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Bb3 OcHOBa Ha aHanM3 Ha XapaKTepUCTUKMTE Ha CbLUECTBYBALM (DUPMEHW aHanM3aTopu, aBTOPUTE Ca CUHTE3UpanM MUKDOMPOLIECOPEH aHanu3atop Ha
noka3aTenuTe Ha eneKkTpoMarHuTHa CbBMECTUMOCT B eMeKTPOCHAGAUTENHN CUCTEMM C HECMHYCOWAANHU U HECUMETPUYHI PEXUMU HA HarpeXeHneTo u Toka. B
[OKnafa ca MpeacTaBeHn CTPYKTypaTa W (yHKUMOHANHUTE Bb3MOXHOCTU Ha M3paBoTeHus aHanu3aTop OT [MedHa Touka Ha pexumu Ha pabota, amepBaHu
BEMWYMHM, HAYMH Ha BA3yanmu3aums, u ap.
PaspaboTeHusl aHanm3aTop Lue ChAeCTBa 3a NPAKTUYECKOTO MPUNOXEHUE Ha CTAHAAPTUTE MO eIEKTPOMArHTHA CbBMECTUMOCT B eMeKTPOCHaGAUTENHN CUCTEMH,
KOMTO B HAaCTOSILLMS eTan ca akTyanHu y Hac.

CbCTOAHME HA NMPOBJEMA 3A KOHTPOIT HA KOHTpOmbT M aHanu3bT Ha Te3u nokasaTenu Ce OCbLUeCT-
MOKASATENATE HA ENEKTPOMAIHUTHA BABa C aHanu3aTopu, NMPOM3BOACTBO HA PasnnyHM upmu.
CBbBMECTUMOCT Cnopes,  KOHCTPYKTWBHOTO CM  M3MbMIHEHWE NpeafiaraHuTe
aHanu3aTopy MoraT fja ce pa3fensT Ha ABe rpynut:
OCHOBHITE NOKA3aTeNy 3a KOHTPOM Ha eneKTpoMarHuTHaTa . ABTOHOMHM — TAKMBA, KOUTO ca 0GOCOBEHM KaTo
cwBmMecTumoct (EMC), kouto ca ﬂ?(bVIHI/IpaHVI 1 onpepeneHu B CaMOCTOSTENHO N3MepBaTENHO YCTPONCTBO, BKITHOYBALLO B
(BAC EN 61000-4-7; LLupnosckwit v ap., 1977; C.Cupepos v cebe CM BCUYKM HEoBXoaumu 3a paboTata KOMMOHEHTH.
ap., 2003) ca: TakuBa aHanu3atopu ce NPoM3BEXOaT OT (MPMU KaTo
- KoeduLMeHTUTE Ha XapMOHULUTE GOSSEN-METRAWATT GMBH wn LEM.
Ha HanpeXeHNeTo 1 ToKa;

- koeULMEHTUTE Ha . KOMMOHEHTHM — TakuBa, NpPU KOUTO OCHOBHM
HECUHYCOWANHOCT Ha HaMPEXEHETO 1 ToKa; eneMeHT WMNW yacT oT Tax ca 060cobeHn Kato

- npeTerneHnTe KoednLMEHTH Ha CaMOCTOSITENHM ~ YCTPOIACTBA  CbC  CTaHAAPTU3MPaHi
HECUHYCOWANHOCT Ha HAMPEXEHETO 3a MHAYKTUBHOCT BXOJ0BE 1 M3XOAW, M OT TAX MoraT fla ce KoHdMrypupar
KOH[IEH3aTOpHN BaTepuu; UANOCTHM  M3MEpBaTenHM  CUCTEMA C  Pa3nnyHu

- koehMLMEHTUTE Ha (hopmaTa Ha BB3MOXHOCTM. Hail-4ecToTo pelueHne e Aa ce uanonssa
KPUBMTE Ha TOKA U HANPEXEHIETO; MepcoHaneH KoMMoTbp 3a o0BpaboTka Ha faHHuTe,

- KoeULMEHTUTE Ha aMnnuTyaaTa BU3yann3aLMs, a MOHSKOra W 3a 3axpaHBaHe, a KaTo
Ha TOKA W HanpeXeHMeTo; oTaenHn 6rokose fja ce npeanarar :

