiiiiii i e e e st e e e e s s s st a e e e e e s e s e aabeaaaeeeesennaen 130
3.24.3 LA U e i e e e e e e e e e e e e aeaaes 132
3.24.4 Ta T V10 =Y oY A 1o o J SRR 132
3.24.5 LOCK/URNIOCK eevveeeeeeetiee ettt ettt ettt e et e s e aat e e s eaae e e ssaaeeeseaaaeesasnsaeesssraeesssnsaeesssnsees 133
3.24.6 (070] Lo 10T g s T Yo =] IS PPt 135
3.24.7 2 Yol |41 =4 o U URPR 136
4 Recording Practice and Instrument CONNECLION .........cceveeeeiiriieeceriineierrreneerereeeereranseerennnnssnens 138
4.1 Measurement CAMPAIGN c...ieiieuiiiiiemsiiiiirsiieiissieriisssietiisssssttsssssstessssssstsssssstssssssssssssssssssssssss 138
4.2 CONNECLION SEEUP.ccuiiiuiiiiniiireiiiniiteeieteniieessrsnsisrnsssresssrssssresssssnsssssssssssssssnsssenssssnssssnssssnesssnnsss 144
4.2.1 Connection to the LV POWEI SYSTEMS ....cciccuiiieeiiiiie et e ettt e ecieee e estee e e esare e e e saae e e ssneraee s 144




MI 2893 / MI 2892 / MI 2885 Table of contents

4.3

4.4

5.1

5.2

6.1
6.2

4.2.2 Connection to the MV or HV POWEr SYStEM .....ccuuviiiiiiiiiiciiee et e s 149
4.2.3 Current clamp selection and transformation ratio setting ........ccccceevvvieeiiiceieiiciec e, 153
N N 0o T4 Y V=Y ord o s I ol o 1T ol USRI 157
4.2.5 Temperature probe CONNECLION ... .ccoiciiiiiiciiie e e e s sereee s 160
4.2.6 GPS time synchronization device coNNECLION ........coivciviiiiiiiiieccee e 160
Remote instrument connection (over Internet / Internet(3G/GPRS) / Intranet (LAN)).............. 161
4.3.1  CommuNiCation PriNCIPIE .c.uuiii it e s e s 161
4.3.2 Instrument setup on remote MeasuremMeNnt SIte .....cccuevieieeeiiiiiiiiiiieee e 162
4.3.3 PowerView setup for instrument remote aCCesS.....cccuviiiiiiiiiiecieee et 164
4.3.4  REMOTE CONNECLION ..eueiiiiiiieee ettt ettt e e ettt e e e e e e s eab et e e e e e e e saabbeeeeeeeeesnnnrneees 165
Number of measured parameters and connection type relationship ......cc.ccceeeeeeerirenccirerennnnnnns 175
Theory and internal OPeration ........c.ccciieeiireeiiiiiiiteiereniireererenseereseereeserenssrensesenseesassessssessnseses 182
Measurement Methods ........ccccceiiiiiiiiiiiiiiiiiiiiiirsestrrerssssssssesstirerssssssssssssssesane 182
5.1.1 Measurement aggregation over time iNtervals .........ccccceciveeicciie e 182
5.1.2 Voltage measurement (magnitude of supply VOItage) .......cccoecvveeeeciiiiicciiee e 183
5.1.3  Current measurement (magnitude of SUPPIY CUITENT) ..cccveeeiieeiiee e, 183
5.1.4  FrequenCy MeEaSUIEMENT ... ... s 184
5.1.5 Modern POWEr MEASUIEMENT......ciicciieeieciiieeeeciteeeeeeieeeessteeeeeesteeeeessreeeessastaeessssteeessasseeessans 184
5.1.6 Classic Vector and Arithmetic Power measurement .......ccccevvcveeeieiiieeiecieee e scieee e 190
L0t O A = o 1= f =4V 192
5.1.8  Harmonics and interharmMoONniCS.......ccuiiiiiciiiii ittt e e ssre e s eraeee e eaes 194
LT IS I = {0 - | 11T o - PP PPPPNS 196
5.1.10 FIICKET ettt et s e s ab e e s be e s ba e e sabeesabae s eabeesbeeenareas 196
5.1.11 Voltage and current UNDalanCe .........coiviiiiiiciiie e 197
5.1.12 Under-deviation and over-deviation .........cccoceeeiiiiieenieeeniecsiec et 197
5.1.13 VOILAEE BVENTS ..ottt ettt ett e e et e e e et e e e e ette e e e eataeeeeaasaeeeensaeeeenssaeesansraaens 198
5.1.14 1 = o 4T3 SR 202
5.1.15 Rapid voltage changes (RVC) .......eo o iiiieecieeeecee ettt e et e et e e bee e e e 203
5.1.16 Data aggregation in GENERAL RECORDING .........ccceoeiiiiiiiiieee, 204
5.1.17 Y ed=L=To o = - TP 207
5.1.18 Waveform SNAPSNOT..........uiiiieee e et e e et e e e aae e e e b b e e e e areea s 208
5.1.19 A A L] o 4 g TN =Yoo e 1= USSR 208
5.1.20 TrANSIENT FECOTART ..eviiii ittt e s st e e s st e e s sabee e s sabeeessnabeas 212
EN 50160 Standard OVErVIEW .......c.ciirereuueisiiiniiiiemmnnsiiiiniiimesssssssiisiimmessssssssssssmmmsssssssssssssssessns 213
LI A o1V VT o g To [T o oy PP 214
5.2.2  Supply VOItAge Variations ........uuiiiiiiee ittt et e e e e e s e et e e e e e e e e e ennrreeeeaaee s 214
5.2.3  Supply VOItage UNbalance ... 214
5.2.4 THD voltage and harmOniCs ........ueiieei et e et e e e e e e s brre e e e s e e e e snerreeeeaeeean 214
5.2.5  InterharmoniC VOIRAEE....ccco e e e e e e e e e e e 215
5.2.6  Mains signalling on the supply VOIt@ge .......coveeiieeiiiieee e 215
Lo A o 1o)==V =] o Y SRR 215
L T Y o | - TN o [0 TR 215
5.2.9  VOIAEE SWEIIS.ccc ittt e e e e e e st e e e e e e e b e e e e e e e e eennarraraaaaeean 216
5.2.10 Short interruptions of the SUPPlY VOItage........cooouvieiieiiii e 216
5.2.11 Long interruptions of the supply VORAgE.......ccccuviieiiiiiicee e 216
5.2.12 M1 2893/MI 2892/MI 2885 recorder setting for EN 50160 SUIVEY........cceevreerrveeereenneenn. 216
Technical SPeCIfiCAtioNS ......cciiviiiiiiiiiiiiiiiiiirirr e rrsse s rrssesesresssssstesssssssannssans 218
(=T 1= = I 1Yo | ot 1 o 13U 218
A= T W =T 4 =T 1 N 218
(oI N 1= o V=T - | I o [T ol T o o USRI 218




MI 2893 / MI 2892 / MI 2885 Table of contents

6.3

6.4

7.1
7.2
7.3

7.4
7.5
7.6
7.7
7.8

Lo A o o T T Yo - - TSP RUPPPPNS 220
Lo T 1 TRV o] | 7= =PSRRI 220
(ST A GV T ¢ =1 o) PP OPPPTRR 222
6.2, P O UNCY e s 225
(oI ST o 1ol T USSP 225
B.2.7  TTANS ENTS e nan 225
6.2.8  COMDINEA POWET ... .etieeeeetieee ettt ettt e e et e e e et e e e stte e e e e sbteeeeebteeeesbtaeeesstaeeeastaeessassaeassnns 226
6.2.9  FUNAAMENTAl POWET ...eiii ittt ettt e e et e e e e et e e e e erta e e e sntaeeesnteeeesntneeeanns 226
6.2.10 NoNfUNAMENTAl POWET ....ueeiiieeeeee e e e e e e e e arre e e e anes 227
6.2.11 Power factor (PF, PFE, PRV, PFA) ..uuueeiiiiiiiiciieeieeee ettt e e eeeavveeee e e e s sennnns 228
6.2.12 Displacement factor (DPF) 0 COS @) ..uviiiiuiiieiiiieie et et eetee e et e e rre e e vee e e e 228
6.2.13 BN Y oo, 228
6.2.14 Voltage harmonics aNd THD ......oooociiiiieiiiie et e e s e e e eaaeae s 229
6.2.15 Current harmonics, THD and K-faCtOr........uuuuuuirieiiiiiiiiiiiiiiieiereieeeeereeeeereeeeeeeereeeeeereeeee... 229
6.2.16 Voltage iNterNArMONICS ....coiiciiiee et e e et e e e e e e s be e e e sennaeae s 230
6.2.17 CUrrent iNtErharMONICS ...oiiiiiiie e e et e e e s e e e e saraeeeeans 230
6.2.18 YT 0 F= 11 o PSPPI 231
6.2.19 U101 o F=1F- ] o [T U U UUPRRN 231
6.2.20 Overdeviation and Underdeviation ..........coocuiiiiiiiiee e 231
6.2.21 Time and duration UNCErtaiNty .......cccueeieiiiieecrieee e 231
6.2.22 TEMPEratUIre PrODE ..oviii e s e e s e e e s be e e e e abeeeeenanees 231
6.2.23 [ TSI [ o= [ TP PR 232
6.2.24 400HZ systems SPeCifiCation .......coccuiiiiiciiie i 232
6.2.25 VFD (Variable frequency drive) systems specification...........ccccceeeeeeeiieeiceeesiee e, 232
6.2.26 Differences in specification between 400Hz, VFD and 50/60 Hz systems...........c.......... 232
3= oo =T N 233
6.3.1  GENEIAl FECONART ...iiiiiieie ettt ettt ettt e e st e s bt e e sabe e sbaeesabeesabeessbeesabeeesareanas 233
6.3.2  WaVeformM/INTUSN FECOITEN ....ocuviei ittt ettt ettt ettt e e s st e e e s s baeessebaeessssbseesssrbaeessans 234
6.3.3  Waveform SNAPSNOt.....ccocciiiii i e e st e e et a e e srtaeeeeans 234
6.3.4  TraNSIENT FECOTUBN ... uiiiiiieeeiee ettt ettt st e sttt e st e s bt e e sabe e sbaeesabeesbeeesabeesbeeesaseenns 234
Standards COMPIIANCE......cccuuiiieeciiieiceerreiceerreeee s reeeeesrenesessrenssesseenssesseenssssssennssssesnnssnssennns 236
6.4.1 Compliance to the IEC B1557-12.......uuiiiiiiiieeeeiiiee ettt e e ctte e e e ette e e e e etta e e e eeateeeeenaeeaeeaes 236
6.4.2 Compliance to the to the IEC 61000-4-30........cueteeeiiieeeeiiieeeeiieeeeecteeeeeereeeeeereeeeeeereeeaeeans 237
AV 11 0 =T 0 F= o Tl N 238
Inserting batteries into the instrument..........cocu e e e e en 238
(221 =] 1= P 239
FIrmware UPBrade ......cccueiiiiieiiiiiieiiiiineeetennsestennssessennssessensssssesnsssssssnsssssesnsssssssnssssssnnssssnens 240
7.3. 1 ROQUITEIMIENTS .. s 240
A T A U T o - - To [N o Yol Yo [V [ I USRS 241
Power supply conSiderations ........cccceiiieiiiiiiiiniiiiieitnieieiiieeierensiienesensessnssssnssessnssssnsessnssssnns 244
ClEANINE «.eeeeiiiee ittt irrieee e et reeese st renesssrenessssaenssssseensssssrensssssrenssssseensssssennsssssennssssssennns 244
=T ToTe [Tl ot 111 o T 14 To Yo TR U 245
R =] T o = 245
B TU] o1 =T oo T o AT Y- Tt 245
V2T ToTa 1o 1o Lo ol ¥ ' 01T | Tt 245




MI 2893 / MI 2892 / MI 2885 Table of contents
List of tables:

Table 1: M1 2893/MI 2892/MI 2885 Standard @CCESSOMIES ......evvveeurerieeeeeiiieiirrieeeeeeesesesiereeeeesssssssrsseereessss 31
Table 2: Instrument status bar deSCriPtioN........c.ueii i e e s aaeee s 33
Table 3: Shortcut Keys and other FUNCLION KEYS........c.uviiiiiiiiie ettt ettt e e e e e e eaane s 34
Table 4: INSTrumMENT IMIN MENU ..ciiuiiiieeiiee ettt ettt e e stee e s be e e sate e sate e seteesabeeesbaeessteesnsneesaseesnses 36
LI o1 TCR T GV [ T\ =11 T 0 1 =T o T S 36
Table 6: KEYS IN SUBMENUS ....coiiiiiiiiiciiee ettt e e st e e e s saba e e e s sabaeeeesasaeeessnsaeeesansneeean 38
Table 7: Instrument screen symbols and abbreviations ... 39
Table 8: KEYS IN IMELEI SCIEENS ....vviiiiiiiieeecitieeeecit et e ettt e e sttt e e sttt e e ssateeeessataeeesasbaeeeesssaeeessnseeeeenssseeesasneeean 40
Table 9: Instrument screen symbols and abbreviations............ccuviiiiiiiiiiec e 41
Table 10: KEYS IN SCOPE SCIEENS. . ueiiiicitiieeecirieeeecttteeeetteeesateeeeestteeeesataeeesassseeesassaeeeesssaeeesssseeeessseeessssseeen 41
Table 11: Instrument screen symbols and abbreviations..........cccevecieiiiciie e 43
LI Lo 1Tl A (A [ T =T oo ol Y=Y o RS 43
Table 13: Instrument screen symbols and abbreviations (see 5.1.5 for details) — instantaneous values..46
Table 14: Keys in POWEr (METER) SCIEENS .....ccuveeevieeiieeeiee ettt e eteeestteeseteeestaeesteeebaeesnbaeessaeesnseesnseeesasaesnnns 47
Table 15: Instrument screen symbols and abbreviations..........ccceevecieiiiiiie e 48
Table 16: Keys in POWEr (TREND) SCIEENS .....ececcuiieieeiiiieeecieeeeeitteeeeeiteeeeesaseeeeesasaeeesesaeeessnsaeeesanssesesanssneens 50
Table 17: Instrument screen symbols and abbreviations...........ccceeeciiiie e 52
Table 18: Keys in ENErgy (METER) SCIEENS ....ccccuiiieeeiiiieeecieeeeecttee e e eetteeeeeitteeessataeeeessaeeessnsaeeeesasseeesannaneens 52
Table 19: Instrument screen symbols and abbreviations..........ccceeeeciiee e 53
Table 20: Keys in ENErgy (TREND) SCIEENS.....cccccuvieieeiiieeeecieeeeeetteeeeeiteeeeessteeeesssaeeesssseeessnsaeeessnssesesanssneens 53
Table 21: Instrument screen symbols and abbreviations...........cccceeeciiiie e 54
Table 22: Keys in ENErgy (TREND) SCIEENS.....cccccuuiieeeiiieeeeciieeeeectteeeeeteeeeeetteeeesabaeseessseeessnsseeesansseeesasnneens 55
Table 23: Instrument screen symbols and abbreviations...........cccceeeciieieeciie e 57
Table 24: Keys in Harmonics / inter-harmonics (METER) SCrEENS .......cccueeeeveecieeeeteeeeiee et et e 57
Table 25: Instrument screen symbols and abbreviations...........ccceeeciieecciiie e e 58
Table 26: Keys in Harmonics / inter-harmonics (BAR) SCrEENS.......cceevueeiueeiieeireenteenreesireereeereereesteesteeeanes 58
Table 27: Instrument screen symbols and abbreviations..........cccevveiieiiiciieccc e 60
Table 28: Keys in Harmonics / inter-harmonics (AVG) SCIEENS ......cc.eevueerueiieeeireerieenteectreereeireesreesseesseeeanes 60
Table 29: Instrument screen symbols and abbreviations..........ccueevvcieiicciieccc e 61
Table 30: Keys in Harmonics / inter-harmonics (TREND) SCIEENS ......ccueevveirveeiveerieenreeireereeereenreesreesseeeanes 62
Table 31: Instrument screen symbols and abbreviations..........cceeeeciieiiiciie e 63
Table 32: Keys in FIickers (METER) SCIEEN .....ccuvieeieeeiieeeieeeeireeeteeestaeeeeteeestaeesaseeesaeesabaeessaeesnsesesseesaseesnses 63
Table 33: Instrument screen symbols and abbreviations..........ccceeevcieiiiiiie i 64
Table 34: Keys in FIiCkers (TREND) SCIEENS....cc.uueiveieireeeteeeereeeiteeestteeseteeestaeesseeesseeesbeeessseesnsessssseesasessnnes 65
Table 35: Instrument screen symbols and abbreviations..........ccceeeecieiiiiiie e 66
Table 36: Keys in Phase diagram SCrEEN .........uuuiiiii i eccciieteee ettt e e e e e e s e e e s e e s e s sanbte e e e e e e e seannareeeeaaaeas 66
Table 37: Instrument screen symbols and abbreviations..........ccccvviieeeiii e 67
Table 38: Keys in Unbalance diagram SCrEENS.....cccii ittt e e e e e e s e e e e e s e s seennneeeeeaaeean 67
Table 39: Instrument screen symbols and abbreviations..........ccccuviieeiiiiccccie e 68
Table 40: Keys in Unbalance trenNd SCrEENS .......ceiiii ittt e e e e e e e s ae e e e e e s seennneeeeeaeeean 68
Table 41: Instrument screen symbols and abbreviations...........cccuviieiii e, 69
Table 42: Keys in TeMPErature MEtEr SCrEEN .....cuiii i i e iieeeeee e e eeectree e e e e e e eecnbreeeeeeesesssnrtreeeeeeesssssseeeeeaeeean 69
Table 43: Instrument screen symbols and abbreviations..........ccccuviieeeii e 70
Table 44: Keys in TeMPErature trenNd SCrEENS .....cuiiiiecciieieeee e eeccrtte e e e e e eee e e e e e e e e s santareeeeeeesensnsreeeeaaeeas 70
Table 45: Instrument screen symbols and abbreviations..........ccceeevciieeieciie e 71
Table 46: Keys in Under deviation and over deviation (METER) SCreen........ccccccuveeeeiiveeeecciveeeesveeeeeneenn 71
Table 47: Instrument screen symbols and abbreviations..........ccceeevcieiiiciieccccee e 71
Table 48: Keys in Under deviation and Over deviation (TREND) SCreens........cccccveeeeiiveeeeiciveeeesveeeeeineen 72
Table 49: Instrument screen symbols and abbreviations..........ccceeeeciieieciie e 73
Table 50: Keys in Signalling (METER) SCIEEN........uviiieiiieeeecieeeeecieeeeecireeeesitteeessataeesseaaaeeessnssaeeesasseesssnnnneeas 73




MI 2893 / MI 2892 / MI 2885 Table of contents

Table 51: Instrument screen symbols and abbreviations..........ccceveiieiiiiieec e 74
Table 52: Keys in Signalling (TREND) SCrEEN ......eecviieiieecieeeeteeeeeeriteeetee e see e ste e etae e sbe e e saeesnteessaeesaseesnnns 74
Table 53: Instrument screen symbols and abbreviations.........ccueevviiiiiiciee e 75
Table 54: Keys in Signalling (TABLE) SCrEEN ...c..vieeiie ettt tte e tee e stte et eetae e sbee e naeesnteeenaeesenaeennes 75
Table 55: General recorder settings description and screen symbolS........cceeeviiieiieiiieeeeiiieee e 76
Table 56: Keys in General recorder SETUP SCIEEN ........uviiieciiee et e et e e ectae e e e saae e e esba e e e esasaeeeeensaeeen 78
Table 57: Waveform recorder settings description and screen symbols ........ccccceeeeviiieeiiieeccccieec e, 80
Table 58: Keys in Waveform recorder SEtUP SCrEEN .......ccccuveieeciiie et ettt e e et e e e sra e e e esbreeeeeaanee s 80
Table 59: Instrument screen symbols and abbreviations..........ccceeevcieiiccciee e 82
Table 60: Keys in Waveform recorder CApture SCrEEN ......c.uveiicciiieeeciiee et et esae e e estre e e e sbae e e e eaaeee s 83
Table 61: Instrument screen symbols and abbreviations...........ccceevciiiiieiiie e 84
Table 62: Keys in captured waveform reCorder SCrEENS ........cccccueeeeeiiieeeeiiieeeecciteeeeetae e e estreeeesrreeesenaeees 84
Table 63: Transients on the [ow vOItage NETWOIK .........ooeeiiiii i 85
Table 64: Transient recorder settings description and screen symbols .........cccccveieeiiieeeeiiieee e, 86
Table 65: Keys in Transient reCorder SETUP SCrEEN........ciiicviiee et et e e et e e estee e e e stae e e e saraeeeesasbeeesenaeeean 87
Table 66: Transient recorder settings description and screen symbols ........ccccccveiieiiiieeviiiiec e, 88
Table 67: Keys in Transient reCorder SETUP SCrEEN .......uiiiiiiieie ettt e ettt e e e e e stae e e s sta e e essreeessaaeeees 90
Table 68: Instrument screen symbols and abbreviations..........ccceeevciiiiiiciiec e 91
Table 69: Keys in Transient reCorder CAptUre SCIEEN ......iccuveeeeciieeeeiireeeeciieeeesiaeeeestaeeeessaeeeessseeesssneees 91
Table 70: Instrument screen symbols and abbreviations..........cceeevciiiiiiciie i 92
Table 71: Keys in captured transient reCorder SCrEENS .......uviiiecviieeeiiiee e ettt e e esire e e esrree e s sereeeesereeesssaeees 92
Table 72: Instrument screen symbols and abbreviations..........ccceeeiieiiiciie e 94
Table 73: Keys in Events table Sroup VIEW SCrEENS........ciivciiiii ettt e e e e s e saaee s 95
Table 74: Instrument screen symbols and abbreviations..........ccceeveciieiiiiiieccc e 96
Table 75: Keys in Events table phase VIEW SCrEENS .......coocciiiiiiciiiiccee ettt e e 97
Table 76: Instrument screen symbols and abbreviations..........ccccceeeciiii e 98
Table 77: Keys in Alarms table SCrEENS .........uii ittt e e e et e e e e e bt e e e sebaeeeeaasbeeesenneeaas 98
Table 78: Instrument screen symbols and abbreviations...........ccceeeciiiii e 99
Table 79: Keys in RVC Events table Sroup VIEW SCrEENS ........eeeeeuiieeiciieeeeecieee e ette e e evee e e evree e e raee e e s 100
Table 80: Instrument screen symbols and abbreviations...........ccccceeeciiiiecciee e 101
Table 81: E-Meter recorder settings desCriptioN ........c..eiiiciieeeciiee et e e e 103
Table 82: Functional Keys in E-Meter recorder SETtUP SCrEEN.........oceccuiieeeeiieee et et e et e e e 104
Table 83: E-Meter recorder setup settings desCription ......c..cececciieiiciiiie e e e 104
Table 84: Instrument screen symbols and abbreviations.............ccceeciiieeciee e 106
Table 85: Keys in Memory list (FOIAEr) SCrEEN........cccuuiii ettt et e e e e e e 107
Table 86: Instrument screen symbols and abbreviations...........ccccceeiiiiieciiec e 107
Table 87: Keys in MemOry lISt SCrEEN .....cicuiiiiicie ettt e e et e e e bae e s e eabee e e e abree e eennees 108
Table 88: Recorder settings deSCriPLiON .......uiiiiciiiiecciee et e e vee e e eabe e e e e eabree e e anes 110
Table 89: Keys in General record front Page SCrEEN.......ccccuiieieciieee ettt e eee e s bre e e 110
Table 90: Instrument screen symbols and abbreviations...........cccceeiiiii e 111
Table 91: Keys in Viewing recorder U,I,f TREND SCIEENS.......ccccccueieiiiieieeiiiieeeeireeeeseveeeeesvreeessveeesennnes 112
Table 92: Recorder settings deSCriPLiON .......viiiiciiieicciie et e e rvae e e e sabr e e e e abree e eanes 113
Table 93: Keys in Snapshot record front PAge SCrEEN .....cccuvieieciiee et 113
Table 94: Description of Measurement SetUP OPLIONS ....cccvviiieiiiiii i 115
Table 95: Keys in Measurement setup SUDMENU SCrEEN .....cccoieeiiiiiiie e e 115
Table 96: Description 0f CONNECTION SETUP.....ccccuiiieeiiiieeeeieeeeeecte e e eecre e e eeeree e e eare e e e eeabaeeeeeaseeeeeeabeeeeeenses 116
Table 97: Keys in CONNECLION SELUP MENU......uiiiiiiiiiciiiiiiiee e e ettt e e e e e eectrre e e e e e e e e esanbrrreeeeeseennnnsaeeeaaeeas 120
Table 98: Description Of EVENt SELUD ..vviii ittt et e e e e e e e e e rrre e e e e e e e anrreeeeeeeean 121
Table 99: Keys iN EVENT SETUP SCIEEN ....ccciiiiieeeeee e ettt e e e e e e cttrre e e e e e e eseabaraeeeeeeseesansesaeeaeesssssnsrsnsaaaaeas 121
Table 100: Description Of Alarm SELUD ...t e et e e e e e e e e e abrrre e e e e e e eennrraeeaaaeeas 122
Table 101: Keys in Alarm SELUD SCIEENS.........uiiiiieee ettt e e e e e ecctrre e e e e e e e s brreeeeaeeeessnbesaeeeeeesssssreseeeaaanas 123
Table 102: Description of SigNalling SELUP......uvuiiiii it e e s e e e nrreee e e e 124




MI 2893 / MI 2892 / MI 2885 Table of contents

Table 103:
Table 104:
Table 105:
Table 106:
Table 107:
Table 108:
Table 109:
Table 110:
Table 111:
Table 112:
Table 113:
Table 114:
Table 115:
Table 116:
Table 117:
Table 118:
Table 119:
Table 120:
Table 121:
Table 122:
Table 123:
Table 124:
Table 125:
Table 126:
Table 127:
Table 128:
Table 129:
Table 130:
Table 131:
Table 132:
Table 133:
Table 134:
Table 135:
Table 136:
Table 137:
Table 138:
Table 139:
Table 140:
Table 141:
Table 142:

Keys in Signalling SELUP SCIEEN ...uiiiiiiiieecciiee ettt e e s s e e s s sbee e s e eabe e e e esbes 124
DeSCription OFf RVC SEBLUP ..uvviiiiiiiiieiiie ettt sttt e st e s s bee e s e ee e s e sabeee s s enbeeeeennnes 125
KEYS iN RVC SETUP SCIEEN ciiiiieiitetee ettt ettt e e e e e st e e e e e e e s s aabeae e e e e e e sasnnneaaeeeeenns 125
Description of Measuring Methods SETUP ....civcviiieiiiiii e 126
Keys in Measuring Methods SETUP SCrEEN .....cccviiie ittt e s 126
Description Of TranSIENT SELUP ....uviiiiiiiee et e e e et e e e sabae e e e eabee e e enaees 128
Description of General SEtUP OPLIONS ...occuviiieeiiiiie e et e e e e e 128
Keys in General SETUP SUDMEBNU........uiiiiiiiiie ettt e e abae e e e eare e e e enaes 128
Description of Communication SETUP OPLIONS .....eeeeciiiiiiiiieie e e 129
Keys in Communication SETUP.....coiviiiiiii 130
Description of Set date/time SCrEEN .......ccvieeciieeceeeee ettt e et et e s re e e ebee e eaveeeas 131
Keys in Set date/timeE SCIEEN ......ccvii ettt ettt et e et e et e e eteeesabeeeebeeesareeens 131
Keys in Language SELUP SCrEEN ..oviii i, 132
Description of INStrument iNfo SCrEEN ........uiiiiciiiie e e e 133
Keys in INSTrumMeENnt iNfO SCrEEN......ccccuuiii et e e e e e abae e e e eabee e e e nres 133
Description of LOCK/UNIOCK SCIEEN .....cccvveiieciiecieeciie ettt et et re e st 134
Keys in LOCK/UNIOCK SCrEEN.......eiiiiicei ettt ettt be et e te e s ta e staesane e abe e 134
Locked instrument fuNCtionality ......c..eeeieciiieiccieece s 134
Keys in ColoUr MOEI SCrEENS ......uiiiiiieeciiee ettt e e e e e s ee e e e sabee e s e sabeeeeenarees 135
Description Backlight SCrEEN ......uiii it e e e 136
Keys in BaCKIiGNt SCrEEN ......viiiiie et e e sbee e e e abee e e e arees 137
Keys in Smart clamps pop UP WINAOW ..cccuviiiiiiiiiieciiieec ettt svee e e e e bee e e 156
Connection check description and screen symbols ..........ccccveiecieiiiiciee e 157
Keys in ConNection ChECK SCIEEN ........uiiiiiiiiie ettt e e s ebee e e e 159
(€12 {0 a Tl a e Yo F- | 11 Y PP 160
Keys iN Set 1M ZONE SCIEEN...cccc i, 160
INtErNet SETUP ParamM L OIS . .. e s 163
F =T g a1 A = A OIS o Tl oo LS 163
Instrument selection form ParamMELErS..........cuvviieciiii e e 164
Quantities measured by INSTIUMENT ........ccciiii it e e et e e e 175
Quantities recorded by instrument (Standard Profile) .........cccooceeiiicieiicccee e 177
Quantities recorded by instrument (Limited Profile@)........ccoceeeeiieeiicciieieeee e 180
Summary and grouping of the phase power quantities .........ccccoceeeeciee e 185
Power summary and grouping of the total power quantities ..........ccccceeeciieeiecciee e, 186
Summary and grouping of the phase power quantities .........ccccccceeeeciieeeciiee e 190
Power summary and grouping of the total power quantities .........ccccceeeciiereecciee e, 190
Alarm definition ParamMEtersS.......ccvii i e eae e 202
F N Y I Fq 0 F= L U PR 202
Data aggregation MEthods.......c..ueiiiiiiice e e e e e e e e 205
EN 50160 standard LV limits (continuous phenomena) ........ccceeeceeeveeeeceeeceee s e 213

Table 143: Values of individual harmonic voltages at the SUPPIY ....cccveieeeciiee i 214
Table 144:Voltage dips ClassifiCation .........ccuiiiiciiiiiiiic e e e 216
Table 145:Voltage swell classifiCation .......c..ueiiiciiiiiiiie e e e e e e e re e e e 216

Table 146:

General recording mMax. dUration ..........cceiciiiiiciie e e 233




MI 2893 / MI 2892 / MI 2885 Table of contents

List of Figures:

Figure 1: Power Master XT iNSTFUMENT.....couiiiiiiiiiiiiiiieieieeeeeeeeeee et eeeeeeeeeeeseeeeeseeeseeeeeeeeeeraearsresssaesesreesearanes 14
Figure 2: Front plates and marking [@bels.............oeiioiiiiicciiie e aaeee s 15
= U T T o T A o Y- =1 S 29
=V N B oY ol olo] o a=Tot de Y il o Y- 1o =] (USSR 30
=V T o [l oo o[ g T Yot o Tl o Y- =1 IS 30
FIUIE B: BOTEOM VIBW .. eeiiiiiiiiiee ettt ettt et e e ettt e e e e s e sttt e e e e e e e s e annbeeeeaeeesanassnaaaaeesenns 31
Figure 7: Display symbols and keys description.........cuuiiviiiiiiiiiiiiicciieeccciee e saaeee s 32
Figure 8: Common display symbols and labels during measurement campaign .......cccccevvvveeeiriieeerncnnennn, 32
Figure 9: INStrumMeNnt StAtUS DAl .....ciiicuiiiiiciiie e e e e s e e s e e e e s sabaeeessnsaaeesnnsnaeen 33
Figure 10: INSErting MiCroSD Card......c..uiiiiciieiieiiieeeecitee ettt e e et e et e e e s srae e e e sataeeeesabaeeessnsaeeesanssaeessnsseees 35
FIZUre 11: “MAIN IMIENU” .ottt e e e e ettt e e e e e e e e e ettt baaeeeeeeee s aabbaaeeeeeeeanssssaaaaaseesansssseseeaeenns 36
Figure 12: MeasuremMeNts SUDMENU ......ciiiciiiiiiiiiieecciiee ettt e e seie e e e sste e e e sataeesssanaeeeesnsaeeessnsaeeessssseeesansseeen 37
Figure 13: Recorders submenu (M1 2893) ......c.uiiiiiiiciieeie ettt erite e et e e sae s te e e sta e e s be e e staeestaesnsaeesaseeennes 37
Figure 14: Recorders submenu (M1 2892/MI 2885) ......cccuieuieireeireeireesieecieeereeireesteesteestaesasesveesbeesreesseessnas 37
Figure 15: Measurement SEtUD SUDMENU.............ccccuueieieciuieeiiecieeeeeseieeeesstireeessssseessessaeeesesseeeeesnsssaeeenns 37
Figure 16: General SELUP SUDMENU........ciiiiiiiiiciiiee et eetee e et e e et e e e e etae e e eeataeeeseabaeeesenseneesannnneens 38
Figure 17: U, |, f meter phase table screens (L1, L2, L3, N)...ueiicciiiiieiiieee et e e s vvee e e eaneee s 38
Figure 18: U, |, f meter summary table SCrEENS.......cccvviiieciiie ettt e rre e e e saae e e e aree e e naeee s 39
Figure 19: Voltage only WaVefOrM .. .....coi ittt et e et e e e tae e e e satae e e e nsseeesennneeen 40
Figure 20: CUrrent only WaVefOrmM .. .....oii it e et e e et e e e e tae e e ssataeeesensseeesannreeeas 40
Figure 21: Voltage and current waveform (Single Mode) .........cccueieeciiiecciee e 41
Figure 22: Voltage and current waveform (dual Mode) ..........oocuuiieeciieeeceee e 41
Figure 23: Voltage trend (@ll VOILAZES) ....cccuveii ettt ettt tte e e e tae e e e tra e e s aaaee s 42
Figure 24: Voltage trend (SINGIE VOITAZE) ... .uuei i ittt e et tae e e e aaa e e e aaeee s 42
Figure 25: Voltage and current trend (SINgIE MOTE) .....oeeeueiiiiiciiei e e 42
Figure 26: Voltage and current trend (dual MOde)........cccuvieeiieeiiiieiieeeee ettt 42
Figure 27: Trends Of @ll CUITENTS ...eiiii ettt e e e s raa e e e e raaae e e esatbeeessasaeeeeannreees 43
= U R Tl =T 01T o [V =T T RSP 43
Figure 29: Power measurements summary (COMDINEd) ......ccuveeiiiiiiiieeiie it 45
Figure 30: Power measurements summary (nonfundamental) .......c.ccccovveviiiniiieiiec e 45
Figure 31: Power measurements summary (fundamental)........c.ccccoueeeciiiiiiiiciie e 45
Figure 32: Detailed power measurements at Phase L1 ........ceeivciiiiiiiiiiieciiieee e erree s e e eseve e e s saneee s 46
Figure 33: Detailed total pOWEr MEASUMEMENTS.....cccciiiii e e ettt e e e rr e e e e sare e e erereeeeanareeees 46
=V Y T o o MY T o =T oo R Y=Y o WSS 48
Figure 35: Energy counters screen (General Recorder is running) ........eeevcvieeeeciieeeecieeeecieee e e esveee s 51
Figure 36: Energy counters screen (General Recorder is NOt running).......cccceeeccveeeeciieeeeciieeececreee e 52
T U ol A Y o 1T =4V o =Y o Vo Iyl Y=Y o RS 53
Figure 38: ENergy effiCi@NCY SCIEEN ......ooi it e e e e ettt e e e e tae e e e e tae e e e atreeeeennreeaas 54
Figure 39: Harmonics and inter-harmonics (METER) SCrEENS .......ceeecviiieeiiieeeeciieeeeciteeeeeteee e e vree e e aaeee s 56
Figure 40: Phase harmonics presentation (U,1,P) ......cc.ueeo it ettt e e aree e e areee s 56
Figure 41: Harmonics hiStOZIram SCrEEN ........uuiiiiiie ettt e e e e e e e e nb e e e e e e e e s s annaaneeeaaeeas 58
Figure 42: Harmonics average hiStOSram SCrEEN ......cc..uviiiiiie ettt e e e e ettt e e e e e e e seanrre e e e e e e e seennareeeeaaeeas 60
Figure 43: Harmonics and inter-harmonics trend SCrEEN ......cco i eeiiiiiii e 61
FIgure 44: FIICKErs table SCrEEN........uviiiee ettt e e e e e e e st e e e e e e s e s aateeeeeeeeesenassnaaeeeaanean 63
= U N T ol [ ol T G (=T o To [ Y=Y o R 64
Figure 46: Phase diagram SCIrEEN ....ccccuuiiiiiiieeeeciitee e ettt e e et e e e e ete e e e s sateeeeestaeeessasaeeesaasaeeesassaeeesanssaeesansseeen 66
Figure 47: Unbalance diagram SCIEEN ....ccccuuiiiieciiieeeccieee ettt e e et e e e et e e e et e e e ssaae e e ssaaaeeessnsaaeesensaeeesannneees 67
Figure 48: SYMMELrY TrENT SCrEEN .....uviiiiciiiieecteee ettt e ettt e e e e e et e e e et e e e s saaeeessataeeeesssbeeeeanssaeesanssaeen 68
FIgUre 49: TemMpPerature METEr SCIEEN......iiiiiiiiiieieteteeetete ettt ettt ee et e e ettt et e e e e e s te e e et aateaeeasaeseesaeaeaeeeesssnrnnns 69
Figure 50: TemMPerature treNd SCrEEN......ccciiiiieciiee et ee et e e e e e et e e et e e e e saa e e e eraaaeessasaaeesansaaeesannsaees 70




MI 2893 / MI 2892 / MI 2885 Table of contents

Figure 51:
Figure 52:
Figure 53:
Figure 54:
Figure 55:
Figure 56:
Figure 57:
Figure 58:
Figure 59:
Figure 60:
Figure 61:
Figure 62:
Figure 63:
Figure 64:
Figure 65:
Figure 66:
Figure 67:
Figure 68:
Figure 69:
Figure 70:
Figure 71:
Figure 72:
Figure 73:
Figure 74:
Figure 75:
Figure 76:
Figure 77:
Figure 78:

Under deviation and over deviation table SCreen ... 70
Under-deviation and over-deviation TREND SCIrEEN......ccccviiieiiiieeeiiiieeeesireeeesieeeessiaeeeeseaeee s 71
SIgNAIIING MELEI SCIEEN .. eii it r e e e s ee e e e sbee e e e s beee s e s beeesenares 73
YT e{a 1] gV =T o IR ol Y=Y o SRR 74
SigNAIIING 1ADIE SCIEEN ...eeeii e e e e e sbee e e e s e e s s s bee e e sares 75
General reCorder SETUP SCIEEN ......uuiiiicieeeeccieee ettt eete e e e te e e e et ee e e e st it e e e e ebaeeeeebaeeeesneeeeennsens 76
Triggering in Waveform r@COIM .......ooiiii et e et e s aae e e e enaeee s 79
Waveform recorder SELUP SCrEEN.......iiiiciiieeeeieeeccree e e et e et e e e ette e e e ette e e e senreeeessntaeeesnteeeesans 80
Waveform recorder CAPtUIE SCIEEN ....cocuiiie it et e et e e e etre e e e e tte e e e sateeeeseateeeesrtaeeesans 82
N fo] g I =T oo T o L= ool =TT o F PP UPSTR 82
Waveform reCoOrder SCOPE SCIEEN ......cciccuieeeeecieeeeetteeeeeiteeeeectteeeeetteeeeserteeeesantaeessastaeeesasseeesanns 82
Captured Waveform reCOrder SCrEEN........iiic ettt et e et esree e e e e bee e e e e bee e e eares 83
Transient recorder setup screen — M1 2893 ........iiiiiiiie et e e aaeee s 86
Transient recorder setup screen — MI 2892/MI 2885.........cccvieeieeciieeeieeeecree e eeree e eeree s 88
Transient recorder capture screen (waiting phase/recording) — M1 2893 ..........cccoeeeeveeereennne. 90
Transient recorder capture screen (waiting phase/recording) — M| 2892/MI 2885 ................. 91
Captured TranSieNnt reCOIEr SCIEEN.......uiiiiiciieeeeeeee e ccttee e eere e e rree e e e sree e e e sbee e e s sbeee e esbeeessnnsees 91
Captured transient reCOrder SCrEEN .....uuiiiiiiiee e ceiree e ecttee e e et e e e sbee e e e e e e e sbee e e e s beeeeearees 92
Voltage events iN roUP VIEW SCIEEN ...ciiuiiiiiicieeeecciteeeesciteee e sttt eeesbteeeesreeeessstaeessssteeessnsseeassnns 94
Voltage event in detail VIEW SCrEEN ......ocuiiii i s e e s e e 94
VOIAEE EVENTS SCIEENS . .uvviiiiiiiiieeeiteee ettt e ettt e e sttt e e e st e e e e s ebteeeesbtaeeesstaeessantaeeesstaeessnsseeessnns 96
FAN Y0 T LT Aol =T o PP 98
RVC Events table group VIEW SCrEEN......ciccuiiii ittt e e e e e s s saae e e e aaaee s 99
INrUSh table SroUP VIEW SCIEEN.....ccccciiei ettt ettt e e e e e e e sabae e e e eabe e e e eeanes 101
E - Meter measuring accuracy comparison methods ........ccceevicieeiiiiiiee e 102
PQI setup connection and ConNection ChECK ..........coccviiiiciiii i 102
E-Meter functionality under ReCOrder MENU .........coccuveieeiiiiieeciieee e et 102
Y= T o o= Tolo T e (= gl o o T=T o T [P P PP TPPP 103

Figure 79: E-Meter Recorder SETUP MENU .......ciiiiiiiiiciiiieeee ettt e e e e errere e e e e e e e snabtea e e e e e e s e snaareneeeeeeean 104
Figure 80: Memory list screen (FOIAer STFUCTUIE) ....ccuuiiiiiiiieie ettt ettt e e e 106
Figure 81: Memory list screen (ReCorder data) .......ccccueeieciuieeeeciieee et ree e e e et e e e 107
Figure 82: Front page of General record in MEMORY LIST MENU ...cccuviiiieiiiiieeciieee ettt 110
Figure 83: Viewing recorder U,|,f TREND data.......ccccccuirieiiiiiieeciieee et eciree e et eeitee e e satee e e eara e e e e 111
Figure 84: Front page of Snapshot in MEMORY LIST MENU....cccccuiiiiiiiiieeeiiieeeecieee et e e e e eveee e 113
Figure 85: U,l,f meter screen in recalled snapshot record .........cceeoecieeicciiie e e 114
Figure 86: MEASUREMENT SETUP SUDMENU ......eviiiiiiiiieeceee ettt e st e e e e e 115
Figure 87: “CONNECTION SETUP” SCIEEN ....uvviiicuvieeeeiiteeeeiireeeesireeeessateeessssaeeessasaeesenssaeeesssssasssssssesssnnsens 116
FigUre 88: EVENT SETUP SCIEEN....ciiiiiiiiiiiiiiiiieieiete ettt ettt ee et ee e e ee e e e e e e e e e e e et e e e e e e e e s esesesssasesesesesennns 121
Figure 89: AlQrmm SELUDP SCIEENS.....ciiicuiiieeeiiteeeeiiteeeesiteeeestreeeestteeeesabaeeeassaeeessssaeeeassaeesssssaassensseeeessnsens 122
Figure 90: Signalling SETUP SCIEEN ......uviiiiiiiee ettt e et ee e e st ae e e st ae e e eabaee e esabaeeeesreeeesnrees 124
FISUIE 91: RV SETUP SCIEEN ..ceieiiiiiiiiiiiiieieiettteteteeeteeeteeeeeeeeeetteeeetteeeetaeeeetteaeetteeeeteeaeeteteeeetsesseerreesererrrenrrnn 125
Figure 92: Measuring Methods setup screen —MI 2893 ........ccociiiiiiiiiie e e 126
Figure 93: Measuring Methods setup screen — Ml 2892/MI 2885 .........coveeeeieeeeeeiveeireenreeneeseeereereene 126
Figure 94: Transient setup screen — Ml 2893 .......coiiiiiiiiiiiiiiiiiieieieieeereeeeeeeeeeterereeerererrterrrtersrr.. 127
Figure 95: Transient setup screen — MI 2892/ MI 2885 .......cccuveeueeeeeeeeireeeeeeeereeeereeeereeeeteeeereeesteeesreeens 127
Figure 96: GENERAL SETUP SUDMENU ccccccieeiiiiiiieee ettt ettt e e e e e st ae e e e e e e s ennbraae e e e e e eennnnsaeneeaaeeas 128
Figure 97: COmMmMUNICATION SELUP SCIEEN ...ceeiieiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e reeerseaeeeeeeesrarsessesnnnnnrsrnrnnns 129
FIgUre 98: Set date/timME SCrEEN ...ccvei ettt ettt et ete e e etae e et e eeaeeeeteeeaeeesabeeeeteeessseesnsesesareeans 131
Figure 99: LANGUAEE SELUP SCIEEN ..cieiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeaeeereeeeseeresareeseseeseresesassesresnnnnnnnnnrnnns 132
Figure 100: Instrument info screen — IMI 2893 ... i e e e e e e e e e e e earreeeeaeeean 132
Figure 101: Instrument info screen — MI 2892/MI 2885 .........oeocueeeeeieeireeeeteeeereeeeeeeeereeesteeesreeeeseeesreeens 133
Figure 102: LOCK/UNIOCK SCrEEN .......vveeeeee ettt ettt ee e et e e etae e et e eeaeeeeaveeeteeeeaseeetesenseeessesesareeans 134

11



MI 2893 / MI 2892 / MI 2885 Table of contents

Figure 103:
Figure 104:
Figure 105:
Figure 106:
Figure 107:
Figure 108:
Figure 109:
Figure 110:
Figure 111:
Figure 112:
Figure 113:
Figure 114
Figure 115:
Figure 116:
Figure 117:
Figure 118:
Figure 119:
Figure 120:
Figure 121:
Figure 122:
Figure 123:

Figure 124

Figure 128:
Figure 129:
Figure 130:
Figure 131:
Figure 132:
Figure 133:
Figure 134
Figure 135:
Figure 136:
Figure 137:
Figure 138:
Figure 139:
Figure 140:
Figure 141:
Figure 142:
Figure 143:
Figure 144
Figure 145:
Figure 146:
Figure 147:
Figure 148:

[WoTol (=Te T a1 d (U0 V=T oL Aol Y=Y o O PP 135
Colour representation of phase VOItagES .....cuvevieciiiiiiiiiieeeee e s 135
2o T4 LYol =T o PP 136
Recommended measurement PractiCe .....uiiiiieeiieiiereeciiee e ccieee e seieee e e stee e e e svee e e e 141
CONNECTION SETUP MBNU....eiiiiiiiiieeie ettt e e ettt e e e e e ettt e e e e e e e seabbbeeeeeeesesansberaeeeesssssannns 144
Choosing 3-phase 4-wire system on iNStrUMENT ........cccciiiieiiiieeeciee e e 144
3-PhaSE 4-Wil€ SYSTEIM ....uiiiiiiiiie ettt e e et e e e e rtae e e e ba e e e s e taeeessasaeeeeansaeeesnnsaaeeas 145
Choosing 3-phase 3-wire system on iNStrUMENT ........cccciiiieiiiiee e 145
3-PhasE 3-Wil€ SYSTEIM ....uiiiiiiiiie ittt e et e e e e e e e e bt e e e sstaeeessnsbeeesansaeeesannraees 145
Choosing Open Delta (Aaron) 3-wire system on inStrumMent........ccccceeeeciveeeeciieeeeccieee e, 146
Open Delta (Aaron) 3-Wire SYSTEM ...ccccciiiiieciieeecceee et et e e rrr e e e e sare e e seare e e e aaaee s 146
Choosing 1-phase 3-wire system on iNStrUMENT ........cccciiiieiiiiieeeciee et e 146
o] - I I RV Y =T o o SRR 147
Choosing 2-phase 4-wire system on iNStrUMENT ........cccoiiieeiiiieeeciee et e 147
P o] o b= Y R T YL =T o o H PR 148
Choosing single- phase Inverter system on inStruMENt .......ccuvevviiiieeiiiiiee e 148
Single — Phase INVEITEr SYSTEIM ..oi.uiiiiiciiie e e sr e e et re e e e sabaee s 148
Choosing three- phase Inverter system on inStrument.........cccceeeeeeeciiiieeeee e 149
Three — phase INVEIrter SYSTEM ....ciii it e e e ree e e e eares 149
Voltage ratio for 11 kV / 110 transformer eXample .......cccceevveiieeiieecieeceecieesee e e e 150
Connecting instrument to the existing current transformers in medium voltage system
(AQrON / OPENDEITA) ..veevieiei ettt ettt ettt et e et e et e e te e s teeebeeabeebeesbeesbaestbesabesabeebeesbeesssesaseenseeseesaans 150
Connecting instrument to the existing current transformers in medium voltage system (Delta
................................................................................................................................................ 151
Connecting instrument to the existing current transformers in medium voltage system (Delta
................................................................................................................................................ 151
Connecting instrument to the existing current transformers in medium voltage system (Star
................................................................................................................................................ 152
Connecting instrument to the existing current transformers in medium voltage system (star
................................................................................................................................................ 152
Smart current clamps auto range SEIECLION........cccuiiiiiciiie e 153
Parallel feeding of 1arge 10ad .........couiiii it 154
Current clamps selection for indirect current measurement........cccceeeecciieeeecciieeeeecveeeeeeene 155
Selecting 10% of current ClampPs FANEE.......viicii ittt sreeesaae s 155
Automatically recognised clamps SELUP ...cocuuviiiiiii i 156
Automatically recognised clamps STatUs........ccoccvieiiiiiiieiciiiec e 156
SET tIME ZONE SCIEEN..ciiiiiieeteeee et e et e e e s s e ase e e e e e s s annne 160
Schematic view on the remote MeasUrEMENTS ... vviiiiieeriiee it 162
Internet conNNECtion SETUP SCIrEEN.......cciiiiiiiiii e 163
PowerView v3.0 remote connection settings form ........ccovviviiieiiicciee e 164
PowerView v3.0 remote connection MONITON .......covviiiiiiiiiiiiiiiie e 165
PowerView connection to LAN and Metrel Server established (Steps 1 & 2) .......ccccccvveeneen. 166
Remote instrument connection to Metrel Server established (Step 3) ...cccceeevcieeeeiiieeeennee, 167
Remote instrument connection to PowerView v3.0 established (Step 4)......ccccceeveeecvveenneen. 168
Active conNeCtion INAICAtION ......iiiiiiiiiiiiiee e e s e 168
REMOLE CONNECTION ICON ...eiiiiiiieeceee ettt e e e s e e e e e e e e e e s aneneeeas 169
Detection of the INStrUMENT tYPE ....eiiiii i 169
Selecting records from a list for download............ccceeiiiiiiiiiiiiiie e 170
Real time scope window in remote connection, with several channels selected................. 171
Remote Instrument Configuration form.........ceeeei i 172
Remote Recorder coNfiguration ... iiiiiiic et 173
YooY o [TaY =T T o] foY = TSR 174

Figure 149:

12



MI 2893 / MI 2892 / MI 2885 Table of contents

Figure 150: Phase and Phase-to-phase VOIAE ......ccccuuiiiiiiiiiiiiie ettt 183
Figure 151: IEEE 1459 phase power measurement organisation (Phase) ......ccccceeeeeevvieeiieeeiieeeceeesieenns 185
Figure 152: IEEE 1459 phase power measurement organisation (totals).........ccceevveevcieesiieeiieneceeesiees 185
Figure 153: Vector representation of total power CalCulUs........c.ueeiiiiiiiiiiiiiie e 190
Figure 154: Arithmetic representation of total power calCulus .........cceeviviiiiiiiiiie e 190
Figure 155: Energy counters and quadrant relationship .......ccccccuveeiiiiie e 193
Figure 156: INStrument ENErgY COUNTEIS ....cuiiiiiiiiiiiiiiiieeeeeeeeeeeeereeeeeereeeeeereeeeteseeeaesertarerereterararerarararrrrrarane 193
Figure 157: Current and vOltage harmMONiCS ......cuuiiieiiiieiciiee et vre e e e e e e e e 194
Figure 158: lllustration of harmonics / interharmonics subgroup for 50 Hz supply........ccceeeeveeecvrenneens 195
Figure 159: VOoItage flUCTULION .....coiciiiiieciee ettt e e et e e e e aaee e e e atae e e eenbeee e e nnes 196
Figure 160:Urms(1/2) 1-CYCIE MEASUIEIMENT ...eiiviiiiiie ittt et e steeeite e st e esieeeseeeesbeeesebeesnbaeensseesseeesaneenns 199
Figure 161: Voltage events definitioN.........cceiieiiii et e e e e et e e e 199
Figure 162:Voltage dip related screens on the iNStrUMENT........c..eeeiiiiiii e e 200
Figure 163:Voltage interrupts related screens on the iNStrUMENT.........ccocciiieeiiiiee e 201
Figure 164: RVC eVENT deSCriPLION ......uiiiieiiie ettt ettt e e ttee e et ee e e et ae e e e abae e s ennseeeeeenbaeeeennees 203
Figure 165: Synchronization and aggregation of 10/12 cycle intervals.......cccoueveeeiieevieeneesee e, 204
Figure 166: Avg vs. Avgon, sWitChing 10ad CUMTENt ........ciiiiiiiii it 206
Figure 167: Consumed/generated and inductive/capacitive phase/polarity diagram..........c..cccceeveeueee. 207
Figure 168: Flagging data indicate that aggregated value might be unreliable .........ccccceevvieiiniinnnnnee. 208
Figure 169: Triggering and pre-triggering description........cciv e 209
Figure 170: Voltage EVENt TrigEEIING . ....cuuu it eeciie ettt et stee e s sbee e e s bee e e s sabeee e esabeeeeearees 210
Figure 171: VOItage LeVel TrigGeriNg. .. i iieeieirieee ettt s esirt e e estte e e estee e ssbaee e e s sabaeeesabeeesssabeeesennseeeesnnsens 210
Figure 172: Current Level Triggering (INFUSN) .....cccuei ittt tee e re e et e e sre e srae e seneeens 211
Figure 173: Waveform recorder setup for triggering on voltage events.......ccccocceeeercieeeeicieeeecciiee e 211
FIUIe 174: LeVEl triZEEITNE .uveieeeiiee e ettt eecttee ettt e et e e et e e e st e e e e st ae e e s abaeeeenabaeeessnseeeeennseeeesnrees 212
FIUIE 175: TrigEEIINE SIOPE...cii e ettt et e ettt e e e et e e e et e e e e e bbaeeeeabaeeeesbeeaeaanseeeeennteneeensees 212
Figure 176: Transients trigger detection (ENVEIOPE) ......ooocuviieiciiiee ettt et e 213
Figure 177: Transients trigger detection (I€VEl)..........uue e eiee e 213
Figure 178: Mains signalling voltage level limits according to EN50160...........cccoeeeeciieeeciiieeeeeiiee e 215
Figure 179: Predefined EN50160 recorder configuration...........ccceeeeiiieeeeciieeecciiee e e 217
Figure 180: General Recorder setup to allow auto-recording restart, when reaches maximum file length

.................................................................................................................................................................. 234
Figure 181: Battery COMPArtMENT .....ccviiiiiiiiiieiiieieeeeeeeeeee e e e eeeeeeeeeeeeeeeseerara e e e e eeearereeeraeaearesanannnnenranns 238
Figure 182: Closing the battery CoOmpartmMeNt COVEN ......oouiiii it e e e e 239
Figure 183: PowerView update FUNCLION ........ococuiiiieciie ettt et e e et e e e e be e e e e 240
Figure 184: Selecting USB COMMUNICATION ....ciiicuiiiiiciiiie et e ettt e esree e e s ree e e e atre e e e sabre e e e eabaee e eaees 241
Figure 185: Check fOr FIrMWAare MENU .........ueiiiciiieeeiiiee ettt e estee e estee s e siaee e e s abae e s eabaee e esnbaeeeenaseeesennens 241
Figure 186: Check fOr FIrMWAare MENU ......c..ueiiiiiiieeciiiee e ecree et e e estee e e siaae e e sabae e s eabaee e ssabaeeeenareeeeennens 241
Figure 187: New firmware is available for download............cooooiiiiiiiiiii e 242
Figure 188: FlashMe firmware upgrade SOftWare .........ccoovuviiiiciiec et 242
Figure 189: FlashMe configuration SCrEEN .......ccuueiiiiiiiii et e e e e e e e e e aees 243
Figure 190: FlashMe programming SCIEEN ......cccuueeeeiureeeeiireeeeiitreeessiteeeesstaeeessnseeeeensseeeesssssesesssseesssnnsees 244

13



MI 2893 / MI 2892 / MI 2885 Introduction

1 Introduction

M1 2893/MI 2892/MI 2885 are handheld multifunction instrument for power quality analysis, high speed
transient capturing (M| 2893), transient capturing (MI 2892/MI 2885) and troubleshooting as well as
energy efficiency measurements.