- koeduLMeHTUTe Ha fedopmaLms - MbPBUYHITE npeobpasysateni
Ha KpUBUTE Ha TOKA 1 HAaNPEXEeHNeTo; (Signal Conditioning):

- NcoOMETPUYHUTE KOEPULMEHTH - aHanoro-LMdpoBus
Ha HanpexeHueTo, npeobpasysaten (ADC) unu nnatka 3a chbupaHe Ha

- KOBHULVEHTA Ha HECUMETPHA Ha nanHn  (Data Acquisition device). Tyk uma ronsmo
TPUCHa3HNTE C/CTEMY Ha HAMPEXEHVETO U TOKa, pasHooBpasue, KakTo BbB BUAA, B KOINTO ce npeanarat

- KOB(ULVEHTHTE Ha (PCI, ISA, PCMCIA nnaTkn 3a paslMpeHie KbM
HEYPaBHOBECEHOCT Ha TPUA3HUTE CHCTEMM Ha NepCOHanH MMM MPEHOCUMI  KOMMKTPM;  BBHLUHN
HanNPEEHUETo U Toka, ycTpolictea cabp3aHn no USB unn napaneneH nopt

- OTKITOHEHMETO U KonebaHueTo Ha KbM NepCOHanHn KOMMKTPW), Taka U B TEXHUYECKUTe
HaNpPEXEHNETO, WM XapaKTepUCTHKI,;

- OTKIOHEHMETO U KonebaHneTo Ha

- anBepK 1 NpUoxeH codtyep 3a
4YeCToTaTa Ha 3axpaHBaLLOTO HanpexeHue. Ap P P (ryep

nepcoHanHus  kommioTbp (Driver and  Application
Software);
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Cudepos C. u dp. CTPYKTYPA 1 PABOTA HA MMKPOIPOLIECOPEH AHAITM3ATOP HA ...

EgHn OT Hai-ronemMuTe NpPOW3BOAMTENM Ha TakvBa
yctponctea ca dupmute National Instruments, Hewlett-
Packard, Keithley, Computer Boards, u ap.

CpaBHsiBalikn  (OyHKUMOHANHUTE MM Bb3MOXHOCTU U
TEXHUYECKU MM XapaKTepUCTUKM MOXe Aa Ce Kaxe, ye oT
rMefHa ToYka Ha XapayepHUTe CM Bb3MOXHOCTM uMMaT
CPaBHMMM MapaMeTpy, a OT KbM NMPUIIOKHUS codhTyep BTopuTe
YecTo NpeAnaraT no pasHooGPa3HN (YHKLUMM 3a U3CneaBaHe,
ynpaBneHne W Bu3yanusauus. I OBeTe rpynu aHanuaatopu
UMaT CBOETO MPaKTUYECKO MpunoxeHue. MbpBUTE ca NECHO
rpeHocUMM W MoraT fa Ce M3nonseaT oT nepcoHana B
eKcnroataunsTa, fokato BTopaTa rpyna ca no-noaxoasilu 3a
nabopaTopuy 1 U3cnegoBaTencka pagora.

BbB Bpb3ka C HeMpeKbCHATOTO yBenuyaBaHe Ha 6pos
rofemMuHaTa Ha TOBapWTe Ha BKIOYBAHWTE YCTPOWCTBA C
HenuHelHa V-A xapaKTepucTuka, KOWTo CcMyllaBaT paboTaTa
Ha KOHBEHLMOHANHWUTE TOBAapW, M3MEepBATENHUTE W ynpaBns-
BaLLMTE KOMMIEKCH, a CbLiO Taka M BNE3NUTe B Cuna y Hac
XapMOHU3MPaHM CTaHOApTW 3a enekTpoMarHWTHaTa obcTa-
HOBKa Ce 3acurea HeobXxogumocTTa OT KOHTPON W aHanns Ha
nokasatenute Ha EMC B enektpocHabauTenHuTe cuctemu Ha
NPOMULLIIEHN NPELNPUATUS, THProBCKM KOMMIEKCH, XUIULLHU
crpagu, HaceneHu mecta u gp. ObukHOoBEHO npobrnema 3a
npunaraHeTo Ha creuuanuavpaHa anapartypa 3a OuleHka Ha
nokasatennte Ha EMC e Bucokata WM LeHa, HE CbBCEM
NECHOTO MM W3MOoN3BaHe B MPOM3BOACTBEHM YCMOBWS, U HEOD-
XOAMMOCTTa OT CbLUECTBYBAHETO HA OMUTHM CMELMAnUCTM fa
aHanuavpar nony4YeHnTe pesynTati OT U3MEPBAHETO.

Mmaikn npedBua BCUYKO KazaHO A0 TYK, aBTopuTe ca ce
CTPEMUI i@ CUHTE3MPAT aHanM3aTop, KOWTO OT efHa CTpaHa
fa e eBTWH, ymobeH 3a W3nomn3eaHe B MpakTukaTta, KaTto
ocurypsisa HeobxogmMmata TOYHOCT 3a KOHTpon Ha EMC
cropef akTyanHuTe CTaHZapTW, a B CbLIOTO BpeMe Aa Aaje
Bb3MOXHOCT 33 MO-HATaTbLUHM EeKCepUMEHTU U W3cneaoBa-
Tencka pabora.

CTPYKTYPA HA AHANN3ATOPA

CrpykTypHaTa (6rokoBa) cxema Ha u3paboTeHaTa OT
aBTopute cucteMa e fJafeHa Ha Ourypa 1. OcHoBHWTe
eneMeHTU Ha cuctemara ca:

MbpBMYHM Npeobpa3syBaTenu

MbpBudyHNTE NpeobpasyBaTenn ca CblieCTBEHA YacT OT
BCSKa CUCTEMA 3a M3MepBaHe W aHanu3 Ha enekTpu4ecku
BENMMYNHK, KaTo TBbPAE 4YeCTo Te onpedenar TOYHOCTTa U
Bb3MOXHOCTUTE Ha LANOTO YCTPOMCTBO. [locpeacTBom
MbpBUYHUTE NpeobpasyBaTeny, 3MepBaHUs aHanoroB CuUrHarn
ce npeobpasyea [0 HMBA NOAXOASALLM 33 aHamNoroBo-LngpoBo
npeobpa3sysaHe.

MbpBUYHUTE NpeobpasyBaTenn U3NOMn3BaHu B peannau-
PaHUs aHanM3aTop, OTrOBapsT Ha MOBMLUIEHW W3UCKBaHWS W
Mo3BOMSABAT Aa Ce NOCTUTHE:

-HeoOxoauMaTa TOYHOCT, Ypes OrpaHWyaBaHe Ha ammnu-
TyOHaTa W (hasoBaTa [pellka B OMPEedenieHn TpaHuuyM U
MUHUMareH COOCTBEH LUyM;

-nofabpXaHe Ha [OCTAaTbYHO LUMPOK 0BXBaT Ha M3Mep-
BaHUTE BENWYWHY; HMBATA Ha HaNpeXeHWe B enekTpocHabau-

TEMHUTE CUCTEMW Ca CTaHAapTWU3MpaHW, KaTto npu ToBa ce
HOpPMMpa M MaKCUManHOTO OTKMOHEHWE Ha HanpeXeHWeTo;
TOBa MO3BOMSBA HanpexeHoBuTe npeobpasysaTtenu ga ce
npoekTupat 3a noctosHHo HuBO 380 Veff; B cblioTo Bpeme
MbpBUYHUTE NpeobpasyBaTeny Ha ToK TpsbBea ga ocurypsisat
N3MepBaHe B MHOTMO LUMPOK [JwanasoH, kato npu ToBa
W3MON3BaHETO Ha MacoBO Pa3npPOCTPaHEHUTE TOKOBW TpaHc-
hopMaTopu € OrpaHUyeHo, 3alloTo TAXHATa TOYHOCT Cce
rapaHTupa camo 3a HUCKM YeCTOTH.