Figure 1: Power Master XT instrument

Product differentiation:
MI 2893/2892/2885 sharing same measuring hardware and firmware platform.

MI 2893 — Class A Power Quality Instrument with additional transient measuring board with sampling
period 1 MHz

MI 2892 - Class A Power Quality Instrument with transient measurement on measuring board with
sampling period 49 kHz

MI 2885 - Class S specified Power Quality Instrument with transient measurement on measuring board
with sampling period 49 kHz

Note:
The appearance of the product is outwardly the same. The only differences are in the marking labels and
the front plates.
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Figure 2: Front plates and marking labels

3 MEIREL

1.1 Main Features

e  Full compliance with power quality standard IEC 61000-4-30 Class A (M1 2893/MI 2892)
e  Full compliance with power quality standard IEC 61000-4-30 Class S (Ml 2885)
e Simple and powerful recorder with microSD memory card (sizes up to 32 GB are supported).

e 4 voltage channels with wide measurement range: up to 1000 Vrms, CAT Ill / 1000 V, with
support for medium and high voltage systems.

e Simultaneous voltage and current (8 channels) sampling, 16-bit AD conversion for accurate
power measurements and minimal phase shift error.

e 4 current channels with support for automatic clamp recognition and automatic range selection.

e Compliance with IEC 61557-12 and IEEE 1459 (Combined, fundamental, nonfundamental power)
and IEC 62053-21 (Energy).

e High speed transient sampling > 1IMSamples/sec simultaneously on all 8 channels (4xU & 4xI)
(M1 2893)

e Transient selection between N /GND (MI 2893)

e Transient recorder with envelope or level triggering, with sampling frequency 49 kHz (MI 2892
/MI 2885)

e 43" TFT colour display.

e Waveform/inrush recorder, which can be triggered on Event/Alarms/Level U/Level I/Interval;
transient recorder for phase/neutral lines (voltage and current simultaneously) with level and
envelope trigger selection run simultaneously with general recorder.
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Support for 50Hz, 60Hz, 400Hz system frequency and direct VFD (variable frequency drives)
measurement

Measuring the accuracy of electric meters (electronic and mechanical) (MI 2892/MI 2885)

PC Software PowerView v3.0 is an integral part of a measuring system which provides easiest
way to download, view and analyse measured data or print reports.

o PowerView v3.0 analyser exposes a simple but powerful interface for downloading
instrument data and getting quick, intuitive and descriptive analysis. Interface has been
organized to allow quick selection of data using a Windows Explorer-like tree view.

o User can easily download recorded data, and organize it into multiple sites with many
sub-sites or locations.

o Generate charts, tables and graphs for your power quality data analysing, and create
professional printed reports.

o Export or copy / paste data to other applications (e.g. spreadsheet) for further analysis.

o Multiple data records can be displayed and analysed simultaneously.

o Merge different logging data into one measurement, synchronize data recorded with
different instruments with time offsets, split logging data into multiple measurements,
or extract data of interest.

o Instrument remote access over internet connection.

1.2 Safety considerations

To ensure operator safety while using the MI 2893/MI 2892/MI 2885 instruments and to minimize the
risk of damage to the instrument, please note the following general warnings:

> > B B BB PBPBPP

The instrument has been designed to ensure maximum operator safety. Usage in a way
other than specified in this manual may increase the risk of harm to the operator!

Do not use the instrument and/or accessories if any visible damage is noticed!

The instrument contains no user serviceable parts. Only an authorized dealer can carry out
service or adjustment!

All normal safety precautions have to be taken in order to avoid risk of electric shock when
working on electrical installations!

Only use approved accessories which are available from your distributor!

Instrument contains rechargeable NilMH batteries. The batteries should only be replaced
with the same type as defined on the battery placement label or in this manual. Do not use
standard batteries while power supply adapter/charger is connected, otherwise they may
explode!

Hazardous voltages exist inside the instrument. Disconnect all test leads, remove the power
supply cable and switch off the instrument before removing battery compartment cover.

Maximum nominal voltage between any phase and neutral input is 1000 Vgms. Maximum
nominal voltage between phases is 1730 Vgus.

Always short unused voltage inputs (L1, L2, L3, GND) with neutral (N) input to prevent
measurement errors and false event triggering due to noise coupling.
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Applicable standards

T Do not remove microSD memory card while instrument is recording or reading data. Record
damage and card failure can occur.

1.3 Applicable standards

The MI 2893/MI 2892/MI 2885 are designed and tested in accordance with the following standards:

Electromagnetic compatibility (EMC)

EN 61326-2-2: 2021

Electrical equipment for measurement, control and laboratory
use — EMC requirements —
Part 2-2: Particular requirements - Test configurations,
operational conditions and performance criteria for portable
test, measuring and monitoring equipment used in low-
voltage distribution systems
e Emission: Class A equipment (for industrial purposes)
e Immunity for equipment intended for use in industrial
locations

Safety (LVD)
EN 61010-1: 2010 + A1:2019

Safety requirements for electrical equipment for
measurement, control and laboratory use —
Part 1: General requirements

EN 61010-2-030: 2021 + A11:2021

Safety requirements for electrical equipment for
measurement, control and laboratory use —

Part 2-030: Particular requirements for testing and measuring
circuits

EN 61010-031: 2015 + A1:2021 +
A11:2021

Safety requirements for electrical equipment for
measurement, control and laboratory use —

Part 031: Safety requirements for hand-held probe assemblies
for electrical measurement and test

EN 61010-2-032: 2021 + A11:2021

Safety requirements for electrical equipment for
measurement, control and laboratory use

Part 032: Particular requirements for hand-held and
hand-manipulated current sensors for electrical test and
measurement

Measurement methods

IEC 61000-4-30: 2015 + A1:2021
Class A

IEC61557-12: 2018 + A1:2021

IEC 61000-4-7: 2002 + Al: 2008

IEC 61000-4-15: 2010/ISH1:2017

Electromagnetic Compatibility (EMC) —

Part 4-30: Testing and measurement techniques - Power
guality measurement methods

Electrical safety in low voltage distribution systems up to 1 000
V a.c. and 1 500 V d.c. - Equipment for testing, measuring or
monitoring of protective measures — Part 12: Performance
measuring and monitoring devices (PMD)

Electromagnetic compatibility (EMC) —

Part 4-7: Testing and measurement techniques —General guide
on harmonics and inter-harmonics measurements and
instrumentation for power supply systems and equipment
connected thereto

Electromagnetic compatibility (EMC) —

Part 4-15: Testing and measurement techniques — Flicker
meter — Functional and design specifications
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Abbreviations

IEC 62053-21: 2020

IEC 62053-23: 2020

IEEE 1459: 2010

EN 50160: 2010

GOST R 54149: 2010

Electricity metering equipment (a.c.) - Particular requirements
- Part 21: Static meters for active energy (classes 1 and 2)
Electricity metering equipment (a.c.) - Particular requirements
- Part 23: Static meters for reactive energy (classes 2 and 3)
IEEE Standard Definitions for the Measurement of Electric
Power Quantities Under Sinusoidal, Non-sinusoidal, Balanced,
or Unbalanced Conditions

Voltage characteristics of electricity supplied by public
electricity networks

Electric energy. Electromagnetic compatibility of technical
equipment. Power quality limits in the public power supply
systems

Note about EN and IEC standards:

Text of this manual contains references to European standards. All standards of EN 6XXXX (e.g. EN
61010) series are equivalent to IEC standards with the same number (e.g. IEC 61010) and differ only in
amended parts required by European harmonization procedure.

1.4 Abbreviations

In this document following symbols and abbreviations are used:

CF

Current crest factor, including CF;, (phase p current crest factor) and
CFv (neutral current crest factor). See 5.1.3 for definition.

CFy

Voltage crest factor, including CFyyg (phase p to phase g voltage
crest factor) and CFy, (phase p to neutral voltage crest factor). See
5.1.2 for definition.

FDPF, ind/cap

Instantaneous phase power displacement (fundamental) power
factor or cos o, including 2DPFpj.¢ (phase p power displacement).

Minus sign indicates generated power and plus sign indicates
consumed power. Suffix ind/cap represents inductive/capacitive
character.

DPF ind/capi

Recorded phase displacement (fundamental) power factor or cos ¢,
including DPFpind/cap” (phase p power displacement).

Minus sign indicates generated P < > +p
power and plus sign indicates 90°

consumed power. Suffix ind/cap +Q @

represents inductive/ capacitive I I \¢

character. This parameter is recorded 180 DPFeap- | DPFind o°

separately for each quadrant as

shown on figure. See 5.1.5 for DPFina- | DPFeapt

definition. -Q Il IV'Z’Z?)
270°

i'DPFatotind
2DP Fatutcap

Instantaneous total arithmetic displacement (fundamental) power
factor.

Minus sign indicates generated power and plus sign indicates
consumed power. Suffix ind/cap represents inductive/capacitive
character. See 5.1.6 for definition.

DPFatotfndi

Recorded total arithmetic fundamental power factor.
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Abbreviations

Pe——> +P

DPFioteap” Minus sign indicates generated power 90° .
and plus sign indicates consumed I I V\%
power. Suffix ind/cap represents 10 DPFawe | DPFaoins o
inductive/capacitive character. This DPFatotnd- | DPFatotcap
parameter is recorded separately as )
shown on figure. See 5.1.6 for 270°
definition.
Instantaneous positive sequence total vector displacement
+DPFy (fundamental) power factor.
totind
SDPFv Minus sign indicates generated power and plus sign indicates
- toteap consumed power. Suffix ind/cap represents inductive/capacitive
character. See 5.1.6 for definition.
Recorded total vector fundamental
power factor. P =
+Q <
Minus sign indicates generated power I I \%
DPFV:oting® and plus sign indicates consumed 1809 DPPoras- | DPFvoinas) o
DPF . power. Suffix ind/cap represents DPFvioting- | DPFvioteap
Vioteap inductive/capacitive character. This
parameter is recorded separately as
shown on figure. See 5.1.6 for
definition.
Instantaneous positive sequence fundamental power factor.
FDPF totind Minus sign indicates generated power and plus sign indicates
FDPFtotcap consumed power. Suffix ind/cap represents inductive/capacitive
character. See 5.1.5 for definition.
Recorded total positive sequence
Pe—>
fundamental power factor. P 90° +P
Minus sign indicates generated power Q "
DPF* otind® and plus sign indicates consumed
DPF.. + power. Suffix ind/cap represents 180° DPFtotcap-
totcap inductive/capacitive character. This DPF*totind-
parameter is recorded separately as
shown on figure. See 5.1.5 for -Q
definition. 270°
Phase current distortion power, including Dip (phase p current
Di distortion power). See 5.1.5 section: Modern Power measurement
Standard compliance: IEEE 1459-2010 for definition.
Total effective current distortion power. See 5.1.5 section: Modern
Del Power measurement
Standard compliance: IEEE 1459-2010 for definition.
Phase harmonics distortion power, including DHp (phase p
harmonics distortion power). See 5.1.5 section: Modern Power
DH

measurement

Standard compliance: IEEE 1459-2010 for definition.
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Abbreviations

DeH

Total effective harmonics distortion power. See 5.1.5 section: Total
nonfundamental power measurements for definition.

Dv

Phase voltage distortion power, including Dvp (phase p voltage
distortion power). See 5.1.5 section: Modern Power measurement

Standard compliance: IEEE 1459-2010 for definition.

Devtot

Total effective voltage distortion power. See 5.1.5 section: Modern
Power measurement

Standard compliance: IEEE 1459-2010 for definition.

BN

Ep

Recorded phase combined (fundamental and nonfundamental)
active energy, including Ep,”" (phase p active energy). Minus sign
indicates generated energy and plus sign indicates consumed
energy. See 5.1.6 for definition.

Epmti

Recorded total combined (fundamental and nonfundamental) active
energy. Minus sign indicates generated and plus sign indicates
consumed energy. See 5.1.6 for definition.

Eqg

Recorded phase fundamental reactive energy, including £q,”
(phase p reactive energy). Minus sign indicates generated and plus
sign indicates consumed energy. See 5.1.6 for definition.

E qtoti

Recorded total fundamental reactive energy. Minus sign indicates
generated and plus sign indicates consumed energy. See 5.1.6 for
definition.

Effiny

Photovoltaic inverter efficiency

f, freq

Frequency, including frequi2 (voltage frequency on U1y), frequ:
(voltage frequency on U; and frequ (current frequency on ;). See
5.1.4 for definition.

Negative sequence current ratio (%). See 5.1.11 for definition.

Zero sequence current ratio (%). See 5.1.11 for definition.

Positive sequence current component on three phase systems. See
5.1.11 for definition.

Negative sequence current component on three phase systems. See
5.1.11 for definition.

IO

Zero sequence current components on three phase systems. See
5.1.11 for definition.

Irms(1/2)

RMS current measured over 1 cycle, commencing at a fundamental
zero crossing on an associated voltage channel, and refreshed each
half-cycle, including lpams(1/2) (phase p current), Ingmsi1/2) (neutral RMS
current)

Ifund

Fundamental RMS current lh; (on 1% harmonics), including Ifundp
(phase p fundamental RMS current) and Ifundn(neutral RMS
fundamental current). See 5.1.8 for definition

Ihn

n* current RMS harmonic component including /,h, (phase p; n"
RMS current harmonic component) and Ivh, (neutral ™" RMS current
harmonic component). See 5.1.8 for definition
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Abbreviations

n™ current RMS inter-harmonic component including /yih, (phase p;

lihn n" RMS current inter-harmonic component) and Iyih, (neutral n™
RMS current inter-harmonic component). See 5.1.8 for definition
| Nominal current. Current of clamp-on current sensor for 1 Vrms at
Nom output.
| Peak current, including lork (phase p current) including Ine« (neutral
Pk peak current)
| RMS current, including lprms (phase p current), Inrms (neutral RMS
fims current). See 5.1.3 for definition.
Trmsiny Photovoltaic inverter RMS current
lacinv Photovoltaic inverter AC current
ldcinv Photovoltaic inverter DC current
Instantaneous phase active combined 90°
(fundamental and nonfundamental) " | (%
power, including £P» (phase p active P o Y
2P power). Minus sign indicates generated 4 0°
and plus sign indicates consumed = +P
power. See 5.1.5 for definitions.
" v /&
~
270°
p* Recorded phase active (fundamental and nonfundamental) power,
including P,* (phase p active power). Minus sign indicates generated
and plus sign indicates consumed power. See 5.1.5 for definitions.
Instantaneous total active combined
(fundamental and nonfundamental) 90°
power. Minus sign indicates G
generated and plus sign indicates Il | ¥
Prot consumed power. See 5.1.5 for -Prot - [ERE o
definitions. 180 0
-Ptot +Ptot
1 |V'/r§”
~
270°
Recorded total active (fundamental and nonfundamental) power.
Piot® Minus sign indicates generated and plus sign indicates consumed
power. See 5.1.5 for definitions.
Instantaneous active fundamental power, including £Pfund, (phase
#Pfund p active fundamental power). Minus sign indicates generated and
plus sign indicates consumed power. See 5.1.5 for definitions.
Recorded phase active fundamental power, including Pfund,”(phase
Pfund* p active fundamental power). Minus sign indicates generated and
plus sign indicates consumed power. See 5.1.5 for definitions.
Instantaneous positive sequence of total active fundamental power.
P, P ot Minus sign indicates generated and plus sign indicates consumed

power.

See 5.1.5 for definitions.
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Abbreviations

Recorded positive sequence of total active fundamental power.

P*ioi® Minus sign indicates generated and plus sign indicates positive

sequence of consumed power.
See 5.1.5 for definitions.
Instantaneous phase active harmonic power, including #Py, (phase p

Py active harmonic power). Minus sign indicates generated and plus
sign indicates consumed power. See 5.1.5 for definitions.

P, Recorded phase active harmonics power, including Py,* (phase p
active harmonic power). Minus sign indicates generated and plus
sign indicates consumed power. See 5.1.5 for definitions.
Instantaneous total active harmonic power. Minus sign indicates

FPhtot generated and plus sign indicates consumed power. See 5.1.5 for
definitions.

Recorded total active harmonics power. Minus sign indicates

Prioi generated and plus sign indicates consumed active power. See 5.1.5

for definitions.
Instantaneous phase combined -P <T> +P
(fundamental and nonfundamental) +Q ¢
power factor, including #PFpind/cap Il I ‘%o
+PFing (phase p power factor). Minus sign -PFeap | +PFind
indicates generated power and plus 180 0’

ZPFcap sign indicates consumed power. -PFind | +PFcap
§ufﬁx /:nd/cap represents 3 m v 'Z@
inductive/capacitive character. 707

7

Note: PF= DPF when harmonics are
not present. See 5.1.5 for definition.

: Pe— <> +P
Recorded phase combined 90
(fundamental and nonfundamental)  *Q ! I (%
power factor. ¢

PFcap PFind"

PFind® Minus sign indicates generated 180 0°

PF. * power and plus sign indicates PFind | PFeap’

P consumed power. Suffix ind/cap 1 |V'/§>
represents inductive/ capacitive Q . ~
character. This parameter is 270
recorded separately for each quadrant as shown on figure.
Instantaneous total arithmetic combined (fundamental and
nonfundamental) power factor.

i'PFatotind ) P
Minus sign indicates generated power and plus sign indicates

lLPFatotcap

consumed power. Suffix ind/cap represents inductive/capacitive
character. See 5.1.6 for definition.
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Recorded total arithmetic combined
(fundamental and nonfundamental) P > *P

PFatotindi

4
PF Qtotcap™

power factor. +Q

Minus sign indicates generated
power and plus sign indicates
consumed power. Suffix ind/cap .
. . .. PFatotind” | PFatotcap
represents inductive/capacitive A
character. This parameter is recorded  -Q I IV &
separately for each quadrant as 270°
shown on figure.

PFatotcap” | PFatotind®
180 qQ°

iPFetotind
ZPFeétotcap

Instantaneous total effective combined (fundamental and
nonfundamental) power factor.

Minus sign indicates generated power and plus sign indicates
consumed power. Suffix ind/cap represents inductive/capacitive
character. See 5.1.5 for definition.

+
PFetoting™

+
PF Ctotcap™

Recorded total effective combined
(fundamental and nonfundamental)
power factor. +Q

Minus sign indicates generated PFetotcap

power and plus sign indicates 180
consumed power. Suffix ind/cap PFetoting
represents inductive/capacitive m
character. This parameter is
recorded separately for each 270°
guadrant as shown on figure.

Fe)

ZPF Viotind
FPFViotcap

Instantaneous total vector combined (fundamental and
nonfundamental) power factor.

Minus sign indicates generated power and plus sign indicates
consumed power. Suffix ind/cap represents inductive/capacitive
character. See 5.1.6 for definition.

+
PFvioting”

4
PF Vitotcap™

Recorded total vector combined
(fundamental and nonfundamental)
power factor. I

Minus sign indicates generated power PFViotcap’
and plus sign indicates consumed 180
power. Suffix ind/cap represents
inductive/capacitive character. This I
parameter is recorded separately for )

each quadrant as shown on figure.

PFvtotind”

Pinv+

Photovoltaic inverter Active Power positive

Pinv—

Photovoltaic inverter Active Power negative

p dcinv+

Photovoltaic inverter Active Power DC positive

p dcinv-

Photovoltaic inverter Active Power DC negative

R.F.

Ripple Factor — ratio between rms AC component value and DC
component; presented at INV-1W and INV-3W connection
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Abbreviations

Sacinv+ Photovoltaic inverter Apparent Power AC positive

Saciny- Photovoltaic inverter Apparent Power AC negative
Phase long term flicker (2 hours), including Pyyg (phase p to phase g

Pyt long term voltage flicker) and Py, (phase p to neutral long-term
voltage flicker). See 5.1.10 for definition.

p., Short term flicker (10 minutes) including Pg (phase p to phase g
short term voltage flicker) and P, (phase p to neutral voltage
flicker). See 5.1.10 for definition.

Short term flicker (1 minute) including Pstiminjpg (Phase p to phase g

Pst(imin) short term voltage flicker) and Psyiminp (phase p to neutral voltage
flicker). See 5.1.10 for definition.

Instantaneous flicker including Pinstng (phase p to phase g

Pinst instantaneous voltage flicker) and P, (phase p to instantaneous
voltage flicker). See 5.1.10 for definition.

Instantaneous combined (fundamental and nonfundamental)

AN nonactive phase power including #N, (phase p nonactive phase

- power). Minus sign indicates generated and plus sign indicate
consumed nonactive power. See 5.1.5 for definition.

Recorded phase combined P 90° +P
(fundamental and nonfundamental) Q

nonactive power including Neap/indp ”+

(phase p nonactive phase power). 180 N

N Suffix ind/cap represents o
inductive/capacitive character. Minus Nind

Neap™ sign indicates generated and plus sigh  -Q I
indicates consumed fundamental 270°
reactive power. This parameter is
recorded separately for each quadrant as shown on figure. See 5.1.5
for definition.

Instantaneous combined (fundamental and nonfundamental)
nonactive total vector power. Minus sign indicates generated and

Heor plus sign indicate consumed nonactive power. See 5.1.5 for
definition.

Recorded total vector combined -P €——F>» +P

(fundamental and nonfundamental) +Q 90 ¢

nonactive power. Suffix ind/cap Il I %o
) represents inductive/capacitive Nooteap® | Nioteap”

Nrotind™ character. Minus sign indicates 180 o°

Neotcap” generated and plus sign indicates Niotcap” | Niotcap’
consumed combined nonactive Il Iv/q?)
power. This parameter is recorded Q ~
separately for each quadrant as 270°
shown on figure. See 5.1.5 for definition.

Instantaneous combined (fundamental and nonfundamental)

Nl nonactive total arithmetic power. Minus sign indicates generated

and plus sign indicate consumed nonactive power. See 5.1.6 for
definition.
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Abbreviations

Recorded total arithmetic combined (fundamental and

NGtoind nonfundamental) nonactive power. Minus sign indicates generated
and plus sign indicates consumed combined nonactive power. This
Naiotcop™ parameter is recorded separately for generated and consumed
nonactive power.
Instantaneous fundamental reactive phase power including #Qp
(phase p reactive phase power). Minus sign indicates generated and
#Qfund . .
plus sign indicates consumed fundamental reactive power. See 5.1.5
for definition.
Recorded phase fundamental reactive P 90° P
power. Suffix ind/cap represents +Q
inductive/capacitive character. Minus Il \Z
Qfunding® ‘Sigl’.l indicates generated and plus sign 180 Quap” Qind” o
indicates consumed fundamental
Qfundca” reactive power. This parameter is Qind Qeap
recorded separately for each -Q " IV}Z@’
guadrant as shown on figure. See 5700
5.1.5 for definition.
Instantaneous fundamental total vector reactive power. Minus sign
FQvfundior indicates generated and plus sign indicates consumed fundamental
reactive power. See 5.1.6 for definition.
Recorded total fundamental vector P 90° P
reactive power. Suffix ind/cap
represents inductive/capacitive
character. Minus sign indicates
Qufundioting® generated and plus sign indicates
Qufund:otcap” consumed fundamental reactive
power. This parameter is recorded
separately for each quadrant as
shown on figure. See 5.1.6 for
definition.
Instantaneous fundamental total arithmetic reactive power. See
Qafundiot 5.1.6 for definition.
Qafund;ot Recorded fundamental total arithmetic reactive power. See 5.1.6
Qafundie: for definition.
Instantaneous positive sequence of total fundamental reactive
#Q’ totcap power. Suffix ind/cap represents inductive/ capacitive character.
4Q" wtind Minus sign indicates generated and plus sign indicates consumed
reactive power. See 5.1.5 for definition.
Recorded positive sequence of total fundamental reactive power.
Qo §uffix ind/cap represents induc.:tiv<‘e/cz'apacitive character. Mi‘nus sign
indicates generated and plus sign indicates consumed reactive
Q' totcap™ power. This parameter is recorded separately for each quadrant.
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Abbreviations

Combined (fundamental and nonfundamental) phase apparent

S power including S, (phase p apparent power). See 5.1.5 for
definition.
sa Combined (fundamental and nonfundamental) total arithmetic
fot apparent power. See 5.1.6 for definition.
Se Combined (fundamental and nonfundamental) total effective
fot apparent power. See 5.1.5 for definition.
Sy Combined (fundamental and nonfundamental) total vector
fot apparent power. See 5.1.6 for definition.
Sfund Phase fundamental apparent power, including Sfund, (phase p
fundamental apparent power). See 5.1.5 for definition.
Fundamental total arithmetic apparent power. See 5.1.6 for
safundror definition.
Svfundiot Fundamental total vector apparent power. See 5.1.6 for definition.
5t Positive sequence of total fundamental apparent power. See 5.1.5
fot for definition.
Sufundiot Unbalanced fundamental apparent power. See 5.1.5 for definition.
SN Phase nonfundamental apparent power, including Sny (phase p
nonfundamental apparent power). See 5.1.5 for definition.
Sen Total nonfundamental effective apparent power. See 5.1.5 for
definition.
Sh Phase harmonic apparent power, including SH» (phase p harmonic
apparent power). See 5.1.5 for definition.
SeHiot Total harmonic effective apparent power. See 5.1.5 for definition.
Total harmonic distortion current (in % or A), including THD,, (phase
THD, p current THD) and THDy (neutral current THD). See 5.1.8 for
definition
Total harmonic distortion voltage related (in % or V) including
THDy THDypg (phase p to phase g voltage THD) and THDy, (phase p to
neutral voltage THD). See 5.1.11 for definition.
u Negative sequence voltage ratio (%). See 5.1.11 for definition.
u° Zero sequence voltage ratio (%). See 5.1.11 for definition.
U U RMS voltage, including Uyg (phase p to phase g voltage) and U»
s L Rms (phase p to neutral voltage). See 5.1.2 for definition.
Urmsiny Photovoltaic inverter RMS voltage
Uacinv Photovoltaic inverter AC voltage
Udcinv Photovoltaic inverter DC voltage
Ut Positive sequence voltage component on three phase systems. See
5.1.11 for definition.
U Negative sequence voltage component on three phase systems. See

5.1.11 for definition.
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Zero sequence voltage component on three phase systems. See

UD
5.1.11 for definition.

Upip Minimal Ugms(1/2) voltage measured during dip occurrence

Fundamental RMS voltage (Uh;on 1% harmonics), including Ufundpg
Ufund (phase p to phase g fundamental RMS voltage) and Ufund, (phase p
to neutral fundamental RMS voltage). See 5.1.8 for definition

n* voltage RMS harmonic component including U,gshn (phase p to
phase g voltage n'" RMS harmonic component) and Uphn (phase p to
neutral voltage n'" RMS harmonic component). See 5.1.8 for
definition.

Uhy,

n* voltage RMS interharmonic voltage component including Upgihn
(phase p to phase g voltage n' RMS interharmonic component) and
U,ihn (phase p to neutral voltage n™" RMS interharmonic
component). See 5.1.8 for definition.

Uihn

Uint Minimal Ugms(1/2) voltage measured during interrupt occurrence.

Nominal voltage, normally a voltage by which network is designated

Unom or identified.

Voltage over-deviation, difference between the measured value and
the nominal value of a voltage, only when the measured value is
greater than the nominal value. Voltage over-deviation measured
over recorded interval, expressed in % of nominal voltage including
Upgover (phase p to phase g voltage) and Upover (phase p to neutral
voltage). See 5.1.12 for details.

u Over

Peak voltage, including Upgek (phase p to phase g voltage) and Uprk

)
Pk (phase p to neutral voltage)

RMS voltage refreshed each half-cycle, including Upgrms(1/2) (phase p
Urms(1/2) to phase g half-cycle voltage) and Uprms(1/2) (Phase p to neutral half-
cycle voltage). See 5.1.12 for definition.

Uswen Maximal Ugrms(1/2) voltage measured during swell occurrence.

Mains signalling RMS voltage, including Usigng (phase p to phase g
half-cycle signalling voltage) and Usig (phase p to neutral half-cycle

Usig signalling voltage). Signalling is a burst of signals, often applied at a
non-harmonic frequency, that remotely control equipment. See
5.2.6 for details.

Voltage under-deviation, difference between the measured value
and the nominal value of a voltage, only when the voltage is lower
than the nominal value. Voltage under-deviation measured over
recorded interval and expressed in % of nominal voltage, including
Upgunder (phase p to phase g voltage) and Upunder (phase p to neutral
voltage). See 5.1.12 for details.

Maximum absolute difference between any of the Ugms(1/2) values
during the RVC event and the final arithmetic mean 100/120 Ugms(1/2)
value just prior to the RVC event. For poly-phase systems, the AUmax
is the largest AUmax 0N any channel. See 5.1.15 for details.

U Under

A Umax
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Absolute difference between the final arithmetic mean
100/120 Ugrms(1/2) value just prior to the RVC event and the first
AU arithmetic mean 100/120 Urms(1/2) value after the RVC event. For

poly-phase systems, the AUs; is the largest AUss on any channel. See
5.1.15 for details.
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2 Description

2.1 Front panel

: 1
m MI 2893
2
6
S5
4
7 3
9
8
Figure 3: Front panel
Front panel layout:
1. LCD Colour TFT display, 4.3-inch, 480 x 272 pixels.
2. F1-F4 Function keys.
3. ARROW keys Moves cursor and select parameters.
4. ENTER key Step into submenu.
5. ESCkey Exits any procedure, confirms new settings.
6. SHORTCUT keys Quick access to main instrument functions.
7. LIGHT key Adjust LCD backlight intensity: high/low//off
(BEEP OFF) If the LIGHT key is pressed for more than 1.5 seconds, beeper will be
disabled. Press & hold again to enable it.
8. ON-OFF key Turns on/off the instrument.
COVER Communication ports and microSD card slot protection.
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2.2 Connector panel

Warnings!
Use safety test leads only!

Max. permissible nominal voltage between
voltage input terminals and ground is 1000 Vgws !
Max. short-term voltage of external power supply
adapter is 14 V!

B BB P

Figure 4:Top connector panel

Top connector panel layout:

1 Clamp-on current transformers (ls, Iz, I3, In) input terminals.
2 Voltage (Li, Ly, Ls, N, GND) input terminals.
3 12 V external power socket.

Figure 5: Side connector panel

Side connector panel layout:

1  MicroSD card slot.

GPS serial / Photo — scanning head connector.
Ethernet connector.

USB connector.

H W N
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2.3 Bottom view

Figure 6: Bottom view

Bottom view layout:

1. Battery compartment cover.
2. Battery compartment screw (unscrew to replace the batteries).
3. Serial number label.

2.4 Accessories

2.4.1 Standard accessories

Table 1: MI 2893/MI 2892/MI 2885 standard accessories

Description Pieces

Flexible current clamp 3000 A /300 A /30 A (A 1227/A 1502)

Temperature probe (A 1354)

Colour coded test probe

Colour coded crocodile clip

Colour coded voltage measurement lead

USB cable

RS232 cable

Ethernet cable

12V /3 A Power supply adapter

NiMH rechargeable battery, type HR 6 (AA)

Professional protective waterproof case (A 1685) (M1 2893/MI 2892)

Soft carrying bag (Ml 2885)

RlRrlRO|R[R|R[RlO|V|RL D

Compact disc (CD) with PowerView v3.0 and manuals

2.4.2 Optional accessories

See the attached sheet for a list of optional accessories that are available on request from your distributor.
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3 Operating the instrument

This section describes how to operate the instrument. The instrument front panel consists of a colour
LCD display and keypad. Measured data and instrument status are shown on the display. Basic display
symbols and keys description is shown on figure below.

Status bar
m MI 2893
MAIN MENU N gofiiw_iv 1% 18:07)
Function keys ‘
Shortcut keys
Press & Hold for
waveform snapshot
Cursor keys, Enter
Press & Hold to
disable beeper Escape
Backlight On/Off
Power On/Off

Figure 7: Display symbols and keys description

During measurement campaign various screens can be displayed. Most screens share common labels
and symbols. These are shown on figure below.

Screen name

Y-axis scale

Status bar

X-axis scale (time

Options for functio
keys (F1—F4)

Figure 8: Common display symbols and labels during measurement campaign
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3.1 Instrument status bar

Instrument’s status bar is placed on the top of the screen. It indicates different instrument states. Icon
descriptions are shown on table below.

Status bar

MAIN MENU & W LN 18:07

RSLLIPS

Figure 9: Instrument status bar

Table 2: Instrument status bar description

(IHEN Indicates battery charge level.
ir Indicates that charger is connected to the instrument. Batteries will be charged
automatically when charger is present.
& Instrument is locked (see section 3.24.5 for details).
~, AD converter over range. Selected Nominal voltage or current clamps range is too
N small.
18:07 Current time.

GPS module status (Optional accessory A 1355):

GPS module detected but reporting invalid time and position data.
(Searching for satellites or too weak satellite signal).

%
Q) GPS time valid — valid satellite GPS time signal.
{f- Instrument act as host USB, and is ready to accept USB memory stick.

One of the current clamps has opposite direction from the expected.

Internet connection status (see section 4.3 for details):

Internet connection is not available.

ol

Instrument is connected to the internet and ready for communication.

Instrument is connected to the PowerView.

Recorder status:

General recorder is active, waiting for trigger.

General recorder is active, recording in progress.

Waveform recorder is active, waiting for trigger.

Waveform recorder is active, recording in progress.

Transient recorder is active, waiting for trigger.

Transient recorder is active, recording in progress.

"@-@ (@0

E-Meter recorder is active, waiting for trigger.
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E-Meter recorder is active, E-Meter accuracy test in progress.

Alarm detected, recording in progress

Event detected, recording in progress

EENG)

Inrush detected, recording in progress

RVC detected, recording in progress

Signalling detected, recording in progress

Transient detected, recording in progress

=] =

Memory list recall. Shown screen is recalled from instrument memory.

Flagged data mark. While observing recorded data this mark will indicate that
observed measurement results for given time interval can be compromised due to
interrupt, dip or swells occurrence. See section 5.1.17 for further explanation.

Rl

Signalling voltage is present on voltage line at monitored frequencies. See sections
3.13 and 3.23.4 for further explanation.

USB stick communication mode. In this mode selected record can be transferred
from microSD card to USB stick. USB communication with PC is disabled while in this
mode. See section 3.22 for details.

3.2 Instrument keys

Instrument keyboard is divided into four subgroups:

Function keys

Shortcut keys

Menu/zoom manipulation keys: Cursors, Enter, Escape
Other keys: Light and Power on/off keys

Function keys are multifunctional. Their current function is

shown at the bottom of the screen and depends on selected instrument function.

Shortcut keys are shown in table below. They provide quick access to the most common instrument
functions.

Table 3: Shortcut Keys and other Function keys

Shows UIF Meter screen from MEASUREMENT submenu

Q Shows Power meter screen from MEASUREMENT submenu

Shows Harmonics meter screen from MEASUREMENT submenu

Shows Connection Setup screen from MEASUREMENT SETUP submenu

Shows Phase diagram screen from MEASUREMENT submenu

Hold o key for 2 seconds to trigger WAVEFORM SNAPSHOT. Instrument will
record all measured parameters into file, which can be then analysed by PowerView.

Set backlight intensity (high/low/off).

xo 2 60000

Hold @ key for 2 s to disable/enable beeper sound signals.
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Switch On/off the instrument.
@ Note: instrument will not power off if any recorder is active.
Note: Hold key for 5 seconds in order to reset instrument, in case of failure.

Cursor, Enter and Escape keys are used for moving through instrument menu structure, entering various
parameters. Additionally, cursor keys are used for zooming graphs and moving graph cursors.

3.3 Instrument memory (microSD card)

M1 2893/MI 2892/MI 2885 use microSD card for storing records. Prior instrument use, microSD card
should be formatted to a single partition FAT32 file system and inserted into the instrument, as shown
on figure below.

microSD Card

Figure 10: Inserting microSD card

1. Openinstrument cover

2. Insert microSD card into a slot on the instrument (card should be putted upside down,
as shown on figure)

3. Close instrument cover

Note: Do not turn off the instrument while microSD card is accessed:
- during record session
- observing recorded data in MEMORY LIST menu
Doing so may cause data corruption, and permanent data lost.

Note: SD Card should have single FAT32 partition. Do not use SD cards with multiple partitions.

3.4 Instrument Main Menu

After powering on the instrument, the “MAIN MENU” is displayed. From this menu all instrument
functions can be selected.

35



M1 2893 / MI 2892 / MI 2885 Instrument Main Menu

@i mm 18:13

]
1,
NV, (\
a8 - )
=\ s ®
MEASUREMENTS RECORDERS
MEASUREMENT SETUP GENMERAL SETUP
Figure 11: “MAIN MENU”
Table 4: Instrument Main menu
s\""'»_ MEASUREMENT submenu. Provide access to various instrument measurement
c screens
® RECORDER submenu. Provide access to instrument recorders configuration and
) storage.
g};, MEASUREMENT SETUP submenu. Provide access to the measurement settings.
,/‘ GENERAL SETUP submenu. Provide access to the various instrument settings.

Table 5: Keys in Main menu

. . Selects submenu.

@ Enters selected submenu.

3.4.1 Instrument submenus

By pressing ENTER key in Main menu, user can select one of four submenus:
o Measurements — set of basic measurement screens,
e Recorders — setup and view of various recordings,
o Measurement setup — measurement parameters setup,
e General setup — configuring common instrument settings.
List of all submenus with available functions are presented on following figures.
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Instrument Main Menu
MEASUREMENTS 10N 15:22
N 6] 6
@i 18:13 uU,Lf POWER ENERGY

Wy,

X, ® G
= = I .

MEASUREMENTS RECORDERS

HARMONICS

H »/ §c 7y

TEMPERATURE

¥

SIGNALLING UNDER/OVER DEV.

Figure 12: Measurements submenu

RECORDERS L 120:57

* EAEA

i |
GENERAL REC. . WAVEFORM REC.

- TRANSIENT REC.

0=

ALARM TABLE

MEMORY LIST EVENTS TABLE

TRANSIENTS TABLE INRUSH TABLE

Figure 13: Recorders submenu (M| 2893)

RECORDERS

[ [ RERF

o | a8 | Bg |

GENERAL REC. WAVEFORM REC. |

TRANSIENT REC.

8L

EVENTS TABLE ALARM TABLE

RVC TABLE

INRUSH TABLE

E-METER

Figure 14: Recorders submenu (M| 2892/M| 2885)

MEAS. SETUP L 120:58

= U >

CONNECTION SETUP EVENT SETUP

ALARM SETUP

SIGNALLING SETUP RYC SETUP MEASURING METHODS

TRANSIENTS SETUP INRUSH SETUP

WAVE. REC. SETUP
Figure 15: Measurement setup submenu
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o 22:17
(=
@ @
COMMUNICATION TIME & DATE LANGUAGE
e 9
)

O—w ® ®

INSTRUMENT INFO LOCK/UNLOCK COLOUR MODEL

BACKLIGHT

Figure 16: General setup submenu

Table 6: Keys in submenus

' . Selects function within each submenu.

@ Enters selected function.

ESC Returns to the “MAIN MENU”.

35U, I, f

Voltage, current and frequency parameters can be observed in the “U, |, f’ screens. Measurement
results can be viewed in a tabular (METER) or a graphical form (SCOPE, TREND). TREND view is active
only in RECORDING mode. See section 3.14 for details.

3.5.1 Meter

By entering U, |, f option, the U, |, f — METER tabular screen is shown (see figures below).
§CE0EN 08:53

RMS 230.2v 500.1a

RMS T —
THD e B o
PEAK | 3266v  7086a
MAX 2384v 904.2a
- 2
MIN b e S8

| HOLD | RESET ||1::3uw4 & SCOPE |

Figure 17: U, I, f meter phase table screens (L1, L2, L3, N)
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U,L,METER A

300.0a

That }...50 . kL L B L
f Hz
| HoLD || |[12au A a|| SCOPE |

U,l,:METER A @ mm 17:53
L23 L3

uL 398.4 398.4 398.4v

L o P e
L — L Li— Tl L— pfcue
Efa P Sl Sl
LU e e e o_—
| HoLD || |[123ua A|| SCOPE |

Figure 18: U, I, f meter summary table screens

In those screens on-line voltage and current measurements are shown. Descriptions of symbols and
abbreviations used in this menu are shown in table below.

Table 7: Instrument screen symbols and abbreviations

RMS
UL True effective value Ugms and lgms
IL
THD
ThdU Total harmonic distortion THDy and THD,
Thdl
CF Crest factor CFy and CF,
PEAK Peak value Upc and lpk
MAX Maximal Urms(1/2) voltage and maximal /rms(1/2) current, measured after RESET (key:
F2)
MIN Minimal Ugms(1/2) voltage and minimal /gms(1/2) current, measured after RESET (key:
F2)
f Frequency on reference channel
Y

Note: In case of overloading current or overvoltage on AD converter, icon — = will be displayed in the
status bar of the instrument.
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Table 8: Keys in Meter screens

Holds measurement on display. Hold clock time will be displayed in the

HOLD right top corner.
RUN Runs held measurement.
RESET Resets MAX and MIN values (Ugms(1/2) and lgms(1/2)).
123n4AA Shows measurements for phase L1.
123N AA Shows measurements for phase L2.
123NAA Shows measurements for phase L3.
123N 4A Shows measurements for neutral channel.
123N A Shows measurements for all phases.
123n4A A Shows measurements for all phase-to-phase voltages.
12 23317 Shows measurements for phase-to-phase voltage L12.
1223314 Shows measurements for phase-to-phase voltage L23.
1223314 Shows measurements for phase-to-phase voltage L31.
1223310 Shows measurements for all phase-to-phase voltages.
METER Switches to METER view.
SCOPE Switches to SCOPE view.
TREND Switches to TREND view (available only during recording).
Triggers Waveform snapshot.
ESC Returns to the “MEASUREMENTS” submenu.

3.5.2 Scope

Various combinations of voltage and current waveforms can be displayed on the instrument, as shown
below.

U ESCOPELY | © 1 17:53 U,LE:SCOPE L1 © T 17:53

#2000 diy LEEERRE

Ui (i |

220.2v 500.0a

[ HOLD |[U i vi wi |[123n4 al[ TREND [ HOLD || ul viuwi [[12358 4| TREND |
Figure 19: Voltage only waveform Figure 20: Current only waveform
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UlLsf

O 17: O 1759
Ul *50aL) SBEER U1 o20aLl diy
| Sy / / | Lol
1 1
500.0a \ \ 500.0a
/ / SRR AT
18ms- div 18ms div
| HOLD |[uv i Ugd wi |[12:uan| TREND | | HOLD ||u i wiUA|[425n4 4| TREND |

Figure 21: Voltage and current waveform (single

mode) mode)

Table 9: Instrument screen symbols and abbreviations

Figure 22: Voltage and current waveform (dual

U1, U2, U3, Un True effective value of phase voltage: Uy, Uy, Us, Uy
ui12,U23, U3l True effective value of phase-to-phase voltage: Ui, U,s, U3z
11,12,13, In True effective value of current: Iy, I, 13, In

Table 10: Keys in Scope screens

HOLD
-
RUN

Holds measurement on display.

Runs held measurement.

Selects which waveforms to show:

Uiuun Shows voltage waveform.
uluiun Shows current waveform.
uiU,lun Shows voltage and current waveform (single graph).
uiu,U/I Shows voltage and current waveform (dual graph).
Selects between phase, neutral, all-phases and line view:
123n4A Shows waveforms for phase L1.
123NAA Shows waveforms for phase L2.
123N AA Shows waveforms for phase L3.
123N A Shows waveforms for neutral channel.
123N A p Shows all phase waveforms.
123n4A A Shows all phase-to-phase waveforms.
12 23317 Shows waveforms for phase L12.
12 2331A Shows waveforms for phase L23.
122331A Shows waveforms for phase L31.
1223310 Shows all phase waveforms.
METER Switches to METER view.
SCOPE Switches to SCOPE view.
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TREND Switches to TREND view (available only during recording).

Selects which waveform to zoom (only in U/l or U+l).

Sets vertical zoom.

Sets horizontal zoom.

Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.

3.5.3 Trend

While GENERAL RECORDER is active, TREND view is available (see section 3.14 for instructions how to
start recorder).

3.5.4 Voltage and current trends

Current and voltage trends can be observed by cycling function key F4 (METER-SCOPE-TREND).

(OO TR U.1,:TREND L1 W @l 09:04
30.0et.2018 [sloU/div ¢ : : : 30.0¢t.2018 [*5.00U/div | ;
03m 16s iincely : TS 2Min/div i
| U o« [[1:23n AJ| METER | | Urtfuru|[[{123na|[ METER |
Figure 23: Voltage trend (all voltages) Figure 24: Voltage trend (single voltage)
U,I,£TREND L1 w @) 09:08 U,L,:TREND L1 w ©jmml 09:10
30.0ct.2018 [%5.00U/div : 0.10A/div 30.0¢t.2018 [o5.0a0div
o : AT e
SMinsdiv i
B{.\ma/diuww
09m 51s 2Min/div : ; 11m 595 5Mvi‘r‘1/.d‘i“v” H ‘ :
\ lutsUdun |[123na|] METER | \ [JlutsurUA |[41 238 A || METER |
Figure 25: Voltage and current trend (single Figure 26: Voltage and current trend (dual mode)

mode)
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[F]w @immmi 09:14 U,I,::TREND 17:34

®50.0A/div: 13.May.2013 (0.050Hz/div
22:45:60
...... : v = : :
i 49.984H: | - e
] [t3 b ‘ () \ +% :
49.993u: 1| f ‘ ‘ ;» R :
B Ett akar B f x """""""" - e
: : 50.005H: ;
15m 525 Pitincy : 04h 46m 00s (E7d1Y ;
| ul fuiu ‘ 1 23N A \ METER || I METER
Figure 27: Trends of all currents Figure 28: Frequency trend

Table 11: Instrument screen symbols and abbreviations

U1, U2, U3, Un, Maximal (X), average (£) and minimal (¥) value of phase RMS voltage Uy, Us, Us,
U12,U23,U31 Uy orline voltage Ui,, Uas, Uss for time interval (IP) selected by cursor.

Maximal (), average (£) and minimal () value of current Iy, I, I3, Iy for time

11,12,13, In interval (IP) selected by cursor.

f Maximal (&), active average (£) and minimal (¥) value of frequency at
synchronization channel for time interval (IP) selected by cursor.

10.May.2013 Timestamp of interval (IP) selected by cursor.
02:02:00

Current GENERAL RECORDER time

32m 00s
(d - days, h - hours, m - minutes, s - seconds)

Table 12: Keys in Trend screens

Selects between the following options:

Uifu,lu/ Shows voltage trend.
ulfuiu/ Shows current trend.
uifulu Shows frequency trend.
uifU,lus Shows voltage and current trend (single mode).
uifuU/I Shows voltage and current trend (dual mode).

Selects between phases, neutral channel, all-phases view:

123n4 Shows trend for phase L1.

123N A Shows trend for phase L2.

123N 4 Shows trend for phase L3.

123N A Shows trend for neutral channel.

123N A Shows all phases trends.

12 23317 Shows trend for phases L12.

12 2331A Shows trend for phases L23.
122331A Shows trend for phases L31.
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1223310 Shows all phase-to-phase trends.
METER Switches to METER view.

SCOPE Switches to SCOPE view.
TREND Switches to TREND view.

. . Moves cursor and selects time interval (IP) for observation.

ESC Returns to the “MEASUREMENTS” submenu.
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3.6 Power

In POWER screens instrument shows measured power parameters. Results can be seen in a tabular
(METER) or a graphical form (TREND). TREND view is active only while GENERAL RECORDER is active. See
section 3.14 for instructions how to start recorder. In order to fully understand meanings of particular
power parameter see sections 5.1.5.

Note: M| 2893/MI 2892/MI 2885 always save data according IEEE 1459 and data presentation could be
also selected under PowerView.

3.6.1 Meter

By entering POWER option from Measurement’s submenu, the tabular POWER (METER) screen is shown
(see figure below). Which measurement is present on display depends on following settings:

e Power measurement method: Modern (IEEE 1459), Classic (Vector) or Classic (Arithmetic) — see
section 3.21.6

e Connection type: 1W, 2W, 3W...
e Selected VIEW: Combined, Fundamental or Nonfundamental

a0 /a2

Modern (IEEE 1459) Fundamental 8 Modern (IEEE 1459)
aEh (L3)  ToT. KP (L3)  ToOT.
P 99.58 149.4 199.1 448.1mw P 99.36 149.1 198.7 447.2 uw
N 61.87 86.17 114.8 262.9 Mvar aQ 57.31 86.01 114.6 257.9 Mvar
s 117.2 172.5 229.9 537.6 Mva s 114.7 172.2 229.4  516.3mva
PF 0.85i 0.87i 0.87i 0.83i DPF 0.87i 0.87i 0.87i 0.87i
| Hop || wview |[i:: A <] I | wHop | wviEw  |[1:2: A 7| |
Figure 29: Power measurements summary Figure 31: Power measurements summary
(combined) (fundamental)

(35 0g:19

Nonfundamental Modern (IE1 459)
T & 3 ToT.

0.256 0.257 0.261 53.65kva
0472 0473 0475 36.76ker
0490 0.490  0.493  39.07war |
0408 0407 0427 1241w

|  HOLD VIEW | 123 A |

Figure 30: Power measurements summary
(nonfundamental)
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Powerat | VIO cower: s

| L1 Modern (IEEE 1459)

Pl 188.0uv |[P 188.01w |[SN| 92.28wa| |P 358.9 kv |P+ 358.3 iw |SeN| 22.06wva

N -93.33 kwvar Q -33.34 kwvar Dl 89.86 kwvar Q -20.76 kwvar Q+ -10.02 kvar Del 19.91 kvar

S 212 1kva ||S 191.0 kva ||DV 0.201 kvar Se 359.7kva |5+ 358.5 kva |DeV| 0.555 kvar

PF 0.8%¢c DPF 0.98¢c PH| =0.011ww PFe| 0.99¢ PFe+ 0.99¢c Pu | 0.525 ww

L/ L/ L ' [

[Harmonic pollut.: 48.3% ] [Harmonic pollut.: 1.36% ][Load unbalance: 8.47 % ]

[ HoLD || [[123a71]] | [ nHowp || [[1235aT]| |
Figure 32: Detailed power measurements at Figure 33: Detailed total power measurements

phase L1

Description of symbols and abbreviations used in POWER (METER) screens are shown in table below.

Table 13: Instrument screen symbols and abbreviations (see 5.1.5 for details) — instantaneous values

Depending on the screen position:

In Combined column: Combined (fundamental and nonfundamental) active
P power (#Pi, P2, #P3, #Ptor,)

In Fundamental column: Fundamental active phase power (#Pfund;,
#Pfund,, #Pfunds)

N Combined (fundamental and nonfundamental) nonactive phase power
(#N1, #N5, #N3) and nonactive total vector (#Nio)

Na Combined (fundamental and nonfundamental) nonactive arithmetic total
power (£Natot)

Q Fundamental reactive phase power (#Qfund;, #Qfund,, #Qfunds)

Qa Fundamental total arithmetic reactive power (Qafundio:)

Qv Fundamental total vector reactive power (#Qvfundiot)

Depending on the screen position:

In Combined column: Combined (fundamental and nonfundamental)
apparent phase power (S;, Sy, S3)

In Fundamental column: Fundamental apparent phase power (Sfund,,
Sfund., Sfunds)

Depending on the screen position:

In Combined column: Combined (fundamental and nonfundamental) total

Sa arithmetic apparent power (Satot)

In Fundamental column: Fundamental total arithmetic apparent power
(Safundior)

Depending on the screen position:

In Combined column: Combined (fundamental and nonfundamental) total

Sv vector apparent power (SVio)

In Fundamental column: Fundamental total vector apparent power
(Svfundor)
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P+ Positive sequence of total active fundamental power (#P*;ot)
Q+ Positive sequence of total reactive fundamental power (#Q*:t)
St Positive sequence of total apparent fundamental power (£5%)
DPF+ Positive sequence power factor (fundamental, total)
Se Combined (fundamental and nonfundamental) total effective apparent
power (Setor)
SN Phase nonfundamental apparent power (SN, SN2, SN3)
SeN Total effective nonfundamental apparent power (Sen:ot)
Di Phase current distortion power (D13, D13, Di3)
Dei Total effective current distortion power (Delot)
Dv Phase voltage distortion power (Dvi, Dv,, Dvs)
Dev Total effective voltage distortion power (Devio)
PH Phase and total harmonic active power (Pui*, Prz*, Pus’, #Prtot)
PF Phase combined (fundamental and nonfundamental) power factor (#PF;,
+PF,, #PF3)
PFa Total arithmetic combined (fundamental and nonfundamental) power
factor (#PFa)
PFe Total effective combined (fundamental and nonfundamental) power factor
(#PFe)
Total vector combined (fundamental and nonfundamental) power factor
PFv (ZPFv).
DPF Phase fundamental power factor (#DPF;, #DPF,, #DPF3,) and positive
sequence total power factor (#DPF*)
DPFa Total arithmetic fundamental power factor (#DPFa).
DPFv Total vector fundamental power factor (#DPFv).

Harmonic Pollut.

Harmonic pollution according to the standard IEEE 1459

Load unbalance

Load unbalance according to the standard IEEE 1459

Table 14: Keys in Power (METER) screens

Holds measurement on display. Hold clock time will be displayed in the

HOLD right top corner.
RUN Runs held measurement.

VIEW Switches between Combined, Fundamental and Nonfundamental view.
12347 Shows measurements for phase L1.

123 AT Shows measurements for phase L2.
123 AT Shows measurements for phase L3.
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123 A1 Shows brief view on measurements on all phases in a single screen.
123AT Shows measurement results for TOTAL power measurements.
METER Switches to METER view.

TREND Switches to TREND view (available only during recording).

Triggers Waveform snapshot.

Returns to the “MEASUREMENTS” submenu.

3.6.2 Trend

During active recording TREND view is available (see section 3.14 for instructions how to start GENERAL

RECORDER).

14.May.2019 20. 00 div
09:25:00

=

POWER:TREND L1 @ii:l 09:26

01m 38s LIMinsdiv

| VIEW .Pmncsnprinpi 1:: 41| METER |

Figure 34: Power trend screen

Table 15: Instrument screen symbols and abbreviations

View: Combined power

P1+, P2+, Maximal (&), average (£) and minimal (X) value of consumed (Ps*, P,', Ps",
P3+, Pt+ P.w:*) or generated (P71, Pz, P3, Pwr’) active combined power for time interval
(IP) selected by cursor.
View: Fundamental power
P1+ P2+, Maximal (&), average (£) and minimal () value of consumed (Pfund:*,
P3+ P4+ Pfundy*, Pfunds*, P+wt") or generated (Pfundy, Pfunds, Pfunds, P+:+) active
fundamental power for time interval (IP) selected by cursor.
View: Combined power
Nilt, Ni24, Maximal (&), average (£) and minimal (¥) value of consumed (N1ing", Naind®,
Ni3+, Nit+ Nsing*, Niotina™) Or generated (N1ind’, N2ind’, N3ind”, Ntoting) inductive combined

nonactive power for time interval (IP) selected by cursor.

Ncl+, Nc2+4,
Nc3+, Nctt

View: Combined power

Maximal (&), average (£) and minimal (X) value of consumed (N1cap®, Nacap®,
N3cap’, Niotcap’) OF generated (Nicap, Nacap, N3cap’, Ntotcap') Capacitive combined
nonactive power for time interval (IP) selected by cursor.

S1, 52, S3, Se

View: Combined power

Maximal (X ), average (£) and minimal (¥) value of combined apparent power
(51, Sz, S3, Setot) for time interval (IP) selected by cursor.
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S1, 82, S3, S+

View: Fundamental power
Maximal (&), average (£) and minimal (¥) value of fundamental apparent
power (Sfunds, Sfund,, Sfunds, S*.) for time interval (IP) selected by cursor.

PFil#, PFi2+, PFi3s,
PFit+

View: Combined power

Maximal (&), average (£) and minimal () value of inductive power factor (1%
quadrant: PFiing*, PFaind®, PF3ind®, PFioting® and 3™ quadrant: PFiing’, PFaind’, PF3ind’,
PFioting’) for time interval (IP) selected by cursor.

PFcl1#, PFc2+, PFc3+4,
PFct+

View: Combined power

Maximal (&), average (£) and minimal () value of capacitive power factor
(4™ quadrant: PFicap®, PFacap’, PF3cap’, PFiotcap’ and 2" quadrant: PFicap, PFacap),
PFscap’, PFtotcap”) foOr time interval (IP) selected by cursor.

Qilt, Qi2+, Qi34+,
Q+it

View: Fundamental power

Maximal (&), average (£) and minimal () value of consumed (Quind*, Qaind™,
Qsind”, Q*torina”) Or generated (Quind’, Qaind’, Qaing’, Q' rorina’) fundamental reactive
inductive power for time interval (IP) selected by cursor.

Qclt, Qc2+, Qc34,
Q+ct

View: Fundamental power
Maximal (&), average (£) and minimal () value of consumed (Qicap’, Qacap’,

Qacap’, Q' caprot’) Or generated (Qucap’, Qacap’, Qacap, Q' captot’) fundamental reactive
capacitive power for time interval (IP) selected by cursor.

View: Fundamental power

EEE:;' Maximal (X ), average (£) and minimal (¥) value of inductive displacement
DPFi3i' power factor (1%t quadrant: DPFying*, DPFaing®, DPF3ing*, DPFioting”, and 3™
DPE+it+ quadrant: DPFiing’, DPFaing’, DPF3ing” DPFioting’,) fOr time interval (IP) selected by
cursor.
View: Fundamental power
DPFclt, . . . .
DPEC+ Maximal (&), average (£) and minimal () value of capacitive displacement
DPFc3i' power factor (4" quadrant: DPFicap*, DPFacap®, DPF3cap®, DPFotcap’, and 2™
DPF+ctt quadrant: DPFicap’, DPFacap”, DPF3cap, DPFrotcap®) for time interval (IP) selected by
cursor.
View: Nonfundamental power
Snl, Sn2, ) .
sn3. Sen Maximal (&), average (£) and minimal () value of consumed or generated
’ nonfundamental apparent power (SN, SN2, SN3, SeNtot) for time interval (IP)
selected by cursor.
View: Nonfundamental power
Dil, Di2, Maximal (&), average (£) and minimal () value of consumed or generated
Di3, Dei phase current distortion power (D13, D1, D13, Delt) for time interval (IP)
selected by cursor.
View: Nonfundamental power
Dv1, Dv2, Maximal (&), average (£) and minimal () value of consumed or generated
Dv3, Dev phase voltage distortion power (Dvi, Dv,, Dvs, Deviot) for time interval (IP)

selected by cursor.

Phlt, Ph2%, Ph3t,
Phtt

View: Nonfundamental power

Maximal (&), average (£) and minimal () value of consumed (Pu1*, Puz2’, Pus’,
Priot”) or generated (Pui, Puz, Phs, Phtot) active harmonic power for time
interval (IP) selected by cursor.
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Table 16: Keys in Power (TREND) screens

Selects which measurement should instrument represent on
graph:
e Consumed or Generated
Measurements related to consumed (suffix: +) or
generated power (suffix: -).

e Combined, Fundamental or Nonfundamental
Measurement related to fundamental power,
nonfundamental power or combined.

Keys in VIEW window:

=)
. . Selects option.
v

@ Confirms selected option.

ESC Exits selection window without change.

If Combined power is selected:

P Ni Nc s PFi Pfc Shows combined active power trend.

P Ni Nc's PFi Pfc Shows combined inductive nonactive power trend.
P Ni NC s PFi Pfc Shows combined capacitive nonactive power trend.
P Ni Nc S PFi Pfc Shows combined apparent power trend.

P Ni Nc S PFi pfc Shows inductive power factor trend.

P Ni Nc s Pfi PFc Shows capacitive power factor trend.

If Fundamental power is selected:

P i c s DPFi DPfc Shows fundamental active power trend.

P Qi Qc S DPFi DPfc Shows fundamental inductive reactive power trend.
P Qi QC s DPFi DPfc Shows fundamental capacitive reactive power trend.
P Qi Qc S DPFi DPfc Shows fundamental apparent power trend.
P ai ac s DPFi ppfc Shows inductive displacement power factor trend.
P Qi ac s DPfi DPFc Shows capacitive displacement power factor trend.

If Nonfundamental power is selected:

Sn DiDv Ph Shows nonfundamental apparent power trend.
sn Di bv Ph Shows nonfundamental current distortion power.
sn Di DV Ph Shows nonfundamental voltage distortion power.
snDiDv Ph Shows nonfundamental active power.
Selects between phase, all-phases and Total power view:
12347 Shows power parameters for phase L1.
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Energy
123 AT Shows power parameters for phase L2.
123 AT Shows power parameters for phase L3.
Las A Shows power parameters for phases L1, L2 and L3 on the same
graph.
123AT Shows Total power parameters.
METER Switches to METER view.

TREND Switches to TREND view (available only during recording).

. . Moves cursor and selects time interval (IP) for observation.

Returns to the “MEASUREMENTS” submenu.

3.7 Energy

3.7.1 Meter

Instrument shows status of energy counters in energy menu. Results can be seen in a tabular (METER)
form. The meter screens are shown on figures below.

O o0+ E AL © 1503
xh (L3)

Consumed in TOTAL Consumed in LAST INTERVAL
Ep+ | 00000633.03 00000618.56 00000834.901wh | ([Ep+ 000000026.276 kwhn

Eq+ | 00000000.00 00000000.00 00000000.00kvarh |[Eq+ 000000000.000 k varh
Generated in TOTAL

Generated in LAST INTERVAL
Ep- | 00000000.00 00000000.00 00000000.00wn | |[Ep- 000000000.000 wwh

Eq- | 00000365.80 00000109.35 00000463.28 kvarh) |[Eq=- 000000011.815 kvarh

START: 14.Nov.20413 13:42 Duration: 01h 19m 24s START: 14.Nov.20413 13:42 Duration: 01h 21m 09s
HOLD | [TOTiasrcur|[1 23 A 7| TREND | | HOLD |[rorLASTcur|[+ 23 o T || TREND |

Ot a0
(D) INV

Consumed in TOTAL

Ep+ | 00000000.00 0000000000

Eq+ | 00000000.00 kevarh

Generated in TOTAL

}“"EPZ'J’ JLLLULLEL) LLLLL L LS e

Eq- | 00000000.00 kevarh

START: 01.Jan.2000 00:39 Duration: 20s _

| HOLD TOT Last cur| TREND |

Figure 35: Energy counters screen (General Recorder is running)

ENERGY:A MR TPl ENERGY:TOTAL {1000 00:45

L L2 ] (L3
Consumed in TOTAL Consumed in TOTAL
Ep+ | 00000000.00 00000000.00 00000000.00kw: ||Ep+ | 000000000.000kwm
Eq+ _\00000000.00 00000000.00 00000000.00wm’ ‘Eq+ I_ 000000000.000 wvarh

Generated in TOTAL Generated in TOTAL

'Ep- J 00000000.00 00000000.00 00000 000.00 iwn Ep~- J 000000000.000 kwn

Eq- | 00000000.00 00000000.00 00000000.00 kvara| |[Eq~ \ 000000000.000 kvarh

START: Duration: START: Duration:

| _HOLD TOTiastcur|| 123 A T RESET | | HOLD ||TOTiastcur||1 23 A T RESET
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Energy

(9 00:47

BER INV
Consumed in TOTAL
Ep+ | 00000000.00 00000000.00 kwn
Eq+ | 00000000.00 vk
Generated in TOTAL '
[Ep=- | 00000000.00 00000000.00 kwh |
}EHZ" 00000000.00  kvam
START: | Duration:
|  HOLD TOT LasT cur| | | RESET |

Figure 36: Energy counters screen (General Recorder is not running)

Table 17: Instrument screen symbols and abbreviations

Ep+ Consumed (+) phase (Ep:*, Ep2*, Eps*) or total (Epiwet’) active energy
Ep- Generated (-) phase (Ep1, Ep2, Eps’) or total (Ep+wt’) active energy
Eq+ Consumed (+) phase (Eq:*, Eqz*, Egs*) or total (Eqwet’) fundamental reactive energy
Eq- Generated (-) phase (Eq1, Eqz, Eqs’) or total (Egwt) fundamental reactive energy
Start Recorder start time and date

Duration  Recorder elapsed time

Table 18: Keys in Energy (METER) screens

HOLD Holds measurement on display.
RUN Runs held measurement.
TOT LAST CUR Shows energy registers for whole record.
TOT LAST cur Shows energy registers for last interval.
TOT LAST CUR Shows energy registers for current interval.
12347 Shows energy parameters for phase L1.
123 AT Shows energy parameters for phase L2.
123 AT Shows energy parameters for phase L3.
123 A1 Shows all phases energy.
1234AT Shows energy parameters for Totals.
METER Switches to METER view.
TREND Switches to TREND view.
4 EFF Switches to EFFICIENCY view.
RESET Reset energy counters

: 8

Triggers Waveform snapshot.

ESC

Returns to the “MEASUREMENTS” submenu.
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3.7.2 Trend

TREND view is available only during active recording (see section 3.14 for instructions how to start
GENERAL RECORDER).

ENERGY:TREND A ©m 08:22

08.Nov.2013 Bihsdiv
11:20:00

Ep+1 : :
005, 2Wh e (——
=
908.1wn

940.3wn o il | 0 ...............
A M._.‘.x Dl :
\ | [Ep*Eq+Ep-Eq-|[1 2 3 A T H EFF \

Figure 37: Energy trend screen

Table 19: Instrument screen symbols and abbreviations

Ep+ Consumed (+) phase (Ep1*, Ep2*, Eps*) or total (Epwt’) active energy

Ep- Generated (-) phase (Ep1, Ep2, Eps’) or total (Ep+wt’) active energy

Eg+ Consumed (+) phase (Eq:*, Eqz', Eqs*) or total (Eqwet’) fundamental reactive energy
Eqg- Generated (-) phase (Eq1’, Eqy, Eqs’) or total (Eqwt) fundamental reactive energy
Start Recorder start time and date

Duration Recorder elapsed time

Table 20: Keys in Energy (TREND) screens

Shows active consumed energy for time interval (IP) selected by
Ep+ Eg+ Ep- Eg-

cursor.
Ep+ EQ+ Ep- Eq- Shows reactive consumed energy for time interval (IP) selected by
cursor.
Ep+ Eq+ Ep- Eg- Shows active generated energy for time interval (IP) selected by
cursor.
Ep+ Eq+ Ep- EQ- Shows reactive generated energy for time interval (IP) selected by
cursor.
12347 Shows energy records for phase L1.
123 AT Shows energy records for phase L2.
123 A7 Shows energy records for phase L3.
123 A1 Shows all phases energy records.
123AT Shows energy records for Totals.
METER Switches to METER view.
TREND Switches to TREND view.
EFF Switches to EFFICIENCY view.
ESC Returns to the “MEASUREMENTS” submenu.
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3.7.3 Efficiency

EFFICIENCY view is available only during active recording (see section 3.14 for instructions how to start
GENERAL RECORDER).

EFFICIENCY:L1 (OIICHDRTRT] EFFICIENCY:A (GG TIE] EFFICIENCY:TOTAL (©){ 0T 09:43
Funda I ¢ utilisation Conductors crossection utilisation P+avgs | 561.4uw | LA
P avg+ 179.9uw | — 1
= ‘ (L1 012 8 SN Qi+ avg+ |  393.0war |

[Qiavg+ | 131.2uar + Active 1 * Active

t o Rotive lac+ avg-|  0.000ma |  Reactive
|Qc avg~ 0.000kvar * Reactive © Reactive t i -

' oH i Ist 395.84va | * Harmonic
Sn avg 75.88kva armonic ¢ Harmonic 's s Unbalance
Ep+ 136.64wn Unbalance lEen avg | ‘7°.okVA \ ;

Eq+ | 99.62kvarm Maximal Power demand (P+): (3 s) A £ ki imal Power demand (P+): (3 s)
! 1t 1. 14.May.2019 09:27:42 - 187.6 kW P avg+ 181.2 181.2 181.2 ww Eq+ 1 23.0..\,.m‘ 1. 14.May.2019 09:25:45 - 562.6 kW
Eq- 0.000varn 2. 14.May.2019 09:27:45 - 187.6 kW | T ! t | 2 14.May.2019 09:25:42 - 562.6 kW

3. 14.May.2019 09:28:39 - 187.6 kW | Sn avg §9.72 §9.70 59.70 wa :395.7xwwa Eq- 0.000varn 3. 14.May.2019 09:25:09 - 562.6 kW
VIEW | [TOTiastmax|[41 23 A 1 METER VIEW | TOTiasrmax 123 A7 METER VIEW |[TOTiastmax|[123 4 T METER

Figure 38: Energy efficiency screen

Table 21: Instrument screen symbols and abbreviations

P avg+ Consumed phase fundamental active power (Pfund:*, Pfund.®, Pfunds®)
P+ avg+ Positive sequence of total fundamental consumed active power (P*iot*)
P avg- Generated phase fundamental active power (Pfund;, Pfundy, Pfunds)
P+ avg- Positive sequence of total fundamental generated active power (P*::) Shown active
power is averaged over chosen time interval (key: F2)
e TOT —shows total average (for complete record) active power
e LAST —shows average active power in the last interval
e MAX -shows average active power in interval where Ep was maximal.
Qi avg+ Consumed phase fundamental inductive reactive power (Qfunding:*, Qfundingz®,
Qi+ avg+ Qfundings’)
Positive sequence of total inductive fundamental consumed reactive power (Q*t:t")
Qi avg- Generated phase fundamental inductive reactive power (Qfundings, Qfundingz’, Qfundings)
Qi+ avg- Positive sequence of total inductive fundamental generated reactive power (Q*:r)
Shown fundamental inductive reactive power is averaged over chosen time interval (key:
F2)
e TOT - shows total average (for complete record) fundamental inductive reactive
power
e LAST —shows average fundamental inductive reactive power in the last interval
e MAX - shows average fundamental inductive reactive power in interval where
Ep was maximal.
Qc avg+ Consumed phase fundamental capacitive reactive power (Qfundcap:’, Qfundcqpy?,
Qc+ avg+ Qfundcaps”)
Positive sequence of total capacitive fundamental consumed reactive power (Q*tot?)
Qc avg- Generated phase fundamental capacitive reactive power (Qfundcapr, Qfundcapz,
Qc+ avg- Qfundcaps)

Positive sequence of total capacitive fundamental generated reactive power (Q*t:t")
Shown fundamental capacitive reactive power is averaged over chosen time interval
(key: F2)
e TOT - shows total average (for complete record) fundamental capacitive reactive
power
e LAST —shows average fundamental capacitive reactive power in the last interval
e MAX - shows average fundamental capacitive reactive power in interval where
Ep was maximal.
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Sn avg
Sen avg

Phase nonfundamental apparent power (Snz, SN2, SN3)
Total effective nonfundamental apparent power (Sen).

Shown nonfundamental apparent power is averaged over chosen time interval (key: F2)
e TOT —shows total average (for complete record) of nonfundamental apparent
power
e LAST —shows average nonfundamental apparent power in the last interval

e MAX-shows average nonfundamental apparent power in interval where Ep was
maximal.

Su

Fundamental unbalanced power, according to the IEEE 1459-2010

Ep+

Consumed phase (Ep:*, Ep,*, Eps’) or total (Ep:or’) active energy
Generated phase (Ep:, Epz, Eps) or total (Epsr) active energy
Shown active energy depends on chosen time interval (key: F2)

e TOT - shows accumulated energy for complete record

e LAST —shows accumulated energy in last interval

e MAX - shows maximal accumulated energy in any interval

Eq+
Eg-

Consumed (+) phase (Eq:*, Eq.*, Eqs*) or total (Egiw:’) fundamental reactive energy
Generated (-) phase (Eq:, Eq2, Eqs) or total (Egtwr) fundamental reactive energy
Shown reactive energy depends on chosen time interval (key: F2)

e TOT - shows accumulated energy for complete record

e LAST —shows accumulated energy in last interval

e MAX-shows accumulated reactive energy in interval where Ep was maximal.

Conductors’
utilisation

Shows conductor cross section utilisation for chosen time interval (TOT/LAST/MAX):

e GREEN colour — represents part of conductor cross section (wire) used
for active energy transfer (Ep)

e RED colour — represents part of conductor cross section (wire) used for
fundamental reactive energy transfer (Eq)

e BLUE colour — represents part of conductor cross section (wire) used for
nonfundamental (harmonic) apparent energy transfer (Sn)

e BROWN colour —represents unbalanced power (Sy) portion flowing in
polyphase system in respect to phase power flow.

Date End time of shown interval.
Shows three intervals where measured fundamental active power was maximal.
Max. Power  According to the selected channel (key: F3), and VIEW (key: F1) consumed phase and
Demand total fundamental active power is shown (Pfund:*, Pfund,*, Pfunds*, P*i.t*) or generated

phase and total fundamental active power is shown (Pfundy, Pfund,, Pfunds, P*wy)

Table 22: Keys in Energy (TREND) screens

Switches between Consumed (+) and Generated (-) energy view.

VIEW
TOT LAST MAX Shows parameters for complete record duration
10T LAST mAX Shows parameters for last (complete) recorded interval
TOT LAST MAX Shows parameters for interval, where active energy was maximal
12347 Shows energy records for phase L1.
123 AT Shows energy records for phase L2.
12347 Shows energy records for phase L3.
123 A1 Shows all phases energy records.
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123AT Shows energy records for Totals.
METER Switches to METER view.

EFF

Switches to TREND view.
Switches to EFFICIENCY view.

ESC

Returns to the “MIEASUREMENTS” submenu.

3.8 Harmonics / inter-harmonics

Harmonics presents voltage and current signals as a sum of sinusoids of power frequency and its integer
multiples. Sinusoidal wave with frequency k-times higher than fundamental (k is an integer) is called
harmonic wave and is denoted with amplitude and a phase shift (phase angle) to a fundamental
frequency signal. If a signal decomposition with Fourier transformation results with presence of a
frequency that is not integer multiple of fundamental, this frequency is called inter-harmonic frequency
and component with such frequency is called inter-harmonic. See 5.1.8 for details.

3.8.1 Meter

By entering HARMONICS option from Measurement’s submenu, the tabular HARMONICS (METER)
screen is shown (see figure below). In this screens’ voltage and current harmonics or inter-harmonics
and THD are shown.

) O@» > @& vz 8 v,a W ¢ O © vz Ja

@i 00:06 @i 00:10

v, A
RMS | 230.3 497.6 229.9 740.4 229.9 987.2] |[RMS| 230.3 497.6 229.9 740.4 229.9 987.
THD | 14.16 61.43 0.18 0.711 0.18 0.742 |THD| 14.15 61.45 0.18 0.738 0.17 0.675
k 1.4 1.0 1.0, |ih o 0.00 0.0 0.00 0.0 0.00 0.0
DeC 0.00 1.220 0.02 00 1.8 1.095 |ih1 0.00 0.0 0.00 0.0 0.00 0.0
h1| 2206 493.3 229.6 739.7 229.6 986.2 |ih2 0.04 0.079 0.04 0.100 0.04 0.141
h 2 0.00 0.0 0.00 0.0 0.00 0.0 |ih3 0.05 0.100 0.04 0.186 0.05 0,223
[ HoD || viEW |1 ::w A|[ BAR | [ HOLD || WIEW ||[1:35u A || BAR |

Figure 39: Harmonics and inter-harmonics (METER) screens

For phase harmonics presentation, there are also Power harmonics presented, for each phase separately:

HARMONICS: L1 § 000 03:17

RMS| 229.9v 200.0a 44.43 v |
THD 0.22v  0.229a  0.095kw

h 41 220.687v 199.8a  44.33«w

2 | 00000v o Il"l.IOIA‘ N ‘lll.l]l]l'lkw’_

HOLD . VIEW 1230 A BAR |

Figure 40: Phase harmonics presentation (U,1,P)

Description of symbols and abbreviations used in METER screens are shown in table below.
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Table 23: Instrument screen symbols and abbreviations

RMS RMS voltage / current value

THD Total voltage / current harmonic distortion THDy and THD, in % of fundamental
voltage / current harmonic or in RMS V, A.

k k-factor (unit-less) indicates the amount of harmonics that load generate

DC Voltage or current DC component in % of fundamental voltage / current harmonic
orinRMSYV, A.

hl...h50 n-th harmonic voltage Uh, or current lh, component in % of fundamental voltage
/ current harmonic or in RMS V, A.

ihO ... ih50 n-th inter-harmonic voltage Uih, or current lih, component in % of fundamental

voltage / current harmonic or in RMS V, A.

Table 24: Keys in Harmonics / inter-harmonics (METER) screens

HOLD

Holds measurement on display. Hold clock time will be displayed in the
right top corner.

RUN Runs held measurement.

Switch’s view between Harmonics and Inter-harmonics.

Switches units between:

e RMS (Volts, Amperes)
e % of fundamental harmonic
Keys in VIEW window:
VIEW ‘
. . Selects option.
v
@ Confirms selected option.
ESC Exits selection window without change.

Selects between single phase, neutral, all-phases and line harmonics /

inter-harmonics view.
123n4 Shows harmonics / inter-harmonics components for phase L1.
123N A Shows harmonics / inter-harmonics components for phase L2.
123N 4 Shows harmonics / inter-harmonics components for phase L3.
123N 4 Shows harmonics / inter-harmonics components for neutral channel.

Laan A Shows harmonics / inter-harmonics components for all phases on single

screen.
1223317 Shows harmonics / inter-harmonics components for phase L12.
122331A Shows harmonics / inter-harmonics components for phase L23.
122331A Shows harmonics / inter-harmonics components for phase L31.
129331\ Shows harmonics / inter-harmonics components for phase-to-phase

voltages.
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METER Switches to METER view.
BAR Switches to BAR view.

4 AVG Switches to AVG (average) view (available only during recording).
TREND Switches to TREND view (available only during recording).

Shifts through harmonic / interharmonic components.

Triggers Waveform snapshot.

200 @

ESC Returns to the “MEASUREMENTS” submenu.

3.8.2 Histogram (Bar)

Bar screen displays dual bar graphs. The upper bar graph shows instantaneous voltage harmonics and
the lower bar graph shows instantaneous current harmonics.

HARMONICS: L1 ©i 11 00:58

CHi T

Figure 41: Harmonics histogram screen

Description of symbols and abbreviations used in BAR screens are shown in table below.

Table 25: Instrument screen symbols and abbreviations

Ux h01 ... h50 Instantaneous voltage harmonic / inter-harmonic component in Vrus and in % of
fundamental voltage

Ix hO1 ... h50 Instantaneous current harmonic / inter-harmonic component in Agms and in % of
fundamental current

Ux DC Instantaneous DC voltage in V and in % of fundamental voltage

Ix DC Instantaneous DC current in A and in % of fundamental current

Ux THD Instantaneous total voltage harmonic distortion THDyin V and in % of
fundamental voltage

IXx THD Instantaneous total current harmonic distortion THD, in Arvs and in % of

fundamental current

Table 26: Keys in Harmonics / inter-harmonics (BAR) screens

HOLD Holds measurement on display.
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Runs held measurement.

Switch’s view between harmonics and inter-harmonics.

Keys in VIEW window:

VIEW . . Selects option.
Confirms selected option.
EScC Exits selection window without change.
Selects between single phases and neutral channel harmonics / inter-
harmonics bars.
123N Shows harmonics / inter-harmonics components for phase L1.
123N Shows harmonics / inter-harmonics components for phase L2.
123N Shows harmonics / inter-harmonics components for phase L3.
123N Shows harmonics / inter-harmonics components for neutral channel.
122331 Shows harmonics / inter-harmonics components for phase L12.
12 2331 Shows harmonics / inter-harmonics components for phases L23.
122331 Shows harmonics / inter-harmonics components for phases L31.
METER Switches to METER view.
BAR Switches to BAR view.
4 AVG Switches to AVG (average) view (available only during recording).
TREND Switches to TREND view (available only during recording).

Scales displayed histogram by amplitude.

Scrolls cursor to select single harmonic / inter-harmonic bar.

Toggles cursor between voltage and current histogram.

20260 0

Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.

3.8.3 Harmonics Average Histogram (Avg Bar)

During active GENERAL RECORDER, Harmonics average histogram AVG view is available (see section 3.14
for instructions how to start GENERAL RECORDER). In this view average voltage and current harmonic
values are shown (averaged from beginning of the recording to the current moment). Harmonics average
histogram screen displays dual bar graphs. The upper bar graph shows average voltage harmonics and the
lower bar graph shows average current harmonics.

59



MI 2893 / MI 2892 / MI 2885 Harmonics / inter-harmonics
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Figure 42: Harmonics average histogram screen

Description of symbols and abbreviations used in AVG screens are shown in table below.

Table 27: Instrument screen symbols and abbreviations

Ux hO1 ... h50 Average voltage harmonic / inter-harmonic component in Vrus and in % of
fundamental voltage (from beginning of the recording)

Ix hO1 ... h50 Average current harmonic / inter-harmonic component in Agys and in % of
fundamental current

Ux DC Average DC voltage in V and in % of fundamental voltage

Ix DC Average DC current in A and in % of fundamental current

Ux THD Average total voltage harmonic distortion THDyin V and in % of fundamental
voltage

Ix THD Average total current harmonic distortion THD, in Agms and in % of fundamental

current

Table 28: Keys in Harmonics / inter-harmonics (AVG) screens

Switches view between harmonics and inter-harmonics.

Keys in VIEW window:

VIEW . . Selects option.
Confirms selected option.
ESC Exits selection window without change.
Selects between single phases and neutral channel harmonics / inter-
harmonics bars.
123N Shows harmonics / inter-harmonics components for phase L1.
123N Shows harmonics / inter-harmonics components for phase L2.
123N Shows harmonics / inter-harmonics components for phase L3.
123N Shows harmonics / inter-harmonics components for neutral channel.
12 2331 Shows harmonics / inter-harmonics components for phase L12.
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122331 Shows harmonics / inter-harmonics components for phases L23.
122331 Shows harmonics / inter-harmonics components for phases L31.
METER Switches to METER view.

BAR Switches to BAR view.

AVG Switches to AVG (average) view (available only during recording).

TREND Switches to TREND view (available only during recording).

Scales displayed histogram by amplitude.

Toggles cursor between voltage and current histogram.

.. Scrolls cursor to select single harmonic / inter-harmonic bar.

Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.

3.8.4 Trend

During active GENERAL RECORDER, TREND view is available (see section 3.14 for instructions how to
start GENERAL RECORDER). Voltage and current harmonic / inter-harmonic components can be
observed by cycling function key F4 (METER-BAR-AVG-TREND).

HARMONICS:TREND L1 @KEI 1?:53 @. 04:32

14.Nov.2013 2. Bplsgiv
10:05:00 i T N S S S
Vhos & | e il e YL e
2226y [/l P WIS S || M e s
"""""""""""""""" (STERRGT ; ‘ R e ’iﬁ""s“;:a:: A
Iho5 M— b s s o s o s | gy ‘ i
—11.394;\ Al A o
¥0.383a T
18h 40m 00s = s - /| Ea2ds geMin div i i ;
| | VIEW |[1 : s s | METER | | POGLED | 1 2 5 w METER
Figure 43: Harmonics and inter-harmonics trend screen
Table 29: Instrument screen symbols and abbreviations
ThdU Interval maximal (&) and average () value of total voltage harmonic distortion
THDy for selected phase
Thdl Interval maximal (&) and average () value of total current harmonic distortion
THD, for selected phase
Udc Interval maximal (X ) and average (X) value of DC voltage component for selected
phase
Idc Interval maximal (&) and average (Z)value of selected DC current component for

selected phase
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Uh01...Uh50 Interval maximal (&) and average () value for selected n-th voltage harmonic /
Uih01...Uih50 inter-harmonic component for selected phase

Ih01...1h50 Interval maximal (&) and average (Z)value of selected n-th current harmonic /
1ih01...1h50 inter-harmonic component for selected phase

Table 30: Keys in Harmonics / inter-harmonics (TREND) screens

VIEW

Switches between harmonics or inter-harmonics view.

Switches measurement units between RMS V,A or % of fundamental
harmonic.

Selects harmonic number for observing.

Keys in VIEW window:

‘ . Selects option.
@ Confirms selected option.

Exits selection window without change.

Selects between single phases and neutral channel harmonics / inter-
harmonics trends.

123N Shows selected harmonics / inter-harmonics components for phase L1.
123N Shows selected harmonics / inter-harmonics components for phase L2.
123N Shows selected harmonics / inter-harmonics components for phase L3.

Shows selected harmonics / inter-harmonics components for neutral

channel.

Shows selected harmonics / inter--harmonics components for phase-to-
12 2331

phase voltage L12.

Shows selected harmonics / inter-harmonics components for phase-to-
122331

phase voltage L23.

Shows selected harmonics / inter-harmonics components for phase-to-
122331

phase voltage L31.
METER Switches to METER view.
BAR Switches to BAR view.

F4 AVG Switches to AVG (average) view (available only during recording).

TREND Switches to TREND view (available only during recording).

Moves cursor and select time interval (IP) for observation.
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ESC Returns to the “MEASUREMENTS” submenu.

3.9 Flickers

Flickers measure the human perception of the effect of amplitude modulation on the mains voltage
powering a light bulb. In Flickers menu instrument shows measured flicker parameters. Results can be
seen in a tabular (METER) or a graphical form (TREND) - which is active only while GENERAL RECORDER
is active. See section 3.14 for instructions how to start recording. In order to understand meanings of
particular parameter see section 5.1.9.

3.9.1 Meter

By entering FLICKERS option from MEASUREMENTS submenu, the FLICKERS tabular screen is shown (see
figure below).

FLICKERS @1 17:53

L3

Urms 229.0 230.5 230.5v
P S S R
P, a— e e
L o o o
[ | S e — e — e

HoLD || il || TREND |

Figure 44: Flickers table screen

Description of symbols and abbreviations used in METER screen is shown in table below. Note that
Flickers measurement intervals are synchronised to real time clock, and therefore refreshed on minute,
10 minutes and 2 hours intervals.

Table 31: Instrument screen symbols and abbreviations

Urms True effective value Uy, U, Uz, U1y, Uzs, Usg

Pinst,max Maximal instantaneous flicker for each phase refreshed each 10 seconds
Pst(1min) Short term (1 min) flicker Psuimin for each phase measured in last minute
Pst Short term (10 min) flicker P« for each phase measured in last 10 minutes
Pit Long term flicker (2h) Ps for each phase measured in last 2 hours

Table 32: Keys in Flickers (METER) screen

HOLD Holds measurement on display. Hold clock time will be displayed in the
F1 right top corner.

RUN Runs held measurement.

METER Switches to METER view.

TREND Switches to TREND view (available only during recording).
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Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.

3.9.2 Trend

During active recording TREND view is available (see section 3.14 for instructions how to start recording).
Flicker parameters can be observed by cycling function key F4 (METER -TREND). Note that Flicker meter
recording intervals are determinate by standard IEC 61000-4-15. Flicker meter therefore works
independently from chosen recording interval in GENERAL RECORDER.

FLICKERS:TREND L2 @ mm17:53

07.5ep.2013 2 aapdiu
03:07:59
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Figure 45: Flickers trend screen

Table 33: Instrument screen symbols and abbreviations

Pstiml,

Pstim2,

Pstlm3, Maximal (&), average (£) and minimal () value of 1-minute short term flicker
Pstim12, Pstamin) for phase voltages Ui, Uy, Us or line voltages Ui, Uzs, Uax

Pstim23,

Pstim31

Pstl,

Pst2,

Pst3, Maximal (&), average (£) and minimal (¥) value of 10-minutes short term
Pst12, flicker Ps:for phase voltages Ui, U,, Usor line voltages U1, Uz, Uz

Pst23,

Pst31

Plt1,

Plt2,

PIt3, Maximal (&), average (£) and minimal (¥) value of 2-hours long term flicker Py,
PIt12, in phase voltages Ui, U, Us or line voltages Uiz, Ui, Uss

PIt23,

Plt31
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Table 34: Keys in Flickers (TREND) screens

Selects between the following options:

- Pst Pit Pstmin Shows 10 min short term flicker Ps;.
F2
Pst PIt Pstmin Shows long term flicker P.
Pst Plt Pstmin Shows 1 min short term flicker Pstimin.

Selects between trending various parameters:

1234 Shows selected flicker trends for phase L1.
1234 Shows selected flicker trends for phase L2.
123 4 Shows selected flicker trends for phase L3.
123 A Shows selected flicker trends for all phases (average only).
12 23317 Shows selected flicker trends for phases L12.
1223314 Shows selected flicker trends for phases L23.
1223314 Shows selected flicker trends for phases L31.
1223310 Shows selected flicker trends for all phases (average only).
METER Switches to METER view.

TREND Switches to TREND view (available only during recording).

Returns to the “MEASUREMENTS” submenu.

‘ . Moves cursor and selects time interval (IP) for observation.

3.10 Phase Diagram

Phase diagram graphically represent fundamental voltages, currents and phase angles of the network.
This view is strongly recommended for checking instrument connection before measurement. Note that
most measurement issues arise from wrongly connected instrument (see 4.1 for recommended
measuring practice). On phase diagram screens instrument shows:

e Graphical presentation of voltage and current phase vectors of the measured system,

e Unbalance of the measured system.

3.10.1Phase diagram

By entering PHASE DIAGRAM option from MEASUREMENTS submenu, the following screen is shown (see
figure below).
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PHASE DIAGRAM w @ 10:19
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Figure 46: Phase diagram screen

Table 35: Instrument screen symbols and abbreviations

U1, U2, U3 Fundamental voltages Ufund;, Ufund,, Ufunds with relative phase angle to Ufund;

U12, U23, U3l Fundamental voltages Ufundi,, Ufund,s, Ufunds; with relative phase angle to
Ufundlz

11,12, 13 Fundamental currents Ifunds, Ifund,, Ifund; with relative phase angle to Ufund; or
Ufundlz

Table 36: Keys in Phase diagram screen

Holds measurement on display. Hold clock time will be displayed in the

LD
HO right top corner.

RUN Runs held measurement.

u | Selects voltage for scaling (with cursors).
I U Selects current for scaling (with cursors).

METER Switches to PHASE DIAGRAM view.

TREND Switches to TREND view (available only during recording).

Scales voltage or current phasors.

Triggers Waveform snapshot.

Returns to the “MEASUREMENTS” submenu.

UNBAL. Switches to UNBALANCE DIAGRAM view.

3.10.2 Unbalance diagram

Unbalance diagram represents current and voltage unbalance of the measuring system. Unbalance
arises when RMS values or phase angles between consecutive phases are not equal. Diagram is shown
on figure below.
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Figure 47: Unbalance diagram screen

Table 37: Instrument screen symbols and abbreviations

uo Zero sequence voltage component U°

10 Zero sequence current component |°

U+ Positive sequence voltage component U*
I+ Positive sequence current component I*
U- Negative sequence voltage component U-
I- Negative sequence current component I’
u- Negative sequence voltage ratio u’

i- Negative sequence current ratio i

uo Zero sequence voltage ratio u®

i0 Zero sequence current ratio i°

Table 38: Keys in Unbalance diagram screens

Holds measurement on display. Hold clock time will be displayed in the

HOLD right top corner.
RUN Runs held measurement.
T Shows voltage unbalance measurement and selects voltage for scaling
(with cursors)
.
T Shows current unbalance measurement and selects current for scaling
(with cursors)
METER Switches to PHASE DIAGRAM view.
4 UNBAL. Switches to UNBALANCE DIAGRAM view.
TREND Switches to TREND view (available only during recording).

Scales voltage or current phasors.

Triggers Waveform snapshot.

Returns to the “MEASUREMENTS” submenu.
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3.10.3 Unbalance trend

During active recording UNBALANCE TREND view is available (see section 3.14 for instructions how to
start GENERAL RECORDER).

UNBAL.:TREND @ 17:53

0%.5ep.2013 [2.08%/div
06:15:59

|[ METER

Figure 48: Symmetry trend screen

Table 39: Instrument screen symbols and abbreviations

u- Maximal (&), average (¥) and minimal () value of negative sequence voltage
ratio u-
u0 Maximal (&), average (£) and minimal () value of zero sequence voltage ratio u°

i- Maximal (&), average (¥) and minimal () value of negative sequence current

ratio i-
i0 Maximal (&), average (£) and minimal () value of zero sequence current ratio i°
U+ Maximal (&), average (£) and minimal () value of positive sequence voltage U*
U- Maximal (), average (£) and minimal () value of negative sequence voltage U’
uo Maximal (&), average (£) and minimal () value of zero sequence voltage U°
I+ Maximal (&), average (¥) and minimal () value of positive sequence current I*
I- Maximal (), average (£) and minimal (¥) value of negative sequence current I
10 Maximal (&), average (¥) and minimal () value of zero sequence current I°

Table 40: Keys in Unbalance trend screens

U+ U- UO Shows selected voltage and current unbalance measurement (U*, U,
I+1-10 o, 1,1, 10, W 1, 1),

u+ u0i+i0

METER Switches to PHASE DIAGRAM view.
UNBAL. Switches to UNBALANCE DIAGRAM view.

TREND Switches to TREND view (available only during recording).
.. Moves cursor and selects time interval (IP) for observation.