-N03BONSBA Pa3fMYHA CXEMM HA CBbp3BaHe; BXOAHUTE
npeobpasysatenu TpsbBa Oa NO3BONSBAT W3MEpBaHe Ha
PasnuYHN enekTPUYECKN BEMUYMHA B egHOasHKu, TpudasH,
NOCTOSHHOTOKOBW, CUMETPUYHN 1 HECUMETPUYHN BEPUTN.
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Oueypa 1. Briokosa cxema Ha MUKDPONPOUECOpHama cucmema

-OCUrypsiBaT ranBaHWYHO pasBbp3BaHe Ha W3MepBa-
TerHaTa W CunoBaTa Bepurit; ToBa NOBULLABA HaleXaHOCTTa 1
GesonacHocTTa Ha ypeda, kaTto ro npasi No-yCTOMYMB Ha
HEM3BEeXHITE NPU eKcrnoaTaws rpeLUkiA Npu CBbP3BaHe;

- HUCKA LieHa; TOBA YCMOBME YECTO € Onpemenswio npu
nsbopa Ha MaTepuanHa 6asa M CXEMHM peLIEHNS:;
MOHIKABAHETO Ha LieHaTa Heu3BexHO BOAM A0 KOMMPOMUCH
M0 OTHOLLEHME Ha ApyrvTe NapameTpu Ha cucTemara.

BxogHu npeoGpasyBaTenn Ha ToK. ChbllecTByBaT Tpu
OCHOBHY NoAXofia Npy M3MepBaHe Ha Tok:

- llyHTOBM peaucTopu. ManonssaT ce NpeauMHO 3a
N3MEepBaHe Ha MOCTOSHEH TOK (CbLUECTBYBAT U LUYHTOBE 3a
MPOMEHIMB TOK MPW KOUTO CE B3EMaT Mepku [a Ce ocurypy
MUHUMATHO MHAYKTMBHO CbhpoTUBNieHNe). OCHOBHUTE UM
HemoCTaTbUM Ca ronemMute MM pasmepu W nuncata Ha
pasfensHe Mexay U3MepBaTesHa u U3MepBaHa Bepuru.

TOANILHUK Ha Murro-zeonoxkus yHusepcumem “Ce. Mear Puncku”, mom 46(2003), cs. I, MEXAHW3ALINA, ENIEKTPUOUKALINA U ABTOMATU3ALINA HA MUHUTE
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Queypa 2. briok nbpeuYyHU npeobpasysamenu

- TokoB TpaHccopmaTop. BTopuyHmMs TOK e nponop-
UMoHaneH Ha nbpBUYHMSA.  OOMKHOBEHO npu  LMGPOBO
“3mepBaHe Te3n TpaHcgopmMaTopy paboTaT ¢ Mambk TOBapeH

pesncTop, KoWTO  npeobpasyBa  BTOPUYHMS  TOK [0
MPOMOPLMOHANHO Ha HEro HanpexeHue. ToBa ca Hail YecTo
n3non3saHute  npeobpasyBatenu 3a  M3MepBaHe  Ha

NPOMEHNUB TOK.

- YcTpoiicTBa Ha ©asa edbekT Ha Xon. Ha 6asa edbekta Ha
Xon ce warpaxgar npeoOpasyBaTenu W3MepBaLM, KakTo
MOCTOSIHEH, Taka W MPOMEHMB TOK B MHOTO LUMPOK 4ECTOTEH
AVanasoH.

lMoBeyeTo NpoM3BOAMTENM NpeanaraT, KakTo CTaHAApTHUTE
TOKOBM TpaHcdopMaTopu Taka 1 Tean Ha 6asa echekta Ha Xon
C HanpexeHoB u3xog ¢ HMBo 1mV/A, koeTo Hu no3Bonsea Aa
u3nonssame ¥ gBata Tina 6e3 NpoMmsHa Ha ocTaHanara Yact
Ha cxemata Wi anropuTbma Ha pabora.
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Queypa 3. lnamka nbpeuyHU npeobpasysamenu

BxoaHu npeoGpasyBaTeny Ha HanpexeHue. B pesynrar Ha
(hMKCMPAHOTO HMBO HA MbPBUYHOTO HaMpPEXeHUe Ce M3Nonasat
eBTUHM aKTMBHW fenutenu. Heobxogumata TOYHOCT npw
Pa3NMYHM  eKCrNoaTaLMOHHM  YCroBWS Ce  nocTura ¢
BMCOKOCTAGUMHM pe3ncTopu. [anBaHWyHO pasBbp3BaHe €
OCBILECTBEHO YPE3 M3NON3BaHe Ha MMUHEHM OMTPOHM, KOUTO
ca u3bpaHn 3apaau CbLUECTBEHOTO HamansiBaHe Ha LieHaTa
Mpy ocUrypsiBaHe Ha 3af0BONMUTENHA TOYHOCT.