ESC Returns to the “MEASUREMENTS” submenu.
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3.11 Temperature

MI 2893/MI 2892/MI 2885 instruments are capable of measuring and recording temperature with
Temperature probe A 1354. Temperature is expressed in both units, Celsius and Fahrenheit degrees. See
following sections for instructions how to start recording. In order to learn how to set up neutral clamp
input with the temperature sensor, see section 4.2.4.

3.11.1 Meter
1 47:34

 +11.40
452,52

| HoLD || il || TREND |

Figure 49: Temperature meter screen

Table 41: Instrument screen symbols and abbreviations

°C Current temperature in Celsius degrees
°F Current temperature in Fahrenheit degrees

Table 42: Keys in Temperature meter screen

Holds measurement on display. Hold clock time will be displayed in the

HOLD .
right top corner.

RUN Runs held measurement.

METER Switches to METER view.

Triggers Waveform snapshot.

TREND Switches to TREND view (available only during recording).

Returns to the “MEASUREMENTS” submenu.

3.11.2 Trend

Temperature measurement TREND can be viewed during the recording in progress. Records containing
temperature measurement can be viewed from Memory list and by using PC software PowerView v3.0.
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Figure 50: Temperature trend screen

Table 43: Instrument screen symbols and abbreviations

Maximal (&), average (E) and minimal (¥) temperature value for last recorded
time interval (IP)

Table 44: Keys in Temperature trend screens

°C°F Shows temperature in Celsius degrees.
o°cOF Shows temperature in Fahrenheit degrees.
METER Switches to METER view.
TREND Switches to TREND view (available only during recording).

ESC Returns to the “MEASUREMENTS” submenu.

3.12 Under deviation and over deviation

Under deviation and over deviation parameters are useful when it is important to avoid, for example,
having sustained under voltages being cancelled in data by sustained over voltages. Results can be seen
in a tabular (METER) or a graphical form (TREND) view - which is active only while GENERAL RECORDER
is active. See section 3.14 for instructions how to start recording. In order to understand meanings of
particular parameter see section 5.1.12.

3.12.1 Meter

By entering DEVIATION option from MEASUREMENTS submenu, the UNDER/OVER DEVIATION tabular
screen is shown (see figure below).

UNDER/OVER DEV. @ 17:53
L1 (=0

Urms 229.0 230.5 230.5v |
Uunder 1.04 0.34 0.94 ,
1.02 0.54 0.97 %
Uover 1.07 0.25 0.90 v |
0,78 1.21 0.60 %
| HoLp || |[ A A& |[ TREND |

Figure 51: Under deviation and over deviation table screen
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Description of symbols and abbreviations used in METER screen is shown in table below.

Table 45: Instrument screen symbols and abbreviations

Urms True effective value U, U,, Us, U1z, Uy, Usg

Uunder Instantaneous under deviation voltage Uynger €xpressed in voltage and % of nominal
voltage

Uover Instantaneous over deviation voltage Uoyer expressed in voltage and % of nominal
voltage

Table 46: Keys in Under deviation and over deviation (METER) screen

Holds measurement on display. Hold clock time will be displayed in the

HOLD right top corner.
RUN Runs held measurement.
Selects between trending various parameters
A 2 Shows under/over deviations measurements for all phase voltages
LA Shows under/over deviations measurements for all phase-to-phase
voltages
METER Switches to METER view.
TREND Switches to TREND view (available only during recording).
Triggers Waveform snapshot.

ESC Returns to the “MEASUREMENTS” submenu.

3.12.2 Trend

During active recording TREND view is available (see section 3.14 for instructions how to start
recording). Under deviation and over deviation parameters can be observed by cycling function key F4
(METER -TREND).

DEV.: TREND A @ 17:53

07.5ep.2013 A T I
03:07:59
Uunderq ¥

0.55%

0.55%

0.55%

1[3!! 00m 00s m‘wmm L‘Iﬁﬂ

|[under v |[ A & || METER |

Figure 52: Under-deviation and over-deviation TREND screen

Table 47: Instrument screen symbols and abbreviations
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Uunderl

Uunder2

Uunder3 Interval average (£) value of corresponding under deviation voltage Uzunder,
Uunder12 Uzunder, Usunder, U12under, Uz23under, Usiunder, €xpressed in % of nominal voltage.
Uunder22

Uunder31

Uoverl

Uover2

Uover3 Interval average (£) value of corresponding over deviation voltage Uiover, Uzover,
Uoverl2 Usover, U1zover, Uz3over, Usiover, €Xpressed in % of nominal voltage.

Uover23

Uover3l

Table 48: Keys in Under deviation and Over deviation (TREND) screens

Selects between the following options:
Under over Shows under deviation trends

Under Over Shows over deviation trends

Selects between trending various parameters:
A a Shows trends for all phase under/over deviations

AA Shows trends for all lines under/over deviations

METER Switches to METER view.

Moves cursor and selects time interval (IP) for observation.

TREND Switches to TREND view (available only during recording).
®

Returns to the “MEASUREMENTS” submenu.

3.13 Signalling

Mains signalling voltage, called “ripple control signal” in certain applications, is a burst of signals, often
applied at a non-harmonic frequency, that remotely control industrial equipment, revenue meters, and
other devices. Before observing signalling measurements, user should set-up signalling frequencies in
signalling setup menu (see section 3.23.4).

III

Results can be seen in a tabular (METER) or a graphical form (TREND) - which is active only while
GENERAL RECORDER is active. See section 3.14 for instructions how to start recording. In order to
understand meanings of particular parameter see section 5.1.9.

3.13.1 Meter

By entering SIGNALLING option from MEASUREMENTS submenu, the SIGNALLING tabular screen is
shown (see figure below).
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@ 13:0
a 12 @

Sig1 . 10.06 0.06 3.05v |
R 5 o]
I v iy
o BT T R
T BT R T T T o

HOLD || _ | TREND

Figure 53: Signalling meter screen

Description of symbols and abbreviations used in METER screen is shown in table below.

Table 49: Instrument screen symbols and abbreviations

Sigl True effective value signal voltage (Usig1, Usigz, Usigs, Usigi2, Usig23, Usigz1) for a user-

316.0 Hz specified carrier frequency (316.0 Hz in shown example) expressed in Volts or
percent of fundamental voltage

Sig2 True effective value signal voltage (Usig1, Usig2, Usigs, Usigi2, Usig23, Usiga1) for a user-

1060.0 Hz specified carrier frequency (1060.0 Hz in shown example) expressed in Volts or
percent of fundamental voltage

RMS True effective value of phase or phase to phase voltage Ugms (U1, Uz, Us, U1z, Uas,
Us1)

Table 50: Keys in Signalling (METER) screen

Holds measurement on display. Hold clock time will be displayed in the

HOLD right top corner.
RUN Runs held measurement.
METER Switches to METER view.
TREND Switches to TREND view (available only during recording).
TABLE Switches to TABLE view (available only during recording).
Triggers Waveform snapshot.
Returns to the “MEASUREMENTS” submenu.

3.13.2 Trend

During active recording TREND view is available (see section 3.14 for instructions how to start
recording). Signalling parameters can be observed by cycling function key F4 (METER -TREND).
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SIGNALLING:TREND L1 ©4mm 17:02

03.Dee.2013 | l.0allqdi
17:01:36

(Usig1=)

Figure 54: Signalling trend screen

Table 51: Instrument screen symbols and abbreviations

Maximal (&), average (£) and minimal () value of (Usigi, Usigz, Usigs,
Usig12, Usig23, Usigs1) signal voltage for a user-specified Sigl/Sig2
frequency (Sigl = 316.0 Hz / Sig2 = 1060.0 Hz in shown example).

Usigl, Usig2, Usig3,
Usigl2, Usig23, Usig31

14.Nov.2013
13:;‘:):00 Timestamp of interval (IP) selected by cursor.
22h 25m 00s Current GENERAL RECORDER time (Days hours: min: sec)

Table 52: Keys in Signalling (TREND) screen

Selects between the following options:

fln Shows signal voltage for a user-specified signalling frequency (Sig1).

f1 f2 Shows signal voltage for a user-specified signalling frequency (Sig2).

Selects between trending various parameters:

1234 Shows signalling for phase 1
1234 Shows signalling for phase 2
1234 Shows signalling for phase 3
1234 Shows signalling for all phases (average only)
12 23314 Shows signalling for phase-to-phase voltage L12.
1223314 Shows signalling for phase-to-phase voltage L23.
1223314 Shows signalling for phase-to-phase voltage L31.
1223310 Shows signalling for all phase-to-phase voltages (average only).
METER Switches to METER view.
=1 TREND Switches to TREND view (available only during recording).
TABLE Switches to TABLE view (available only during recording).
. . Moves cursor and select time interval (IP) for observation.
ESC Returns to the “MEASUREMENTS” submenu.
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3.13.3 Table

During active recording TABLE view is available (see section 3.14 for instructions how to start recording),
by cycling function key F4 (METER —TREND - TABLE). Signalling events can be here observed as required
by standard IEC 61000-4-30. For each signalling event instrument capture waveform which can be
observed in PowerView.

SIGNALLING @i 10:04

(No| L F sig START MAX
1 —n“ 08.Jan.2016 10:03:09.404
2 1 1 £ 08.Jan.2016 10:03:29.405  13.5V

Level=5.0%, Duration=10s, f1=316Hz, f2=1060H=z

I I || METER |
Figure 55: Signalling table screen
Table 53: Instrument screen symbols and abbreviations
No Signalling event number
L Phases on which signalling event occurred

Flag indication
e 0-—none of intervals are flagged
e 1 -—atleast one of intervals inside recorded signalling is
flagged

Frequency on which signalling occurred, defined as “Sign. 1”
Sig frequency (f1) and “Sign. 2” frequency (f2) in SIGNALLING SETUP
menu. See 3.23.4 for details.

START Time when observed Signalling voltage crosses threshold boundary.
MAX Maximal voltage level recorder captured during signalling events
Level Threshold level in % of nominal voltage Un, defined in SIGNALLING

SETUP menu. See 3.23.4 for details.
Duration Duration of captured waveform, defined in SIGNALLING SETUP
menu. See 3.23.4 for details.
f1 1°t observed signalling frequency.
2 2" observed signalling frequency.

Table 54: Keys in Signalling (TABLE) screen

METER Switches to METER view.
TREND Switches to TREND view (available only during recording).
4 TABLE Switches to TABLE view (available only during recording).

Moves cursor through signalling table.
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ESC Returns to the “MEASUREMENTS” submenu.

3.14 General Recorder

M1 2893/MI 2892/MI 2885 has ability to record measured data in the background. By entering GENERAL
RECORDER option from RECORDERS submenu, recorder parameters can be customized in order to meet
criteria about interval, start time and duration for the recording campaign. General recorder setup

screen is shown below:

GENERAL REC. {100 03:22

PROFILE Fr——

INTERVAL 10 Min (EN 50160, GOST 32144)
START TIME THSEN e
DURATION 7 days (38MB)

T ekl e 5
. e i

Recommended/maximal record duration: 60 days /60 days
Available memory: > 1 year (7552MB)

| START

HELP || CONFIG || CHECKC. |

Figure 56: General recorder setup screen

Description of General recorder settings is given in the following table:

Table 55: General recorder settings description and screen symbols

General recorder is active, waiting for start condition to be met.
After start conditions are met (defined start time), instrument will
capture waveform snapshot and start (activate) General recorder.

General recorder is active, recording in progress
Note: Recorder will run until one of the following end conditions is
met:

e STOP key was pressed by user

e Given Duration criteria was met

e Maximal record length was reached

e SD CARD s full
Note: If recorder start time is not explicitly given, recorder start
depends on Real Time clock multiple of interval. For example:
recorder is activated at 12:12 with 5-minute interval. Recorder will
actually start at 12:15.
Note: If during record session instrument batteries are drained, due
to long interruption for example, instrument will shut down
automatically. After power restauration, it will automatically start
new recording session.

Capturing of predefined Alarms under progress

Capturing of predefined Events under progress
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Capturing of Inrush under progress

Capturing of RVC under progress

Capturing of Signalling under progress

IdlﬂIill_ﬂH

Capturing of Transient under progress

Select recording profile:
e Standard profile. Include all measurement in record.
Suitable for most PQ measurement

Profile e Limited profile. Include limited set of measurements (most
important). Suitable for long records with short interval (1-
week record with 1 second interval). See section 4.4 for
details.

Define the measured interval. Available settings are from 1 second
to 120 minutes.

Available intervals: 1 sec, 3 sec, 5 sec, 10 sec, 1 min, 2 min, 5 min, 10
min, 15 min, 30 min, 60 min, 120 min

Interval

Note: In case, that measured period is shorter than 10 seconds, than
we not suggest to simultaneously detection of Event Waveforms and
Transient, which could slowdown the analyser and may cause a
problem saving data to the SD card.
Define start time of recording:
e Manual, pressing function key F1
Start time _ P ] & Y
e At the given time and date.
Define recording duration. General recorder will record
measurement for given time duration:
e Manual,
] e 5,10, 20, 30 minutes
Duration

e 1,60r12 hours, or

e 1,2,3,7,15,30, 60 days.
Note: number of available duration intervals is related to the
recorder period.

Network events

Define network events, which are captured and registered during
recorder session — ON/OFF selection:

MI 2893:

INC. NETWORK EVENT
INCLUDE EVENTS On
INCLUDE ALARMS On
INCLUDE SIGNALLING On
INCLUDE TRANSIENTS On
INCLUDE INRUSH On
INCLUDE RVC On
INCLUDE 200ms U/I/f On
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MI 2892/M1 2885:

NETWORK EVENTS

{1000 08:53

INCLUDE ALARMS Off

INCLUDE SIGNALLING On
INCLUDE INRUSH On
INCLUDE RVC On
INCLUDE 200ms U/I/f Off

l [ I |

Note: Waveform duration and pretrigger for event and alarms
captured under General Recorder are programmed under EVENT
SETUP and ALARM SETUP window.

Folder name

User defined Folder name, where recorder data will be saved

GENERAL REC. {100 03:29

PROFILE
INTERVAL
START T DLDER
DURATI
NETWO

|Standard
410 Min (EN 50160, GOST 32144)

& &t

Recommended/maximal record duration: 60 days /60 days
Available memory: > 1 year (7552MB)

\ . ADD || \ |

Folder name enter field

Recommended/maximal
record duration:

Show recommended and maximal Duration parameter for giver
recording Interval.

Available memory

Show SD card free space

Table 56: Keys in General recorder setup screen

START Starts the recorder.
STOP Stops the recorder.
Show help screen where it’s explained which measurements will be
recoded with Limited and Standard profile.
s 11404
RECORD PROFILE Limited Standard
P,Q,S, ENERGY AVG <.
FREQUENCY 10s | X /.
UNBALANCE v
HARMONICS = = <.
INTERHARM. | X
SIGNALLING = A A
UNDER/OVER I\ v v/
See section 4.4 for details.
CONFIG Shortcut to Connection setup. See 4.2 for details.
CHECK C. Check connection settings. See 3.23.1 for details.
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Enters recorder starting date/time setup.

@ 10:29

MdJan.2019

Keys in Set start time window:

Selects parameter to be changed.

= Modifies parameter.

@ Confirms selected option.

ESC Exits Set start time window without modifications.

Selects parameter to be changed.

.. Modifies parameter.

Returns to the “RECORDERS” submenu.

3.15 Waveform/Inrush recorder

Waveform recording is a powerful tool for troubleshooting and capturing current and voltage
waveforms and inrushes. Waveform recorder saves a defined number of periods of voltage and current
on a trigger occurrence. Each recording consists of pre-trigger interval (before trigger) and post-trigger
interval (after trigger).

Record N
Pre-trigge Post-trigger

S

»
>

I Record stop
Trigger point

Record start
Figure 57: Triggering in waveform record

3.15.1 Setup

Waveform recorder setup menu is available from:

MAIN MENU - MEASUREMENT SETUP - WAVE.REC.SETUP
or

MAIN MENU - RECORDERS > WAVEFORM REC - F3 (SETUP)
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WAVE. REC. SETUP _110:55
RIGGER Level U

LEVEL 0.1% (0.2Vv) el
SLOPE Rise

DURATION 2s

PRETRIGGER 1s

STORE MODE Continuous (Max. 200 rec.) <J

Available memory: 22478 records (4095MB)

| || HELP || CONFIG || CHECKC. |

Figure 58: Waveform recorder setup screen

Table 57: Waveform recorder settings description and screen symbols

W Waveform recorder is active, waiting for trigger (presented only in
case, when Waveform recorder is started)
@ Waveform recorder is active, recording in progress (presented only in

case, when Waveform recorder is started)

Trigger source set up:

e Events — triggered by voltage event (see 3.23.2);

e Alarms — triggered by alarm activation (see 3.23.3);

e Events & Alarms — triggered by alarm or event;

Trigger e Level U —triggered by voltage level;

e Level | —triggered by current level (inrush).

e Interval — periodical trigger for given time period (each 10
minutes for example). Interval between two-time triggered
waveforms in Interval trigger type

Voltage or current level in % of nominal voltage or current and in (V

Level® or A), which will trigger recording
e Rise — triggering will occur only if voltage or current rise
above given level
Slope* e Fall - triggering will occur only if voltage or current fall below
given level
e Any - triggering will occur if voltage or current rise above or
fall below given level
Duration Record length.
Pretrigger Recorded interval before triggering occurs.

Store mode setup:

e Single — waveform recording ends after first trigger;

e Continuous (Max. 1500 record)— consecutive waveform
recording until user stops the measurement or instrument

Store mode runs out of storage memory. Every consecutive waveform
recording will be treated as a separate record. By default, 200
records can be recorded. This value can be changed, if
necessary. More than 200 records can slow down the
instrument.
* Available only if Level U or Level | triggering is selected.

Table 58: Keys in Waveform recorder setup screen

HELP Show help screens. See 5.1.19 for details.
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WAVEFORM HELP [Jemmy 1] WAVEFORM HELP ] 08:48
TRIGGER: Level U TRIGGER: Level |
VoltAage Duration Current _ Duration |

Pretrigger o Trigger |
Trigger [ | w1 3 Trigger | & ———%»y ___ _ <! S

Level Level
Pretrigger

Slope: Fall e Slope: Rise s
> >
| PREV || NEXT || EVENTS || ALARMS | PREV || NEXT || EVENTS || ALARMS |
&SLTTE) waverorn eLr | i Jows?
TRIGGER: Events TRIGGER: Alarms
Voltage Duration Parameter Duration
SWELIfk | Trigger
T e e — e o , f:,':: I e e T e
Pretrigger Pretrigger
0] e el JUTD I e e,
» >
[ PREV || NEXT || EVENTS || ALARMS | [ PREV || NEXT || EVENTS || ALARMS |
HJowss
TRIGGER: Events & Alarms
Voltage Parameter
Events Alarms I
| PREV || NEXT || EVENTS || ALARMS |
F3 CONFIG Shortcut to CONNECTION SETUP menu. See 3.23.1 for details.
4 CHECK C. Check connection settings. See 3.23.1 for details.

Selects parameter to be changed.

Modifies parameter.

Enter into submenu (‘:ﬂ ).

ESC Returns to the submenu.

3.15.2 Capturing waveform
After waveform recorder is started, instrument waits for trigger occurrence. This can be seen by

W

observing status bar, where icon is present. If trigger conditions are met, recording will be started.

Following screen opens when a user switches to WAVEFORM REC. view.

WAVEFORM REC. L 103:15

TRIGGER Events & Alarms

DURATION 2s

PRETRIGGER 1s

STORE MODE Continuous (Max. 400 rec.) <J

Available memory: 22478 records (4095MB)

| START || || seTurP ||
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Figure 59: Waveform recorder capture screen

START Starts waveform recording.

SETUP Shortcut to WAVE. REC. SETUP menu. See 3.23.1 for details.

Returns to the “RECORDERS” menu.

WAVEFORM REC. W {1000 13:35

TRIGGER Events & Alarms

BORATION R R
e e e S
STORE MODE Continuous (Max. 200 rec.) <J

Available memory: 11979 records (2182MB)

| STOP TRIG. || | SCOPE |

Figure 60: Waveform recorder screen

STOP Stops waveform recording.
Note: If user forces waveform recorder to stop before trigger occurs,
no data will be recorded. Data recording occurs only when trigger is
activated.

TRIG . -
Manually generates trigger condition

Returns to the “RECORDERS ” menu.

WAVEFORM REC.: A W {0 141:09

e250U div

(18ms div

| TRIG. U Jliz23u A SETUP |

Figure 61: Waveform recorder scope screen

Table 59: Instrument screen symbols and abbreviations

W Waveform recorder is active, waiting for trigger
@ Waveform recorder is active, recording in progress
U1, U2, U3, Un True effective value of phase voltage: Uirms, U2rms, Usrms, Unrms
U1z, u23, U3l True effective value of phase-to-phase voltage:

U12rms, U23rms, U31rms
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11,12, 13, In True effective value of current: lirms, l2rms, 13rms, INRms

Table 60: Keys in Waveform recorder capture screen

Manually generates trigger condition (Active only if recording is in

F1 TRIG.
progress).

Selects which waveforms to show:
Uiulun Shows voltage waveform.

=) ululun Shows current waveform.
ui Ul un Shows voltage and current waveforms on single graph.
uiu U/ Shows voltage and current waveforms on separate graphs.
Selects between phase, neutral, all-phases and line view:
123n4 Shows waveforms for phase L1.
123N 4 Shows waveforms for phase L2.
123N A Shows waveforms for phase L3.
123N A Shows waveforms for neutral channel.
123N A Shows waveforms for all phases.
12 23314 Shows waveforms for phase-to-phase voltage L12.
1223314 Shows waveforms for phase-to-phase voltage L23.
122331a Shows waveforms for phase-to-phase voltage L31.
12233147 Shows waveforms for all phase-to-phase voltages.

Switches to SETUP view.

4 SETUR (Active only if recording in progress).

Selects which waveform to zoom (only in U,l or U/ ).

Sets vertical zoom.

Sets horizontal zoom.

"ll' ‘lll’ ‘ll%ll) "i“'

ESC Returns to the “WAVEFORM RECORDER” setup screen.

3.15.3 Captured waveform

Captured waveforms can be viewed from the Memory list menu.

WAVEFORM REC. A [R]mE 17:48

11.How.2013 [258.6l-diu
04:21:44,9538;

U2 SOmsdiv

Oy T e

4.44v s e m ...... e —
lerdiu ‘ : ;

t: 0.41255 v ][123N-)\][ )

Figure 62: Captured waveform recorder screen
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Table 61: Instrument screen symbols and abbreviations

|E| Memory list recall. Shown screen is recalled from memory

t: Cursor position in seconds (regarding to trigger time — blue line on
graph)

ul(t), u2(t), u3(t), un(t) Samples value of phase voltages U;, U;, Us, Un.

ul2(t), u23(t), usi(t) Samples value of phase-to-phase voltages Uiz, Uas, Usi.

i1(t), i2(t), i3(t), in(t) Samples value of phase currents Iy, Iy, I3, In.

U1, U2, U3, Un True effective half cycle phase voltage Ugmsi1/2)

U1z, u23, U3l True effective half cycle phase to phase voltage Urms(1/2)

11,12, 13, In True effective half cycle value lgmsi1/2)

Table 62: Keys in captured waveform recorder screens

Selects between the following options:

Uiuius Shows voltage waveform.

uluiun Shows current waveform.
uiU,lun Shows voltage and current waveforms (single mode).
uiu,U/I Shows voltage and current waveforms (dual mode).

Selects between phase, neutral, all-phases and view:

123n4 Shows waveforms for phase L1.
123N A Shows waveforms for phase L2.
123N A Shows waveforms for phase L3.
123N A Shows waveforms for neutral channel.

123N A Shows all phases waveforms.
12 23314 Shows waveforms for phase-to-phase voltage L12.
1223314 Shows waveforms for phase-to-phase voltage L23.
1223314 Shows waveforms for phase-to-phase voltage L31.
1223310 Shows all phase-to-phase waveforms.

Sets vertical zoom.

Toggles between sample value and true effective half cycle value at cursor position.
Toggles cursor between voltage and current (only in U,l or U/I).

.. Moves cursor.

Returns to the “MEMORY LIST” submenu.
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3.16 Transient recorder

Transient is a term for short, highly damped momentary voltage or current disturbance.

Table 63: Transients on the low voltage network

Rise time Cause

>100 ps ¢ Operation of current-limiting fuses (amplitude up to 1 kV —2 kV)

e Activation of capacitors banks for power factor corrections (amplitude up tp
2 -3 times of nominal peak voltage)

e Transference of switching transient over voltages from MV to LV across
MV/LV transformers by electromagnetic coupling (amplitude up to 1 kV)

1 us to 100 ps ¢ Direct lightning stroke on the LV line conductors (amplitude up to 20 kV)

e Induction coupling of a lightning stroke in a vicinity of an L line (amplitude up
to 6 kV, high energy levels)

¢ Resistive coupling associated with lightning currents flowing in the common
earth paths of network (amplitude up to 10 kV)

e Transference of transients from MV to LV by capacitive transformer coupling
(amplitude up to 6 kV)

e Operation of fuses (amplitude up to 2 kV, low energy content generally)

<1 us e Local load switching od small inductive currents and short wiring (amplitude
up to 2 kV)
e Fast transients due to switching in LV by air-gap switches

3.16.1 Power Master XT - Ml 2893

A transient recording is recording with the 1 MSamples/sec sampling rate. The principle of
measurement is similar to waveform recording, but with higher sampling rate. In contrary to waveform
recording, where recording is triggered based on RMS values, trigger in transient recorder is based on
sample values.

Notes:

- To detect voltage transients at 3W connection, GND terminal should be connected according
the proposed connection. Trigger selection should be selected as “GND”;

- To detect voltage transients at Open Delta connection, GND terminal should be connected
according the proposed connection. Trigger selection should be selected as “GND”. For
detecting transients in L2 current, also L2 current clamps should be connected;

- Transient measurements (high frequency events) on the secondary side of transformers
(current and voltage transient measurements) could suppressed and/or distorted due to narrow
frequency response of transformers. Same effect could be also present when measuring
transients with the flex current clamps;

- For proper current transient measurements, it is obligatory to use fixed current range.

3.16.1.1 Setup

Transient recorder setup menu is available from:
MAIN MENU = MEASUREMENT SETUP > TRANSIENT SETUP
or
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MAIN MENU - RECORDERS = TRANSIENT REC. = F3 (SETUP)

TRANSIENTS SETUP {0000 10:14

TRIGGER

PHASE
Voltage
Current

NEUTRAL
Voltage
Current

STORE MODE . Continuous(200/1500 Max) <J

LEVEL ENVELOPE

Available memory: 12089 records (7555MB)
Prass F3 (TRIG OFF) to disahle selectad trigger.

HELP || TRIG OFF || CHECKC. |

Figure 63: Transient recorder setup screen — M| 2893

Table 64: Transient recorder settings description and screen symbols

Trigger

Envelope: Trigger value is based on envelope within voltage/current
that is expected. As reference, voltage/current waveform from
previous cycle is taken. If current sample is not within envelope,
triggering will occur. See 5.1.20 for details.

Phase voltage limits:
Minimum value: 0.0055 * Unom * sqrt(2)
Maximum value: 1.1 * Unom * sqrt(2)

Neutral voltage limits = not available
Phase/Neutral current limits:

Minimum value: 0.0055 * lnom * sqrt(2)
Maximum value: 1.1 * l,om * sqrt(2)

Previous- ", Envelope
cycle ##T Envelope
/ Current
cycle

Level: Trigger will occur if any sample within period is greater than
defined absolute trigger level. Level is defined as absolute expected
monitoring value. See 5.1.20 for details.

/-‘\ ‘Triggerlevel
1
4
\F/ Trigger level
y

Phase voltage limits:
Minimum value: Unom
Maximum value: 5500 * VT ratio

Neutral voltage limits:
Minimum value: 0,0055 * Unom * sqrt(2)
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Maximum value: 1V

Phase/Neutral current limits:
Minimum value: 0.1 * sqrt(2) * lhom
Maximum value: 1.5 * sqrt(2) * lhom

PHASE:
U: Trigger on transients at active voltage (phase/line) channels
I: Trigger on transients at active phase current channels

NEUTRAL:
Trigger type Un: Trigger on transients at Ground to Neutral voltage channel
In: Trigger on transients at Neutral current channel

Note:
Minimum current trigger selection: 10% *lnom * sqrt (2)
Maximum current trigger selection: 150%* lhom * sqrt (2)

Store mode setup:
e No limit — transient recording runs until the space on the SD
card is full. New recording session is started after captured
500 transients. This setup is used only when Transient
Recorder runs as independent recorder

e Continuous (200/1500 Max) — consecutive transient
recording until user stops the measurement or the
Store mode instrument reaches the set number of transients.
By default, 200 records is set. This value can be changed, if
necessary.

Note:

No limit setup is used only when Transient Recorder runs as
independent recorder (Transient Recorder).

Continuous setup is automatically accepted when transients
are recorded under General Recorder.

Table 65: Keys in Transient recorder setup screen

Show triggering help screens (valid for voltage and current) See 5.1.20
for details.

TRANSIENT HELP i_109:20

Voltage/Current TR |GGER: Envelope
Trigger

HlEEh Level{% AK A >
AYAVAY

Pretrigger

y |-

Duration

PREV NEXT

TRIG OFF Deleting the trigger selection

l ﬂ
w

F4 CHECK C. Check connection settings. See 3.23.1 for details.
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Transient recorder

Selects parameter to be changed.

Modifies parameter.

Enter into submenu ('<:ﬂ ).

ESC Returns to the submenu.

3.16.2Power Master/Master Q4 - Ml 2892/MI 2885

A transient recording is recording with the 49 kSamples/sec sampling rate.

3.16.2.1 Setup

Transient recorder setup menu is available from:
MAIN MENU = MEASUREMENT SETUP - TRANSIENT SETUP

or

MAIN MENU - RECORDERS - TRANSIENT REC. - F3 (SETUP)

TRANSIENT REC.
RIGGER Envelope

TRIGGER TYPE
LEVEL
DURATION
PRETRIGGER
STORE MODE

{1000 09:42

Continuous(200/1500 Max) <J

Available memory: 21714 records (5040MB)

[ I

| CONFIG || CHECKC. |

Figure 64: Transient recorder setup screen — Ml 2892/Ml 2885

Note: only single trigger could be selected. Selecting the trigger, one will automatically deselect other

ones.

Table 66: Transient recorder settings description and screen symbols

Envelope: Trigger value is based on envelope within voltage/current
that is expected. As reference, voltage/current waveform from
previous cycle is taken. If current sample is not within envelope,
triggering will occur. See 5.1.20 for details.

Trigger Phase voltage limits:
Minimum value: 0.0055 * Unom * sqrt(2)
Maximum value: 1.1 * Unom * sqrt(2)

Neutral voltage limits - not available
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Transient recorder

Phase/Neutral current limits:
Minimum value: 0.0055 * lnom * sqrt(2)
Maximum value: 1.1 * lhom * sqrt(2)

Previous—~""
cycle /

Envelope
Envelope

Level: Trigger will occur if any sample within period is greater than
defined absolute trigger level. Level is defined as absolute expected
monitoring value. See 5.1.20 for details.

/\ 1 Trigger level
R

y
\’/ Trigger level
y
U

Phase voltage limits:
Minimum value: Unom
Maximum value: 5500 * VT ratio

Neutral voltage limits:
Minimum value: 0,0055 * Unom * sqrt(2)
Maximum value: 1V

Phase/Neutral current limits:
Minimum value: 0.1 * sqrt(2) * lnom
Maximum value: 1.5 * sqrt(2) * lnom

Trigger type

PHASE:
U: Trigger on transients at active voltage (phase/line) channels
I: Trigger on transients at active phase current channels

NEUTRAL:
Un: Trigger on transients at Ground to Neutral voltage channel
In: Trigger on transients at Neutral current channel

Note:
Minimum current trigger selection: 10% *lnom * sqrt (2)
Maximum current trigger selection: 150%* Ihom * sqrt (2)

Store mode

Store mode setup:
e No limit — transient recording runs until the space on the SD
card is full. New recording session is started after captured
500 transients.

e Continuous (200/1500 Max) — consecutive transient
recording until user stops the measurement or the
instrument reaches the set number of transients.

By default, 200 records is set. This value can be changed, if
necessary.

Duration

1, 2,5, 10, 20, 50 periods (humber of capturing periods)
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Pretrigger 0,1, 2,5, 10, 20 periods (number of capturing periods before
trigger)

Table 67: Keys in Transient recorder setup screen

Show triggering help screens (valid for voltage and current) See 5.1.20
for details.

TRANSIENT HELP iC_109:20

Voltage/Current TR |GGER: Envelope
Trigger

F2 HELP L.vet{% Aﬁ /A 11-;
A/

Duration

Pretrigger

-

| PREV NEXT
=] CONFIG Shortcut to CONNECTION SETUP menu. See 3.23.1 for details.
4 CHECK C. Check connection settings. See 3.23.1 for details.

Selects parameter to be changed.

Modifies parameter.

Enter into submenu (‘:ﬂ ).

ESC Returns to the submenu.

3.16.3 Capturing transients

After transient recorder is started, instrument waits for trigger occurrence. This can be seen by

-

observing status bar, where icon is present. If trigger conditions are met, recording will be started.

TRANSIENT REC. LR T TP X TRANSIENT REC. (DI 06:23

DURATION 20 ms DURATION 20 ms

PRETRIGGER 10 ms PRETRIGGER 10 ms

Available memory: 47485 records (14933MB) Available memory: 47485 records (14933MB)

| sTOP || TRIG. | | SCOPE | | STOP || I ||_SCOPE |

Figure 65: Transient recorder capture screen (waiting phase/recording) — Ml 2893
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TRANSIENT REC. T {CE000 01:13

TRANSIENT REC. @i 04:43

TRIGGER TYPE

LEVEL LEVEL

DURATION DURATION

PRETRIGGER PRETRIGGER

STORE MODE STORE MODE

Available memory: 32337 records (7506MB) Available memory: 32337 records (7506MB)

. sTOP || TRIG. || || scoPE | | sToP || I || scoPE |

Figure 66: Transient recorder capture screen (waiting phase/recording) — Ml 2892/MI 2885

T { (00NN 01:51

Sms/div

[ TRIB. || U 1+ |[123n A]|[ SETUP |

Figure 67: Captured Transient recorder screen

Table 68: Instrument screen symbols and abbreviations

T Transient recorder is active, waiting for trigger

® Transient recorder is active, recording in progress

U1, U2, U3, Un True 1-cycle effective value of phase voltage: Uirms, U2rms, Usrms,
UNRms

U1z, u23, U3l True 1-cycle effective value of phase-to-phase voltage:
U12rms, U23rms, Uz1rms

11, 12,13, In True 1-cycle effective value of current: lirms, l2rms, 13rms, INRms

Table 69: Keys in Transient recorder capture screen

Manually generates trigger condition (Active only if recording is in

F1 TRIG.
progress).

Selects which waveforms to show:
U 1uiun Shows voltage waveform.

F2 uluiun Shows current waveform.
ui Ul un Shows voltage and current waveforms on single graph.
uiu U/l Shows voltage and current waveforms on separate graphs.

Selects between phase, neutral, all-phases and line view:
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123n4 Shows waveforms for phase L1.

123N A Shows waveforms for phase L2.

123N A Shows waveforms for phase L3.

123N & Shows waveforms for neutral channel.

123N 4 Shows waveforms for all phases.

12 23314 Shows waveforms for phase-to-phase voltage L12.
1223314 Shows waveforms for phase-to-phase voltage L23.
1223314 Shows waveforms for phase-to-phase voltage L31.
12233147 Shows waveforms for all phase-to-phase voltages.

SETUP Switches to SETUP view (Active only if recording in progress).

Sets vertical zoom.

Selects which waveform to zoom (only in U,l or U/1).

D
\

Returns to the “TRANSIENT RECORDER” screen.

3.16.4 Captured transients

Captured transient records can be viewed from the Memory list where captured waveforms can be
analysed. Trigger occurrence is marked with the blue line, while cursor position line is marked in black.

R T  TRANSIENT REC. L1 [R]i a0 06:34
15.May.2019 «250, 0U/div ; 15.May.2019 o250.00/d10
06:23:24.457188 § 06:23:24.457188
S TS, )
N | prsseey
/ G . S m— s
/ : N -1272a
\‘_/ A k : EER———— s
t: 0.301ms =l t:0.301ms ins/dly bt
i Uiuviw|[123na][ zoom | | Uiui uw|[123na]|] ZoOM |
Figure 68: Captured transient recorder screen
Table 70: Instrument screen symbols and abbreviations
IEI Memory list recall. Shown screen is recalled from memory
t: Cursor position regarding to trigger time (blue line on graph)
ul(t), u2(t), u3d(t), un(t) Samples value of phase voltages U;, U,, Uz, Un.
ul2(t), u23(t), udi(t) Samples value of phase-to-phase voltages Uiz, Uas, Uss.
i1(t), i2(t), i3(t), in(t) Samples value of phase currents Iy, |y, I3, In.

Table 71: Keys in captured transient recorder screens

Selects between the following options:
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Events table

Uiuiusi Shows voltage waveform.
uluiun Shows current waveform.

uiU,lun Shows voltage and current waveforms (single mode).
viu U/l Shows voltage and current waveforms (dual mode).

Selects between phase, neutral, all-phases and view:

123n4 Shows waveforms for phase L1.
123N A Shows waveforms for phase L2.
123N A Shows waveforms for phase L3.

F3

= =
N N
w w
z 2
> >

Shows waveforms for neutral channel.

Shows waveforms for all phases.

12 23314 Shows waveforms for phase-to-phase voltage L12.
1223314 Shows waveforms for phase-to-phase voltage L23.
1223314 Shows waveforms for phase-to-phase voltage L31.
122331A Shows waveforms for all phase-to-phase voltages.
Z200M Sets horizontal zoom

F4

Sets vertical zoom.

Moves cursor.

Toggles cursor between voltage and current (only in U,l or U/I).

ESC Returns to the “MEMORY LIST” submenu.

3.17 Events table

In this table captured voltage dips, swells and interrupts are shown. Note that events appear in the table
after finishing, when voltage return to the normal value. All events can be grouped according to IEC
61000-4-30. Additionally, for troubleshooting purposes events can be separated by phase. This is
toggled by pressing function key F1. Event table is active only during general recording.

3.17.1 Group view

In this view voltage event are grouped according to IEC 61000-4-30 (see section 5.1.12 for details). Table
where events are summarized is shown below. Each line in table represents one event, described by
event number, event start time, duration and level. Additionally, in colon “T” event characteristics
(Type) is shown (see table below for details).
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EVENTS @i 12:06

Date 29.01.2019
No L START T Level Duration
1 1 11:48:21.983 D 205.48 0h00m0.090s
2 1 11:48:59.012 D 3.87 0h00m0.100s
4 1 11:52:28.841 D 4.71 0h00m0.110s
5 1 11:56:12.190 D 0.25 0h01m13.759s
| A en || ALL wr || . VIEW |

Figure 69: Voltage events in group view screen

By pressing “ENTER” on particular event we can examine event details. Event is split by phase events
and sorted by start time.

events | @t 12200

Date 2’5.1-‘2.1.
No L
om0 e moeie
11:50:46.834 3.45 0h00m0.110s
11:50:46.838 D 2.99 0h00m0.110s
11:50:46.848 | 2.99 0h00m0.080s
11:50:46.851 | 0.23 0h00m0.080s
11:50:46.854 1 3.45 0h00m0.080s
l \‘ | | VIEW |

Figure 70: Voltage event in detail view screen

Table 72: Instrument screen symbols and abbreviations

Date Date when selected event has occurred
No. Unified event number (ID)
L Indicate phase or phase-to-phase voltage where event has occurred:

1 —event on phase U,

2 —event on phase U;

3 —event on phase Us;

12 — event on voltage Ui,

23 —event on voltage Uy

31 - event on voltage Ui

Note: This indication is shown only in event details, since one grouped event can have
many phase events.

Start Event start time (when first Ugms(1/2)) value crosses threshold.
T Indicates type of event or transition:
D - Dip
| —Interrupt
S —Swell
Level Minimal or maximal value in event Upip, Uint, Uswell
Duration Event duration.
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Table 73: Keys in Events table group view screens

- A Group view is shown. Press to switch on “PHASE” view.
F1

A Ph. Phase view is shown. Press to switch on “GROUP” view.

Shows all types of events (dips and swell). Interrupts are treated as
special case of voltage dip event. START time and Duration in table is
referenced to complete voltage event.

EVENTS @i 12:06

4 1 ihas21.083 | D " 0h00m0.090s

LN 2 17 1namse.012 b 3.87  0h00mO.100s
V:46. 8 U U | 111 U |

11:52:28.841 D 471 0h00m0.110s

5 1 11:56:12.490 D 0.25  0h01m13.759s

[ A en |[ ALL wr || [ vIEW |

Shows poly-phase voltage interrupts only, according to the IEC 61000-4-
30 requirements. START time and Duration in table is referenced to
voltage interrupt only.

EVENTS @i 12:11
RN 123 11:50:46.854 ! 0h00m0.073s |
[ A en || aw INT || || VIEW |
Shows selected waveform and inrush view.
WAVEFORM REC. L1 @t@ 12:41
50, 9R/div
Vle SBmS/dibui . ’
125.60/d1v 35TeR7div
'
......... ]f‘
t:-0.00005 Y Bl -~ :
HU|U,IU!IH123NA|[ ]

Selects event.

@ Enters detail event view.
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Returns to Events table group view screen.
Returns to “RECORDERS” submenu.

ESC

3.17.2Phase view

In this view voltage events are separated by phases. This is convenient view for troubleshooting.
Additionally, user can use filters in order to observe only particular type of event on a specific phase.
Captured events are shown in a table, where each line contains one phase event. Each event has an
event number, event start time, duration and level. Additionally, in colon “T” type of event is shown (see
table below for details).

EVENTS @i 12:49

Date 2’-.1-2.1.
wmw svsas  onoomosae
1  11:48:59.012 3.87 0h00m0.100s
1 11:48:59.032 1 3.87 0h00m0.070s
1 11:50:46.831 D 0.23 0h00m0.120s
3 11:50:46.834 D 3.45 0h00m0.110s
2 11:50:46.838 D 2.99 O0h00m0.110s |
| A Ph. |A Dip INT swetl] [ 1 2 3 T | VIEW ‘

Figure 71: Voltage events screens

You can also see details of each individual voltage event and waveform/inrush view of all events.
Statistics show count registers for each individual event type by phase.

Table 74: Instrument screen symbols and abbreviations

Date Date when selected event has occurred
No. Unified event number (ID)
L Indicate phase or phase-to-phase voltage where event has occurred:

1 - event on phase U;
2 —event on phase U;
3 —event on phase Us;
12 — event on voltage Ui,
23 —event on voltage Uz
31— event on voltage Us;

Start Event start time (when first Urms(1/2)) value crosses threshold.
T Indicates type of event or transition:
D - Dip
| = Interrupt
S —Swell
Level Minimal or maximal value in event Upip, Uint, Usweil
Duration Event duration.

96



M1 2893 / MI 2892 / MI 2885

Alarms table

Table 75: Keys in Events table phase view screens

F1

A ey Group view is shown. Press to switch on “PHASE” view.

A PH Phase view is shown. Press to switch on “GROUP” view.

Filters events by type:

A pip INT sweLL Shows all event types.
A DIP INT SWELL Shows dips only.

A pip INT swELL Shows interrupts only.

A pip INTSWELL Shows swells only.

Filters events by phase:

1237 Shows only events on phase L1.
1237 Shows only events on phase L2.
- 12371 Shows only events on phase L3.
F3
123T Shows events on all phases.
12 23317 Shows only events on phases L12.
1223317 Shows only events on phases L23.
1223317 Shows only events on phases L31.
122331 T Shows events on all phases.
Shows selected waveform and inrush view.
WAVEFORM REC. L1 @i 12:54
29.Jan.2019 o0.cUdiv 56.0R/div T
11:48:21.9833 £\ N Py 2 A\ A% (o Ay Yot B
AWANAWAR AWAWA AW AW A
f\«v{‘, Yl flv.\, \rl,Jﬁ_’VQ\\&‘
\f \/ \J A/ Xt Xfoin v/ W Ay
VI EW | Sams/div 4
25.% 25.08/div
$:-0.00005 oo
u it Ul un |[1 23N A

Selects event.

Enters detail event view.

Returns to Events table phase view screen.
Returns to the “RECORDERS” submenu.

ESC

3.18 Alarms table

This screen shows list of alarms which went off. Alarms are displayed in a table, where each row
represents an alarm. Each alarm is associated with a start time, phase, type, slope, min/max value and
duration (see 3.23.3 for alarm setup and 5.1.14 for alarm measurement details).

97



M1 2893 / MI 2892 / MI 2885 Alarms table

ALARMS @i 07:33
n.u a.o-l.zou
Slope Min/Max  Duration

T
umwmm

07:32:09.800 se 258.2V  2.800 sec
07:32:31.001 T P+ Rise 1316 kW  1.200 sec
07:32:46.401 1 (1] Rise 298.0 V 1.800 sec
07:33:08.800 1 u Rise 2358V  6.200 sec
07:33:09.000 1 Uh5 Rise 14.8 % 6.000 sec |

A uifc. pwrF. P{ [23N122331T A

Figure 72: Alarms list screen

Table 76: Instrument screen symbols and abbreviations

Date Date when selected alarm has occurred
Start Selected alarm start time (when first Ugms value cross threshold)
L Indicate phase or phase-to-phase voltage where event has occurred:

1—alarm on phase L;
2 —alarm on phase L,
3 —alarm on phase L;
12 —alarm on line L1z
23 —alarm on line L3
31 —alarmon line Ls;

Slope Indicates alarms transition:
e Rise — parameter has over-crossed threshold
e Fall — parameter has under-crossed threshold

Min/Max Minimal or maximal parameter value during alarm occurrence

Duration Alarm duration.

Table 77: Keys in Alarms table screens

Filters alarms according to the following parameters:

A UiF c. Pwr F. Pwr NF. Pwr All alarms.
Flick Sym H iH Sig Temp

A UIF c. PwrF. Pwr NF. Pwr Voltage alarms.
Flick Sym H iH Sig Temp
A UIF C. PWr F. Pwr NF. Pwr Combined power alarms.
Flick Sym H iH Sig Temp
A uiF c. pwr F. PWr NF. Pwr Fundamental power alarms.

Flick Sym H iH Sig Temp
A ulFc. pwrF. Pwr NF. Pwr Nonfundamental power alarms.
Flick Sym H iH Sig Temp
A UIFC. PwrF. Pwr NF. Pwr Flicker alarms.
Flick Sym H iH Sig Temp
A UIF C. Pwr F. Pwr NF. Pwr Unbalance alarms.
Flick SYym H iH Sig Temp
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A UIF C. Pwr F. Pwr NF. Pwr
Flick Sym H iH Sig Temp
A UIFC. PwrF. Pwr NF. Pwr
Flick Sym H iH Sig Temp
A UIF C. Pwr F. Pwr NF. Pwr
Flick Sym H iH Sig Temp
A UIF C. Pwr F. Pwr NF. Pwr
Flick Sym H iH Sig Temp

Harmonics alarms.

Interharmonics alarms.

Signalling alarms.

Temperature alarms.

123nN122331TA
123N122331T A

123 N122331TA

123N 122331T A
F3
- 123N122331TA

123N122331TA
123N122331TA

123N122331 T A

123N122331TA

Filters alarms according to phase on which they
occurred:

Shows only alarms on phase L1.
Shows only alarms on phase L2.
Shows only alarms on phase L3.
Shows only alarms on neutral channel.
Shows only alarms on phases L12.
Shows only alarms on phases L23.
Shows only alarms on phases L31.

Shows only alarms on channels which are not channel
dependent

Shows all alarms.

Selects an alarm.

Returns to the “RECORDERS” submenu.

3.19 Rapid voltage changes (RVC) table

In this table captured RVC events are shown. Events appear in the table after finish, when voltage is in
the steady state. RVC events are measured and represented according to IEC 61000-4-30. See 5.1.15 for

details.
RVC

©4 I 11:32

L START

T2 Simanis saauinats s 1oy
3 31.Jan.2019 11:314:10.322  0.010s  7.6¥

11 31.Jan.2019 11:31:10.328  0.010s  7.6Y¥  7.4Y |
'3 31.Jan.2019 11:31:19.202  0.010s  10.0V | 10.0V
2 3M.Jan.2019 11:31:19.206  0.010s 103V | 10.3V
1 31.Jan.2019 11:31:19.209  0.010s  9.9Y | 9.9V

Duration dUmax dUss

7.5¥

I |  STAT |

Figure 73: RVC Events table group view screen

Table 78: Instrument screen symbols and abbreviations

No. Unified event number (ID)
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L Indicate phase or phase-to-phase voltage where event has occurred:
1 —event on phase U,
2 —event on phase U;
3 —event on phase Uz
12 — event on voltage U1
23 —event on voltage Uy
31 - event on voltage Ui

Start Event start time (when first Urms(1/2)) value crosses threshold.
Duration Event duration.
dMax AUmax - maximum absolute difference between any of the Ugrms(1/2)

values during the RVC event and the final arithmetic mean 100/120 Ugms(1/2) value just

prior to the RVC event.

dUss AUss - is the absolute difference between the final arithmetic mean

100/120 Ugms(1/2) value just prior to the RVC event and the first arithmetic mean

100/120 Ugms(1/2) value after the RVC event.

Table 79: Keys in RVC Events table group view screens

Shows event statistics (phase by phase).

RVC @i 11:38
- L2 e
(U | 2283 237.8 2301 v

STAT RVE S l

| | .~ RVC

RVC Returns to RVC Events table group view screen.

Returns to RVC Events table group view screen.
Returns to “RECORDERS” submenu.

ESC

3.20 Inrush table

This screen shows list of Inrush events. Inrush events are displayed in a table, where each row
represents single Inrush. Each Inrush is associated with a start time, phase (Channel) and max value.
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INRUSH TABLE @i 11:57

2

START CHANNEL
2oz visanon i
23.Apr.2021 11:57:30.581 1112
 23.Apr.2021 14:57:33.431  HMI12
| 23.Apr.2021 14:57:35.011 M2

Figure 74: Inrush table group view screen

Table 80: Instrument screen symbols and abbreviations

No. Unified event number (ID)

Start Inrush start time (when first lgms(1/2)) value crosses threshold.
Channel Channel, where Inrush occurs.

MAX Maximal value during Inrush.

3.21 E-Meter recorder (Ml 2892/MI 2885)

E-Meter recorder is used for accuracy measurements of electronic as well as mechanical (inductive)
meters. For accuracy measurements, comparison method is used. Voltage and current which flow
through the tested object is also connected to the reference Power Quality Instrument. Function is
supported on Ml 2892 or M| 2885 Power Quality Instrument.

The total accuracy of the complete system depends on accuracy of voltage and current measurements,
mainly on the used current clamps. The most critical issue is current measurements. Current should be
detected by the most accurate current clamps (A 1588) or I/U transducer (A 1037) to achieve the highest
possible accuracy.

Note: Metrel suggest to use A 1398 PQA, A 1588 current clamps or A 1037 U/I transducer to achieve
the system accuracy approx. to 1%.

As reference meter Power Quality Instrument is used. 200ms measurements are accumulated during
the accuracy measurements. PQl collets pulses from the E-Meter and compare energy measured by the
PQl and energy collected by the pulses, generated from the E-Meter. Algorithms inside the PQl
compensate energy captured in the start and stop 200ms intervals related to the pulse captured from
the E-Meter.
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C_omr._\ensated ;x:‘;:::::f
time interval
X / . / 200 ms packages
1—- | | | | g“ > | from PQA
X X X Pulses from
| t | | | | | | | E-Meter
X —intervals/pulses not
Measurement taken into account in the
start Start stop measurement
pulse pulse

Figure 75: E - Meter measuring accuracy comparison methods

In order to start the E-Meter accuracy procedure following steps should be followed:

1. Connect voltage test leads and current clamps to selected test object (E-Meter). Take care about
proper connection and selection of used current clamps and range.

CONNECTION SETUP UGIINEET TN Connection: Consumed (0000 13:10
Nominal voltage L-N 230V a @D (L2 ] (L3) @ND

Phase Curr. Clamps  |A1037 (5.000A) J| [u /2499 /2499 /2499 0.4 v

Neutral Curr. Clamps | None (0.0mA) Il i | /a998 /5001 /5002 0.0 a |
Connection aw P 1207 1208 1208w
Synchronization u1 Phase | / -14.9 /-149 /-149 -54.2 - |
System frequency 50Hz ; N .
Connection check |/ | (Usea | /123 _UP“" | 3623
Factory reset J| |lseq || /123 ,{f H / 49.996 Hz |
SaveRecel <) DATETIME| VIEW | AUTOSET!I | LIMITS |

Figure 76: PQl setup connection and Connection check

2. |Install Photo — scanning head A 1756 into the tested E-Meter. For proper installation, follow the
procedure in the manual for A 1756.

3. Connect cable between the Photo-Scanning head and PQl.

4. Select E-Meter recorder under Recorder menu:

RECORDERS {(O0EN 13:47

@ | A

GENERAL REC. WAVEFORM REC. TRANSIENT REC.
MEMORY LIST EVENTS TABLE ALARM TABLE
" .l s " Tam .’\J—

RVC TABLE INRUSH TABLE E-METER
Figure 77: E-Meter functionality under Recorder menu

5. E-Meter recording window and parameters setup:

102



M1 2893 / MI 2892 / MI 2885

E-Meter recorder (MI 2892/MI 2885)

U] E-METER | E ] 02:37

v Error: Error:
Measurements number | 0/18 ___%J, Measurements number ' 0/418 ' . %[
Registered energy e va__rh _ e ‘___7"41 Registered energy i 0000 varh | ___"/4
Number of pulses ~0/52 | - ___%f Number of pulses " er52 | __'_c"/;{
Average error —==% l - _____%? Average error % | _._._%1

— —

Available memory: 7559MB Available memory: 7559MB
| START RESET || CONFIG SETUP | STOP \

E-METER ®i_J00:49

Error:

FiDETOTRmenEIRICeR @ 3 /5 -99.2%

Registered energy 511.8 Wh -98.8 "/’J‘

Number of pulses 3/5 i -991%1J

Average error -99.0% %

Available memory: 7559MB

STOP | |
Figure 78: E-Meter Recorder menu

Table 81: E-Meter recorder settings description

E-Meter recorder is active, waiting for start condition to be met.
After start conditions are met (start impulse from the photo-
scanning head), instrument will start with E-Meter measurements.

E-Meter recorder is active. Measurements running according the
setup.
Note: Recorder will run until one of the following end conditions is
met:

e STOP key was pressed by user

e Given Duration criteria was met

e SDCARD s full
Note: If during record session instrument batteries are drained, due
to long interruption for example, instrument will shut down
automatically. After power restauration, it will automatically start
new recording session.

Measurements number

The n-th measurement is performed out of the total defined number
of measurements

Example: 3/5 = the third measurement is active from the total
number of 5.

Registered energy

Energy (kWh/kvarh) registered by the Power Quality Instrument

Number of pulses

Number of accepted pulses from the E-Meter from the total defined
number of pulses.

Example: 3/5 = 3 pulses accepted from the total selected number
of 5.

Error

E-Meter error, getting from the individual measurement. On the LCD
screen only last 5 error results are presented. For the detailed view,
download data with PowerView and analyse the data.

Average error

Average error calculated from the individual measurements.
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Table 82: Functional Keys in E-Meter recorder setup screen

START Starts the recorder (selection, when recorder is not running)
F STOP Stops the recorder (selection, when recorder is running)
= RESET Reset E-Meter measurements results

(selection, when recorder is not running)

£3 CONFIG ShOI’tCl:lt to the PQI Conne§t|on setup..
(Selection, when recorder is not running)

SETUP E-Meter recorder setup.

4 (Selection, when recorder is not running)

Moves cursor to the next row up/down; enter desired
character

Field selection/Increase (Decrease) the value

V(0 o:49
Nominal voltage L-N = 230V

Measured value Active

Meter constant 10000 impikwn <
CT ratio 600/5 )
VT ratio 149 )
Number of pulses 100 <
Accumulated energy 1.200 kwn <
Measurements number 5 )
Info R
Select Q/Q+ | Q

| || CONFIG METER |

Figure 79: E-Meter Recorder setup menu

Table 83: E-Meter recorder setup settings description

Selection of E-Meter measured value, which is tested
(Active/Reactive).

00
Measured value

Active: Q1+ QI+ Qlll + Q IV (combined)

Reactive: Q1+ QI+ QI+ Q IV (QvFund / Qenergy)
Q - fundamental vector reactive power.
Q+ — reactive energy according IEEE 1459

Meter constant E-Meter metrological constant (LED: imp/kWh; imp/kvarh;
Mechanical meter: Revs/kWh)
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CT ratio

Current transformer ratio (applicable, when PQA measure primary
current and e-meter measure secondary current)

VT ratio

Voltage transformer ratio (applicable, when PQA measure primary
voltage and e-meter measure secondary current)

Number of pulses

Number of pulses to be captured from E-Meter

Accumulated energy

Requested registered energy during accuracy measurements

Note: Number of pulses or Accumulated energy should be selected.
If you entered one value, the other one is automatically calculated.

Note: we suggest, that accuracy measurement takes at least 10 — 15
minutes (due to changeable load).

Measurements number

Number of consecutive measurements that are performed
automatically.

Info

Information field for description of measurement place and tested E-
Meter

E-METER INFO iC__lo1:54

Nominal voltage L-N = 230V

Measurement place ( METREL
E-Meter SN 82836591
E-Meter nominal data 230V 5A

& REIR

Measurement place: Description of measurement place

E-Meter SN: Serial Number of tested E-Meter

E-Meter nominal data: E-Meter data, like nominal voltage & current,
type, producer etc..

E-METER INFO {0000 22:24

Nominal voltage L-N = 230V
Measurement place 4
10 '[! Measurement place ,. d]
E-Met J
| CLEAR || ADD || A | M |
CLEAR Delete selected character.
ADD Add additional character
A Shortcut to characters A > .
M Shortcut to characters M =.
Selection of reactive energy used for reactive energy accuracy test
Select Q/Q+ Q - fundamental vector reactive power.

Q+ — reactive energy according IEEE 1459
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Memory List
CONFIG Shortcut to the PQl Connection setup.
METER Returning back to E-Meter recorder.

3.22 Memory List

Using this menu user can view and browse saved records. By entering this menu, information about
records is shown.

MEMORY LIST {000 12:32

Folder No. 6/13 ]

FOLDER NAME
TYPE

START

END

FILES NO.
SIZE

| WVIEW || CLEAR ||USB STICK|| CLRALL |

Figure 80: Memory list screen (Folder structure)

Table 84: Instrument screen symbols and abbreviations

Folder No. Selected Folder number for which details are shown / Number of all folders
Folder name on SD Card. By convention file names are created by following
rules: REC_YYYY_MM_DD_HHMM_xxxxx, where:

e RECrepresent Folder type
FOLDER NAME e YYYY represent actual year
e HH represent actual month
o DD represent actual day
e  HHMM represent actual hour/minutes
e xxxxx record number 00000 + 99999 (running index)

Indicates type of folder, which can be one of following:

TYPE e Root (for snapshot data),
e Session (for recorded data).
START Folder creation start time.
END Folder stop time.
FILES NO. Number of recorders and snapshot’s files
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SIZE Record size in kilobytes (kB) or megabytes (MB).

Table 85: Keys in Memory list (Folder) screen

VIEW Views details of currently selected folder.
CLEAR Clears selected folder structure.
USB STICK Enable USB memory stick support.

MEMORY LIST fCI0N 42:32

Folder No. 6/13 <

FOLDER NAME
TYPE

START

END

FILES NO.
SIZE

VIEW | | COPY FOLD. COPY ALL
COPY FOLD. Copy selected folder to USB
COPY ALL Copy all data from SD card to USB

Opens confirmation window for clearing all saved records.

Keys in confirmation window:

Confirms selection.

.. Selects YES or NO.
- CLR ALL
F4 @

Exits confirmation window without
clearing saved records.

ESC

" Browses through folders (next or previous folder).

Returns to the “RECORDERS” submenu.

F1
By pressing - (VIEW) button, details of selected folder are presented:

MEMORY LIST § 1000 13:04

Record No. 2/2 J

FILE NAME
TYPE
INTERVAL
START
END

SIZE

| WVIEW || CLEAR ||USBSTICK|| CLRALL |

Figure 81: Memory list screen (Recorder data)

Table 86: Instrument screen symbols and abbreviations

Record No Selected record number, for which details are shown / Number of all records.
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Record name under selected folder structure on SD Card. By convention file
names are created by following rules: Rxxxxyyy.REC, where:

e xxxx if record number 0000 + 9999

e yyy represent record type

o WAW — waveform record (samples values)
FILE NAME

o INR =inrush record (RMS values)
o SNP —waveform snapshot
o TRA —transient record
o GEN —general record. General record generates also AVG, EVT,
PAR, ALM, SEL files, which can be found on SD Card and are
imported into PowerView.
Indicates type of record, which can be one of following:
e Snapshot,
Type e Transient record,
e Waveform record,
e Inrush record,
e General record.
Interval General record recording interval (integration period)
Start General record start time.
End General record stop time.
Size Record size in kilobytes (kB) or megabytes (MB).

Table 87: Keys in Memory list screen

VIEW Views details of currently selected record.

CLEAR Clears selected record.

USB STICK Enable USB memory stick support.
F3
b 15:04

Record No. 2/2 &)

FILE NAME
TYPE
INTERVAL
START
END

SIZE

| VIEW | | | COPY FOLD. | COPY FILE

COPY FOLD. Copy all files from selected folder to USB stick.
COPY FILE Copy selected file to USB stick.

Opens confirmation window for clearing all saved records
under selected folder.

Keys in confirmation window:

Confirms selection.

Selects YES or NO.
CLR ALL ..

Exits confirmation window without
clearing saved records.

ESC

108



MI 2893 / MI 2892 / MI 2885 Memory List

Returns to the “Folder” submenu.
Returns to the “RECORDERS” submenu.

.. Browses through records (next or previous record).
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3.22.1General Record

This type of record is made by GENERAL RECORDER. Record front page is similar to the GENERAL
RECORDER setup screen, as shown on figure below.

MEMORY LIST §CEREE] 14:17

Record No. 5/14 &

FILE NAME
TYPE
INTERVAL
START
END

SIZE

| WIEW || CLEAR ||/USBSTICK|| CLRALL |

Figure 82: Front page of General record in MEMORY LIST menu

Table 88: Recorder settings description

Record No. Selected record number, for which details are shown.
FILE NAME Record name on SD Card
Type Indicate type of record: General record.
Interval General record recording interval (integration period)
Start General record start time.
End General record stop time.
Size Record size in kilobytes (kB) or megabytes (MB).

Table 89: Keys in General record front page screen

VIEW Switches to the CHANNELS SETUP menu screen.

Particular signal groups can be observed by pressing on F1 key
(VIEW).

POWER

ENERGY

FLICKERS

UNBAL.

HARMONICS

TEMPERATURE

SIGHALLING v
[ viEw || i Il ]

Keys in CHANNELS SETUP menu screen:

Selects particular signal group.
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.
Enters particular signal group
@ (TREND view).

ESC Exits to MEMORY LIST menu.

E2 CLEAR Clears the last record. In order to clear complete memory,
delete records one by one.

Opens confirmation window for clearing all saved records.

Keys in confirmation window:

.' Selects YES or NO.
LR ALL
F4 ¢ @

Confirms selection.

ESC Exits confirmation window without
clearing saved records.

Browses through records (next or previous record).

Selects parameter (only in CHANNELS SETUP menu).

ESC Returns to the “RECORDERS” submenu.

By pressing VIEW, in CHANNELS SETUP menu, TREND graph of selected channel group will
appear on the screen. Typical screen is shown on figure below.

U,L,ETREND A [R]mm 17:48

10.May.2013 (#106U/div :
12:08:60

U1iE

38m 00s {18minsdiv

\ I[[U & s 1238 A

Figure 83: Viewing recorder U,l,f TREND data

Table 90: Instrument screen symbols and abbreviations

|E| Memory list recall. Shown screen is recalled from memory.

| Indicates position of the cursor at the graph.

Ul,U2U3,Un: Maximal (E), average (£) and minimal (¥) recorded value of phase voltage Uiams,
Uzrms, Usrms, Unrms, for time interval selected by cursor.
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Maximal (), average (£) and minimal () recorded value of phase-to-phase

U12,U23, U3l voltage Uizrms, U23rms, Us1rms fOr time interval selected by cursor.

Maximal (&), average (£) and minimal (¥) recorded value of current l1gms, l2rms,

Ip: . .
P I3rms, Inrms, fOr time interval selected by cursor.

38m 00s Time position of cursor regarding to the record start time.

10.May.2013 Time clock at cursor position.
12:08:50

Table 91: Keys in Viewing recorder U,I,f TREND screens

Selects between the following options:

Uifu,un Shows voltage trend.
ulfuiu/ Shows current trend.
uifu,iu/ Shows frequency trend.
uitU,lus Shows voltage and current trends (single mode).
uifuU/I Shows voltage and current trends (dual mode).

Selects between phase, neutral, all-phases and view:

123n4 Shows trend for phase L1.

123N A Shows trend for phase L2.

123N A Shows trend for phase L3.

123N A Shows trend for neutral channel.

123N A Shows all phases trends.

12 23314 Shows trend for phases L12.

1223314 Shows trend for phases L23.

1223314 Shows trend for phases L31.

1223310 Shows all phase-to-phase trends.
. . Moves cursor and select time interval (IP) for observation.

ESC Returns to the “CHANNELS SETUP” menu screen.

Note: Other recorded data (power, harmonics, etc.) has similar manipulation principle as described in
previous sections of this manual.
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3.22.2Waveform snapshot

This type of record can be made by using key (press and hold o key). Snapshot is performed
only on the measurement screens.

MEMORY LIST @i 09:10

Record No. 10/13 &

FILE NAME
TYPE
START
SIZE

| VIEW || ||USB STICK | | |

Figure 84: Front page of Snapshot in MEMORY LIST menu

Table 92: Recorder settings description

Record No. Selected record number, for which details are shown.
FILE NAME Record name on SD Card
Indicate type of record:

Type
yp e Snapshot.
Start Record start time.
Size Record size in kilobytes (kB).

Table 93: Keys in Snapshot record front page screen

Switches to CHANNELS SETUP menu screen.

Particular signal group can be observed by pressing on F1 key (VIEW).

POWER

ENERGY

FLICKERS

VIEW UNBAL.
HARMONICS

TEMPERATURE

SIGNALLING v

" I I |

Keys in CHANNELS SETUP menu screen:

Selects particular signal group.
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Memory List

Enters particular signal group

@ (METER or SCOPE view).

USB STICK

COPY FOLD.
COPY FILE

EsC Exits to MEMORY LIST menu.
Enable USB memory stick support.
@4 0s:10
Record No. ) 10/13 J
FILE NAME
TYPE
START
SIZE
| VIEW | | COPY FOLD. | COPY FILE |

Copy all files from selected folder to USB stick.

Copy selected file to USB stick.

‘. Browses through records (next or previous record).

Returns to the “Folder” submenu.
Returns to the “RECORDERS” submenu.

ESC

By pressing VIEW in CHANNELS SETUP menu METER screen will appear. Typical screen is

shown on figure below.

©Rhcms o9:20
L L3 N

uL 228.3 237.8  230.4v 236.8v

e e
IL | 1972 197.0 197.2a  197.4a
Thdl | 040 041  0.40%  0.10% |
B TT

[[12:u A all SCOPE |

Figure 85: U,I,f meter screen in recalled snapshot record

Note: For more details regarding manipulation and data observing see previous sections of this manual.
Note: Initial WAVEFORM SNAPSHOT is automatically created at the start of GENERAL RECORDER.

3.22.3 Waveform/inrush record

This type of record is made by Waveform recorder. For details regarding manipulation and data
observing see section Captured waveform 3.15.3.

3.22.4 Transients record

This type of record is made by Transient recorder. For details regarding manipulation and data observing

see section 3.16.4.
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3.23 Measurement Setup submenu

From the “MEASUREMENT SETUP” submenu measurement parameters can be reviewed, configured and
saved.

MEAS. SETUP

SIGNALLING SETUP RVC SETUP MEASURING METHODS

TRANSIENTS SETUP INRUSH SETUP WAVE. REC. SETUP

Figure 86: MEASUREMENT SETUP submenu

Table 94: Description of Measurement setup options

Connection setup Setup measurement parameters.
Event setup Setup event parameters.

Alarm setup Setup alarm parameters.
Signalling setup Setup signalling parameters.
RVC setup Setup RVC parameters.

Selection of measurement method (Modern (IEEE 1459), Classic (Vector),

Measuring methods Classic (Arithmetic)).

Transient setup Setup of parameters for Transient recorder.
Inrush setup Setup of parameters for Waveform/Inrush recorder.
Wave. Rec. setup Setup of parameters for Waveform/Inrush recorder.

Table 95: Keys in Measurement setup submenu screen

Selects option from the “MEASUREMENT SETUP” submenu.

Enters the selected option.

ESC
Returns to the “MAIN MENU” screen.

3.23.1 Connection setup

In this menu user can setup connection parameters, such as nominal voltage, frequency, etc. After all
parameters are provided, instrument will check if given parameters complies with measurements. In

case of incompatibility instrument will show Connection check warning (X) before leaving menu.
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Measurement Setup submenu

{18 0s:08
Nominal voltage L=N 33.0kV Bl
Phase Curr. Clamps Auto (A1033 (1000A)) d
Neutral Curr. Clamps d
Connection w <J
Synchronization g —

System frequency 60Hz

Connection check X ¢

Factory reset e

Save/Recall s <:D

Figure 87: “CONNECTION SETUP” screen

Table 96: Description of Connection setup

Nominal voltage

Set nominal voltage according to the network voltage. If voltage
is measured over potential transformer, then press ENTER for

setting transformer parameters:

(338 0909
u1 a| ‘Un

( 0.01kV 0.01kV 0.00kV 0.30kV

Nominal voltage L=N 33.0kV )

Yoltage ratio primary 33000 g

Voltage ratio secondary | 100 g

A= A 1

Voltage ratio: Potential transformer ratio A <> A:

Transformer type

Primary Secondary
Delta Star

Star Delta

Star Star

Delta Delta

Symbol
A-A

LA

Additional
transformer ratio
Y
V3
V3
A=A 1
A=A 1

Note: Instrument can always measure accurately at up to 150%
of selected nominal voltage.

Phase Curr. Clamps
Neutral Curr. Clamps

Selects phase current clamps for phase current inputs.

Selects neutral current clamps for neutral current input.
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- v o

Smart clamps/T

Custom

None

(1000A, 100A)

[a1069 (100A, 10A)
(A1122 (5A, 500mA)

A1037 (5A, 500mA)

A1120 (30A, 300A, 3000A) ~

Note: For Smart clamps (A 1502, A 1227, A 1281, ...) always select
“Smart clamps”. Check in the Metrel General Catalogue, which
clamps are developed as “Smart clamps).

Note: Use “None" option for voltage measurements only.

Note: See section 4.2.3 for details regarding further clamps
settings.

Method of connecting the instrument to multi-phase systems
(see 4.2.1 for details).

e 1W: 1-phase 3-wire system;
Connection (100 11:55

Connection

1 | fwaWawawos|

e 3W: 3-phase 3-wire system;

Connection (160 11:57

ééé Yoo

f_zw3W4w0p
. 4W. 3-phase 4-wire system;
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| [rwawopend || |

INV1W: Single phase invertor connection.

{0000 12:45

[ | | [openn INVAW) | ]

INV3W: Single phase invertor connection.
000 12:48

| [vawINVW | [

Synchronization channel. This channel is used for instrument
synchronization to the network frequency. Also, a frequency
measurement is performed on that channel. Depending on
Connection user can select:

Synchronization

e 1W,2W, 4W, INV1IW: Ul or 1.
e 3W, OpenD, INV3W: U12, or I1.
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Select system frequency. According to this setting 10 or 12 cycle
interval will be used for calculus (according to IEC 61000-4-30) at
50/60Hz:
e 50 Hz-10cycle intervals
System frequency e 60 Hz—-12 cycle intervals
e 400 Hz —50 cycle intervals

e VFD — Variable frequency drive (5 + 120 Hz) — 5 cycle
intervals

Check if measurement results comply with given limits.

Connection check )

Connection check is marked with green OK sign (# ) if instrument
is connected properly and measurement comply with given
measurement setup.

Connection check is marked with yellow OK sign (), indicate
that some measurements are at the edge of the measurement
setup specification. This does not mean that something is
necessary wrong, but require user attention to double check
connection and instrument settings. Press F4 to check LIMITS.
Fail sign (X) indicate that that instrument is connected
incorrectly or measurement setup does not correspond with
measured value. In this case it is necessary to readjust
measurement settings, and check instrument connections.

By pressing ENTER key, detailed Connection check will be shown.

Connection: Consumed §_100 03:39
Sh L2 ) 3, N

Connection check

U |« 230.0 230.0 2299 0.44 v |
[ 200.0 200.1 200.3 0.335 a
P 44.44 44.47 44.49 e
Phase -14.9 -14.9 -15.0 321 -
Useq | /123 ]}'Ptot ’ 133.4 W
lseq | /123 ot 49.996 Hz

[ CUR.DIR. || WVIEW ||AUTOSETI| LIMITS |

See section 4.2.4 for details, how to use this menu.

CUR. DIR. Current inversion par phase

VIEW Set Consumed or Generated view

AUTOSET | Set the auto check procedure for defining the optimal range
of current clamps

LIMITS Predefined limits for the measurement result evaluation
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¥ 1599
U 90%=110% Un 207.0-253.0v |
1 5%=10% Iclamps 50.00-100.0a
1 10%=-110% Iclamps 100.0-1100a
1 110%=150% Iclamps 1100-1500a
f 85%=115% f 42.500-57.500H:
Phase | *90°

Set factory default parameters. These are:
Nominal voltage: 230V (L-N);
Voltage ratio: 1:1;
Ao Al
Phase current clamps: Smart Clamps;
Neutral current clamps: Smart Clamps;
Connection: 4W;
Synchronization: Ul
System frequency: 50 Hz.
Dip voltage: 90% Unom
Interrupt voltage: 5% Unom

Default parameters Swell voltage: 110% Unom
Signalling frequency1: 316 Hz
Signalling frequency2:1060 Hz
Signalling record duration: 10 sec
Signalling threshold: 5% of nominal voltage
RVC threshold: 3% of nominal voltage
RVC hysteresis: 25%
Measuring method: Modern (IEEE 1459)

Clear Alarm setup table

Record organisation: Folder

Record starting time: Rounded

Transient select: GND

Waveform recorder setup: Event

Save selected measurement setup (saved on the SD card)/Recall
saved measurement setup from the SD card

Save/Recall

Table 97: Keys in Connection setup menu

Selects Connection setup parameter to be modified.

Changes selected parameter value.

Enters into submenu.
Confirms Factory reset.

Depends from Connection check status.

Connection check el
ESC e TP

For:
e OKsign (¥, ) Returns to the “MEASUREMENT SETUP” submenu.
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e Fail sign (X) enter into “CONNECTION CHECK” submenu. It is expected
that user will resolve this issue before continuing with measurements.

Press again in order to leave “CONNECTION CHECK” menu.

3.23.2 Event setup

In this menu user can setup voltage events and their parameters. See 5.1.12 for further details regarding
measurement methods. Captured events can be observed through EVENTS TABLE screen. See 3.17 and
5.1.12 for details.

EVENT SETUP { (00NN 07:43

Nominal voltage L-N = 230V

Swell Threshold 110.0%  (253.0V)
Swell Hysteresis 2%

Dip Threshold 190.0%  (207.0V)
DipHysteresis | e
Interrupt Threshold | 50% (11.5v)
InterTt Hystarcsis ot
\ HELP || 'GEN. R. WF |

Figure 88: Event setup screen

Table 98: Description of Event setup

Nominal voltage Indication of type (L-N or L-L) and value of nominal voltage.
Swell Threshold Set swell threshold value in % of nominal voltage.
Swell Hysteresis Set swell hysteresis value in % of nominal voltage.
Dip Threshold Set dip threshold value in % of nominal voltage.
Dip Hysteresis Set dip hysteresis value in in % of nominal voltage.
Interrupt Threshold Set interrupt threshold value in % of nominal voltage.
Interrupt Hysteresis Set interrupt hysteresis in % of nominal voltage.

Table 99: Keys in Event setup screen

HELP Shows help screens for Dip, Swell and Interrupt. See 5.1.13 for
details.
DY EvEnTHELP | T o2:24
Voltage Dip Nominal Yoltage Swell
Urms(1/2) DipDuration 9% Urms(12)  Swell Duration
i ¢ Swell
p— A

Sty e e e e Threshold
. Level
Level _ _______ Y. Time
A Time  Nominal J’_“ “““““ T T Y——
» »

Dip OV

Voltage
Threshold = Start Time A EndTime 3‘,’ Start Time End Time
PREV || NEXT || 'l PREV || NEXT || I |
EVENT HELP i_J02:25
VYoltage Interrupt -
Urms(1/2) Interrupt Duration _ , — 1%
A
Interrupt |
Threshold (X start Time A EndTime
PREV || NEXT || l |
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Keys in CHANNELS SETUP menu screen:

- PREV Previous help screen
- NEXT Next help screen

Move between help screens.

F1
F2
@ Move back to EVENT SETUP screen

GEN. R. WF | Duration and pretrigger setup, valid for Event and Alarms waveforms
captured under General Recorder

GEN. REC. WF SETUP

DURATION 10 s
PRETRIGGER 2s

1 1] 07:50

Valid for Events & Alarms waveforms under General recorder

- Selects Voltage events setup. parameter to be modified

.. Changes selected parameter value.

ESC

Returns to the “MEASUREMENT SETUP” submenu.

3.23.3 Alarm setup

Up to 7 different alarms, based on any measurement quantity which is measured by instrument, can be
defined. See 5.1.14 for further details regarding measurement methods. Captured events can be
observed through ALARMS TABLE screens. See 3.18 and 5.1.14 for details.

ALARM SETUP [ | i 100:19 ALARM SETUP i~ o00:22

Quantity  Phase Cond. Level Duration ; Select group Duration
P+ L1 > 3.980 MW > 200 ms . bi P
[ ombined Power |...
Uh5 ‘ L1 > 8.00 % > 200 ms FundamsntallPower
1 L1 > ] 1.010 kA > 200 ms onfundamental Powe = 200 ms
Flicker
Symetry
Harmonics
Interharmonics
Signalling
Temperature

| ADD || REMOVE || EDIT | |[GEN.R.WF | ADD || REMOVE || EDIT ||GEN.R.WF |

Figure 89: Alarm setup screens

Table 100: Description of Alarm setup
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Measurement Setup submenu

1%t column -
Quantity

(P+, Uh5, |,

on figure above)

Select alarm from measurement group and then measurement itself.

Select rou

Flicker
Symet
Ha‘,'mon?{s Select quantit
Interharmonics| Pstmin
SIGNALLING Pst
Temperature Plt

2" column -
Phase

(TOT, L1,

on figure above)

Select phases for alarms capturing
e L1-alarmson phase Lj;
e L2 -alarmson phase Ly;
e L3 —alarmson phase Ls;
e LN -alarms on phase N;
e L12-—alarmsonline Liy;
e 23 —alarms on line Lys;
e L31-alarmon line Lsj;
e ALL-alarms on any phase;

e TOT —alarms on power totals or non-phase measurements
(frequency, unbalance).

3" column -
Condition

(“>” on figure above)

Select triggering method:
< trigger when measured quantity is lower than threshold (FALL);
> trigger when measured quantity is higher than threshold (RISE);

4t column - Threshold value.

Level

5% column - Minimal alarm duration. Triggers only if threshold is crossed for a
Duration defined period of time.

Note: It is recommended that for flicker measurement, recorder is set to
10 min.

Table 101: Keys in Alarm setup screens

F

ADD Adds new alarm.
Clears selected or all alarms:
RERTCRE
Remove ALL
EDIT Edits selected alarm.
GEN. R. WF | Duration and pretrigger setup, valid for Event and Alarms waveforms

captured under General Recorder

GEN. REC. WF SETUP { (000 07:50
DURATION 10s
PRETRIGGER 2s

Valid for Events & Alarms waveforms under General recorder
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Enters or exits a submenu to set an alarm.

Cursor keys. Selects parameter or changes value.

Cursor keys. Selects parameter or changes value.

Confirms setting of an alarm.
Returns to the “MEASUREMENT SETUP” submenu.

ESC

3.23.4 Signalling setup

Mains signalling voltage, called “ripple control signal” in certain applications, is a burst of signals, often
applied at a non-harmonic frequency, that remotely control industrial equipment, revenue meters, and
other devices.

Two different signalling frequencies can be defined. Signals can be used as a source for the user defined
alarm and can also be included in recording. See section 3.23.3 for details how to set-up alarms. See
section 3.14 for instructions how to start recording.

SIGNALLING SETUP {1000 13:32

Nominal voltage L-N = 230V

SIGN. 1 FREQUENCY 316.0n:

SIGN. 2 FREQUENCY 1060.0 1: J
DURATION 10
THRESHOLD 5.0% (11.5Vv)

Figure 90: Signalling setup screen

Table 102: Description of Signalling setup

Nominal voltage Indication of type (L-N or L-L) and value of nominal voltage.
SIGN. 1 FREQUENCY 1°t observed signalling frequency.

SIGN. 2 FREQUENCY 2" observed signalling frequency.

DURATION Duration of RMS record, which will be captured after treshold

value is reached.

THRESHOLD Threshold value expressed in % of nominal voltage, which will
trigger recording of signalling event.

Table 103: Keys in Signalling setup screen

Enters or exits a submenu to set signalling frequency.

Toggles between given parameters.
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Returns to the “MEASUREMENT SETUP” submenu.

.. Changes selected parameter.

3.23.5 Rapid voltage changes (RVC) setup

RVC is a quick transition in RMS voltage occurring between two steady-state conditions, and during
which the RMS voltage does not exceed the dip/swell thresholds.

A voltage is in a steady-state condition if all the immediately preceding 100/120 Ugmsx) values remain
within a set RVC threshold from the arithmetic mean of those 100/120 Ugms;» (100 values for 50 Hz
nominal and 120 values for 60 Hz). The RVC threshold is set by the user according to the application, as a
percentage of Unom, Within 1 + 6 %. See section 5.1.15 for details regarding RVC measurement. See
section 3.14 for instructions how to start recording.

RVC SETUP {100 15:26

Nominal voltage L-N = 230V

RVC Threshold 3.0% (6.9V)
RVC Hysteresis 25+ (0.8% 5.2V)

Figure 91: RVC setup screen

Table 104: Description of RVC setup

Nominal voltage Indication of type (L-N or L-L) and value of nominal voltage.

RVC THRESHOLD RVC threshold value expressed in % of nominal voltage for steady
state voltage detection.

RVC HYSTERESIS RVC hysteresis value expressed in % of RVC threshold.

Table 105: Keys in RVC setup screen

. Toggles between given parameters.

'. Changes selected parameter.

Returns to the “MIEASUREMENT SETUP” submenu.

3.23.6 Measuring Methods setup

In this menu different measurement methods, file structure on the SD card, type of recording start time
and transient selection can be selected, according to the local standards and practice. See section 5.1.5
for Modern Power measurement and 5.1.6 for Classic Vector and Arithmetic Power measurement
details. Please note that instrument record all measurement (Classic and Modern), regardless of
selected method.
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MEASURING METHODS {(E00N 07:48

Modern (IEEE 1459)
Rounded

Power Measurement
Recording Start Time
Transient select N/GND

Figure 92: Measuring Methods setup screen — M| 2893

MEASURING METHODS {1500 08:48

Modern (IEEE 1459)
Rounded

Power Measurement
Recording Start Time

Figure 93: Measuring Methods setup screen — M| 2892/MI 2885

Table 106: Description of Measuring Methods setup

Power Modern (IEEE 1459) measuring method. See section 5.1.5 for details.
Measurements  Classic (Vector) measuring method. See section 5.1.6 for details.
Classic (Arithmetic) measuring method. See section 5.1.6 for details.

Record Start
Time Selection Recorder Start Time:

e Rounded - recorder start is postponed and synchronized with the clock
(integer periods in one-hour period)
o Immediately —recorder starts on the next minute

Transient Transient selection measurement between Phase - Neutral or Phase — Ground (Ml
selection 2893 only)
N/GND

Table 107: Keys in Measuring Methods setup screen

.I Toggles between given parameters.
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Returns to the “MEASUREMENT SETUP” submenu.

.. Changes selected parameter.

3.23.7 Transient setup

Note:

MI 2893 — Transient Recorder runs simultaneously with General Recorder

MI 2892/MI 2885 — Transient Recorder runs as independent recorder (could not run simultaneously
with General Recorder).

In this menu parameters for transient trigger could be selected. It is possible to select trigger for:
- Phase voltage,
- Phase current,
- Neutral voltage,
- Neutral current.

Two different types of trigger could be defined:
- Selection to the voltage/current level,
- Envelope.

TRANSIENTS SETUP {1000 09:28

TRIGGER LEVEL ENVELOPE
PHASE

Voltage 230V < 50V

Current 161.4A <J 131.0A g
NEUTRAL

Voltage 50V L

Current FZIEE-& 150A &
STORE MODE Continuous(200/1500 Max) <J |

Availabl v: 18277 rds (5748MB)
Press F3 (TRIG OFF) to disable selected trigger.

| HELP || TRIG OFF || CHECKC. |

Figure 94: Transient setup screen — M| 2893

TRANSIENT REC. {1000 09:32

RIGGER Envelope
TRIGGER TYPE U
LEVEL 50V J
DURATION 10 periods
PRETRIGGER 2 periods
STORE MODE Continuous(200/1500 Max) <J

Availabl. v: 21714 records (5040MB)

[ HELP || CONFIG || CHECKC. |

Figure 95: Transient setup screen — M| 2892/MI 2885

Note:
MI 2893 — all triggers could be activated at the same time

MI 2892/MI 2885 - only one trigger is available: Envelope: U or U, or | or In; Level: U or U, or I or I,
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General Setup submenu
Table 108: Description of Transient setup
HELP Show triggering help screens. See 5.1.20 for details.
Voltage/Current  TRIGGER: Envelope
Trigger
~AATAL =
AY/RVAV
Pretri /
ager
i Duration >
PREV NEXT \
TRIG OFF Deleting the trigger selection.
CHECK C. Connection check menu. See 3.23.1 for details.
CONFIG Check Configuration setup. See 3.23.1 for details. (for M| 2892/2885

only)

3.24 General Setup submenu

From the “GENERAL SETUP” submenu communication parameters, real clock time, language,
lock/unlock and colour model can be reviewed, configured and saved.

GENERAL SETUP

@
COMMUNICATION TIME & DATE LANGUAGE

® ®

INSTRUMENT INFO LOCK/UNLOCK COLOUR MODEL

BACKLIGHT

Figure 96: GENERAL SETUP submenu

Table 109: Description of General setup options

Communication Setup communication source.

Time & Date Set time, date and time zone.

Language Select language.

Instrument info Information about the instrument.

Lock/Unlock Lock instrument to prevent unauthorized access.
Colour Model Select colours for displaying phase measurements.
Backlight Enable/Disable screen backlight.

Table 110: Keys in General setup submenu

‘ Selects option from the “GENERAL SETUP” submenu.
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Enters the selected option.

Returns to the “MAIN MENU” screen.

3.24.1 Communication

In this menu user can select instrument communication interface. There are four possibilities:

e  USB communication. Instrument is connected to PC by USB communication cable

e INTERNET communication. Instrument is connected to the internet, through local area network
(Ethernet LAN). PowerView access to the instrument is made over internet and Metrel GPRS
Relay server. See section 4.3 for details.

o INTERNET (3G, GPRS). Instrument is connected to the internet over 3G or GPRS. This option
minimises internet 3G traffic with Metrel GPRS Relay server and PowerView, in order to reduce
link cost. Instrument in idle state (while not connected to the PowerView) consume about
5MB/per day. See section 4.3 for details.

e INTERNET (LAN). Instrument is connected to the internet, through local area network (Ethernet
LAN). IP address, Net mask, Primary DNS, Secondary DNS and Gateway are defined manually
(DHCP disabled) or automatically (DHCP enabled). Port number should be defined manually.
PowerView access to the instrument is made over internet. See section 4.3 for details.

VGO 10:25
PC connection INTERNET

Com Port (PS$/2) GPS
Secret key 0000
MAC address 1E:C7:72:F4:00:00
Instrument host name MI2892 16020167
IP address / S/N 169.254.146.197 / 16020167

Figure 97: Communication setup screen

Table 111: Description of Communication setup options

Select USB or INTERNET, INTERNET (3G / GPRS), INTRANET (LAN)

PC connection .
communication port.

Select GPS or M1 3108 / MI 3109 communication. GPS is used for A
Com Port (PS/2) 1355 GPS receiver, and M1 3108 / MI 3109 for photovoltaics inverter
measurements (See MI 3108/ MI 3109 User manual).

Select this option if A 1753 WiFi / 4G modem is used within A 1565

M inAl
odem used in 565 Waterproof case for outdoor application and recordings

Select Enabled in order to enable automatic network parameters

DHCP . . .
¢ assighment. Select Disabled in order to enter them manually.
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COMMUNICATION L 16:01

IP address
Net Mask

192.168.1.100
255.255.255.0

Secondal 119 2 ., 1

68 .001.

L,

Valid only if INTERNET communication is selected. Secret number
will assure additional protection of communication link. Same

Secret key number should be entered in PowerView v3.0, before connection
establishment.

MAC address Instrument Ethernet MAC address.

Instrument host name Instrument host name.

Instrument IP address Instrument IP address.

Note: For more information regarding configuration, how to download data, view real time measuring
data on PowerView and establish Remote instrument connection with PowerView over internet and USB
communication interfaces, see section 4.3 and PowerView Instruction manual.

Table 112: Keys in Communication setup

Changes communication source: USB, INTERNET, INTERNET (3G, GPRS)
Moves cursor position during entering Secret key.

- Cursor keys. Selects parameter.

- Changes Secret key number.

Enters Secret key edit window.

ESC Returns to the “GENERAL SETUP” submenu.

0 0 0

3.24.2 Time & Date

Time, date and time zone can be set in this menu.
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SET DATE/TIME i__116:40

Clock source RTC
Time zone UTC+01:00

Current Date & Time 24.Nov.2014 16:40:18

Figure 98: Set date/time screen

Table 113: Description of Set date/time screen

Show clock source:
RTC - internal real time clock
Clock source GPS — external GPS receiver
Note: GPS clock source is automatically set if GPS is enabled and
detected.

Selects time zone.

Note: MI 2893/MI 2892/MI 2885 has the ability to synchronize its

system time clock with Coordinated Universal Time (UTC time)
Time zone provided by externally connected GPS module.

In that case only time zone (in 15 min intervals) can be adjusted. In

order to use this functionality, see 4.2.6.

Show/edit current time and date (valid only if RTC is used as time
source)

SET DATE/TIME 17:34

Current Time & Date

[Eloct.2013

Selects parameter to be changed.

or year.

Modifies parameter.
Selects between the following parameters: hour, minute, second, day, month

Enters Date/time edit window.

ESC Returns to the “GENERAL SETUP” submenu.

131



MI 2893 / MI 2892 / MI 2885 General Setup submenu

3.24.3 Language

Different languages can be selected in this menu.

LANGUAGE 1NN 17:05

TURKGE

Figure 99: Language setup screen

Table 115: Keys in Language setup screen

3 Selects language.

@ Confirms the selected language.

ESC Returns to the “GENERAL SETUP” submenu.

3.24.4 Instrument info

Basic information concerning the instrument (company, user data, serial number, firmware and
hardware version, transient module firmware, hardware versiona and instrument calibration date) can
be viewed in this menu.

INSTRUMENT INFO O\ 08:11
' ABCDEF |
Company Metrel d.d.

Serial Number 18200373
FW version

HW version
SD card size
Trans. module FW 3384

Trans. module HW 1.0
Calibration date 23.May.2018 13:06

GPS coordinates N 46.0225,E 14.3009

Figure 100: Instrument info screen — M| 2893
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INSTRUMENT INFO O (101 07:48

Instrument Name ABCDEF <
Company Metrel d.d.

Serial Number bl S
FW version 3.0.3584

HW version S,
$D card size 7560MB

Calibration date 23.May.2018 13:06 =~
GPS coordinates N 46.0224,E 14.3006

Figure 101: Instrument info screen — M| 2892/M| 2885

Table 116: Description of Instrument info screen

Instrument name User specified instrument name (up to 6 characters)
Company Company name

Serial number Instrument serial number

FW version Instrument FW version

HW version Instrument HW version

SD card size Total memory on the SD card

Trans. module FW Transient module FW version

Trans. module HW Transient module HW version

Calibration date Instrument calibration date

GPS coordinates logged in the instrument location

GPS coordinates . . .
Note: presented only in case, when GPS is connected to instrument

Table 117: Keys in Instrument info screen

ESC Returns to the “GENERAL SETUP” submenu.

3.24.5 Lock/Unlock

M1 2893/MI 2892/MI 2885 have the ability to prevent unauthorized access to all important instrument
functionality by simply locking the instrument. If instrument is left for a longer period at an
unsupervised measurement spot, it is recommended to prevent unintentional stopping of record,
instrument or measurement setup modifications, etc. Although instrument lock prevents unauthorized
changing of instrument working mode, it does not prevent non-destructive operations as displaying
current measurement values or trends.

User locks the instrument by entering secret lock code in the Lock/Unlock screen.
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LOCK/UNLOCK TR FFT W | 0OCK/UNLOCK

PIN
LOCK Enabled

f@ 17:36

Disabled
Enter PIN

Figure 102: Lock/Unlock screen

Table 118: Description of Lock/Unlock screen

Four-digit numeric code used for Locking/Unlocking the instrument.
Press ENTER key for changing the Pin code. “Enter PIN” window will
Pin appear on screen.

Note: Pin code is hidden (****), if the instrument is locked.

The following options for locking the instrument are available:
e Disabled

Lock e Enabled

Table 119: Keys in Lock/Unlock screen

Selects parameter to be modified.
Change value of the selected digit in Enter pin window.

Selects digit in Enter pin window.
Locks the instrument.
Opens Enter pin window for unlocking.

Opens Enter pin window for pin modification.
Accepts new pin.
Unlocks the instrument (if pin code is correct).

ESC Returns to the “GENERAL SETUP” submenu.

Table 120: Locked instrument functionality

Allowed access.

MEASUREMENTS Waveform snapshot functionality is blocked.
RECORDERS No access.

MEASUREMENT SETUP No access.

GENERAL SETUP No access except to Lock/Unlock menu.
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CONNECTION SETUP SV 21:27

Neutral Curr. Clamps
Connection
Synchronization
System frequency

Factory reset

Figure 103: Locked instrument screen

Note: In case user forget unlock code, general unlock code “7350” can be used to unlock the instrument.

3.24.6 Colour model

In COLOUR MODEL menu, user can change colour representation of phase voltages and currents,
according to the customer needs. There are some predefined colour schemes (EU, USA, etc.) and a
custom mode where user can set up its own colour model.

COLOUR MODEL

Figure 104: Colour representation of phase voltages

Table 121: Keys in Colour model screens

Opens edit colour screen (only available in custom model).
COLOUR MODEL

[L1 LstN” ” ” ]
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Keys in Edit colour screen:

L1213N Shows selected colour for phase L1.

- t1l213n Shows selected colour for phase L2.

= Lt12l3n Shows selected colour for phase L3.
123N Shows selected colour for neutral channel N.

‘. Selects colour.

Returns to the “COLOUR MODEL” screen.
ESC

- Selects Colour scheme.

@ Confirms selection of Colour scheme and returns to the “GENERAL SETUP” submenu.

ESC Returns to the “GENERAL SETUP” submenu without modifications.

3.24.7 Backlight

In BACKLIGHT menu, user can define if LCD will be switched OFF automatically after predefined time.
LCD is switched OFF in two steps:

- LCD dimmer timer

- LCD OFF timer (followed by LCD dimmer timer)

BACKLIGHT { (INRN] 22:40
Backlight auto on
Backlight dim 20 min <

Backlight off

Figure 105: Backlight screen

Table 122: Description Backlight screen

ON — Enabling LCD dimmer and off function

Backlight auto OFF — Disabling LCD dimmer and off function

Backlight dimm Timer after which the LCD is dimmed (OFF, 1 .... 120 min)

Timer after which the LCD is turned OFF (after activation of Backlight

Backlight off dim) (OFF, 1.... 120 min)
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General Setup submenu

Table 123: Keys in Backlight screen

Selects parameter.

Selects parameter.

Entering into selected parameter / confirms parameter.

ESC Returns to the “GENERAL SETUP” submenu.
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4 Recording Practice and Instrument Connection

In following section recommended measurement and recording practice is described.

4.1 Measurement campaign

Power quality measurements are specific type of measurements, which can last many days, and mostly
they are performed only once. Usually recording campaign is performed to:

e Statistically analyse some points in the network.

e Troubleshoot malfunctioning device or machine.

Since measurements are mostly performed only once, it is very important to properly set measuring
equipment. Measuring with wrong settings can lead to false or useless measurement results. Therefore,
instrument and user should be fully prepared before measurement begins.

In this section recommended recorder procedure is shown. We recommend to strictly follow guidelines
in order to avoid common problems and measurement mistakes. Figure below shortly summarizes
recommended measurement practice. Each step is then described in details.

Note: PC software PowerView v3.0 has the ability to correct (after measurement is done):
e wrong real-time settings,
e wrong current and voltage scaling factors,
e voltage unbalance.
False instrument connection (messed wiring, opposite clamp direction), can’t be fixed afterwards.
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Measurement campaign

i Start )]
Prepare instrument far new measurement, befare
3 going to measurement site. Check:
u Step 1 ™ * s time and date correct?
&= Instrument Setup = Are batteries In good condition?
g Time & Date setup = |5 Memory list empty? If it is not, download all data
= Recharge batteries from previous measurement and release storage for
Clear memoary (5D card] AEw messurement.
Communication setup
GPS receiver setup .
E Step I PO physical conmection on the measurement place:
'.E POA connecthon = Take care, that voltage leads and current clamps are
o properly connected
E * Connectvoltage leads L1, L2, L3, +  Take care that current clamps are properly selectad
E Hand GND and mounted (arrow on the current clam indicates
- = Connect current clamp 11, 12, 13, the current flow direction)
o in; take care about the current «  Connect pawer supply by using DC power adapter
2 direction _ orwide range power supply
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= Select frequency
[}
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2| |\ J
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Measurement campaign
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In office site

'
ﬁcep 7: \

Data analyse and report generation
(PowerView3.0.0)

* Download data

* Analyse data

* Create report (EN 50160, IEEE
519, Energy Demand Report)

KExport to XLS, DOC, PDF .... /

Figure 106: Recommended measurement practice

Step 1: Instrument setup
On site measurements can be very stressful, and therefore it is good practice to prepare measurement
equipment in an office. Preparation of MI 2893/MI 2892/MI 2885 include following steps:
e Visually check instrument and accessories.
Warning: Don't use visually damaged equipment!

e Always use batteries that are in good condition and fully charge them before you leave an office.
Note: In problematic PQ environment where dips and interrupts frequently occur instrument
power supply fully depends on batteries! Keep your batteries in good condition.

e Download all previous records from instrument and clear the memory. (See section 3.19 for
instruction regarding memory clearing).

e Setinstrument time and date. (See section 3.24.2 for instruction regarding time and date
settings).

Step 2: PQI connection

Take care for the proper connection of voltage leads and current clamps (current direction). Voltage and
current sequence should be correct to fulfil the requirements from the power quality standard positive
sequence, load or generation measurement). In case, that GPS receiver is used for accurate time
synchronisation, connect in in the proper place to enable good signal receiving.