Ycuneaten-orpaHuuuten. lNpeobpasyBa BXxoaHUTE CUrHam
[0 HuBa noaxopswiy 3a AL Ha npouecopHus 6rnok. BxogHus
curHan ce noegura ¢ 2.5V, 3a pa ce npedage M
oTpuUaTenHara nonyesbiHa. AMnnuTydata Ha curHana ce
orpaHnyaBa go 5.1V. C npedBuoeHaTa Bb3MOXHOCT 3a
UnpoBO  ynpaBneHMe Ha ycunBaHeTo Ce NoBWLIABA
TOYHOCTTA.

HY®. HuckoyectoTHUAT UNTLP € 3adbiXUTEenHa YacT oT
BCAKA CHUCTEMa peanuavpallaTa XapMOHWYeH aHanua. ToW
Moxe fOa Obae W3MbMHEH KaTO aHaroroB, UWGpPOB WM
komOvHauMs OT [ABeTe, kaTo BCeKM OT nogxogute Wma
NpeanMcTBa N HEQoCTaTbLM.

AHanoroeust UNTLP OrpaHNyaBa LWyma B W3MepBaHWs
CUrHan npegu HeroBoto npeobpasyBaHe B uucpos Bua. B
TO3M CMUCBAT TOW NpeMaxBa HACMOXEHUTE HeobuyaiHw
MUKOBE, KOUTO MO MPUHLMM HE CE OTCTPaHsIBaT OT LnpoBuTE
cuntpu. Cnopen pasnpocTpaHeHO B NuTepaTypaTta MHEHWe
aHanorosute (UNTPKU ca Moaxogswm 3a Obp3u cuctemu,



Cudepos C. u dp. CTPYKTYPA 1 PABOTA HA MMKPOIPOLIECOPEH AHAITM3ATOP HA ...

KbOETO HamansBaT BpemeTo 3a obOpaboTka Ha curHana.
lMpedBuageHa € Bb3MOXHOCT 32 M3MOM3BAHETO W Ha [BaTta
BUaa punTpu.

MwukpokoHTponep

MMpn n3bopa Ha KOHTpONep Ce Tbpcexa CrnegHUTe 0By
XapaKTepUCTUKM, CbOOPa3HO W3UCKBAHMSITA HA MOCTaBEHUTE
3agaun: pobpa msuncnuTenHa cnocobHOCT; KOMYHUKALMOHHM
Bb3MOXHOCTW (pa3HoOOpa3HM WMHTEPQENCH); Bb3MOXKHOCT 3a
BbHILHA agpecauusi, 3awoto uma pfobaBeHa  BLHLLHA
(DombnHUTENHA) nameT; [OCTaTbyHO Obp3, MHOrOKaHaneH
aHanoro-ungpos npeobpasysaten (Bb3MOXHOCTTA 3@ BBHLUHO
ADC He oTmapa npu crefpallo pasBuTME Ha ypeda); eBTWH;
[OCTAaTbYHO BXOHOBE M u3xogu C 0OWO MpeaHasHaveHue
(4ecTo B enekTpocHabaUTENHNTE CUCTEMW Ce M3MCKBA [a Ce
M3BbPLWBAT W (YHKLUMM 32 YNpaBrieHWEe) U He Ha MOCHEeOHOo
MSICTO AOCTBMHA pa3BoiiHa cpeaa.

Kato usno Toea ca W npuunHuTE Aa ce cnpem Ha 16-6utos
KoHTponep Ha dumpmata Motorola, KOATO MMa ChegHuTe
XapaKTepuUCTUKM:

. Yectota Ha wwHata 25 MHz #

C-onTiMM3MpaHa apxMTEKTYpa 3a KOMMNaKTEH Koa.

. BrpageH wuHTepdenc 3a TecTBaHe Ha
nporpamute  (debug interface), BKIMHOUMTENHO
Bb3MOXXHOCT 3a MPOMSsiHA W YeTeHe Ha perucTpute npu
pabortella nporpama.

. Wuterpupara 256 K ®naw namer (Flash
EEPROM). MporpamupaHre, yeteHe, ustpueaxe ¢ 5V no
‘debug interface’.

o [Ba 8-kaHanHu aHanoro-Lngposu
npeobpasyBaTtens cbC 7|US BPEME Ha YCTaHOBSIBaHe.

. 8-kaHaneH 16-6utos nporpamupyem
TauMepeH Mogyn.

. lMopT 3a cBbp3BaHe Ha kraeuatypa (16-
ByTOHa) ¢ reHepupaHe Ha NpeKbLCBAHWS.

. 8/16-6utoB MOZYN 32 LIMPOYMHHO-UMMYNCHA
MoZynaums.

. CepuitHn  KOMyHWUKaLMOHHN  MHTepdeiica
(SCI).

. Cepuitnn nepucbepHn untepdeica (SPI).

. 12C wwHa

. CAN (Controller Area Network) uHtepdeiic.

B Hawwms cnyvaii He ca 13NOn3BaHu MbIHUTE Bb3MOXHOCTM
Ha €OHOUMNOBMAT KOMMIOTBP, TbA KaTO HAKOW He ca
HeobXoaMMM 3a U3MBIHEHWETO Ha MOCTaBEHWTE 3afayu, a
Apyrv ce umar npeasua 3a Obaello passuTHe Ha cuctemara.
EgnHua  cepueH komyHukauuoHeH uHTepdpeiic (SCI0) e
13MOMn3BaH 3a Bpb3ka C rpacuyHus TeuHokpuctaneH (LCD)
AVCnnen 3a ynpaerneHne Ha Bu3yanuaaumsta. [pyrust cepueH
KOMyHuKaLmoHeH uHTepdeiic (SCI1) e 3a ocbluecTBABaHE Ha
Bpb3ka Ha aHammuaaTopa C NepcoHaneH KomnoTbp no RS232
uHTepdoeric. ToBa MO3BONSBA, KaKTO  ympaBrieHWe Ha
aHanusatopa OT MEPCOHaNHUAT  KOMMIOTBP, Taka W
NPEXBbPMSHE HA BCWYKM 3aCHETW OT HEr0 AaHHW KbM
MEepPCOHarHNs KOMMIOTbP 3@ CbXpaHEHWe W [OMbHUTENHA
obpabotka u aHanu3. CepueH nepudepeH uHtepdeiic (SPI0)
€ 3a KOMyHWKauus C 4acoBHWka 3a peanHo Bpeme (RTC)
BrpajeH B aHanu3aTopa. EOWH OT BXOAOBETe Ha TalMepHUs
MOZyn ce u3ron3Ba 3a W3MepBaHe Ha YecToTaTa Ha
HanpPeXeHWETO.

Mamet

CvotBeTHO omepaTtuBHa nameT (RAM) 3a npomeHnuem w
[aHHW, MONM3BaHW OT MporpamuTe, W MameT 3a koga Ha
nporpamute (ROM). Mpu pelwasaHeTo Ha TakuBa npobnemu
0BMKHOBEHO € HYXXHO, roNSiMO KONMYeCTBO MameT, Thii KaTo ce
Hanara fa ce obpaboTBaT U CbXpaHsaBaT roneMu Macusm ot
JaHHW. B cnyyas nameTTa B KOHTpOnepa € HefocTaTbyHa,
nopagu koeTo e JobaBeHa BbHLLUHA OnepaTMBHA NaMer.

KnaBuatypa

Ts cnyxu 3a u3bopa v 3afaBaHe Ha PasnUYHUTE PEXUMM Ha
paboTa Ha u3MepBaTenHaTa CUCTeMa, 3a yNpaBNeHne HaunHa
Ha BW3yanu3auws Ha pes3ynTaTuTe, 3a BbBEXZAHE Ha
napameTpu 1 ap.

Mopgyn 3a Bu3yanusaums

Tow BknouBa rpadmueH TeuHokpuctaneH (LCD) aucnnen ¢
pasgerutenHa cnocobHocT 240/128 w  koHTponepu 3a
yNpaBneHneTo My.