Step 3: Measurement setup
Measurement setup adjustment is performed on measured site, after we find out details regarding
nominal voltage, currents, type of wiring etc.

Step 3.1: Connection type, synchronisation

Connect current clamps and voltage tips according to the “Device under measurement” (See
section 4.2 for details).

Select proper type of connection in “Connection setup” menu (See section 3.23.1 for
details).

Select synchronization channel. Synchronization to voltage is recommended, unless
measurement is performed on highly distorted loads, such as PWM drives. In that case
current synchronization can be more appropriate. (See section 3.23.1 for details).

Select System frequency. System frequency is default mains system frequency. Setting this
parameter is recommended if to measure signalling or flickers.
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Step 3.2: Nominal voltage and ratio
e Select instrument nominal voltage according to the network nominal voltage.
Note: For 4W and 1W measurement all voltages are specified as phase-to-neutral (L-N). For
3W and Open Delta measurements all voltages are specifies as phase-to-phase (L-L).
Note: Instrument assures proper measurement up to 150 % of chosen nominal voltage.

e In case of indirect voltage measurement, select appropriate “Voltage ratio” parameters,
according to transformer ratio. (See section 3.23.1 and 4.2.2 for details).

Step 3.3: Current clamps setup
e Using “Select Clamps” menu, select proper Phase and Neutral channel current clamps (see
sections 3.23.1 for details).

e Select proper clamps parameters (measuring range: automatic or fixed one) according to
the type of connection (see section 4.2.3 for details).

Step 3.4: Inspection
After setup instrument and measurement is finished, user need to re-check if everything is
connected and configured properly. Following steps are recommended:

e  Using PHASE DIAGRAM menu check if voltage and current phase sequence is right regarding
to the system. Additionally, check if current has right direction.

e Using U, I, f menu check if voltage and current have proper values.

e  Check voltage and current THD.
Note: Excessive THD can indicate that too small range was chosen!

Note: In case of AD converter overvoltage or overloading current, icon v will be displayed.

e  Using POWER menu check signs and indices of active, nonactive, apparrent power and
power factor.

If any of these steps give you suspicious measurement results, return to Step 2 and double check
measurement setup parameters.

Step 3.5: Event setup
Select threshold values for: swell, dip and interrupts (see sections 3.23.2 and 3.17 for details).
Note: You can also trigger WAVEFORM RECORDER on events. Instrument will then capture
waveform and inrush for each event.

Step 3.6: Alarm setup
Use this step if you would like only to check if some quantities cross some predefined
boundaries (see sections 3.18 and 3.23.3 for details).
Note: You can also trigger WAVEFORM RECORDER on alarms. Instrument will then capture
waveform and inrush for each alarm.

Step 3.7: Signalling setup
Use this step only if you are interested in measuring mains signalling voltage. See section 3.23.4
for details.

Step 3.8: RVC setup
Use this step if you are interested in detection of rapid voltage changes (RVC). See section 3.23.4
for details.
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Step 3.9: Measuring methods
Select parameters related to the data structure organisation on the SD card, type of recorder
starts time and transient selection. See section 3.23.4 for details.

Step 3.10: Transient setup (MI 2893 only; on M| 2892/MI 2885 Transient Recorder run as
independent one — not simultaneously with the General Recorder)
Select parameters for defining triggers for capturing the transients, separate for voltage and
currents. See section 3.23.4 for details.

Step 3.11: Inrush setup
Select parameters for defining trigger for capturing the inrush current. See section 3.23.4 for
details.

Step 3.12: Waveform recorder setup
Select parameters for defining trigger for waveform recorder. See section 3.23.4 for details.

Step 4: Recorder setup and recording
Using GENERAL RECORDER menu select type of recording and configure recording parameters such as:

e Time for data aggregation (Integration Period)

e Include events, alarmes, ... capture if necessary. Waveforms will be automatically captured for
selected options.

e Recording start time (optional)

e After setting recorder, recording can be started (see section 3.14 for recorder details).

Note: Available memory status in Recorder setup should be checked before starting recording. Max.
recording duration and max. number of records are automatically calculated according to recorder
setup and memory size.

Note: Recording usually takes several days. Assure that instrument during recording session is not
reachable to the unauthorized persons. If necessary, use LOCK functionality described in section 3.24.5.
Note: If during record session instrument batteries are drained, due to long interruption for example,
instrument will shut down. After electricity comes back, instrument will automatically start new
recording session.

Step 5: Recording in progress
Press START button to start recording with all simultaneous registration of included network events.

Step 6: Measurement conclusion
Before leaving measurement site we need to:

e Preliminary evaluate recorded data using TREND screens.

e Stop recorder.

e Assure that we record and measure everything we needed.
Step 7: Data analyse and report generation (PowerView v3.0)

Download records using PC software PowerView v3.0 perform analysis and create reports. See
PowerView v3.0 manual for details.
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4.2 Connection setup

4.2.1 Connection to the LV Power Systems

This instrument can be connected to different type of networks. Proper connection should be selected
to obtain the reliable results.
The actual connection scheme has to be defined in CONNECTION SETUP menu (see Figure below).

CONNECTION SETUP § (0000 09:10

Nominal voltage L=N 33.0kv ¢D
Phase Curr. Clamps |Auto (A1033 (1000A)) )
Neutral Curr. Clamps |None (0.0mA) b}
Connection aw ¢£]
Synchronization ve
System frequency 50Hz

Connection check v <
Factory reset g
Save/Recall )

Figure 107: Connection setup menu

When connecting the instrument, it is essential that both current and voltage connections are correct. In
particular the following rules have to be observed:
Clamp-on current clamp-on transformers
e The arrow marked on the clamp-on current transformer should point in the direction of current
flow, from supply to load.
e If the clamp-on current transformer is connected in reverse the measured power in that phase
would normally appear negative.

Phase relationships
e The clamp-on current transformer connected to current input connector |1 has to measure the
current in the phase line to which the voltage probe from L; is connected.

3-phase 4-wire system (4W)

In order to select this connection scheme, choose following connection on the instrument:

[Comection | (T 07200

L ’i L1
ol — o [ e
|

Figure 108: Choosing 3-phase 4-wire system on instrument

Instrument should be connected to the network according to figure below:
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SOURCE

Figure 109: 3-phase 4-wire system

3-phase 3-wire system (3W)

In order to select this connection scheme, choose following connection on the instrument:

AP . ‘E"‘;
bilehe

|, | [ | '1W3W4w0pen|:{ ‘ \

Figure 110: Choosing 3-phase 3-wire system on instrument

Instrument should be connected to the network according to figure below.

L1 L1
o L2 L2 4
& <
3 L3 L33
n -l
- L

Figure 111: 3-phase 3-wire system
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Open Delta (Aaron) 3-wire system (OpenD)

In order to select this connection scheme, choose following connection on the instrument:

Comection | (o o720

L1 5
=80 — -T- — —lenp

TR " 3
o006 ©

I I | [z OpenDd || |

Figure 112: Choosing Open Delta (Aaron) 3-wire system on instrument

Instrument should be connected to the network according to figure below.

L1 % L1
o L2 7 L2 4
3 L3 L3 8
»n -
+

Figure 113: Open Delta (Aaron) 3-wire system

1-phase 3-wire system (1W)

In order to select this connection scheme, choose following connection on the instrument:

[omection (o o714

e —

el o L

N [ SN

| =

e

[ | | | |‘1w3W4W0penE} l l

Figure 114: Choosing 1-phase 3-wire system on instrument
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Instrument should be connected to the network according to figure below.

SOURCE
|||— 2
|||— 2
LOAD

Figure 115: 1-phase 3-wire system

Note: In case of events capturing, it is recommended to connect unused voltage terminals to N voltage
terminal.

2-phase 4-wire system (2W)

In order to select this connection scheme, choose following connection on the instrument:

E ® — 2 ]
GTND — —,— — —— GND
N | r N
L2 L > L2
$ =
| ® $9 o |
[ ] |1W2W3w4w0p| [ |

Figure 116: Choosing 2-phase 4-wire system on instrument

Instrument should be connected to the network according to figure below.
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L1 % L1
& L2 Q \ L2 4
NIN/ERAY S
® N -l

n Yy / 7/

Figure 117: 2-phase 4-wire system

Note: In case of events capturing, it is recommended to connect unused voltage terminal to N voltage
terminal.

Single - phase Inverter (INVIW)

In order to select this connection scheme, choose following connection on the instrument:

Erra— (120
27T oc
AL ._T'_ AC

20!

I
®oé ® o

I iOpenDle‘lWI ‘ ‘

Figure 118: Choosing single- phase Inverter system on instrument

Instrument should be connected to the network according to figure below.

+ M 4+ B¢ A ? / L1

PV PANELS
NETWORK

Figure 119: Single — phase inverter system
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Note: In case of events capturing, it is recommended to connect unused voltage terminal to N voltage
terminal.

Three - phase photovoltaic Inverter (INV3W)

In order to select this connection scheme, choose following connection on the instrument:

|
®0é ® o

| moviw INV3W , |

Figure 120: Choosing three- phase Inverter system on instrument

Instrument should be connected to the network according to figure below.

+H—0 +

PV PANELS
NETWORK

rrr
+zwné

Figure 121: Three — phase inverter system

4.2.2 Connection to the MV or HV Power System

In systems where voltage is measured at the secondary side of a voltage transformer (for
example: 11 kV / 110 V), the voltage transformer ratio should be entered. Afterward nominal voltage can

be set to ensure correct measurement. In the next figure settings for this particular example is shown.
See 3.23.1 for details.
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SETUP

9.98kV 9.99kV 9.99kV 0.09k\)
Nominal voltage L-N 11.0kV )
Yoltage ratio primary 11000 g
Voltage ratio secondary 110 J
i i J

Figure 122: Voltage ratio for 11 kV /110 transformer example

Instrument should be connected to the network according to figure below.

| power plant |
1 measuring instruments | o
1
I N
! =
| @, B -
1 [=3
| :
1 L
| |_ !
I
1 B l:'| \
I
(B (o] V] G \
[ O I N N N N N N [P < - —— R
(o] D D A :
: | |
high \ |
I
voltage __\“JUCJ_ s r-mproo oo dors ] | Transformer
L3 XA/SA'_| ivvvi;-; YV Y Type:A—+A
AN
L2 XA/5A|—|
\AAJ
11 XA | SA pm

Measurement Settings - Connection setup - Nominal Voltage > A+ A 11

Figure 123: Connecting instrument to the existing current transformers in medium voltage system (Aaron
/ OpenDelta)
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power plan

measuring instruments

t

high
voltage - _:J\_A_)_ i i InEail R (A S Transformer
L3 XA/5A'_| Fﬁ Type:A—A
AN
L2 XA SA el
AN
11 XA | SA oy

Measurement Settings - Connection setup > Nominal Voltage A« A:1

Figure 124: Connecting instrument to the existing current transformers in medium voltage system (Delta

power plant |

@1®

measuring instruments |

B

— Delta)

o ol

(oY)

high

voltage  -----F [---F----F+-z---— =----F-------
13 AISAZS : :

> xA [ 5A LN

11 XA | 5A

easurement Settings - Connection setup - Nominal Voltage > A~ A:1/V3

Figure 125: Connecting instrument to the existing current transformers in medium voltage system (Delta

— Star)
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power plant
measuring instruments

& @ ®

{13

|
high [ :
voltage  --|---F [---F----F L __________:
12 XA/ 5A
L1 XA | A oy
Measurement Settings - Connection setup > Nominal Voltage A+ A .1 ﬁ ‘ﬂ

Figure 126: Connecting instrument to the existing current transformers in medium voltage system (Star —

Star)
! power plant :
1 measuring instruments | e
: | A
! @1 @, @ b
X I
1 C :
: \" L |
| [ =1
000
! r——————— e ——f — — =
1 b f | |
1 X | |
. 1 | | !
hlgh : ! ! Q) Q) ol !
voltage “~----F [---F-|---}" :_ :
) | L b= e _
|3 XA/5AZZZ
AN
L2 XA / 5A
L1 XA | 5A 222

Measurement Settings - Connection setup > Nominal Voltage > A= A:V3

Figure 127: Connecting instrument to the existing current transformers in medium voltage system (star —
delta)
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4.2.3 Current clamp selection and transformation ratio setting

Clamp selection can be explained by two typical use cases: direct current measurement and indirect
current measurement. In next section recommended practice for both cases is shown.

Auto range current clamp operation

Most of Metrel current clamps are developed as Smart clamps. They are automatically recognised by the
instrument. Most of clamps support more different current ranges, for example 30/300/3000 A (Current
clamps A 1501/A 1502/A 1227/A 1445/A 1582). Power Quality Instrument could operate in so called
“Auto” range, where instrument automatically select the most optimal current clamp range. In this case,
the most accurate current measurements are guaranteed.

Note 1: In case of “auto range” selection, Inrush measurements are not reliable.

Note 2: In case of “auto range” selection, synchronisation could not be selected to current.

Note 3: Current clamps with external current range (range selection on the clamps itself) selection does
not support “auto range”.

Note 4: Current clamp needs specific time during current range changing to stabilize the readings
(stabilization time is bigger for flex than for iron clamps). During stabilization time, current values are
not presented (for the registration periods, shorter than 1 minute).

Note 5: During the ranging of current clamps (11/12/13 or In) energy and demand is not measured; so the
total amount of energy/demand for these interval does not correspond the real consumed/generated
energy/demand. There may be a difference for these intervals between energy measurements and
energy calculated from demand measurements due to different algorithms for phase/total
energy/demand calculation depends on ranging of 11/12/13 or In current channel.

LW (12 13 a»

| 51.90a 63.81n 0.741a 0.243a |

Clamps selected A1502 |

Stone e dsse ]
Measuring range | 100.0% (3000A) i
CURRENT TRANSFORMER

Primary current !M .
Secondary current 1A 4

Figure 128: Smart current clamps auto range selection

Direct current measurement with clamp-on current transformer

In this type of measurement load/generator current is measured directly with one of clap-on current
transformer. Current to voltage conversion is performed directly by the clamps.

Direct current measurement can be performed by any clamp-on current transformer. We particularly
recommend Smart clamps: flex clamps A 1502, A1227 and iron clamps A1281, A 1588 for example. Also,
other Metrel clamp models A1783 (200 A), A1069 (100 A), etc. can be used. For more details about the
current clamps, please check the Metrel‘s General catalogue.

In the case of large loads there can be few parallel feeders which can’t be embraced by single clamps. In
this case we can measure current only through one feeder as shown on figure below.
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2700A parallel load
feeding

Ci it cl 5
o o a8 Cin } "\ arertdame

[ 2700a 2699a 2700a 6.493a |
§ Clamp Selected: A 1033

2004,
900 A, Load

Clamps selected (A1033 | Clamp Range: 1000 A
Status N/A .
Clamps:range Ll Current transformer:
Measuring range 1 100.0% (3000A)  Autoset <J Primary current: 3A
CURRENT TRANSFORMER Secondary Current: 1A
Primary current 3A J

Secondary current | 1A J <_

Instrument display:
Irms = 2700 A

Figure 129: Parallel feeding of large load

Example: 2700 A current load is fed by 3 equal parallel cables. In order to measure current, we
can embrace only one cable with clamps, and select: |Current transformer, Primary current: 3 A,
Secondary current: 1 Alin clamp menu.

Note: During setup current range can be observed by “Measuring range: 100% (3000 A/V)” row.

Indirect current measurement

Indirect current measurement with primary current transducer is assumed if user selects 5 A current
clamps: A 1588 or A 1037. Load current is in that case measured indirectly through additional primary
current transformer.

In example below we have 100 A of primary current flowing through primary transformer with ratio
600 A : 5 A. Settings are shown in following figure.
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=S (N 1128 100A load feeding

-

Custom

None Load

A1033 (10004, 125A) —

A1069 (1004, 12.54) fggff’gga"“‘"me” [;| Current clamps:
: ~— A1122 (5A1V)

A1122 (5A, 625mA)

A1037 (5A, 625ma) Clamp Selected: A 1588

A1120 (30A, 300A, 3000A) v Clamp Range: 5 A

. { RN 141:17 Measuring range: 100%

(11 ] 13 [ In } Current transformer:
| 100.1A 99.9A 100.0A 0.117a | Prim: 100 A
Clamps selected A1588 ] Sec:5 A

Measuring range 1 100.0% (100.0A)
CURRENT TRANSFORMER
Primary current ' 100A

Secondary current | 5A

Over-dimensioned current transformer

<
Py

<5

Instrument display:
Irms = 100 A

Figure 130: Current clamps selection for indirect current measurement

Installed current transformers on the field are usually over-dimensioned for “possibility to add new
loads in future”. In that case current in primary transformer can be less than 10% of rated transformer
current. For such cases it is recommended to select 10% current range as shown on figure below.

SETUP (_IEN 12:36
| 935.8a 935.8a 935.8n 0.0ka |
Clamps selected Ad1122
Status N/A
Clamps range 5.000A
Measuring range 10% (300.0A)

Primary current 600A
Secondary current | 1A

N

Figure 131: Selecting 10% of current clamps range

Note that if we want to perform direct current measure with 5 A clamps (secondary current
measurement), primary transformer ratio should be setto 5A: 5 A.

A WARNINGS!

o The secondary winding of a current transformer must not be open when it is on a live circuit.
o Anopen secondary circuit can result in dangerously high voltage across the terminals.
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Automatic current clamps recognition

Metrel developed Smart current clamps product family in order to simplify current clamps selection and
settings. Smart clamps are multi-range switchless current clamps automatically recognized by
instrument. In order to activate smart clamp recognition, the following procedure should be followed
for the first time:

1. Turn on the instrument
Connect clamps (for example A 1227) to MI12893/MI 2892/MI 2885
Enter: Measurement Setup =» Connection setup =» Phase/Neutral Curr. Clamps menu
Select:
Clamps type will be automatically recognized by the instrument.
User should then select clamp range (Auto range or fixed one) and confirm settings.

CONNECTION SETUP 14:27

'Nominal voltage L-L

ok wWwN

Phase Curr. Clamps A1227 (300.0A) 4
Neutral Curr. Clamps |A1227 (30.004) d
Connection 3w k)
Synchronization ui2

System frequency 50Hz

Factory reset J

Figure 132: Automatically recognised clamps setup

Instrument will remember clamps setting for the next time. Therefore, user only need to:

1. Plug clamps to the instrument current input terminals

2. Turn on the instrument
Instrument will recognize clamps automatically and set ranges as was settled on measurement before. If
clamps were disconnected following pop up will appear on the screen (See Figure below). Use cursor
keys to select Smart clamp current range.

i (0000 09:39

MAIN MENU
Smart clamps / Temp. status
Phase TYPE Range RMS

N A1502 30.00A

T — _—
Connection check
HELP Ran:

MEASUREMENT SETUP GENERAL SETUP

Figure 133: Automatically recognised clamps status

Table 124: Keys in Smart clamps pop up window

‘. Changes Clamps current range.

- Selects Phase or Neutral current clamps.
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@ Confirms selected range and returns to previous menu.
ESC

Clamps Status menu indicates that there is an inconsistence between current clamps defined in Clamps
Setup menu and clamps present at the moment.
Note: Do not disconnect smart clamps during recording.

4.2.4 Connection check

Connection check menu in CONNECTION SETUP check if instrument measurement complies with
instrument setup and connection.

CONNECTION SETUP {0000 09:24

Nominal voltage L-N 11.0kV 4
Phase Curr. Clamps |Auto (A1033 (1000A)) )
Neutral Curr. Clamps |None (0.0mA) ¢
Connection 4w 4]
Synchronization U1

System frequency 50Hz

Connection check v, 4
Factory reset i c’]
Save/Recall <D

Connection check mark can be marked with OK (/) or Fail (X) sign and indicate overall connection
status:

e Connection check is marked with green OK sign (/) if instrument is connected properly and
measured values comply with given measurement setup.

e Connection check is marked with yellow OK sign (- ), indicate that some measurements are not
as expected. This does not mean that something is necessary wrong, but require user attention
to double check connection and instrument settings. In this case, measurements are outside the
optimal range.

e Fail sign (X) indicate that that instrument is connected incorrectly or measurement setup does
not correspond with measured value. In this case it is necessary to readjust measurement
settings, and check instrument connections.

By pressing ENTER key, detailed Connection check will be shown

(I 0205
SR © 3, N

u /2299 /230.0 2299 0.10 v

I /2000 /2004 /200.3 0.350 a
P 44.43 44.47 44.50 w
Phase | / =-14.9 /=149 /=150 84.6 -
Useq | /123 | Ptot l 133.4 o
Iseq | /123 ||f |/ 49.996 Hz

| CUR.DIR. || VIEW | AUTOSETI | LIMITS |

Table 125: Connection check description and screen symbols
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Measure-

ment

Phase

Phase

Useq

Useq

Useq

Iseq

Iseq

Status

123

X321

123

123

Description

Measured voltage is within 90% + 110%
range. All voltage measurements (RMS,
harmonics, voltage events) are valid.

Measured voltage is not within 90% +
110% range of Nominal voltage. All
voltage measurements (RMS, harmonics,
voltage events) can be compromised.

Measured current is within 10% + 110%
of selected clamp measuring range. All
current measurements (RMS, harmonics,
voltage events) are valid.

Measured current is within 5% + 10% or
110% + 150% of selected clamp
measuring range.

Measured current is less than 5% or
higher than 150% of clamp measuring
range. Accuracy of current measurements
(RMS, harmonics...) can be compromised.

Phase angle between voltage and current
is less than 90°. This indicate that
measured current flow in the same
direction as voltage. Power
measurements are valid.

Phase angle between voltage and current
is more than 90°. This indicate that
measured current has opposite flow than
voltage. Power measurements are
compromised.

Voltage sequence is correct. Unbalance
and power measurement are valid.

Voltage sequence is reverse. Unbalance
and power measurement are
compromised.

Phase angle between voltages is not 120°
+ 30°. Unbalance and power
measurement are compromised.

Current sequence is correct, phase angle
between currents is less than 120° + 60°.
Unbalance and power measurement are
valid.

Current sequence is correct, but phase
angle between currents is more than 120°
+ 60°.

Action to resolve issue

Set correct Nominal voltage value
and check voltage leads.

If higher current is expected
during recorder campaign, this
waning can be ignored.
Otherwise, it is recommended to
decrease current range.

Go to Current clamp settings and
change Clamp Measuring Range
or press AUTOSET I button and
let instrument to choose optimal
current range.

Check clamp direction ( icon

is present in status bar) and see if
current channel corresponds to
the voltage channel (if current I,
is measured on voltage U,)

Switch voltage leads U; and Us in-
between to obtain right
sequence.

Check voltage leads, and check if
selected Connection correspond
to the actual network.

This is valid situation if there are
large inductive/capacitive load in
the network. However, this can
be also caused by improper
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Iseq

Iseq

instrument connection. Check

clamp direction ( icon is

present in status bar) and see if
current channel corresponds to
the voltage channel (if current I,
is measured on voltage U,).

Current sequence is reverse. Unbalance Switch current clamps I, and |5 in-
X321 and power measurement are between.
compromised.

Current phase angle between currentsis  Check voltage leads, and check if
X not 120° + 60°. Unbalance and power selected Connection correspond
} measurement are compromised. to the actual network.

Table 126: Keys in Connection check screen

Invert the current per phase in case of wrong current clamp
installation

(o 0250
(11 ) L 12 BEN [ In }

| 200.0a 200.1a 200.3a 0.364a |
CUR.DIR. 12 Default
13 Default
In Default
Example: Current direction in phase L1 is inverted by the Analyser
firmware, so physical current clamp inversion is not needed.
Selects which measurement setup should be considered:
F2 VIEW
Consumed or Generated.
AUTOSET | MI 2893 performs the most optimal clamp current range (Auto range is
F3 performed automatically)
Check limits for measured parameters:
s 09:06
u ______?0%-110% Un 207.0-253.0v
1 5%=10% Iclamps 50.00-100.0a
LIMITS 1 10%=110% Iclamps 100.0-1100a
[ 110%-150% Iclamps 1100-1500a
f - 85%-=115% f 42.500-57.500u:
Phase | *90° v

ESC

Returns to the one menu back.
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4.2.5 Temperature probe connection

Temperature measurement is performed using smart temperature probe connected to the any current
input channel. In order to activate temperature probe recognition, following procedure should be
followed for the first time:
1. Turnon the instrument
2. Connect temperature probe to MI 2893/MI 2892/MI 2885 neutral current input
terminal
3. Enter: Measurement setup =» Connection setup =» Phase/Neutral curr. clamps

Select: [Smart clamps/

5. Temperature probe should be now automatically recognized by the instrument

E

Instrument will remember settings for the next time. Therefore, user only needs to plug temperature
probe to the instrument.

4.2.6 GPS time synchronization device connection

M1 2893/MI 2892/MI 2885 have the ability to synchronize its system time clock with Coordinated
Universal Time (UTC time) provided by externally connected GPS module (optional accessory - A 1355).
In order to be able to use this particular functionality, GPS unit should be attached to the instrument
and placed outside. Once this is done, GPS module will try to establish connection and get satellite time
clock. MI 2893/MI 2892/MI 2885 distinguishes two different states regarding GPS module functionality.

Table 127: GPS functionality

N7 GPS module detected, position not valid or no satellite GPS signal reception.
S GPS module detected, satellite GPS signal reception, date and time valid and
synchronized, synchronization pulses active

Once an initial position fix is obtained, instrument will set time and date to GPS + Time zone - user
selected in Set Date/Time menu (see figure below).

SET DATE/TIME QO LI 13:43

Clock source

UTC+01:00
03.Dec.2013 13:43

N v

Time zone

Current Date & Time

Figure 134: Set time zone screen

Table 128: Keys in Set time zone screen

‘. Changes Time zone.

Confirms selected Time zone and returns to “GENERAL SETUP” menu.
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When the time zone is set, Ml 2893/MI 2892/MI 2885 will synchronize its system time clock and internal
RTC clock with the received UTC time. GPS module also provides the instrument with extremely
accurate synchronization pulses every second (PPS — Pulse Per Second) for synchronization purposes in
case of lost satellite reception.

Note: GPS synchronization should be done before starting measurements.

For detailed information please check user manual of A 1355 GPS Receiver.

4.3 Remote instrument connection (over Internet /
Internet(3G/GPRS) / Intranet (LAN))

4.3.1 Communication principle

M1 2893/MI 2892/MI 2885 instrument use Ethernet port for connection to PowerView through internet.
As companies frequently use firewalls to limit internet traffic options, whole communication is routed
through dedicated “Metrel Route Server”. In this way instrument and PowerView can avoid firewalls and
router restrictions. Communication is established in four steps:
1. User selects INTERNET or INTERNET (3G/GPRS) or INTRANET (LAN) connection under
COMMUNICATION menu, and checks if connection to Metrel server can be established (Status

bar icon EIFE should appear within 2 minutes).
Note: Outgoing ports 80, 443, 7781 + 8888 to the gprs.metrel.si server should be opened on
remote firewall where instrument is placed!
2. User enters instrument serial number on PowerView and connects to the instrument over
Metrel server.
Note: In case of using accessory A 1622 3G Wi-Fi modem for internet connection, please check A
1622 instruction manual in order to properly set up modem, before using it.
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Outgoing ports
7781+8888 to
gprs.metrel.si should be
open

Metrel Server
gprs.metrel.si

Outgoing ports 433
(https) and 80 (http) to
server gprs.metrel.si
should be open

Office Router

PowerView

Figure 135: Schematic view on the remote measurements

4.3.2 Instrument setup on remote measurement site

Installation procedure on remote site starts by connecting M| 2893/MI 2892/MI 2885 instrument to the
grid or measurement point. As measurement campaign can last for days or weeks it is necessary to
assure reliable power supply to the instrument. Additionally, fully charged instrument batteries can
provide power to the instrument during interrupts and blackouts for more than 5 hours (from 5 to 7
hours for M1 2892/2885) and more than 3 hours (from 3 —to 5 hours for M| 2893), depends on the
battery capacity and battery state. After instrument installation, connection parameters should be set.
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In order to establish remote connection with instrument through PC software PowerView v3.0,
instrument communication parameters should be configured. Figure below shows COMMUNICATION
menu in GENERAL SETUP.

COMMUNICATION {1000 16:42
PC connection INTERNET

GPS Disabled
Secret key 0000
MAC address ’ 1E:28:CA:CA:00:00
Instrument host name MI2892_13290024
IP address 172.21.10.168

Figure 136: Internet connection setup screen

Following parameters should be entered in order to establish Internet communication:

Table 129: Internet setup parameters

Select internet connection in order to communicate with

PC connection Internet . . .
PowerView over internet connection.

Enter number code (4-digits). User need to store this
Secret key 0000 number, as will be later asked by PowerView v3.0, during
connection procedure

After entering parameters user should connect Ethernet cable. Instrument will receive IP address from
DHCP Server. It can take up to 2 minutes in order to get new IP number. Once instrument IP address is
obtained, it will try to connect to Metrel server, over which communication with PowerView is assured.

Once everything is connected, EIEIE icon will appear on the Status bar.
Connection status can be also observed on instrument Status bar, as shown on table below.

Table 130: Internet status bar icons

Internet connection is not available. Instrument is trying to obtain IP address and
EEE then connect to Metrel server.

Instrument is connected to the internet and Metrel server, and ready for

ElEIE communication.
Note: Outgoing ports 80, 443, 7781 + 8888 to the gprs.metrel.si server should be
opened on remote firewall!

Communication in progress. Instrument is connected to the PowerView instance.
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4.3.3 PowerView setup for instrument remote access

In order to access remotely to the instrument, PC software PowerView v3.0 should be configured
properly (See PowerView v3.0 manual for instructions how to install to your PC). PowerView v3.0
communicates over 80 and 443 ports, on similar way as your internet browser.

Note: Outgoing ports 80, 443 to the gprs.metrel.si server should be opened on local firewall!

PowerView settings
Press on Remote Remote i to0lbar in order to open remote connection settings, as shown on figure
below.
=]
File Tools View Help
DSd & @ X 4 Download M Import from directory B Remote [ Real-time Scope @ ) i

% = @
Instrument Selection

Instrument Selection
This window allows you to select one of the recently connected instruments and connect to it remotely. Altematively, if you know your
instrument's serial number, phone number and password, you can enter it manually.

Serial Number: (18080556 ]
Phone Number: 0 B Connect

Secret Key: 0000 o

Description: ‘

Recently connected instruments:

GSM Phone Last Seen
lo. Remote

Serial No. Firmware Ver. Description

14050423 22.11.201820:51:31 | Power Master v1.0.3298
15410703 Power Master v1.0.3298
1 Power Master XT v1.0.3351
15410742 24.01.201908:15:30 | Power Master v1.0.3238
16020167 Never Master Q4 v2.0.3319

15500277 Energy Master v1.0.2340
16100677 22.01.201909:50:26 |  Power Master v2.0.3349
16280308 13.02.201907:17:49 | Power Master XT v1.0.3375

Ready.

Figure 137: PowerView v3.0 remote connection settings form

User needs to fill following data into form:

Table 131: Instrument selection form parameters

Serial Number: Required Enter Power Quality Instrument serial number
Phone Number: Not Required Leave this field empty
Enter number code which was entered in
Secret Key: Required instrument Communication settings menu as:
Secret Key.
Description: Optional Enter instrument description
By pressing ¥**  button, user can add another instrument configuration. %o putton is used to

remove selected instrument configuration from the list. Connection procedure will begin, by pressing on

4 Co ct
& Conne button.
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4.3.4 Remote connection

Establishing connection

After entering PowerView v3.0 remote settings and pressing on Connect button, Remote Connection
window will appear (shown below).

E Remote Connection ﬂ = ﬁ
‘“‘!-- Remote Connection

This window is used for monitoring and troubleshooting remote instrument connections. After the connection has been established,
you can minimize this window to system tray by clicking the Close buttor). 3. Server — Instrument

_ connection status
2. Server — Powerview — P

connection status | ™ w

| Port number |

/ Metrel Server
Port:

8650 n
5 1. Powerview

e

Comnect | LAN conncetion

= <3
&

“J Router/Proxy/ISP
IP: /A Remote Instrument
Your Computer UPNP not supported P NjA
P Vi 3.0.0.1762 5 Serial Mo.: 14430002
. 172.91.10.2 4. PowerView — Instrument “ZSM Phone No.:
Connection status Waiting for connection

Figure 138: PowerView v3.0 remote connection monitor

This window is used for monitoring and troubleshooting remote instrument connection. Remote
connection can be divided into 4 steps.

Step 1: PowerView v3.0 connection to Local Area Network (LAN)

After entering “Remote Connection” PowerView v3.0 will try to establish internet connection
automatically. In order to establish connection, PowerView v3.0 requires http connection to the
internet. If connection was successful, a green icon and “CONNECTED” status will appear between “Your
Computer” and “Router/Proxy/ISP” icons, as shown on figure below. In case of ERROR, please ask your
network administrator to provide PowerView v3.0 http access to the internet.

Step 2: PowerView v3.0 connection to Metrel Server

After establishing internet connection in Step 1, PowerView v3.0 will contact Metrel Server. If
connection was successful, a green icon and “CONNECTED” status will appear between “Metrel Server”
and “Router/Proxy/ISP” icons, as shown on figure below. In case of ERROR, please ask your network
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administrator for help. Note, that outgoing communication to gprs.metrel.si over 80 and 443 ports
should be enabled.

Remote Connection ﬂ = ﬁ
““‘-—-. Remote Connection

This window is used for monitoring and troubleshooting remote instrument connections. After the connection has been established,
you can minimize this window to system tray by clicking the Close button.

CONNECTED

Q- o

1 ‘*\x\al.
1 o]
1
. S
1
1 etrel Server
Port: Server notified successfu
1
|8580 '
Disconnect | 1
[ ]
CONNECTED 1
[ ]
- - . -@- - . .
4
(] Router/Proxy /ISP )
IP: 192.168.90.27 Remote Instrument
Your COI‘I"Ipllt'EI' Port 8580 forwarded successfully IP: N/A
PowerView v3.0.0.1762 Serial No.: 14430002

IF: 172.21.10.3 GSM Phone No.:
Port 8580 is open Waiting for connection

Figure 139: PowerView connection to LAN and Metrel Server established (Steps 1 & 2)

Note: Step 1 and Step 2 are automatically executed, after entering Remote Connection.

Step 3: Remote Instrument connection to Metrel Server

After the PowerView v3.0 successful connects to the Metrel Server, server will check if your instrument
is waiting for your connection. If that is a case, instrument will establish connection with Metrel server.
The green icon and “CONNECTED” status will appear between “Metrel Server” and “Remote
Instrument” icon, as shown on figure below.
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E Remote Connection ﬂ ;I_Iﬁ
‘"‘r Remote Connection

% This window is used for monitoring and troubleshooting remote instrument connections. After the connection has been established,
you can minimize this window to system tray by clicking the Close button.

Metrel Server
Port:

|B228

Disconnect |

VR
$
Jd Router/Proxy /ISP )
IP: 192.168.90.27 Remote Instrument
Your Computer Port 8228 forwarded successfully IP: NjA
PowerView v3.0.0.1762 Serial No.: 14430002
IP: 172.21.10.3 GSM Phone No.:

Waiting for connection

Figure 140: Remote instrument connection to Metrel Server established (Step 3)

Step 4: Remote Instrument connection to PowerView v3.0

After first three steps were successfully finished, MI 2893/MI 2892/MI 2885 instrument will
automatically connect to the PowerView v3.0 via VPN connection, made through Metrel server and
establish connection.

If Remote Instrument connection to PowerView v3.0 was successful, a green icon and “CONNECTED”
status will appear between “Router/Proxy/ISP” and “Remote Instrument” icon, as shown on figure
below. This window can now be closed as it is not needed any more. and it should be proceeded to
remote instrument access described in following sections.

In case if connection drops status “ERROR” or “WAITING” will appear in PowerView remote connection
window. Connection will be automatically restored and started operation will continue.
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= ©f =10l
@h Remote Connection
T

This window is used for monitoring and troubleshooting remote instrument connections. After the connection has been established,
you can minimize this window to system tray by clicking the Close button.

CONNECTED CONNECTED

99

CONMNECTED

- -@- - -
- ST -I;o:t;rIProxy[ISP

IP: 192.168.90.27 Remote Instrument

1 [ ]
1 1 1
1 . |
1 . . |
. i Metrel Server " .
Port: 1 ] Server notified successfully 1 ;
8228 1 1 ]
| | .
Disconnect | ! 1 I 1
1
. ' "
1 =
1 1 1

&

Your Computer Port 8228 forwarded successfully IP: 127.0.0.1:56098
PowerView v3.0.0.1762 Serial No.: 14430002
IP: 172.21.10.3 GSM Phone No.:
Port 8228 is open Connection established

Figure 141: Remote instrument connection to PowerView v3.0 established (Step 4)

While the data is refreshed, the Remote button is displayed in green, to indicate that the connection is
active, as shown below. If it is displayed in orange colour, it means that the communication was broken
and it should be reinitialized by user.

¢ METREL® PowerView v3

Figure 142: Active connection indication

Remote connection screen can also be accessed through Windows tray bar, by clicking on il icon. This
is particularly useful to reconnect instrument and PowerView v3.0, after network failure.
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=

+ = ® ™ G ¢ 948

Figure 143: Remote connection icon

Downloading data

If remote connection settings are correct and “Remote Instrument” is connected to PowerView v3.0,
download data is possible. Open the download window by pressing F5, or by clicking on the

= [ load . .
e FEWIIEEE Y itton in the toolbar, or by selecting Download from Tools menu.

Download window will be displayed, and PowerView v3.0 will immediately try to connect to the
instrument and detect the instrument model and firmware version.

Download

Modsl: MI 2853

Instrument Name: Power Master XT
Hardware version: 8

Fimware version: 1.0.3382
Company: Metrsl d.d

Serial No.- 16280308

Type Start Time File Size Download To

¥ Download
Name End Time Download Range

Id Icon

Cancel

W Delete
Show records
Group by session General Waveform Inrush
Select/Deselect all Tt Snapshot

Figure 144: Detection of the instrument type

After a moment, instrument type should be detected, or an error message will be received, with the
appropriate explanation. If connection can’t be established, please check your connection settings.

When the instrument model is detected, PowerView v3.0 will download a list of records from the
instrument. Any of the records from the list can be selected by simply clicking on them. Additional,

“Select/Deselect all” tick box is available to select or deselect all records on displayed page. Selected
records entries will have a green background.

Before downloading, a destination site node for each record can be defined. Each entry in a list contains

a drop-down list of sites in all currently open documents in PowerView v3.0. If no document is opened,
all records will be downloaded to a new site and saved into a new file.
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Download = o X

Model: MI 2892

Instrument Name: Power Master
A Hardware version: 5.0
Fimware version: 1.0.3348

Company: Metrel d.d
Serial No.: 15410742

MR
Type Start Time File Size Download To
d Icon 1} Download
Name End Time Download Range
= Cancel
2 u Triggered 26. 03, 2019 12:49:17 1.275,65kB <Create a new site> M
ROO01WAV 26. 03. 2019 12:49:27
=) uaF 26. 03. 2019 12:49:43 43,93k8 <Create a new site> -
RO002SNP 26. 03, 2019 12:49:43
- General 26.03, 2019 12:49:42 356,86 kB <Create a new site> -
RO0D3GEN 26,03, 2019 12:49:50 26. 03, 2019 12:49:42 - 26, 03, 2019 12:49:50 -
: =) UF 26. 03, 2019 12:49:59 43,9348 <Create a new site> -
RO0D4SNP 26. 03. 2019 12:49:59 —
R - Triggered 26. 03. 2019 12:50:03 282,248 <Create anew site> -
ROOOSWAV 26. 03, 2019 12:50:06
N - Triggered 26. 03. 2019 12:50:06 282,24k8 <Create a new site> -
RO0D6WAV 26. 03. 2019 12:50:08 -
a = Triggered 26. 03. 2019 12:50:08 282,24kB <Create a new site> v
RO0D7WAV 26. 03, 2019 12:50:11 -
8 & Triggered 26. 03, 2019 12:50:11 282,24k8 <Create a new site> -
ROOOBWAV 26.03. 2019 12:50:13
10 u Triggered 26. 03. 2019 12:50:13 282,24kB <Create a new site>
RODOSWAV 26. 03. 2019 12:50:15
4 Running Record
: = General 26.03. 2019 12:49:58 908,80 kB <Create a new site>
REC 26. 03. 2019 12:50:21 26. 03, 2019 12:49:58 - 26, 03. 2019 12:50:21 _
|l Delete
Show records
Group by session General Waveforn
[] Select/Deselect al Transient Snapshot

Figure 145: Selecting records from a list for download

Figure above show example where six records are select. To start download, click on the “Download”
button.

Immediately after download, a new document window will be shown in PowerView v3.0, with the
selected records placed inside a new site node. A backup PowerView v3.0 file is always created at this
point, compressed into a *.zip file and saved inside your MyDocuments/Metrel/PowerView/PQData
folder. This backup copy is made every time a file is created or opened, to make sure that you can
recover all your downloaded data in case of accidental delete or change. However, note that records
that were not selected in the Download window are not downloaded and therefore not saved to disk, so
check that all relevant records are downloaded before deleting them from the instrument.

Real time scope

If remote connection settings are correct and remote instrument is connected to PowerView v3.0, click

the button to open the Real time scope window. A new document window will be

opened, as shown on the picture below.
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Figure 146: Real time scope window in remote connection, with several channels selected

The figure above shows an online window, with several channels selected. While online view is active,
data are automatically updated. Updating speed will depend on your connection speed, and each new
update is initiated as soon as the previous one has been downloaded, to ensure fastest possible refresh

rate. While Real time scope is active, lad Real-Time Scope. |, 140 i displayed in green, to indicate that the
connection is active.

Depending on your connection speed, it may take a few seconds until the instrument is detected and
first online scope is downloaded. All tree nodes will be completely expanded when the first record is
shown, to enable easier channel selection. You may also notice that the downloaded record node will
not be located within a site node, like in other records, but rather placed in a special instrument node.
However, this record can be moved to any other node, or saved.

To close the online view, click the lad Real-Time Scope | |y 110 again, or close the online window.

Remote instrument configuration

Instrument configuration tool helps you to change instrument settings, manage recording settings, start
or stop recordings and manage instrument memory remotely. In order to begin, select “Remote
instrument configuration” in PowerView v3.0 “Tools” menu. A form shown on figure below should pop
up on the screen.

Note: Remote connection procedure described in 4.3 should be performed successfully before starting
remote instrument configuration.
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Instrument Configuration — O *
File

Instrument Configuration Tool

“E This windows allows you to change instrument configuration settings, manage recording settings, start/stop the recording, and manage instrument's
record/event/alarm memory.

Measurement Setup 2 =]
ad
General Recorder 8 Re
Waveform Recorc e L
o " Wnte

O Transient Recorde

[
3

DA
Ph. Cum. Clamps % A1502 Current Direction
[On
M. Curr. Clamps W A1502
[Je
Connection 4w w B
Synchronization Voltage w |:| In
System frequency (Hz) 50.00 Hz W

Event Signaling RVC Inush Transient Measuring Methods

L

¥
LN

< > v

@ Settings status : Done. 1/25/2023 10:12:43 AM

Figure 147: Remote Instrument Configuration form

Please click on the “Read” button in order to receive current instrument settings. After retrieving data
from the remote instrument, form should be filled with data, as shown on figure below. Changed
parameters, will be sent back to the instrument by clicking on the “Write” button.

In order to remotely control instrument recorders, please click on the “Recorder” node as shown on
figure below. User can select any of the instrument recorders and configure accompanying parameters.
For description of particular recorder settings, see appropriate section in this manual. Changed
parameters, will be sent back to the instrument by clicking on the “Write” button.
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Instrurnent Configuration — O >
File
Instrument Configuration Tool
o ¥ This windows allows you to change instrument configuration settings, manage recording settings, start/stop the recording,
and manage instrument’s record/event/alarm memory.
General setup
Instrument name Last known instrument ime  Time 2one
NOVFLS 1/25/202310:20:12 ~ |  [UTC+1:0 v | [ Use system time
Measurement Setup General Recorder
= Read
0 General Recorder B Re
Profile  Standard b
O Waveform Recorc W
Q) Transient Recorde  tterval | 10 min - = e
ﬂE-Meker
Duration | 7 days V
[+] Include events [+] Include RVC
[ ] Include alams [+] Inelude infush
[+] Include signalling
[_] Include 200 ms LifIjf
Starttime
i Manual
O Time igger 25 jan. 2023 10:18:26 :
‘:) Start
L >
- Settings status : Done. 1/25/2023 10:18:09 AM

Figure 148: Remote Recorder configuration

By clicking on “Start” button, instrument will start selected recorder in the same manner as would user
start recorder directly on instrument. Green icon indicates that Recorder is active, while red icon
indicates that recorder is stopped.

Additionally, PowerView v3.0 will disable changing parameters during recording. Trigger button in
waveform or transient recorder will trigger recorder in similar way as TRIGGER button on instrument,
when pressed. Recording can be terminated by pressing on “Stop” button, or will automatically finish,
after conditions are met, for example after given period of time or after event capturing. By pressing on
“Read” button, user can receive instrument status in any moment.

173



MI 2893 / MI 2892 / M| 2885 Remote instrument connection (over Internet / Internet(3G/GPRS) /

Intranet (LAN))

Instrurnent Configuration

File

. Instrument Configuration Tool

o - | This windows allows you to change instrument configuration settings, manage recording settings, start/stop the recording,
and manage instrument's record/event/alarm memory.

¥

VFLS 1/25/2023 10:20

Measurement Setup 5 Read

{Gazera ecorse SN
= Write

Q) Waveform Recorc

Q) Transient Recorde  grtarval |10 min
OE-Mehar
/ days
Starttime
@ Manual

Ak

T 25 jan. 2023 10:18:26

O s

< >

- Settings status: Done.

Figure 149: Recording in progress
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4.4 Number of measured parameters and connection
type relationship

Parameters which M| 2893/MI 2892/MI 2885 displays and measures, mainly depends on network type,
defined in CONNECTION SETUP menu —type. In example if user choose single phase
connection system, only measurements relate to single phase system will be present. Table below
shows dependencies between measurement parameters and type of network.

Table 132: Quantities measured by instrument

Connection type
Menu 1w 2W 3wW OpenD 4W
L1 |N|L1 |L2|N |[L12|Tot |L12|L23|L31|Tot|L12|L23 |L31|Tot|Ll|L2|L3|N|L12|L23|L31|Tot
RMS L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L] L]
THD . . . . . . . . . . . . . . .
Crest Factor o | o . . . . . . . . . . . . o | . . .
Frequency . . . . .
Harmonics (0+50) . O . . . . . ° ° ° . ° ° . °
S
8
§ Interharm. (0+50) . . . . . . . . . . . . . . °
Unbalance . . . .
Flicker . . 3 . . . . . . . . .
Slgnalllng . . . . . . . . . . . .
Events . . 3 . . . . ° ) . . .
L1 |N|L1|L2N {L12|Tot|L1 |L2 |L3 |[Tot|L1l |L2 |L3 |Tot|L1l|L2|L3|N|L12|L23|L31|Tot
RMS . . . . . . . . . . . . .
THD . . . . . . . . . . . . .
E Harmonics (0+50) . ° . ° . ° . . . ° . . °
3
Interharm. (0+50) . ° . ° . ° . . . ° . ° °
Unbalance . . . .
Combined . o | o . . . o | o | o .
.- | Fundamental . o | o . . o | o | o | e .
=
o
2 | Nonfundament. . o | o . . o | o | o | e .
5
S Energy . . ) . O . . . . .
O
Power factors . o | o . . . o | o | o .
Combined . o | o . . . o | o | @ .
- | Fundamental . . . . . . o | o | o .
=
o
B | Nonfundament. | e o | o . . o | o | o | e o
£
7]
S | Energy . . . . . . . . . .
(O]
Power Factors . (] 3 (] 3 . . . ) )
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Connection type
Menu INV - 1W INV - 3W
L1 INV | L12 | L23 | L31 | Tot | INV
RMS L] L] L] L) L) L)
AC . .
DC . .
THD . . . .
Crest Factor . . . .
Frequency . .
% Harmonics (o-s0) . . . .
3
> | Interharm. o+s0) . . . .
Unbalance .
Flicker . . . .
Signalling . . . .
Events . . . .
L1 N L12 | L23 | L31 | Tot N
RMS L] L] L] L] L] L]
AC . .
DC L] L)
S | THD . . . .
=
>
O -
Harmonics (50 . . . .
Interharm. (o:s0 . . . .
Unbalance .
Combined . . . .
AC L] L]
. | DC . .
-
=
o
2 | Fundamental . .
£
2
S | Nonfundament. . .
o
Energy . .
Power factors . .
Combined . . . .
AC . .
= DC ° L)
2
2 | Fundamental . .
2
s
@ | Nonfundament. . .
&
Energy . .
Power . .
Factors

Note: Frequency measurement depends on synchronization (reference) channel, which can be voltage
or current.
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In the similar manner recording quantities are related to connection type too. Recording Signals in
GENERAL RECORDER menu are chosen according to the |Connection| type, and record PROFILE fin

according to the next table.
Table 133: Quantities recorded by instrument (Standard Profile)

M1 2893 / MI 2892 / MI 2885
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= I

L1

z

L12 | L23 | L31

z

Combined

[ [k | B [ A
[ [k | B [ A

AC

DC

k] e e [ ke | ] [ o] o] e ] e
ek - e ke b | ] [ o] B [

Fundamental

Power

Nonfundament.

Active Energy

Reactive Ener.

Power factors

e e = T
e e = T

Legend:

e - Quantity included.

7 - Maximal value for each interval is recorded.

*/ - RMS or arithmetic average for each interval is recorded (see 5.1.15 for details).

=/ - Minimal value for each interval is recorded.

&l - Active RMS or arithmetic average (AvgON) for each interval is recorded (see 5.1.15 for details).
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Table 134: Quantities recorded by instrument (Limited Profile)
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DC

o] [k | e [
o] [k [ [

Fundamental

Nonfundament.

Active Energy

Reactive Ener.

Power factors

e e e =
e e e =

Legend:

e - Quantity included.

7| - Maximal value for each interval is recorded.