3axpaHBaly 6nok u 6atepus

Te ocurypsBaT BCUYKM HeobXxoouMu  3axpaHsalLy
HanpexeHWsl Ha OTAENHUTE EeNeMEHTM Ha cucTemarta, kaTo
no3eonsiBa M 3ama3BaHe CbAbPKaHWETO Ha OnepaTuBHaTa
nameT MpW NWNCa Ha BBHLWHO 3axpaHBaHe (MPUMEPHO Npu
npeHacsHe Ha U3MepBaTENHOTO YCTPOMCTBO).

Bnok 3a komyHukaums (RS232)

Upes Hero ce OCbHLUECTBSBA Bpb3ka C MEpCOHaneH
KOMMIOTbP, KOETO HM € TMO3BONMWMO Ja  MpedBuauM
Bb3MOXKHOCTW 4pe3 pa3paboTeH OT Hac codTyep 3a
[OMbNHUTENHa 00paboTka Ha M3MepeHUTe JaHHW, NOAroToBKa
Ha AaHHWTE 3a U3NOM3BaHe OT APYrW CTaHAAPTHW NPUMOXEHNS
3a aHanua, 3a ynpaBreHue Ha npoleca Ha M3MepBaHe W no-
[eTaiinHa u pa3HoobpasHa Bu3yanu3auus Ha NONy4eHuTe
pesynTaru.

YacoBHuk 3a peanHo Bpeme (RTC)

Upe3 Hero ce peructpupat gatata W YacbT Ha BCSKO
HanpaBeHO M3MepBaHe M Ce Cneau 3a U3BbpLBAHE Ha
npeaBapuTenHo 3afafieHu onepauuu OT aHanusatopa mno
onpegeneH rpaduk.

DYHKUMOHANHN Bb3MOXHOCTM U PEXUMM Ha paboTa

Mpepnaralnat aHanuaatop ( Ha ®urypa 5 e gageH obwms
BM[ Ha aHann3aTopa) Ha 6asata Ha M3MEPEHUTE HanpPeXeHus!
M TOKOBE W3YMCTIsIBA aKTMBHATa, peakTMBHATa W MbfHaTa
MOLLHOCTY, €HeprMTe W [pyrM BENUYMHU CBBp3aHn C
KOMMYECTBEHUTE W Ka4yeCTBEHW MOKa3aTenu Ha enekTpu-
yeckata eHeprusi. CBbp3BaHETO Ha Hanmpexenueto go 400 V
CTaBa OWPEKTHO KbM ypeda, a Ha Toka npe3 amnep-KreLip.
[JOMbRHMTENHM BB3MOXHOCTM KaTo  LWUGPOBM U3X0QM U
WHTEPGENC KbM  MepcoHaneH  KOMMOTbP  Cblo ca
peanuaupaxy.

TOANILHUK Ha Murro-zeonoxkus yHusepcumem “Ce. Mear Puncku”, mom 46(2003), cs. I, MEXAHW3ALINA, ENIEKTPUOUKALINA U ABTOMATU3ALINA HA MUHUTE
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- koeuUMeHTa Ha HECMHYCOMOANMHOCT Ha
HanpeXeHWeTo U ToKa;

- koedhuUMEHT Ha chopmaTa;
- koedhuUMEHT Ha gedopmaums;

aKTUBHaTa, peakTMBHATa, MbfiHaTa W
AeopmupatLLata MOLLHOCTH;
WHdopmaLmsiTa MoXe fa ce Noka3sa Ui B TabnmyeH Bug unm
BbB B1A Ha AYX n dYX.

Queypa 5. Obuw 8ud Ha aHanusamopa

. Pexum npexodHu npouyecu — Ha 0Gasata Ha
OMCKPETUTE HA HanpeXeHeTo M Toka 3a 3ajafeH
WHTepBan OT Bpeme 3a HalnitofeHne ce M3uuCrsiBa
korebaHMeTO Ha HanpeXeHWeTo W BbPXOBUS TOK.