%/ - RMS or arithmetic average for each interval is recorded (see 5.1.15 for details).

£/ - Minimal value for each interval is recorded.

&l - Active RMS or arithmetic average (AvgON) for each interval is recorded (see 5.1.15 for details).

5 Theory and internal operation

This section contains basic theory of measuring functions and technical information of the internal
operation of the MI 2893/MI 2892/MI 2885 instrument, including descriptions of measuring methods
and logging principles.

5.1 Measurement methods

5.1.1 Measurement aggregation over time intervals
Standard compliance: IEC 61000-4-30 Class A (Section 4.4)

The basic measurement time interval for:

e \Voltage
e Current
e Power

e Harmonics

e Inter-harmonics

e Signalling

e Unbalance
is a 10/12-cycle time interval. The 10/12-cycle measurement is resynchronized on each tick
according to the IEC 61000-4-30 Class A. Measurement methods are based on the digital sampling of the
input signals, synchronised to the fundamental frequency. Each input (4 voltages and 4 currents) is
simultaneously sampled.
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5.1.2 Voltage measurement (magnitude of supply voltage)
Standard compliance: IEC 61000-4-30 Class A (Section 5.2)

All voltage measurements represent RMS values of the voltage magnitude over a 10/12-cycle time
interval. Every interval is contiguous, and not overlapping with adjacent intervals.

L1
y NA A
L2 S y b=
- A L=
L3 O o DY y
- ol
N \ R
Y
=) J

Figure 150: Phase and Phase-to-phase voltage

Voltage values are measured according to the following equation:

¢,
Phase voltage: U, = ’ﬁ;“pj V], p:1,2,3,N (1)
J:

M
Line voltage: Upg = \/%Z(upj —ugj)2 [V], pg.: 12,23,31 (2)
=1
Phase voltage crest factor: CFUp = PPk ,p:1,2,3,N (3)
U p
. _ U pgPk
Line voltage crest factor: CFUpg = U— ,pg: 12, 23, 31 (4)

Py

The instrument has internally 3 voltage measurement ranges, which are automatically selected
regarding to the nominal voltage.

5.1.3 Current measurement (magnitude of supply current)
Standard compliance: Class A (Section 5.13)

All current measurements represent RMS values of the samples of current magnitude over a 10/12-cycle
time interval. Each 10/12-cycle interval is contiguous and non-overlapping.
Current values are measured according to the following equation:

14,
== VZ I Pj [A]I p: 1/2/3/N (5)

=t

Phase current: |p

|
Phase current crest factor: Ip, = F:max ,p:1,23, N (6)
p
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The instrument has internally two current ranges: 10% and 100% range of nominal transducer current.
Additionally, Smart current clamps models offer few measuring ranges, automatic clamp detection and
automatic range selection.

5.1.4 Frequency measurement
Standard compliance: IEC 61000-4-30 Class A (Section 5.1)

During RECORDING with aggregation time \Interval: 210 sec| frequency reading is obtained every 10 s.
The fundamental frequency output is the ratio of the number of integral cycles counted during the 10 s
time clock interval, divided by the cumulative duration of the integer cycles. Harmonics and
interharmonics are attenuated with digital filter in order to minimize the effects of multiple zero
crossings.

The measurement time intervals are non-overlapping. Individual cycles that overlap the 10 s time clock
are discarded. Each 10 s interval begin on an absolute 10 s time clock, with uncertainty as specified in
section 6.2.20.

For RECORDING with aggregation time ‘Interval: <10 sec‘ and on-line measurements, frequency reading
is obtained from 10/12 cycles frequency. The frequency is ratio of 10/12 cycles, divided by the duration
of the integer cycles.

Frequency measurement is performed on chosen ‘Synchronization‘ channel, in CONNECTION SETUP
menu.

5.1.5 Modern Power measurement
Standard compliance: IEEE 1459-2010

See section 3.23.6 how to select Modern Power measurement method. Please note that instrument
record all measurement (Classic and Modern), regardless of selected method. Data presentation could
be changed on the instrument LCD or inside the PowerView3.0.

Instrument fully complies with power measurement defined in the latest IEEE 1459 standard. The old
definitions for active, reactive, and apparent powers are valid as long as the current and voltage
waveforms remained nearly sinusoidal. This is not the case today, where we have various power
electronics equipment, such as Adjustable Speed Drives, Controlled Rectifiers, Cyclo-converters,
Electronically Ballasted Lamps. Those represent major nonlinear and parametric loads proliferating
among industrial and commercial customers. New Power theory splits power to fundamental and
nonfundamental components, as shown on figure below.
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~——» Pfund
- Sfund (fundamental active power)
__—(fundamental apparent po
s
(apparent pow .
Qfund

(fundamental reactive power)

N i} > D
~“(eurrent distortion power)

~

(non fundamental apparent power)

A

Dv

—» Pu
(active harmonic power)

> Dw

(harmonic distortion power)

Figure 151: |IEEE 1459 phase power measurement organisation (phase)

In table below summary of all power measurement is shown.

Table 135: Summary and grouping of the phase power quantities

Quantity Combined Fundamental Nonfundamental
powers powers Powers

Apparent (VA) S Sfund SN, Sk

Active (W) P Pfund Py

Nonactive/reactive (var) N Qsund D,, Dy, Dx

Line utilization PFind/cap DPFind/cap -

Harmonic pollution (%) - - Sn/Stund

Power measurement for three phase systems are slightly different as shown on figure below.

s 7777777>S+fund > P*fund
. €fund < (positive sequt}cegf (positive sequence of
¢ ///”(e ective f”ndame”tal\\fundamenm apparent power) fundamental active power)
. e apparent power) ~__ .
(effective apparent ~a Su \
+
power) (unbalanced fundamental L Q fund
apparent power) (positive sequence of
PP P fundamental reactive power)
en

N ~_ — > Dei
Té“ffegt\ive current distortion power)

(effective non fundamental
apparent power)

> Dev
voltage distortion power)

Sew _——(effective active harmonic power)
(effeCtive harmonic apparent pawér‘)’ciiihi
T Dn

(effective harmonic distortion power)

Figure 152: |IEEE 1459 phase power measurement organisation (totals)
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Table 136: Power summary and grouping of the total power quantities

Quantity Combined Fundamental Nonfundamental
powers powers Powers

Apparent (VA) Se Sefung, S, Su Sey, Sen

Active (W) P P tot P

Nonactive/reactive (var) N Qtot De,, Dey, Dey

Line utilization PFind/cap DPF*totind/cap -

Harmonic pollution (%) - - Sen/Stund

Combined phase power measurements
Standard compliance: |IEEE STD 1459-2010
All combined (fundamental + nonfundamental) active power measurements represent RMS values of

the samples of instantaneous power over a 10/12-cycle time interval. Each 10/12-cycle interval is
contiguous and non-overlapping.

Combined phase active power:
p:iip ziiu «1 (Wl p:1,23 (7)
PONS“ TP N& PP re
j=1 j=1
Combined apparent and nonactive power, and power factor are calculated according to the following

equations:

Combined phase apparent power:
S, =U, =1, [VAI, p: 1,2,3 (8)

Combined phase nonactive power:

. 9
N, =Sign(Q,)-/S; —P;  [varl, p: 1,23 )

P
Phase power factor: PFp = S—p ,p:1,2,3 (10)
p

Total combined power measurements

Standard compliance: |EEE STD 1459-2010

Total combined (fundamental + nonfundamental) active, nonactive and apparent power and total power
factor are calculated according to the following equation:

Total active power: Pot=P1+P2+P3 [w], (112)
Total nonactive power: Nt = N1+ N2+ N3 [var], (12)

Total apparent power (effective):

Sewt =3-Ue- le [VA], (13)
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Prot

Total power factor (effective): PFewt =
Seétot

(14)

In this formula Ue and I are calculated differently for three phase four wire (4W) and three phase three
wire (3W) systems.
Effective voltage Ue and current le in 4W systems:

Ie:Jﬁ+4;+@+|§Ue:J&af+u§+ub+ué+ug+u;

3 18 (15)

Effective voltage U. and current le in 3W systems:
2 2 2 2 2 2
|1+|2+|3Ue:\/u12+uzs+u3l
3 9

(16)

Fundamental phase power measurements

Standard compliance: IEEE STD 1459-2010

All fundamental power measurements are calculated from fundamental voltages and currents obtained
from harmonic analysis (see section 5.1.8 for details).

Fundamental phase active power:

17
PfundP =U fundpP I fundP COS¢UD—Ip (W], p:1,2,3 (17)

Fundamental apparent and reactive power and power factor are calculated according to the following
equations:

Fundamental phase apparent power:

18
S tunde =Y tunap * | tunap [VA], p: 1,2,3 (18)
P €————> +P
90°
+Q <
o
1 I N
-DPFcap | +DPFind
1807 o°
-DPFind | +DPFcap
()
3 Il IV‘Ké
270°

Fundamental phase reactive power:
; 19
qundP =U fundP * I funap *SIN gDUp—Ip [var], p: 1,2,3 (19)

Phase displacement power factor:

P
DPFp:aB¢p:§ﬂ,an3 (20)

p
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Measurement methods

Positive sequence (total) fundamental power measurements

Standard compliance: IEEE STD 1459-2010

According to the IEEE STD 1459, positive sequence power (P*, Q", S*) are recognised as very important
intrinsic power measurements. They are calculated according to the following equation:

Positive sequence active power:

P.=3-U"-1"cose’ [W],

tot

Positive sequence reactive power:
Qi =3-U"-17sing" [var],

Positive sequence apparent power:
Stgt =3-U"-1" [VA],

Positive sequence power factor:
+
+ _ ot
DPF, =—
tot

(21)
(22)
-P+‘T>+P+
+Q" %
[l I N3
-DPFcap | +DPFind
1809 Q°
-DPFind | +DPFcap
& m | v 'éb
270°
(23)
(24)

U*, U, U%and ¢* are obtained from unbalance calculus. See section 5.1.11 for details.

Nonfundamental phase power measurements

Standard compliance: |EEE STD 1459-2010

Nonfundamental power measurements are measured according to following equations:

Phase nonfundamental apparent power:

Syp = \/Dlzp + D\fp +S,ﬂp

Phase current distortion power

D,, =S THD [VA], p: 1,2,3

p = Ip
Phase voltage distortion power:
Dy, =S¢ - THDy, [varl, p:1,2,3

Phase harmonic apparent power
Shp = Stunap - THDy, -THD,,  [var], p: 1,2,3

Hp

Phase active harmonic power:
P =P, = Prne (W1, p:1,2,3

[VA], p:1,2,3

(25)

(26)

(27)

(28)

(29)
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Measurement methods

Phase harmonic distortion power

DHp = Sap - P,_?p [var], p: 1,2,3

Total nonfundamental power measurements

Standard compliance: |IEEE STD 1459-2010

(30)

Total nonfundamental power quantities are calculated according to the following equations:

Total nonfundamental effective apparent power:
[VA]

2
tot

SeN,,, = \/Deltf)t + Dev,2 + SeH

Total effective current distortion power:
Del,,, =3-Ue,,, - leH

2 2
leH =, /1e° - €3,

Total effective voltage distortion power:
Dev,, =3-Ue, - le;, [var]

UeH = ,JUe’ -Ue?_,

Total effective apparent power:
SeH,,, =Ue, -le,  [VA]

where:

where:

Total effective harmonic power:
PH,, = PH,+ PH, + PH, [w]

where:

PH, = B =P PH, =B = Prgyy PHy =B —Pygs

Total effective distortion power

DeH =+/SeH? — PH? [var]

Harmonic pollution

HP = ﬂloo [%]

Sefundtot
where:

Sefundtot = 3 -U€fund - 1€fund

Load unbalance

[var]

(31)

(32)

(33)

(34)

(35)

(36)

(37)

(38)
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5.1.6 Classic Vector and Arithmetic Power measurement
Standard compliance: IEC 61557-12

See section 3.23.6 how to select Modern Power measurement method. Please note that instrument
record all measurement (Classic and Modern), regardless of selected method.

Instrument fully complies with classic Vector and Arithmetic power measurement defined in the latest
IEC 61557-12 standard (Annex A) and IEEE 1459 (Section 3.2.2.5 and 3.2.2.6). There is large number of
measurement equipment installed on various points on network where this measurement algorithms
are used for measurement and recording. In order to compare past measurement with current, use one
of classic Power measurement. The measurements for active, reactive, and apparent powers have
physical meaning as long as the current and voltage waveforms remained nearly sinusoidal. On figure
below, graphical interpretation of Vector and Arithmetic power measurements are shown.

Sy vk <
P1 ; B Y
Piot
Figure 153: Vector representation of total Figure 154: Arithmetic representation of total power
power calculus calculus

In table below summary of all power measurement is shown.

Table 137: Summary and grouping of the phase power quantities

Quantity Combined Fundamental
powers powers

Apparent (VA) S Stund

Active (W) P Pfund

Nonactive/reactive (var) N Qsund

Line utilization PFind/cap DPFind/cap

Table 138: Power summary and grouping of the total power quantities

Quantity Combined Fundamental
powers powers

Apparent (VA) Sv SVfund

Active (W) P Piot

Nonactive/reactive (var) N Quot

Line utilization PFVind/cap DPFV ind/cap
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Combined phase power measurements

All Classic combined phase power measurements are identical with Modern combined phase power
measurement. See 5.1.5 section Combined phase power measurements for details.

Total Vector combined power measurements

Standard compliance: IEC 61557-12 Annex A and IEEE STD 1459-2010 Section 3.2.2.6

Total Vector combined (fundamental + nonfundamental) active, nonactive and apparent power and
total power factor are calculated according to the following equation:

Total active power: Pot=P, +P, + P (W], (39)

Total nonactive power (vector): Nt =N; + N, + N, [var], (40)

Total apparent power (vector): SV = F’wt2 + Nwt2 [VA], (41)
. PtOt

Total power factor (effective): PRV, =—. (42)

tot

Total Arithmetic combined power measurements

Standard compliance: IEC 61557-12 Annex A and IEEE STD 1459-2010 Section 3.2.2.5

Total Arithmetic combined (fundamental + nonfundamental) active, nonactive and apparent power and
total power factor are calculated according to the following equation:

Total active power: Poa=PF+P, +P (Wi, (43)

Total apparent power (arithmetic): Sa,, =S, +S,+S; [vA], (44)

Total nonactive power (arithmetic): ~ Nawot =4 Samtz - Pmt2 [var], (45)
. . PtOt

Total power factor (arithmetic): PFa,, = o (46)
ot

Fundamental phase power measurements

Standard compliance: |IEEE STD 1459-2010

All Classic fundamental phase power measurements are identical with Modern fundamental phase
power measurement. See 5.1.5 section Fundamental phase power measurements for details.

Total Vector fundamental power measurements

Standard compliance: IEC 61557-12 Annex A and IEEE STD 1459-2010 Section 3.2.2.6
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Total Vector fundamental active, reactive and apparent power and total displacement vector power
factor are calculated according to the following equation:

Total fundamental active power: Prundtot = P yng1 + Prunaz + Prunas (W1 (47)
Total fundamental reactive power (vector): Qtundtot = Qyng1 + Qiunaz + Qiunas [Varl, (48)
Total fundamental apparent power (vector): SVsynaror = \/Pfundwtz + Qfunator” [VA], (49)
Total displacement power factor (vector): DPFv,, = Prundtot (50)

fundtot
All fundamental power measurements are calculated from fundamental voltages and currents obtained

from harmonic analysis (see section 5.1.8 for details).

Total Arithmetic fundamental power measurements

Standard compliance: IEC 61557-12 Annex A and IEEE STD 1459-2010 Section 3.2.2.5

Total Arithmetic fundamental active, reactive and apparent power and total displacement arithmetic
power factor are calculated according to the following equation:

Total fundamental active power: Ptundtot = Pf 41 + Prungz + Prungs [W] (51)
Total apparent power (arithmetic):Sarynaror = Srunar + Srunaz + S3fund [VA], (52)
Total nonactive power (arithmetic): Q& = \/Safundtmz — P o [varl, (53)
Total power factor (arithmetic): DPFa, = Pondor . (54)

fundtot

All fundamental power measurements are calculated from fundamental voltages and currents obtained
from harmonic analysis (see section 5.1.8 for details).

5.1.7 Energy

Standard compliance: 1EC 62053-21 Class 1S, IEC 62053-23 Class 2 ... M 2893/MI 2892
Standard compliance: IEC 62053-21 Class 1, IEC 62053-23 Class 2 ... Ml 2885

Energy measurement is divided in two sections: ACTIVE energy based on active power measurement
and REACTIVE energy, based on fundamental reactive power measurement. Each of them has two
energy counters for consumed and generated energy.

Calculations are shown below:

Active energy:

Consumed: Ep; = Z P ()T (i) (kwh], p: 1,2,3, tot (35)

i=1
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Generated: Ep, = Z P, ()T (i) [kwh], p: 1,2,3, tot
i1

Reactive energy:

Consumed: EQ;) = > Qg (VT (i) + Y. Que,, ()T (i) [kvarh], p: 1,2,3, tot
i=1 i=1

(56)
Generated: Eq, = ZQ;Cap OT@O) + ZQ;nd ()T (i) [kvarh], p: 1,2,3, tot
i=1 i=1
Active Energy Fundamental Reactive Energy
90° 90°
G G
& %
Ep- Ep+ Eg+ Eg+
180 0° 180 0°
Ep- Ep+ Eqg- Eq-
& &
~ ~
270° 270°

Figure 155: Energy counters and quadrant relationship

Instrument has 3 different counters sets:

1. Total counters are used for measuring energy over a complete recording. When recorder starts
it sums the energy to existent state of the counters.

2. Lastintegration period counter measures energy during recording over last completed interval.
It is calculated at end of each interval.

3. Current integration period counter measures energy during recording over current time
interval.

Last interval
Recording Intervals LAST Current interval

l
11 2313 1 @ im-17 m |
¢ >
Recording Total Energy .
Time

Figure 156: Instrument energy counters
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5.1.8 Harmonics and interharmonics
Standard compliance: |EC 61000-4-30 Class A (Section 5.7)
IEC 61000-4-7 Class |

Calculation called fast Fourier transformation (FFT) is used to translate AD converted input signal to
sinusoidal components. The following equation describes relation between input signal and its
frequency presentation.

Voltage harmonics and THD

A
U Uhn
FFT
BUA rrrrrrr BU—> » —>
t 123456 50 n
10 periods
Current harmonics and THD
A
| lhn
FFT
Qwﬂ rrrrrrr ﬂw—r » ——>
t 123456 50 n
10 periods

Figure 157: Current and voltage harmonics

1024 k
U(t) =c, + D ¢ sin| —- 27 fit+g, (57)
=y 10
f1 —  frequency of signal fundamental (in example: 50 Hz)
co — DCcomponent
1
k - ordinal number (order of the spectral line) related to the frequency basis f., = —
N
Tn—  isthe width (or duration) of the time window (Ty = N*Ty; T; =1/f;). Time window is that time
span of a time function over which the Fourier transformation is performed.
k
c —  is the amplitude of the component with frequency f., = E f,
o« — isthe phase of the component c
Uck— is the RMS voltage value of component ci
ok — isthe RMS current value of component ci

Phase voltage and current harmonics are calculated as RMS value of harmonic subgroup (sg): square
root of the sum of the squares of the RMS value of a harmonic and the two spectral components
immediately adjacent to it.
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1
n™ voltage harmonic: U h, = /ZUéy(mnHk p:1,2,3 (58)
k=—1
1
n™ current harmonic: | h, = Zlé,(10~n+k) p:1,2,3 (59)
k=1

Total harmonic distortion is calculated as ratio of the RMS value of the harmonic subgroups to the RMS
value of the subgroup associated with the fundamental:

Total voltage harmonic distortion: THD,, | = (60)

Total current harmonic distortion: THD, | = (61)

Spectral component between two harmonic subgroups are used for interharmonics assessment. Voltage
and current interharmonic subgroup of n-th order is calculated using RSS (root sum square) principle:

8

n™ voltage interharmonic: U jih, = /ZUé(lo,n)Jrk p:1,2,3 (62)
k=2
8

n™ current interharmonic: | ih, = Zlé,aomk) p:1,2,3 (63)
k=2

Uc,k

A Uh1 Uih1 Uh2 Uih2 Uhs Uih3 Uha
P e i P —,

.
50 100 150 200 Fregency
Figure 158: Illustration of harmonics / interharmonics subgroup for 50 Hz supply

The K factor is a factor that is developed to indicate the amount of harmonics that the load
generates. The K rating is extremely useful when designing electric systems and sizing components. It is
calculated as:
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i(lphn -n)?

K - factor: K, =+ ,p:1,2,3 (64)
2
215,
n-1

5.1.9 Signalling
Standard compliance: IEC 61000-4-30 Class A (Section 5.10)

Signalling voltage is calculated on a FFT spectrum of a 10/12-cycle interval. Value of mains signalling
voltage is measured as:
e RMS value of a single frequency bin if signalling frequency is equal to spectral bin frequency, or
e RSS value of four neighbouring frequency bins if signalling frequency differs from the power
system bin frequency (for example, a ripple control signal with frequency value of 218 Hz in a 50
Hz power system is measured based on the RMS values of 210, 215, 220 and 225 Hz bins).
Mains signalling value calculated every 10/12 cycle interval are used in alarm and recording procedures.
However, for EN50160 recording, results are aggregated additionally on 3 s intervals. Those values are
used for confronting with limits defined in standard.

5.1.10 Flicker

Standard compliance: |EC 61000-4-30 Class A (Section 5.3)
IEC 61000-4-15 Class F1

Flicker is a visual sensation caused by unsteadiness of a light. The level of the sensation depends on the
frequency and magnitude of the lighting change and on the observer. Change of a lighting flux can be
correlated to a voltage envelope on figure below.

voltage(V)
400

300 -
200 7

100 H 2

-100 H

-200

-300

-400

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time (s)

Figure 159: Voltage fluctuation

Flickers are measured in accordance with standard IEC 61000-4-15. Standard defines the transform
function based on a 230V /60 W and 120 V / 60 W lamp-eye-brain chain response. That function is a
base for flicker meter implementation and is presented on figure below.
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Pstimin — is @ short flicker estimation based on 1-minute interval. It is calculated to give quick preview of
10 minutes short term flicker.

Pt — 10 minutes, short term flicker is calculated according to IEC 61000-4-15

P — 2 hours, long term flicker is calculated according to the following equation:

(65)

5.1.11 Voltage and current unbalance
Standard compliance: IEC 61000-4-30 Class A (Section 5.7)

The supply voltage unbalance is evaluated using the method of symmetrical components. In addition to
the positive sequence component U*, under unbalanced conditions there also exists negative sequence
component U” and zero sequence component Uo. These quantities are calculated according to the
following equations:

G- %(al +al, +ad,)
-1 .
UO:§(U1+U2+U3), (66)
L, -
U :§(U1+a U, +au,),
where a:%+% jv/3 =112

For unbalance calculus, instrument use the fundamental component of the voltage input signals (U1, Uy,
Us), measured over a 10/12-cycle time interval.
The negative sequence ratio u’, expressed as a percentage, is evaluated by:

_ u-
The zero-sequence ratio u° expressed as a percentage, is evaluated by:
U 0
u®(%) = — x100 (68)
U +

Note: In 3W systems zero sequence components Ugand lpare by definition zero.

The supply current unbalance is evaluated in same fashion.

5.1.12 Under-deviation and over-deviation

Voltage Under-deviation (Uunder) and Over-deviation (Uover) measurement method: Standard compliance:
IEC 61000-4-30 Class A (Section 5.12)

Basic measurement for the Under-deviation and Over-deviation is RMS voltage magnitude measured
over a 10/12-cycle time interval. Each RMS voltage magnitude (i) obtained through recording campaign
is compared to nominal voltage Unom from which we express two vectors according to the formulas
below:
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U _ U RMS(10/12),i if U RMS(10/12) <U Nom (69)
Under,i — :
e U Nom If U RMS(10/12) > U Nom
U _ U RMS(10/12),i if U RMS(10/12) U Nom (70)
Over,i — H
U Nom If U RMS(10/12) <U Nom
Aggregation is performed on the end of recording interval as:
U Nom (71)
UUnder
2
ZU Over,i
U Nom e (72)
n
UOver = U [%]

Nom

Under-deviation and over-deviation parameters may be useful when it is important to avoid, for
example, having sustained under-voltages being cancelled in data by sustained over-voltages.
Note: Under-deviation and Over-deviation parameters are always positive values.

5.1.13 Voltage events

Measurement method

Standard compliance: IEC 61000-4-30 Class A (Section 5.4)

The basic measurement for event is Ugms(1/2). Urms(1/2) is value of the RMS voltage measured over 1 cycle,
commencing at a fundamental zero crossing and refreshed each half-cycle.

The cycle duration for Ugms1/2) depends on the frequency, which is determined by the last 10/12-cycle
frequency measurement. The Ugms(1/2) vValue includes, by definition, harmonics, interharmonics, mains
signalling voltage, etc.
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Figure 161: Voltage events definition

Voltage dip
Standard compliance: IEC 61000-4-30 Class A (Sections 5.4.1 and 5.4.2)

The Dip Threshold is a percentage of Nominal voltage defined in CONNECTION menu. The Dip Threshold
and Hysteresis can be set by the user according to the use. Dip Hysteresis is difference in magnitude
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between the Dip start and Dip end thresholds. Instrument event evaluation in Event table screen
depends on Connection type:

On single-phase system (Connection type: 1W), a voltage dip begins when the Ugrms(1/2) voltage
falls below the dip threshold, and ends when the Urms(1/2) voltage is equal to or above the dip
threshold plus the hysteresis voltage.

On poly-phase systems (Connection type: 2W, 3W, 4W, Open Delta) two different views can be
used for evaluation simultaneously:

o Group view A with selected ALL INT view (in compliance with IEC 61000-4-30 Class A):
a dip begins when the Urms(1/2) voltage of one or more channels is below the dip
threshold and ends when the Ugrms(1/2) voltage on all measured channels is equal to or
above the dip threshold plus the hysteresis voltage.

o Phase view Ph. (for troubleshooting): a voltage dip begins when the Ugrms(1/2) voltage of
one channel falls below the dip threshold, and ends when the Ugms(1/2) voltage is equal to
or above the dip threshold plus the hysteresis voltage, on the same phase.

EVENT SETUP {00 10:13 AV RE W @i 02:24

Nominal voltage L-N = 230V

Date 01.01.2000
START T Level Duration

No L
Swell Threshold | 110.0% PIFRAY Ml 1 1 022201240 | D | 179.92 | 0h00m4.010s |
Swell Hysteresis 29, 2 2 02:22:17.247 S 258.83 0h00m9.990s
Dip Threshold 90.0% (207.0V) 3 123 02:22:39.240 DI 0.06 0h00m12.013s
Dip Hysteresis 2%
Interrupt Threshold 5.0% (11.5Vv)
Interrupt Hysteresis 2%
\‘ || HELP || | I [ A en [ ALL wr || [ sTAT |

Figure 162:Voltage dip related screens on the instrument

A voltage dip is characterized by following data: Dip Start time, Level (Upiy) and Dip duration:

Upip — residual dip voltage, is the lowest Urms(1/2) value measured on any channel during the dip.
It is shown in Level column in the Event Table on the instrument.

The Dip Start time is time stamped with the time of the start of the Ugms(1/2) of the channel that
initiated the event. It is shown in START column in the Event Table on the instrument. The Dip
End time is time stamped with the time of the end of the Ugms1/2) that ended the event, as
defined by the threshold.

The Dip Duration is the time difference between the Dip Start time and the Dip End time. It is
shown in Duration column in the Event Table on the instrument.

Voltage swell

Standard compliance: IEC 61000-4-30 Class A (Sections 5.4.1 and 5.4.3)

The Swell Threshold is a percentage of nominal voltage defined in CONNECTION menu. The swell
threshold can be set by the user according to the use. Swell Hysteresis is difference in magnitude
between the Swell start and Swell end thresholds. Instrument event evaluation in Event table screen
depends on Connection type:

On single-phase system (Connection type: 1W), a voltage swell begins when the Ugrms1/2) voltage
rises above the swell threshold, and ends when the Urms1/2) voltage is equal to or below the
swell threshold plus the hysteresis voltage.

On poly-phase systems (Connection type: 2W, 3W, 4W, Open Delta) two different view can be
used for evaluation simultaneously:

o Group view A with selected ALL INT view: A swell begins when the Ugms(1/2) voltage of
one or more channels is above the swell threshold and ends when the Ugms(1/2) voltage
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on all measured channels is equal to or below the swell threshold plus the hysteresis
voltage.

o Phase view Ph.: A swell begins when the Ugms(1/2) voltage of one channel rises above the
swell threshold, and ends when the Ugrms(1/2) voltage is equal to or below the swell
threshold plus the hysteresis voltage, on the same phase.

A voltage swell is characterized by following data: Swell Start time, Level (Uswei) and Swell duration:

o Uswen— maximum swell magnitude voltage, is the largest Urms(1/2) value measured on any channel
during the swell. It is shown in Level column in the Event Table on the instrument.

e The Swell Start time is time stamped with the time of the start of the Ugms(1/2) of the channel
that initiated the event. It is shown in START column in the Event Table on the instrument. The
Swell End time is time stamped with the time of the Ugms(1/2)that ended the event, as defined by
the threshold.

e The Duration of a voltage swell is the time difference between the beginning and the end of the
swell. It is shown in Duration column in the Event Table on the instrument.

Voltage interrupt
Standard compliance: IEC 61000-4-30 Class A (Section 5.5)

Measuring method for voltage interruptions detection is same as for dips and swells, and is described in
previous sections.

The Interrupt Threshold is a percentage of nominal voltage defined in CONNECTION menu. Interrupt
Hysteresis is difference in magnitude between the Interrupt start and Interrupt end thresholds. The
interrupt threshold can be set by the user according to the use. Instrument event evaluation in Event
table screen depends on Connection type:

e Onsingle-phase system (1W), a voltage interruption begins when the Ugms(1/2) voltage falls below
the voltage interruption threshold and ends when the Ugrms1/2) value is equal to, or greater than,
the voltage interruption threshold plus the hysteresis

e On poly-phase systems (2W, 3W, 4W, Open Delta) two different views can be used for
evaluation simultaneously:

o Group view A with selected ALL INT view: a voltage interruption begins when the
Urms(1/2) voltages of all channels fall below the voltage interruption threshold and
ends when the Ugms(1/2) voltage on any one channel is equal to, or greater than, the
voltage interruption threshold plus the hysteresis.

o Phase view Ph.: a voltage interrupt begins when the Ugms(1/2) voltage of one channel
fall below the interrupt threshold, and ends when the Ugrms(1/2) voltage is equal to or
above the interrupt threshold plus the hysteresis voltage, on the same phase.

EVENT SETUP MEINETRP] EVENTS W @i 02:48

Nominal voltage L-N = 230V flate91:01-2000

No L START T Level Duration
Swell Threshold 110.0% PIERAN| 3 123 022241257 | 1 | 0.06 | 0h00m7.983s |
Swell Hysteresis 29, 4 123 02:39:47.254 | 0.06 0h00m7.987s
Dip Threshold 90.0% (207.0Vv)
Dip Hysteresis 2%
Interrupt Threshold 5.0% (11.5Vv)
Interrupt Hysteresis 2%
\ |[ HELP || I | [ A en || s INT || || sTAT |

Figure 163:Voltage interrupts related screens on the instrument

201



MI 2893 / MI 2892 / MI 2885 Measurement methods

A voltage interrupt is characterized by following data: Interrupt Start time, Level (Uint) and Interrupt
Duration:
e Ujne— minimum interrupt magnitude voltage, is the lower Ugrms(1/2) value measured on any
channel during the interrupt. It is shown in Level column in the Event Table on the instrument.
o The Interrupt Start time of a interrupt is time stamped with the time of the start of the Ugrms1/2)
of the channel that initiated the event. It is shown in START column in the Event Table on the
instrument. The Interrupt End time of the interrupt is time stamped with the time of the end of
the Urms(1/2) that ended the event, as defined by the threshold.
e The Interrupt Duration is the time difference between the beginning and the end of the
interrupt. It is shown in Duration column in the Event Table on the instrument.

5.1.14 Alarms

Generally, alarm can be seen as an event on arbitrary quantity. Alarms are defined in alarm table (see
section 3.23.3 for alarm table setup). The basic measurement time interval for: voltage, current, active,
nonactive and apparent power, harmonics and unbalance alarms is a 10/12-cycle time interval.

Each alarm has attributes described in table below. Alarm occurs when 10/12-cycle measured value on
phases defined as Phase, cross Threshold value according to defined Trigger slope, minimally for
Minimal duration value.

Table 139: Alarm definition parameters

Quantity ¢ Voltage
e Current
e Frequency
e Active, nonactive and apparent power
e Harmonics and interharmonics

e Unbalance
o Flickers
e Signalling
Phase L1, L2, L3, L12, L23, L31, All, Tot, N
Trigger slope <-Fall, >-Rise
Threshold value [Number]
Minimal duration 200ms + 10min

Each captured alarm is described by the following parameters:

Table 140: Alarm signatures

Date Date when selected alarm has occurred

Start Alarm start time - when first value cross threshold.
Phase Phase on which alarm occurred

Level Minimal or maximal value in alarm

Duration Alarm duration

202



MI 2893 / MI 2892 / MI 2885 Measurement methods

5.1.15 Rapid voltage changes (RVC)
Standard compliance: IEC 61000-4-30 Class A (Section 5.11)

Rapid Voltage Change (RVC) is generally speaking an abrupt transition between two “steady state” RMS
voltage levels. It is considered as event, (similar to dip or swell) with start time and duration between
steady state levels. However, those steady state levels does not exceed dip or swell threshold.

RVC event detection

Instrument RVC event detection implementation strictly follows IEC 61000-4-30 standard requirements.
It begins with finding a voltage steady-state. RMS voltage is in a steady-state condition if 100/120
Urms(1/2) values remain within an RVC threshold (this value is set by the user in MEASUREMENT SETUP >
RVC Setup screen) from the arithmetic mean of those 100/120 Ugms(1/2) values. Every time a new Ugms1/2)
value is available, the arithmetic mean of the previous 100/120 Ugms(1/2) values, including the new value,
is calculated. If a new Urms(1/2) Value crosses RVC threshold, RVC event is detected. After detection
instruments wait for 100/120 half cycles, before searching for next voltage steady-state.

If a voltage dip or voltage swell is detected during an RVC event, then the RVC event is discarded
because the event is not an RVC event.

RVC event characterisation

An RVC event is characterized by four parameters: start time, duration, AUmax and AUss.

RVC event duration

A RVC threshold
g RVC Threshold . 100/120, with 50% hysteresis
2 i ” Urms()
(O]
an AUss
s Sy S
~ )72

Arithmetic mean )

of the previous Urwsis) values
100/120 Unuses values ' - Umax

DIP Threshold

Figure 164: RVC event description

e Start time of an RVC event is time stamp when Ugms(1/2) value cross RVC threshold level

e RVC event duration is 100/120 half cycles shorter than the duration between adjacent steady
states voltages.

e AUmax is the maximum absolute difference between any of the Ugms1/2)
values during the RVC event and the final arithmetic mean 100/120 Ugms(1/2) value just prior to
the RVC event. For poly-phase systems, the AUmax is the largest AUmax on any channel.

e AUss is the absolute difference between the final arithmetic mean
100/120 Ugrms(1/2) value just prior to the RVC event and the first arithmetic mean
100/120 Ugrms(1/2) value after the RVC event. For poly-phase systems, the AUss is the largest AUss
on any channel.
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5.1.16 Data aggregation in GENERAL RECORDING
Standard compliance: IEC 61000-4-30 Class A (Section 4.5)

Time aggregation period (IP) during recording is defined with parameter in GENERAL
RECORDER menu.

A new recording interval commence at real time clock thick (10 minutes * half cycle, for
) and it last until next real time clock plus time needed to finish current 10/12 cycle measurement. In
the same time new measurement is started, as shown on next figure. The data for the IP time interval
are aggregated from 10/12-cycle time intervals, according to the figure below. The aggregated interval is
tagged with the absolute time. The time tag is the time at the conclusion of the interval. There is
overlap, during recording, as illustrated on figure below.

RTC
End of
Interval
10 min interval (x+1) S
Y Y Y
S 10 min interval (x)
A A A /\,\:r1>
overla

i j k 1 2 3

| 10/12 cycles | 10/12 cycles | 10/12 ¢ycles |

10/12 cycles | 10/12 cycles | 10/12 cycles

Figure 165: Synchronization and aggregation of 10/12 cycle intervals

Depending from the quantity, for each aggregation interval instrument computes average, minimal,
maximal and/or active average value, this can be RMS (root means square) or arithmetical average.
Equations for both averages are shown below.

1 N (73)
RMS average Acs = N Z AJ_2
j-1

Where:

Arms — quantity average over given aggregation interval

A —10/12-cycle quantity value

N — number of 10/12 cycles measurements per aggregation interval.

N (74)
"

]

Arithmetic average: A= %
Where:
Aavg — quantity average over given aggregation interval

A —10/12-cycle quantity value
N — number of 10/12 cycles measurements per aggregation interval.

In the next table averaging method for each quantity is specified:
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Table 141: Data aggregation methods

Group Value Aggregation method Recorded values

URrms RMS average Min, Avg, AvgOn, Max
Voltage THDy RMS average AvgOn, Max

CFy RMS average Min, Avg, Max

IRms RMS average Min, Avg, AvgOn, Max
Current THD, RMS average Avg, AvgOn, Max

CF, RMS average Min, Avg, AvgOn, Max
Frequency 0 . A\{gOn

f(200ms) RMS average Min, AvgOn, Max

Combined Arithmetic average Min, Avg, AvgOn, Max
Power Fundamental Arithmetic average Min, Avg, AvgOn, Max

Nonfundamental Arithmetic average Min, Avg, AvgOn, Max

u* RMS Min, Avg, AvgOn, Max

U RMS Min, Avg, AvgOn, Max

ue RMS Min, Avg, AvgOn, Max

u- RMS Min, Avg, AvgOn, Max

u0 RMS Min, Avg, AvgOn, Max
Unbalance I RMS Min, Avg, AvgOn, Max

I RMS Min, Avg, AvgOn, Max

1° RMS Min, Avg, AvgOn, Max

i- RMS Min, Avg, AvgOn, Max

i0 RMS Min, Avg, AvgOn, Max
Harmonics DC, Uho:so RMS Avg, Max

DC, lho-s0 RMS Avg, AvgOn, Max,
Interharmonics Uho:so RMS Avg, Max

Iho:s0 RMS Avg, AvgOn, Max
Signalling Usig RMS Min, Avg, AvgOn, Max

An active average value is calculated upon the same principle (arithmetic or RMS) as average value, but
taking in account only measurement where measured value is not zero:

1d (75)
ARMSact: _ZAj ; M <N
M =
Where:

Armsact — quantity average over active part of given aggregation interval,
A —10/12-cycle quantity value marked as “active”,
M — number of 10/12 cycles measurements with active (non-zero) value.

RMS active average

. . . (76)
Arithmetic active average:

M
Aavgact :izAj ; M < N
M =
Where:
Aaveact — quantity average over active part of given aggregation interval,
A —10/12-cycle quantity value in “active” part of interval,
M — number of 10/12 cycles measurements with active (non-zero) value.
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Difference between standard average (Avg) and active average (AvgOn)

Example: Suppose we measure current on AC motor which is switched on for 5 min every 10 minutes.
Motor consumes 100A. User set recording interval to 10 minutes.

100A

>

5min  10min 15min

Figure 166: Avg vs. Avgon, switching load current

After 10 minutes values will be:

Irms (rms average) = 50A
Irms (rms AvgOn) = 100A
AvgOn considers only those measurements where current is greater than zero.

Power and energy recording

Active power is aggregated into two different quantities: import (positive-consumed P+) and export
(negative-generated P-). Nonactive power and power factor are aggregated into four parts: positive
inductive (i+), positive capacitive (c+), negative inductive (i+) and negative capacitive (c-).
Consumed/generated and inductive/capacitive phase/polarity diagram is shown on figure below:
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Figure 167: Consumed/generated and inductive/capacitive phase/polarity diagram

5.1.17 Flagged data
Standard compliance: IEC 61000-4-30 Class A (Section 4.7)

During a dip, swell, or interruption, the measurement algorithm for other parameters (for

example, frequency measurement) might produce an unreliable value. The flagging concept avoids
counting a single event more than once in different parameters (for example, counting a single dip as
both a dip and a voltage variation), and indicates that an aggregated value might be unreliable.
Flagging is only triggered by dips, swells, and interruptions. The detection of dips and swells is
dependent on the threshold selected by the user, and this selection will influence which data are
"flagged".
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Figure 168: Flagging data indicate that aggregated value might be unreliable

5.1.18 Waveform snapshot

During measurement campaign Ml 2893/MI 2892/MI 2885 have the ability to take waveform snapshot.
This is particularly useful for storing temporary characteristics or network behaviour. Snapshot stores all
network signatures and waveform samples for 10/12 cycles. Using MEMORY LIST function (see 3.19) or
with PowerView v3.0 software, user can observe stored data. Waveform snapshot is captured by

starting GENERAL recorder or by pressing @ for 3 seconds in any of MEASUREMENTS sub
screens.

Long press on a triggers WAVEFORM SNAPSHOT. Instrument will record all
measured parameters into file.

Note: WAVEFORM SNAPSHOT is automatically created at the start and end of GENERAL RECORDER.

5.1.19 Waveform recorder

Waveform recorder can be used in order to capture waveform of particular network event: such as
voltage event, inrush or alarm. In waveform record samples of voltage and current are stored for given
duration. Waveform recorder starts when the pre-set trigger occurs. Storage buffer is divided into pre-
trigger and post-trigger buffers. Pre and post-trigger buffers are composed of waveform snapshots
taken before and after trigger occurrence, as shown on following figure.
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WAVEFORM REC. {1 15:18

TRIGGER (Events 1
DURATION

STORE MODE Continuous (max. 200 rec.)

Z

Available memory: 36758 records (6698MB)

| START || HELP || CONFIG || CHECKG. |

A

Record Duration = 2 sec N
_ PreTrigger = 1 sec . PostTrigger=1sec

»
Lt

I Record stop
Trigger point

Record start

Figure 169: Triggering and pre-triggering description

Several trigger sources are possible:

Manual trigger - user manually triggers waveform recording.

Voltage events — instrument starts waveform recorder when voltage event occur. Voltage
events are set up in EVENT SETUP menu (see 3.23.2 for details), where user defines threshold
limits for each event type: Dip, Swell and Interrupt. Each time event occurs, waveform recorder
starts recording. Instrument then capture Ugrms(i/2) and lrms(1/2) values into RxxxxINR.REC file and
waveform samples for all voltages and currents channels into RxxxxWAV.REC file. If parameter
PRETRIGGER is greater than zero, then recoding will start prior the event for defined time, and
will finish when record DURATION length is reached. On following figure voltage dip is shown,
where voltage drops from nominal value to the almost zero. When voltage drops below dip
threshold, it triggers recorder, which capture voltage and current samples from one second
before dip to one second after dip occurs. Note that if during this time period another event
occurs, (as interrupt on figure below, for example) it will be captured within the same file. In
case where voltage event last for longer time, new recording will start after first record is
finished, soon as any new event occurs (voltage ramp-up event, shown as example on figure
below).
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Figure 170: Voltage Event Triggering

e Voltage level — instrument starts waveform recorder when measured RMS voltage reaches given

voltage threshold.

Voltage
A L Duration (2sec)
‘lPretrig_ggerI o
(1 sec)
Trigger: _Jd_ —\—/é N _
Voltage level URms(1/2)
ITrigger Poin
\ I J ot
Waveform record
pSD REC001.WAV
RECO001.INR
Card

Figure 171: Voltage Level Triggering

e Current level - instrument starts waveform recorder when measured current reaches given

current threshold. Typically, this type of triggering is used for capturing inrush currents.
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Figure 172: Current Level Triggering (Inrush)

e Alarms — instrument starts waveform recorder when any alarm from alarm list is detected. In
order to see how to setup Alarm Table, please check section 3.23.3.

e Voltage events and alarms — instrument starts waveform recorder when either voltage event or
alarm occur.

e Interval —instrument starts waveform recorder periodically, each time after given time interval
Interval: 10min finish.

e User can perform single or continuous waveform recordings up to 200 records (default value;
maximum number could be changed by the user — up to 1500). In continuous waveform
recording, MI 2893/MI 2892/MI 2885 will automatically initialize next waveform recording upon
completion of the previous one.

Voltage event trigger

Waveform recorder can be set up to trigger on voltage events as shown on figure below.
EVENT SETUP §L 100 15:12

Nominal voltage L-N = 230V

v

Swell Threshold 110.0% (253.0V)
Swell Hysteresis 2%

Dip Threshold 90.0% (207.0v)
Dip Hysteresis 2%

Interrupt Threshold 5.0% (11.5Vv)
Interrupt Hysteresis 2%

| [ HELP || I ]

Figure 173: Waveform recorder setup for triggering on voltage events

Inrush recorder

In addition to the waveform record which represent voltage samples, instrument also store RMS voltage
Urms(1/2) and current Izms(1/2). This type of record is particularly suitable for capturing motor inrush. It gives
analysis of voltage and current fluctuations during start of motor or other high-power consumers. For
current lgms(1/2) value (half cycle period RMS current refreshed each half cycle) is measured, while for
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voltage Urms(1/2) values (one cycle RMS voltage refreshed each half cycle) is measured for each interval.
In following figures, Level triggering is shown.

Measured signal _
Inrush, fluctuation or other event

Inrush record

Uorl A IRms(l/z)Or

Urms(1/2)

Slope: Fall

T

i >

Trigger point t

Figure 174: Level triggering

Triggering slope

Slope: rise
4

Slope: fall
4

Figure 175: Triggering slope

5.1.20 Transient recorder

Transient recorder is similar to waveform recorder. It stores a selectable set of pre- and post-trigger
samples on trigger activation, but with higher sampling rate:

- 1MHz for M1 2893

- 49 kHz for MI 2892/M1I 2885
Recorder can be triggered on envelope or level.
Envelope trigger is activated if difference between same samples on two consecutive periods of
triggering signal, is greater than given limit.
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A ﬁ - Level

t Allowed waveform area
(envelope)

Figure 176: Transients trigger detection (envelope)

Level trigger is activated if sampled voltage/current is greater than given limit.

AT

Level
AN

Figure 177: Transients trigger detection (level)

Note: Saving to the instrument data memory induces dead time between consecutive transient records
up to 8 seconds, before new transient can be captured.

5.2 EN 50160 Standard Overview

EN 50160 standard defines, describes and specifies the main characteristics of the voltage at a network
user’s supply terminals in public low voltage and medium voltage distribution networks under normal
operating conditions. This standard describes the limits or values within which the voltage
characteristics can be expected to remain over the whole of the public distribution network and do not
describe the average situation usually experienced by an individual network user. An overview of EN
50160 Low voltage limits are presented on table below.

Table 142: EN 50160 standard LV limits (continuous phenomena)

Supply voltage phenomenon Acceptable Meas. Monitoring | Acceptance
limits Interval Period Percentage
49.5 +50.5 Hz 99,5%
Power frequency 10s 1 Week
47.0+52.0 Hz 100%
Supply voltage variations, Unom | 230V +10% 10 min 1 Week 95%
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+10%
230V ° 100%
-15%
Flicker severity Plt Plt<1 2h 1 Week 95%
0+2%, .
Voltage unbalance u- . 10 min 1 Week 95%
occasionally 3%
Total harm. distortion, THDu 8% 10 min 1 Week 95%
See Table 143: 10 min 1 Week 95%

Values of individual
harmonic voltages
at the supply

See Figure 178: 3s 1 Day 99%
Mains signalling
Mains signalling voltage level limits
according to
EN50160

Harmonic Voltages, Uhn

5.2.1 Power frequency

The nominal frequency of the supply voltage shall be 50 Hz, for systems with synchronous connection to
an interconnected system. Under normal operating conditions the mean value of the fundamental
frequency measured over 10 s shall be within a range of:

50 Hz +1 % (49,5 Hz .. 50,5 Hz) during 99,5 % of a year;

50Hz+4%/-6% (i.e. 47 Hz .. 52 Hz) during 100 % of the time.

5.2.2 Supply voltage variations

Under normal operating conditions, during each period of one week 95 % of the 10 min mean Ugms
values of the supply voltage shall be within the range of Unom £ 10 %, and all Urms values of the supply
voltage shall be within the range of Unom + 10 % / - 15 %.

5.2.3 Supply voltage unbalance

Under normal operating conditions, during each period of one week, 95 % of the 10 min mean RMS
values of the negative phase sequence component (fundamental) of the supply voltage shall be within
the range 0 % to 2 % of the positive phase sequence component (fundamental). In some areas with
partly single phase or two-phase connected network users’ installations, unbalances up to about 3 % at
three-phase supply terminals occur.

5.2.4 THD voltage and harmonics

Under normal operating conditions, during each period of one week, 95 % of the 10 min mean values of
each individual harmonic voltage shall be less or equal to the value given in table below.

Moreover, THDy values of the supply voltage (including all harmonics up to the order 50) shall be less
than or equal to 8 %.

Table 143: Values of individual harmonic voltages at the supply

Odd harmonics Even harmonics
Not Multiples of 3 Multiples of 3
Order h Relative Order h Relative voltage | Order h Relative
voltage (Un) (Un) voltage (Un)
5 6,0% 3 50% 2 2,0%
7 5,0% 9 1,5% 4 1,0%

214



MI 2893 / MI 2892 / MI 2885 EN 50160 Standard Overview
11 3,5% 15 1,0% 6..24 0,5%
13 3,0% 21 0,75 %
17 2,0%
19 1,5%
23 1,5%
25 1,5%

5.2.5 Interharmonic voltage

The level of interharmonics is increasing due to the development of frequency converters and similar
control equipment. Levels are under consideration, pending more experience. In certain cases
interharmonics, even at low levels, give rise to flickers (see 5.2.7), or cause interference in ripple control

systems.

5.2.6 Mains signalling on the supply voltage

In some countries the public distribution networks may be used by the public supplier for the
transmission of signals. Over 99 % of a day the 3 s mean of signal voltages shall be less than or equal to
the values given in the following figure.

Voltage level in percent

L S

01

100

Frequency in kHz

Figure 178: Mains signalling voltage level limits according to EN50160

5.2.7 Flicker severity

Under normal operating conditions, in any period of one week the long-term flicker severity caused by

voltage fluctuation should be Pi< 1 for 95 % of the time.

5.2.8 Voltage dips

Voltage dips are typically originated by faults occurring in the public network or in network users’
installations. The annual frequency varies greatly depending on the type of supply system and on the
point of observation. Moreover, the distribution over the year can be very irregular. The majority of
voltage dips have duration less than 1 s and a retained voltage greater than 40 %. Conventionally, the
dip start threshold is equal to 90 % of the nominal voltage of the nominal voltage. Collected voltage dips
are classified according to the following table.
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Table 144:Voltage dips classification

Residual Duration (ms)
voltage 10<t<200 | 200<t <500 500<t< 1000 < t <5000 | 5000 <t < 60000
1000

90>U =80 Cell A1 Cell A2 Cell A3 Cell A4 Cell A5
80>U=>70 Cell B1 Cell B2 Cell B3 Cell B4 Cell B5
70>U2>40 Cell C1 Cell C2 Cell C3 CellC4 Cell C5
40>U25 Cell D1 Cell D2 Cell D3 Cell D4 Cell D5
U<5 Cell E1 Cell E2 Cell E3 Cell E4 Cell E5

5.2.9 Voltage swells

Voltage swells are typically caused by switching operations and load disconnections.
Conventionally, the start threshold for swells is equal to the 110 % of the nominal voltage. Collected
voltage swells are classified according to the following table.

Table 145:Voltage swell classification

Swell voltage Duration (ms)
10<t <500 500 < t < 5000 5000 < t < 60000
U=>120 Cell A1 Cell A2 Cell A3
120> U >110 Cell B1 Cell B2 Cell B3

5.2.10 Short interruptions of the supply voltage

Under normal operating conditions the annual occurrence of short interruptions of the supply voltage
ranges from up to a few tens to up to several hundreds. The duration of approximately 70 % of the short
interruptions may be less than one second.

5.2.11 Long interruptions of the supply voltage

Under normal operating conditions the annual frequency of accidental voltage interruptions longer than
three minutes may be less than 10 or up to 50 depending on the area.

5.2.12 MI 2893/MI 2892/MI 2885 recorder setting for EN 50160 survey

M1 2893/MI 2892/MI 2885 is able to perform EN 50160 surveys on all values described in previous
sections. In order to simplify procedure, MI 2893/MI 2892/MI 2885 has predefined recorder
configuration (EN 50160) for it. By default, all current parameters (RMS, THD, etc.) are also included in
survey, which can provide additional survey information. Additionally, during voltage quality survey user
can simultaneously record other parameters too, such as power, energy and current harmonics.

In order to collect voltage events during recording, Include events| option in recorder should be enabled.
See section 3.23.2 for voltage events settings.
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GENERAL REC. i 122:51

PROFILE Standard |

INTERVAL {10 Min (EN 50160, GOST 32144)
Fm—— Semhenna
DURATION 7 days (38MB)

S e e cﬂ
T <:!1

Recommended/maximal record duration: 60 days /60 days
Available memory: > 1 year (7552MB)

| START || HELP || CONFIG || CHECKC. |

Figure 179: Predefined EN50160 recorder configuration

After recording is finished, EN 50160 survey is performed on PowerView v3.0 software. See PowerView

v3.0 manual for details.
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6 Technical specifications

6.1 General specifications

Working temperature range: -20°C+ +55°C

Storage temperature range: -40°C++70°C

Max. humidity: 5+98 % RH (0 °C + 40 °C), non-condensing
Pollution degree: 2

Protection classification:

Reinforced insulation

Measuring category - M| 2893

CATIV/600V;
For three phase connection CAT Ill / 1000 V;
up to 3000 meters above sea level

Measuring category - M| 2892/MI 2885

CAT IV /600 V; CAT Il / 1000 V;
up to 3000 meters above sea level

Protection degree:

IP 40
Indoor use

IP 65 with A 1565 waterproof mounting case
Outdoor use

2885

Dimensions: 23cmx 14cm x 8 cm
Weight (with batteries): M| 2893 1.1kg
Weight (with batteries): MI 2892/Ml 0.96 kg

Display: Colour 4.3 TFT liquid crystal display (LCD) with backlight, 480
x 272 dots.

Memory: 8 GB microSD card provided; max. 32 GB supported

Batteries: 6 x 1.2 V NiMH rechargeable batteries

type HR 6 (AA)

External DC supply - charger:

100-240 v~, 50-60 Hz, 0.4 A~, CAT II 300 V
12V DC, min1.2 A

Maximum supply consumption:
M1 2893

12 V/ 410 mA — without batteries
12 V/ 1.2 A— while charging batteries

Maximum supply consumption:
MI 2892/MI 2885

12 V /300 mA — without batteries
12 V/ 1 A—while charging batteries

Battery charging time: 3 hours*
Communication: USB 2.0 Standard USB Type B
Ethernet 10Mb

* The charging time and the operating hours are given for batteries with a nominal capacity of 2400 mAh without display illumination and
switching off the transient recorder during the powering via the batteries (valid for MI 2893).

6.2 Measurements

6.2.1 General description

Max. input voltage (Phase — Neutral): MI 2893

Three phase connection: 50 ... 1000 Vgrums
Phase connection: 50 ... 500 Vgrus

Max. input voltage (Phase — Neutral):
MI 2892/MI 2885

Three phase connection: 50 ... 1000 Vrms

Max. input voltage (Phase — Phase):

87 ... 1730 Vrums

Max. transient peak voltage

16 kV
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Max. transient peak current

Depends on used current clamps (check
specification for current clamps)

For transient detection use fixed current range.

Phase - Neutral input impedance: M| 2893

2.45 MQ

2885

Phase - Neutral input impedance: Ml 2892/MI 6 MQ
2885

Phase — Phase input impedance: M| 2893 2.45 MQ
Phase — Phase input impedance: Ml 2892/MI 6 MQ

AD converter

16 bit 8 channels, simultaneous sampling

Sampling frequency:

Antialiasing filter

50Hz / 60 Hz System frequency

7 kSamples/sec
Passband (-3dB): 0 + 3.4 kHz
Stopband (-80dB): > 3,8 kHz

400 Hz System frequency
Antialiasing filter

12,2 kSamples/sec
Passband (-3dB): 0 + 5,7kHz
Stopband (-80dB): > 6,44 kHz

Antialiasing filter

VFD -Variable Frequency Drive mode

1,7 kSamples/sec
Passband (-3dB): 0 + 782 Hz
Stopband (-80dB): > 883 Hz

Transient mode
Antialiasing filter
(M12893)

1 MSamples/sec
Passband (-3dB): 0 + 600 kHz

Transient mode
Antialiasing filter
(M1 2892/M1I 2885)

49 kSamples/sec
Passband (-3dB): 0 + 24 kHz
Stopband (-80dB): > 26 kHz

Reference temperature 23°C+2°C
Temperature influence: MI 2893 35 ppm/C
Temperature influence: Ml 2892/MI 2885 30 ppm/C

Warmup time

Recommended warmup time 30 minutes

NOTE: Instrument has 3 internal voltage ranges. Range is chosen automatically, according to the chosen
Nominal Voltage parameter. See tables below for details.

Nominal phase (L-N) voltage: Unom Voltage range
50V <136V (L-N) Range 1
137V +374V (L-N) Range 2

375V <1000V (L-N) Range 3
Nominal phase-to-phase (L-L) voltage: Unom Voltage range
50V +235V(L-L) Range 1

236 V+ 649V (L-L) Range 2

650V + 1730V (L-L) Range 3
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NOTE: Assure that all voltage clips are connected during measurement and logging period. Unconnected
voltage clips are susceptible to EMI and can trigger false events. It is advisable to short them with
instrument neutral voltage input.

6.2.2 Phase Voltages

10/12 CyCIe phase RMS VOItage: Uirms, Uz2rms, Uzrms, Unrms, AC+DC

Measuring Range Resolution* Accuracy Nominal Voltage Unowm

10% Unom + 150% Unom 10 mV, 100mV +0.1% - Unom 50 + 1000 V (L-N)

* - depends on measured voltage

Half cycle RMS voltage (events, min, max): Uirms(2), Uzrms(2), Usrms(1/2), Uimin, Uzamin, Uamin, Uimax,
UZMaX, U3Max, AC"‘DC

Measuring Range Resolution* Accuracy Nominal Voltage Unom

3% Unom + 150% Unom 10 mV, 100mV +0.2 % - Unom 50+ 1000 V (L-N)

* - depends on measured voltage
NOTE: Voltage events measurements are based on half cycle RMS voltage.

Crest factor: CFyy, CFu2, CFus, CFun

Measuring range Resolution* Accuracy
1.00+2.50 0.01 +5%-CFy
* - depends on measured voltage

Peak voltage: Uipk, Uzrk, Usek, AC+DC

Measuring range Resolution* Accuracy

Range 1: 20.00 + 255.0 Vpk 10 mV, 100 mV 1+ 0.5 % - Urk
Range 2: 50.0 V +510.0 Vpk 10 mV, 100 mV £ 0.5 % - Urk
Range 3: 200.0 V +2250.0 Vpk 100 mV, 1V £ 0.5 % - Urk

* - depends on measured voltage

6.2.3 Line voltages

10/12 cycle line to line RMS voltage: Uizrms, Uzsrms, Usirms, AC+DC

Measuring Range Resolution* Accuracy Nominal Voltage range

+0.1 % - Unom

10% UNOM =+ 150% UNOM 10 mV, 100mV 50+ 1730V (L-L)

VFD mode:
+1% - Unom

Half cycle RMS voltage (events, min, max): Uizrmsw2), Uzsrms(1/2), Ustrms(w2), U12min, Uzamin, Uz1min,
U12max, U2smax, Uzimax, AC+DC

Measuring Range Resolution* Accuracy Nominal Voltage range

10% Unom + 150% Unom 10 mV, 100mV +0.2 % - Unom 50+ 1730V (L-L)
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Crest factor: CFuz1, CFu2s, CFua1

Measuring range Resolution Accuracy

1.00 +2.50 0.01 +5%-CFy

Peak voltage: Uizprk, Uzsrk, Usirk, AC+DC

Measuring range Resolution Accuracy

Range 1: 20.00 + 422 Vpk 10 mV, 100 mV £0.5% - Upk

Range 2: 47.0V + 884.0 Vpk 10 mV, 100 mV £0.5% - Urk

Range 3: 346.0 V + 3700 Vpk 100 mVv, 1V £0.5% - Urk
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6.2.4 Current

Input impedance:
Input impedance:

65 kQ; M1 2893

100 kQ; M1 2892/MI 2885

10/12 CyCIe RMS current lirms, l2rms, I3rms, Inrms, AC+DC.

Clamps Range Measuring range Overall current accuracy
1000 A 100 A+1200 A
100 A 10A+175A
A 1281 5A 05A=10A 10.5% - lams
0.5A 50mA =+ 1A
50 A 5A+100A
A 1588 5A 0.5A+10A +0.5 % - lrwis
0.5A 50mA=1A
A 1398 PQA 10A 0.5A+20A 0.5 % - lrms
A 1069 100 A 5A+200A +1.3% - lrvs
10A 500 mA =20 A
A 1783 200 A 5A+200A 0.8 % - lrwis
20A 500 mA +20 A
A 1391 PQA 100 A 5A+200A +1.3% - lrms
10A 500mA+20A
A 1636 DC: 2000 A 40 A+ 2000 A +1.3% - lrvs
AC: 1000 A 20 A+ 1000 A
3000 A 300 A + 6000 A
A 1227 300 A 30A+600A +1.5% - lrms
30A 3A+60A
3000 A 300 A+ 6000 A
A 1227 5M 300 A 30A+600A +1.5% - lrms
30A 3A+60A
3000 A 300 A+ 6000 A
A 1445 300 A 30A+600A +1.5% - lrms
30A 3A+60A
3000 A 300 A+ 6000 A
A 1582 300 A 30A+600A 1.5 % - lams
30A 3A+60A
3000 A 300 A+ 6000 A
A 1501 300 A 30A+600A 1.5 % - lpms
30A 3A+60A
3000 A 300 A+ 6000 A
A 1502 300 A 30A+600A 1.5 % - lpms
30A 3A+60A
6000 A 600 A+ 12000 A
A 1503 600 A 60 A+ 1200 A £1.5% - lrms
60 A 6A+120A
6000 A 600 A+12000A
A 1446 600 A 60 A+1200A 11.5% - lrms
60 A 6A+120A
6A 05A+10A
A 1037 05 A 10 mA = 10 A 10.3 % - lrms
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Note: Overall current accuracy (as percent of measured value), is provided as guideline. For exact

measuring range and accuracy please check user manual of related current clamps. Overall accuracy is

calculated as:

OverallAcc uracy = 1,15 -+l Instrument Accuracy ° + ClampAccur acy”

Half cycle RMS current (ianSh, min, max) |1Rms(1/2), |2Rms(1/2), |3Rms(1/2), |NRms(l/2), AC+DC

Clamps Range Measuring range Overall current accuracy
1000 A 100 A+1200 A
100 A 10A+175A .
A 1281 5 A 05 A N 10 A '|_'08 /) N |RMS
0.5A 50 mA+ 1A
50 A 5A+100A
A 1588 5A 0.5A+10A +0.8 % - lrms
05A 50mA 1A
A 1398 PQA 10A 0.5A+20A 10.8 % - lrms
A 1069 100 A 5A+200A +1.3% - lrws
10A 500 mA+20A
A 1783 200 A 5A+200A 0.8 % - lrwis
20A 500 mA+20A
A 1391 PQA 100 A 5A+200A +1.5% - lrvs
10A 500 mA+20A
A 1636 DC: 2000 A 40 A+ 2000 A +1.5% - lrvs
AC: 1000 A 20A+1000A
3000 A 300 A+ 6000 A
A 1227 300 A 30A+600A +1.6 % - lrvis
30A 3A+60A
3000 A 300 A+ 6000 A
A 1227 5M 300 A 30A+600A +1.6 % - lrvis
30A 3A+60A
3000 A 300 A+ 6000 A
A 1445 300 A 30A+600A +1.6 % - lrvis
30A 3A+60A
3000 A 300 A+ 6000 A
A 1582 300 A 30A+600A +1.6 % - lrwis
30A 3A+60A
3000 A 300 A+ 6000 A
A 1501 300 A 30A+600A +1.6 % - lrwis
30A 3A+60A
3000 A 300 A+ 6000 A
A 1502 300 A 30A+600A +1.6 % - lrwis
30A 3A+60A
6000 A 600 A+12000A
A 1503 600 A 60 A+1200A 1.6 % - lrms
60 A 6A+120A
6000 A 600 A+12000A
A 1446 600 A 60 A+1200A 11.6 % - lrms
60 A 6A+120A
6A 05A+10A
A 1037 05 A 10mA = 10 A 10.4 % - lrms
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Note: Overall current accuracy (as percent of measured value), is provided as guideline. For exact

measuring range and accuracy please check user manual of related current clamps. Overall accuracy is

calculated as:

OverallAccuracy =1,15 -/ Instrument Accuracy ° + ClampAccuracy?

Peak value lipk, l2p, I3rk, Inek, AC+DC

Measurement accessory Peak value Overall current accuracy
1000 A 100 A+ 1700 A
A 1281 100 A 10A+250 A P
5A 05A=14A £0.87% - lnws
0.5A 50 A+ 1.4 A
50A 5A+150A
A 1588 5A 05A+15A 0.8 % - lams
05A 50mA+15A
A 1398 PQA 10A 0.5A+20A +0.8 % - lams
A 1069 100 A 5A+280A 1.3 % - lams
10A 500 mA =28 A
A 1783 200 A 5A+260A 10.8 % - lrms
20A 500mA+30A
A 1391 PQA 100 A 5A+280A +1.5% - lrms
10A 500 mA =28 A
A 1636 DC: 2000 A 40 A+2800A +1.5% - lrms
AC: 1000 A 20A+1400 A
3000 A 300 A+ 8500 A
A 1227 300 A 30A+850A 11.6 % - lrms
30A 3A+85A
3000 A 300 A+ 8500 A
A 1227 5M 300 A 30A+850A £1.6 % - lams
30A 3A+85A
3000 A 300 A+ 8500 A
A 1445 300 A 30A+850A £1.6 % - lams
30A 3A+85A
3000 A 300 A+ 8500 A
A 1582 300 A 30A+850A £1.6 % - lams
30A 3A+85A
3000 A 300 A+ 8500 A
A 1501 300 A 30A+850A 11.6 % - lrms
30A 3A+85A
3000 A 300 A+ 8500 A
A 1502 300 A 30A+850A 1.6 % - lrms
30A 3A+85A
6000 A 600 A+ 17000 A
A 1503 600 A 60 A+ 1700 A 1.6 % - lrms
60 A 6A+170A
6000 A 600 A+ 17000 A
A 1446 600 A 60A+1700 A 11.6 % - lrms
60 A 6A+170A
5A 0.5A+14A
A 1037 05 A 10mA=1.4 A 0.4 % - lrms
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Note: Overall current accuracy (as percent of measured value), is provided as guideline. For exact
measuring range and accuracy please check user manual of related current clamps. Overall accuracy is
calculated as:

OverallAcc uracy = 1,15 -+l Instrument Accuracy ° + ClampAccur acy”

Crest factor CFip p: [1, 2, 3, 4, N], AC+DC

Measuring range Resolution Accuracy
1.00 +10.00 0.01 +5% - CF

Accuracy of 10/12 cycle RMS voltage measured on current input

Measuring range (Intrinsic instrument accuracy) Accuracy
Range 1: 10.0 mVgus + 300.0 mVgms
Range 2: 50.0 mVgus + 3.000 Vgwis

+0.25% - Urms

Measuring range Accuracy Crest factor

Range 1: 10.0 mVgums + 150.0 mVgus

+£0.25% - .
Range 2: 50.0 MVws + 1.500 Ve 0-25% - Usws 30
Urms — RMS voltage measured on current input
Accuracy of half cycle RMS voltage measured on current input
Measuring range (Intrinsic instrument accuracy) Accuracy
Range 1: 10.0 mVgums + 300.0 mVgus +0.5% - Urms
Range 2: 50.0 mVgums + 3.000 Vrms +0.5% - Urms
Measuring range (Intrinsic instrument accuracy) Accuracy Crest factor
Range 1: 10.0 mVrms = 150.0 mVems +0.5% - Urms 3.0
Range 2: 50.0 mVgms + 1.500 Vrus + 0.5 % - Urmis '
6.2.5 Frequency
Measuring range Resolution Accuracy
50 Hz system frequency: 42.500 Hz + 57.500 Hz
+
60 Hz system frequency: 51.000 Hz + 69.000 Hz 1 mHz +10 mHz
400 Hz system frequency: 335.0 Hz + 465.0 Hz 10 mHz + 100 mHz
6.2.6 Flickers
Flicker type Measuring range Resolution Accuracy*
Pinst 0.200 + 10.000 +5% - Pinst
Pst 0.200 + 10.000 0.001 5% - Py
Pt 0.200 + 10.000 +5% - Py
6.2.7 Transients
Type Measuring range Resolution Accuracy
Voltage Transients 6 kV 5V 5%
Current Transients Depends on the selected current clamp +10%

Note: Overall current transient accuracy (as percent of measured value), is provided as guideline. For
exact measuring range and accuracy please check user manual of related current clamps.
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6.2.8 Combined power
Combined Power Measuring range Accuracy
Excluding cl
xcluding clamps £02% - P
(Instrument only)
With flex clamps
A 1227/A 1445/A
Active power* 0.000k +999.9 M 1501/A 1502 / 3000A
+1.7%-P
(W)
P1, P2, P3, Piot 4 digits A 1446/A 1503 /
6000A
With iron clamps
A 1281 /1000 A +0.7% - P
A 1588 /150 A
Excluding cl
xcluding clamps +02%-Q
(Instrument only)
With flex clamps
. A 1227/A 1445/A
N t ** 0.000 k +999.9 M
onactive power 1501/A 1502 / 3000A £1.7%-Q
(var)
N1, N2, N3, Ntot, Natot 4 digits A 1446/A 1503 /
6000A
With iron clamps
A 1281 /1000 A $0.7% - Q
A 1588 /150 A
Excluding clamps
+0.5% -
(Instrument only) 0.5%-Q
With flex clamps
A 1227/A 1445/A
Apparent power*** 0.000 k +999.9 M 1501/A 1502 / 3000A +1.8%-S
(VA)
S1, S2, S3, Setot, SViot, Satot 4 digits A 1446/A 1503 /
6000A
With iron clamps
A 1281 /1000 A +0.8%-S
A 1588 /150 A
*Accuracy values are valid if cos ¢ >0.80, | 210 % Inom and U >80 % Unom
**Accuracy values are valid if sin ¢ >0.50, | 210 % Inom and U >80 % Unom
***Accuracy values are valid if cos ¢ >0.50, | > 10 % Inom and U >80 % Unom
6.2.9 Fundamental power
Fundamental power Measuring range Accuracy

Active fundamental
power* (W)

0.000k +999.9 M

Excluding clamps
(Instrument only)

10.2 % - Pfund
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Pfundl, Pfundz, Pfundg, P*iot

4 digits

With flex clamps

A 1227/A 1445/A
1501/A 1502 /
3000A

A 1446/A 1503 /
6000A

1.7 % -

Pfund

With iron clamps
A 1281 /1000 A
A 1588 /150 A

0.7 % -

Pfund

Reactive fundamental
power** (var)

qundl, qundz, qund3,
Qftot

0.000k +999.9M

4 digits

Excluding clamps
(Instrument only)

0.2 % -

Qfund

With flex clamps

A 1227/A 1445/A
1501/A 1502 /
3000A

A 1446/A 1503 /
6000A

+1.7% -

Qfund

With iron clamps
A 1281 /1000 A
A 1588 /150 A

0.7 % -

Qfund

Apparent fundamental
power*** (VA)

Sfundl, Sfundz, Sfundg, S*iot

0.000k +999.9 M

4 digits

Excluding clamps
(Instrument only)

0.2 %

- Sfund

With flex clamps

A 1227/A 1445/A
1501/A 1502 /
3000A

A 1446/A 1503 /
6000A

1.7 %

- Sfund

With iron clamps
A 1281 /1000 A
A 1588 /150 A

0.7 %

- Sfund

*Accuracy values are valid if cos ¢ >0.80, | > 10 % Inom and U >80 % Unom
**Accuracy values are valid if sin ¢ >0.50, | 210 % Inom and U >80 % Unom
***Accuracy values are valid if cos ¢ >0.50, | 210 % Inom and U >80 % Unom

6.2.10Nonfundamental power

Nonfundamental power

Measuring range

Conditions

Accuracy

Active harmonic power*
(W)

Phl; th; Ph3; Phtot

0.000 k +999.9 M

4 digits

Excluding clamps
(Instrument only)

Ph>1%-P

+1.0% - Ph
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. . " Excludi |
Current dls(t\;);;c;on power 0.000 k = 999.9 M (Iﬁztﬁjxiﬁtaor:ﬁls)
+2.0%- D,
4 digit
Di1, Dz, Di3, Dey, digits Di>1%-S
i i * Excludi I
Voltage dls(t\</)ar;c;on power 0.000 k = 999.9 M (Iﬁztt:jgirt\:taor?\r;s)
+2.0% - Dy
4 digit
Dv1, Dvz, Dys, Dey 'BItS Dy>1%-S
Harmonics distortion Excluding clamps
power* (var) 0.000k+2999.9 M (Instrumint onIFi/) $20%-D
*2.U7% - Dy
4 digit
Du1, Du2, Dus,Dey 8IS Dh>1%-S
Apparent nonfundamental Excluding clamps
i power* (VA) 0.000k+2999.9 M (Instrumint onllc:/) +1.0%- S
T1.U 7% - ONn
4 digit
SN1, SNz, SN3,SGN 'its Sn>1% - S
Apparent harmonic Excluding clamps
pF|):)ower* (VA) 0.000k +999.9M (Instrumint onR/) £2.0%- S
*Z2.U% * SH
4 digit
SH1, SH2, Shs,Sew 8IS SH>1%-S
*Accuracy values are valid if | > 10 % Inom and U >80 % Unom
6.2.11 Power factor (PF, PFe, PFv, PFa)
Measuring range Resolution Accuracy
-1.00 + 1.00 0.01 +0.02
6.2.12 Displacement factor (DPF) or Cos ¢)
Measuring range Resolution Accuracy
-1.00 + 1.00 0.01 +0.02
6.2.13 Energy
Measuring range Resolution Accuracy
(kWh, kvarh, kVAh)
g g Excluding clamps 000,000,000.001 + 999,999,999.999 12 digits +0.5% - Ep
= (Instrument only)
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With
A 1227/A 1445/A
1446/A 1501/A 000,000,000.001 + 999,999,999.999 +1.8%- Ep
1502/A 1503
Flex clamps
With A 1281/A
158_8/ A 17,83 000,000,000.001 + 999,999,999.999 +0.8% - Ep
Multirange iron
clamps
Excluding clamps 000,000,000.001 + 999,999,999.999 +0.5% - Eq
* (Instrument only)
g With
> A 1227/A 1445/A
] 000,000,000.001 + 999,999,999.999 +1.8% -
2 1446/A 1501/A ,000, ,999, 12 digits +1.8% - Eq
o 1502/A 1503
= Flex clamps
()
o With A 1281/A
e 1588/A 1783 000,000,000.001 + 999,999,999.999 +0.8% - Eq
Multirange clamps
*Accuracy values are valid if cos ¢ >0.80, | > 10 % Inom and U >80 % Unom
**Accuracy values are valid if sin ¢ 20.50, | 210 % Inom and U 280 % Unom
6.2.14Voltage harmonics and THD
Measuring range Harmonic System Resolution Accuracy
component N fregency
Uhn < 1 % Unom 10 mV +0.05 % - Unom
0=+ 50t 50/60H
1 % Unom < Uhn < 20 % Unom /60Hz 10 mV +5% - Uhy
Uhn <1 % Unom 10 mV +0.05 % - Unom
no oY 0+13h 400Hz % Un
1 % Unom < Uhn < 20 % Unom 10 mV +5% - Uhy
Uhn < 1 % Unom 0+20"® 10 mV +0.2% - Unom
% Unom < % Unom 0+13%® VFD*
1% Unom < Ul < 20.% U A 10 mv £5% - Uhy
Unom: Nominal voltage (RMS)
Uhn:  measured harmonic voltage
N harmonic component
(@), If fundamental voltage frequency is within 5+16Hz range
(2, If fundamental voltage frequency is within 16+33Hz range
3); If fundamental voltage frequency is within 33 + 120Hz
Measuring range Resolution Accuracy
0% UNom<THDU<20%UNom 0.1% i0.3
Unom: nominal voltage (RMS)
6.2.15 Current harmonics, THD and k-factor
Measuring range Harmonic System Resolution Accuracy
component N | frequency
IhN < 10 % INom 10 mV i 0.15 % . INom
0+ 50t 50/60H
10 % Inom < Ihny < 100 % /60Hz 10 mV +5% - lhy
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Ihn < 10 % Inom 10 mV +0.15 % - Inom
0+13t 400H
10 % Inom < INn < 100 % : 10 mv £5% - Ihy
Ihn < 10 % Inom 0+20"@ 10 mV +0.2 % - Inom
% Inom < 9 0+13t%h@ VFD*
10% In Ihn < 100 % o 10 mv £5%- Ihy
Inom:  Nominal voltage (RMS)
Ihn: measured harmonic current
NG harmonic component
(), If fundamental voltage frequency is within 5+16Hz range
@) If fundamental voltage frequency is within 16+33Hz range
@) If fundamental voltage frequency is within 33 + 120Hz
Measuring range Resolution Accuracy
O%INom<THD|< 100%|Nom 0.1% io.6
100 % Inom < THD) < 200 % Inom 0.1% +0.3
Inom:  Nominal current (RMS)
Measuring range Resolution Accuracy
0 <k<200 0.1 +0.6
6.2.16 Voltage interharmonics
Measuring range Harmonic System Resolution Accuracy
component N fregency
Uihn <1 % Unom 10 mV +0.05 % - Uy
- 0+ 50t 50/60H =
1 % Unom < Uihn < 20 % Unom /60Hz 10 mV +5% - Uhy
Uihn < 1 % Unom 0+20t" W 10 mV +0.2 % - Unom
% Unom < Ui % Unom 0+13t%@ VFD*
1% Uy Uihn <20 % Uy o eho 10 mv £59% . Uh
Unom: Nominal voltage (RMS)
Uihn:  measured harmonic voltage
NG interharmonic component
(@), If fundamental voltage frequency is within 5+16Hz range
(2, If fundamental voltage frequency is within 16+33Hz range
3); If fundamental voltage frequency is within 33 + 120Hz
6.2.17 Current interharmonics
Measuring range Harmonic System Resolution Accuracy
component N fregency
lihn < 10 % Inom 10 mV +0.15 % - Inom
- 0+ 50% 50/60H -
10 % Inom < lihy < 100 % /60Hz 10 mv £5% - lihy
IihN < 10 % INom 0 - Zoth & 10 mV + 0.2 % ° INom
% Inom < li 9 0+13t%@ VFD* .
10% In lihy < 100 % e 10 mv £5% - lihy

Nominal current (RMS)

measured interharmonic current

interharmonic component 0™ + 50t

If fundamental voltage frequency is within 5+16Hz range
If fundamental voltage frequency is within 16+33Hz range
If fundamental voltage frequency is within 33 + 120Hz
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6.2.18 Signalling
Measuring range Resolution Accuracy
1 % UNom < US|g < 3 % UNom 10 mV i 0.15 % . UNom
3 % Unom < USig<20% Unom 10 mV 5% - USig
Unom: Nominal current (RMS)
Usig:  Measured signalling voltage
6.2.19 Unbalance
Unbalance range Resolution Accuracy
u o - 0 o +0.15%
0 05%+50% 0.1% +0.15 %
i o = 90 o +1%
m 0.0%+20% 0.1% 1%
6.2.20 Overdeviation and Underdeviation
Measuring range Resolution Accuracy
UOver 0 - 50 % UNom 0.001 % i 0.1 % UNom
UUnder 0 - 90 % UNom 0.001 % i 0.1 % UNom
6.2.21 Time and duration uncertainty
Standard compliance: IEC 61000-4-30 Class A (Section 4.6)
Real time clock (RTC) temperature uncertainty
Operating range Accuracy
-20°C+70°C 3.5 ppm 0.3 s/day
0°C+40°C +2.0 ppm 0.17 s/day
Real time clock (GPS) temperature uncertainty
Operating range Accuracy

-20°C+70°C

+ 2 ms / indefinitely long

Event duration and recorder time-stamp and uncertainty

Measuring Range Resolution Error
Event Duration 10 ms + 7 days 1ms + 1 cycle
Record and Event Time stamp N/A 1ms + 1 cycle
6.2.22 Temperature probe
Measuring range Resolution Accuracy
-10.0°C+85.0°C 0.1°C +0.5°C
-20.0°C+-10.0°Cand 85.0 °C+125.0 °C ' t2.0°C

231




MI 2893 / MI 2892 / MI 2885 Measurements

6.2.23 Phase angle

Measuring range Resolution Accuracy
-180.0° + 180.0° 0.1° +0.6°

6.2.24 400Hz systems specification

Sampling frequency: Normal operation | 12,2 kSamples/sec
Antialiasing filter Passband (-3dB): 0 + 5,7kHz
Stopband (-80dB): > 6,44 kHz

Cycle aggregation: 50 cycles

6.2.25 VFD (Variable frequency drive) systems specification

Sampling frequency: Normal operation | 1,7 kSamples/sec

Antialiasing filter Passband (-3dB): 0 + 782 Hz
Stopband (-80dB): > 883 Hz

Cycle aggregation: 5 cycles

6.2.26 Differences in specification between 400Hz, VFD and 50/60 Hz systems

Measurement / Recording 400Hz VFD 50 Hz / 60Hz
Voltage o) oll) o
Current o1 ol N
Frequency 335 Hz + 465 Hz 5Hz+ 120 Hz .
Power o(1) o(1) o
Energy o)) o(d) .
Unbalance oll) oll) o
Flicker - - o
THD . . .
Voltage Harmonics 0+13t 0+20th @ 0+ 50t
Current Harmonics 0+13t 0+20th @ 0=+ 50t
Voltage Interharmonics - 0+20th @ 1+ 50
Current Interharmonics - 0+ 20" 1+ 50t
Events oll) o(1) o
RVC - Rapid Voltage Changes - o(l) .
Signalling - - .
Network Configurations o(l) o(d) .
General recorder o(l) o) .
Waveform / inrush recorder o(1) o(l) .
Transient recorder o(l) o) .
Waveform Snapshot o(1) o(l) .
Cycle aggregation 50 cycles 5 cycles 10/12 cycles

) |dentical technical specification (accuracy, measurement ranges, etc) as on 50Hz/60Hz systems

(2) On 3-phase 4-wire systems measurement are performed on 3 voltage and 4 current channels, channel
Un-eno is not used.

) Number of harmonics depends on voltage/current frequency 5+16Hz — 20 harmonics, 16+33Hz 13
harmonics, 33 + 120Hz 5 harmonics
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6.3 Recorders

6.3.1 General recorder

Sampling According to the IEC 61000-4-30 Class A requirements. The basic measurement
time interval for voltage, harmonics, interharmonics and unbalance is 10-cycle
time interval for a 50 Hz power system and 12-cycle time interval for a 60 Hz
power system. Instrument provides approximately 3 readings per second,
continuous sampling. All channels are sampled simultaneously. For harmonics
measurement input samples are resampled, in order to assure that sampling
frequency is continuously synchronized with main frequency.

Recording quantities Voltage, current, frequency, crest factors, power, energy, 50 harmonics, 50
interharmonics, flickers, signalling, unbalance, under and over deviation. See
section 4.4 for details which minimum, maximum, average and active average
values are stored for each parameter.

Recording interval 1s,3s(150/ 180 cycles), 55,10, 1 min, 2 min, 5 min, 10 min, 15 min, 30 min,
60 min, 120 min.

Events All events, without limitation can be stored into record.
Alarms All alarms, without limitation can be stored into record.
Signalling Signalling events, without limitation can be stored into record.
Transients Transients, without limitation can be stored into record.
(MI 2893 only) MI 2893 only;
M1 2892/MI 2885 have realized transient recorder as independent recorder.
Inrush Inrush currents, without limitation can be stored into record.
RVC RVC, without limitation can be stored into record.
200 ms U/I/f 200 ms U/1/f Snapshot can be stored into record (every 60 minutes).
Trigger Predefined start time or manual start.

Note: If during record session instrument batteries are drained, due to long interruption for example,
instrument will shut down and after electricity comes back, it will automatically restart recording
session.

Table 146: General recording max. duration

Recording interval ‘ Max. record duration*
1s 12 hours
35(150/ 180 cycles) 2 days
5s 3 days
10s 7 days
1 min 30 days
2 min 60 days
5 min
10 min
15 min
30 min > 60 days
60 min
120 min

*At least 2 GB of free space should be available on microSD card.

In case, that record duration is set to “Manual”, that instrument automatically start new recorder after
the first one is finished due to reach the maximum file length. Instrument perform so many recorders, as
it is available memory on the SD card.
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In this manner a single microSD card with a capacity of 7.566 GB (nominal 8 GB) can save 4 entire

recording sessions (each 12 hours long) and an additional 6 hours (all together 4x12 hours + 6 hours, i.e.
2 days and 6 hours of recordings). This approach also works for other time intervals (not just 1 second),

maximizing usage of storage capacity on the selected microSD card.

Figure 180: General Recorder setup to allow auto-recording restart, when reaches maximum file length

GENERAL REC.

PROFILE Standard

INTERVAL 1s
. e

Manual (12 hours (1666MB))
NETWORK EVENTS NONE
FOLDER NAME [

Recommended/maximal record duration: 01 hours /12 hours
Available memory: 01d, 03h (3770MB)

START HELP || CONFIG || CHECKC. |

Note: In case of recording with the interval shorter than 5 seconds, we recommend not to record

additional network events simultaneously with the recorder due to saving large files to SD card and lot

of processes needs to be done.

Note: Recorder file size is limited to 2 GB due to the FAT32 SD card formatting.

6.3.2 Waveform/inrush recorder

Sampling

7 kSamples/s, continuous sampling per channel. All channels are sampled
simultaneously.

Recording time

From 1 sec to 60 seconds.

Recording type

Continuous — consecutive waveform recording until user stops the
measurement or instrument runs out of storage memory. Max. 1500
records can be stored per session. Default setting is 200 records, more than
200 records can slow down the instrument.

Recording quantities

Waveform samples of: Ui, U,, Us, Uy, (U1z, Uas, Usi), I, Iy, I3, In

Trigger

Voltage or current level, voltage events, alarms defined in alarm table or
manual trigger.

6.3.3 Waveform snapshot

Sampling

7 kSamples/s, continuous sampling per channel. All channels are sampled
simultaneously.

Recording time

10/12 cycle period.

Recording Waveform samples of: Uy, U,, Us, Uy, (U12, Uas, Usi), Iy, 1, 13, In,
quantities all measurements.
Trigger Manual; every 60 minutes if option is selected in General recorder; at

Start/End of General recorder

6.3.4 Transient recorder

Sampling

MI 2893:
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1 MSamples/s, continuous sampling per channel. All channels are sampled
simultaneously.

MI 2892/MI 2885:

49 kSamples/s, continuous sampling per channel. All channels are sampled
simultaneously.

Recording time

MI 2893: One cycle period.
MI 2892/MI 2885: programmable Pretrigger/Duration... up to 50 periods max.

Recording Waveform samples of: Ui, U, Us, U, (U1z, U2z, Usa), 1y, 1, 13, In
quantities
Trigger: MI 2893:

Transient selection measurement between N/GND

Envelope and level trigger simultaneously- for details see section 5.1.20

MI 2892/MI 2885:

Transient measurements related to Neutral line; single trigger selection only.
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6.4 Standards compliance

6.4.1 Compliance to the IEC 61557-12

General and essential characteristics

Power quality assessment function -A
D Indirect current and direct voltage
Classification according to 4.3 me?surement .
ss Indirect current and indirect voltage
measurement
Temperature K50
Humidity + altitude Standard
Measurement characteristics
Function symbols Class according to IEC 61557-12 Measuring range
p 1 2 % + 200% Inom ¥
Q 1 2 % +200% Inom Y
S 1 2 % + 200% Inom !
Ep 1 2 % +200% Inom Y
Eq 2 2 % +200% Inom Y
eS 1 2 % +200% Inom'"
PF 0.5 -1+1
I, Inom 0.2 2 % Inom + 200 % Inom
lhn 1 0% + 100 % Inom
THD: 2 0% + 100 % Inom

(1) — Nominal current depends on current sensor.
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6.4.2 Compliance to the to the IEC 61000-4-30

IEC 61000-4-30 Section and Parameter MI 2893/MI 2892 Class
Measurement
4.4 Aggregation of measurements in time
intervals* )
e aggregated over 150/180-cycle Tlmes.tamp, A
e aggregated over 10 min Duration
e aggregated over 2 h
4.6 Real time clock (RTC) uncertainty A
4.7 Flagging A
5.1 Frequency Freq A
5.2 Magnitude of the Supply U A
5.3 Flicker Pst, Pt A
5.4 Dips and Swells Ubip, Uswenr, duration A
5.5 Interruptions duration A
5.7 Unbalance u’ u® A
5.8 Voltage Harmonics Uho:so A
5.9 Voltage Interharmonics Uiho:so A
5.10 Mains signalling voltage Usig A
5.12 Underdeviation and overdeviation Uunder, Uover A
IEC 61000-4-30 Section and Parameter MI 2885 Class
Measurement
4.4 Aggregation of measurements in time
intervals* )
Timestamp,
e aggregated over 150/180-cycle Duration A
e aggregated over 10 min
e aggregatedover2h
4.6 Real time clock (RTC) uncertainty A
4.7 Flagging A
5.1 Frequency Freq A
5.2 Magnitude of the Supply u S
5.3 Flicker Pst, Pt A
5.4 Dips and Swells Ubip, Uswenl, duration S
5.5 Interruptions duration S
5.7 Unbalance u’ u® S
5.8 Voltage Harmonics Uhg:so S
5.9 Voltage Interharmonics Uiho:so S
5.10 Mains signalling voltage Usig S
5.12 Underdeviation and overdeviation Uunder, Uover A

* Instrument aggregate measurement according to selected parameter in GENERAL RECORDER.
Aggregated measurements are shown in TREND screens, only if GENERAL RECORDER is active.
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7 Maintenance
7.1Inserting batteries into the instrument

Make sure that the power supply adapter/charger and measurement leads are disconnected
and the instrument is switched off before opening battery compartment cover.
Insert batteries as shown in figure below (insert batteries correctly, otherwise the

2.
instrument will not operate and the batteries could be discharged or damaged).

vv3zis + ;

Figure 181: Battery compartment

1 Battery cells
2 Serial number label

Turn the instrument upside down (see figure below) and put the cover on the batteries.
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Figure 182: Closing the battery compartment cover

4, Screw the cover on the instrument.

A Warnings!
[ ]

Hazardous voltages exist inside the instrument. Disconnect all test leads, remove the power
supply cable and turn off the instrument before removing battery compartment cover.

e Use only power supply adapter/charger delivered from manufacturer or distributor of the
equipment to avoid possible fire or electric shock.

e Do not use standard batteries while power supply adapter/charger is connected, otherwise
they may explode!

o Do not mix batteries of different types, brands, ages, or charge levels.

e When charging batteries for the first time, make sure to charge batteries for at least 24 hours
before switching on the instrument.

e Rechargeable NiMH batteries, type HR 6 (size AA), are recommended. The charging time and the
operating hours are given for batteries with a nominal capacity of 2400 mAh.

e [f the instrument is not going to be used for a long period of time remove all batteries from the
battery compartment. The enclosed batteries can supply the instrument for approx. 5 to 7 hours
(MI12892/2885); and 3 to 5 hours (MI 2893) (depends on the battery state, environmental
conditions etc).

7.2 Batteries

Instrument contains rechargeable NiMH batteries. These batteries should only be replaced with the
same type as defined on the battery placement label or in this manual.

If it is necessary to replace batteries, all six have to be replaced. Ensure that the batteries are inserted
with the correct polarity; incorrect polarity can damage the batteries and/or the instrument.

Precautions on charging new batteries or batteries unused for a longer period

Unpredictable chemical processes can occur during charging new batteries or batteries that were
unused for a longer period of time (more than 3 months). NiMH and NiCd batteries are affected to a
various degree (sometimes called as memory effect). As a result, the instrument operation time can be
significantly reduced at the initial charging/discharging cycles.
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Therefore, it is recommended:
e To completely charge the batteries
e To completely discharge the batteries (can be performed with normal working with the
instrument).
e Repeating the charge/discharge cycle for at least two times (four cycles are recommended).
When using external intelligent battery chargers one complete discharging /charging cycle is performed
automatically.

After performing this procedure, a normal battery capacity is restored. The operation time of the
instrument now meets the data in the technical specifications.

Notes:

The charger in the instrument is a pack cell charger. This means that the batteries are connected in
series during the charging so all batteries have to be in similar state (similarly charged, same type and
age).

Even one deteriorated battery (or just of another type) can cause an improper charging of the entire
battery pack (heating of the battery pack, significantly decreased operation time).

If no improvement is achieved after performing several charging/discharging cycles the state of
individual batteries should be determined (by comparing battery voltages, checking them in a cell
charger etc). It is very likely that only some of the batteries are deteriorated.

The effects described above should not be mixed with normal battery capacity decrease over time. All
charging batteries lose some of their capacity when repeatedly charged/discharged. The actual decrease
of capacity versus number of charging cycles depends on battery type and is provided in the technical
specification of batteries provided by battery manufacturer.

7.3 Firmware upgrade

Metrel as manufacturer is constantly adding new features and enhance existing. In order to get most of
your instrument, we recommend periodic check for software and firmware updates. In this section
firmware upgrade process is described.

7.3.1 Requirements

Firmware upgrade process has following requirements:

- PCcomputer with installed latest version of PowerView software. If your PowerView is
out of date, please update it, by clicking on “Check for PowerView updates” in Help
menu, and follow the instructions

- USB cable

E Metrel PowerView v3

File View Tools | Help

0DEH Contents F1 n directo

Check for PowerView updates |

m I |
- M Check for Firmware updates "Ck ]
| \ s About

Tog d somie

Figure 183: PowerView update function

Index

Search

ol s e 4

240



MI 2893 / MI 2892 / MI 2885 Firmware upgrade

7.3.2 Upgrade procedure

1. Connect PC and instrument with USB cable
2. Establish USB communication between them. In PowerView, go to Tools=>Options menu and set

USB connection as shown on figure below.
Settings x

Instrument Connection  Envionment  Troubleshooting

Connection Type

Connection type Use i

USE port parameters

Port Name | Mo ports found ~

Baud Rate |9219|]] v

Apply | Ok || cancsl

Figure 184: Selecting USB communication

3. Click on Help = Check for Firmware updates.

Help

Contents F1 direc

File View Tools

DEHdlS R q

Index

Search

Check for PowerView updates
Check for Eirmware updates
About ...

@i- 08

Figure 185: Check for Firmware menu

4. Version checker window will appear on the screen. Click on Start button.

PT Metrel PowerView Version Checker v3.0.0.1789 M =] [F3| Bl = Metrel PowerView Version Checker v3.0.0.1789 ] 3
Juss =l Juss =l
IMeasurement Instrument USE VCom Port {COM2) j Start IMeasL.lrement Instrument USB VCom Port {COM2) j Start
Js21500 =l

|s21600 =l

Figure 186: Check for Firmware menu

5. If your instrument has older FW, PowerView will notify you that new version of FW is available.
Click on Yes to proceed.
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@ Metrel F, i L = ﬁ

Updated version is available J

'.0.' Mew version found: 2.0.2259

- Do youwant to downlead and install this update? :l

Figure 187: New firmware is available for download

6. After update is downloaded, FlashMe application will be launched. This application will actually
upgrade instrument FW. Click on RUN to proceed.

= =]

— Project: upgrade.finp
Instructions

FlashMe

firmware upgrade softw

k on the Run b

— Progress
Step:

Operation:

—COM Port

EEEECECE S Rl R =  COM 2 (Measurement Instrument USB VCom Port [fid

Figure 188: FlashMe firmware upgrade software

7. FlashMe will automatically detect M1 2893/MI 2892/MI 2885 instrument, which can be seen in
COM port selection menu. In some rare cases user should point FlashMe manually to COM port
where instrument is connected. Click then on Continue to proceed.
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=10l ]

FlashMe 2.3
— Project: upgrade.fmp
— Instructions

[»

Connect instrument USB port

with PC.
hd

— Progress
Step: 1/3
Operation:

—COM Port

Please select a communication port: ICOMZ (Measurement Instrument USB VCom Port L]

Continue Cancel

Figure 189: FlashMe configuration screen

8. Instrument upgrade process should begin. Please wait until all steps are finished. Note that this
step should not be interrupted; as instrument will not work properly. If upgrade process goes
wrong, please contact your distributor or Metrel directly. We will help you to resolve issue and

recover instrument.
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~ioix

— Project: upgrade.fmp
—Instructions

| »

Connect instrument USB port
with PC.

hd

— Progress
Step: 1/3

Operation: Programming FLASH

I

— COM Port

Please select a communication port: !CDMZ (Measurement Instrument USB VCom Port _'J Cancel

Figure 190: FlashMe programming screen

7.4 Power supply considerations

A Warnings

e Use only charger supplied by manufacturer.
e Disconnect power supply adapter if you use standard (non-rechargeable) batteries.

When using the original power supply adapter/charger the instrument is fully operational immediately
after switching it on. The batteries are charged at the same time, nominal charging time is 3.5 hours.
The batteries are charged whenever the power supply adapter/charger is connected to the instrument.
Inbuilt protection circuit controls the charging procedure and assure maximal battery lifetime. Batteries
will be charged only if their temperature is less than 40 °C.

If the instrument is left without batteries and charger for more than 2 minutes, time and date settings
are reset.

7.5 Cleaning

To clean the surface of the instrument, use a soft cloth slightly moistened with soapy water or alcohol.
Then leave the instrument to dry totally before use.

A Warnings

e Do not use liquids based on petrol or hydrocarbons!
e Do not spill cleaning liquid over the instrument!
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7.6 Periodic calibration

To ensure correct measurement, it is essential that the instrument is regularly calibrated. If used
continuously on a daily basis, a six-month calibration period is recommended, otherwise annual
calibration is sufficient.

7.7 Service

For repairs under or out of warranty please contact your distributor for further information.

7.8 Troubleshooting

If ESC button is pressed while switching on the instrument, the instrument will not start. Batteries have
to be removed and inserted back. After that the instrument will start normally.

8 Version of document

# | Document version | Description of changes

5 |1.51 - Programmable Waveform duration (Events & Alarms) captured under
General Recorder

- Added option “No limit” for Transient recorder saving option (replaced
“Single”)

- Removed obsolete current clamps from the list of available current clamps
- Note added — Energy/Demand measurement during current clamp auto
ranging

- Phase current clamp inversion

- A 1783 current clamps added

4 (141 - Update of Standard’s definitions

- Indoor/Outdoor use

- Removed printer section 4.2.1

3 1131 - Storage temperature increased to -40°C

- Added E-Meter measurement on the primary transformer side

- Added info about recorder auto-restart — when recorder file reaches
maximum file length

- Added A 1398 PQA current clamps

- Added note, related to recording with integration period less than 10
seconds

2 121 - Added E-Meter recorder

- Added Backlight functionality

- Added GPS coordinates

- Energy Recorder improvement

- Added R.F.

1 111 - First official version
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Manufacturer address:

METREL d.o.o.
Ljubljanska 77,
SI-1354 Horjul,
Slovenia

Tel: +(386) 1 75 58 200

Email: info@metrel.si
https://www.metrel.si
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