Gueypa 4. [lnamka MUKpONpPOUECOPHa cucmema Bu3yanuaupaT ce KpUBMTE Ha HampexXeHWeTo 1 Toka Mo
a3n. CTapTUPaHETO Ha M3MEPBAHETO MOXe f1a CTaHe
Pexvmu Ha paGoma u u3mMepBaHy Benu4uHn PBYHO (OT BYTOH Ha MMLEBMS NaHen) Wi B TOYHO

AHanuaaTopa UMa HAKOMKO pexuma Ha paboTa, KouTo ce
13upart oT noTpeGuTens. PexuM1Te N Bb3MOXHOCTUTE, KOUTO
npeanarar ca criegHure:

onpezaeneH yac.

. Pexum cmamucmuka — B Toan pexum ce 3anasa

WUHTEpBan OT BPEMe Mpes, KOWUTO U3UNCTIEHNTE BENMYMHN

* Pexum usmepsare — B T03M PeXuM Ha pabota, Ha (BUX PEXMM M3MEpBaHe) Ce 3an1cBaT B NameTTa Unu ce

GasaTa Ha 3aCHETUTE CTOWHOCTU Ha HampexeHuerTo MATIDALLAT KbM NEPCOHANEH KOMMIOTHD, OCBEH TOBA C

TOKA Ce M3YMCIABAT CMIE[HUTE OCHOBHU ENeKTPUYecky OTDSOENST  HSKOM  CTAHMADTHA  CTATMCTMYECK
BENW4VHN 32 BCAKa (hasa: napameTpy 3a chBpaHata MHopMaLs.

- €(EKTUBHU CTOMHOCTU Ha HanNPEXeHWeTo -

Urms 1 Toka - Irms; ) . Pexum eHepaus — B TO3M PEXuUM aHanuatopa

- MaKkcumanduTe CTOMHOCTU Ha paboTu KaTo enekTpoMep, T.e. U3YMCIABA Ce aKTUBHATA

HanpexeH1eTo - Un 1 TOKA - In; W peaKTBHA eHepris. B Toan pexum MoraT fga ce

- aKTUBHaTa MOLLHOCT — P; HacTpOBAT YacoBMTE 30HM COpen  LEHUTe Ha

- PeaKTUBHATA MOLHOCT — Q: eneKTpOeHeprusiTa, kato MoraT fAa Ce BbBeXaaT u

camuTe LieHW, Taka Ye Aa Ce MoKaseaT HampaBo M
LbITKMMUTE CymMn. Buayanusaupsita BKoYBa nokassaHe
Ha aKTMBHATA W peakTVBHA eHeprus no ¢asu u obLyo,
BbB BU Ha Tabnuum Uk Ha TOBapOBY rpacuuy.

- MbIiHaTa MOLHOCT — S;

- hakTopa Ha MOLLHOCT;

- yecToTaTta Ha HanpexeHueto — f; (Ha dhasa
1);

- OTKNOHEHMETO  Ha  YecToTaTa  Ha
HanpeXeHNeTo;

- OTKITOHEHMETO Ha HaNpPEeXeHNeTo.

o Pexum KomneHcupaHe Ha peakmusHUme moeapu —
B TO3M pEXUM ce MpegBuwkga Aa moraT ga ce
M34MCnsBaT HeobXO4MMNUTE KOHAEH3aTOpHM baTtepun 3a
OnpefeneHn TOuKW OT cxemaTa Ha 0Oasata Ha

L] -_
Pexum XapMOHUYeH aHasu3 B TO3U PEXUM Ha M3MepBaHWTe BEMMYMHI,

fasata Ha 6bp30To NpeobpasysaHue Ha Pypue (FFT) ce
npaBy XapMOHWYEH aHanM3 Ha HanpexXeHneTo 1 Toka A0
50-™ xapMOHMK, KaTo 3a BCska hasa M BCEKM XapMOHMK
MOraT ia ce BU3yanuaupar CregHuTe CTOMHOCTY:

- €(EKTUBHIN CTOMHOCTW Ha HANPEXEHNETO M
TOKa M0 XapMOHMULM, B UMEHOBAHMW 1 OTHOCUTEMHU
eanHuLn (KOGCII)I/ILMGHT Ha XapMOHVIKa); b Pexum mecm u HacmpoUKU — TO3W PEXUM € 3a TecT

- HayanHuTe a3u Ha XapMOHULINTE; 1 HaCTPOVKa Ha HSKOM OCHOBHM NapameTpn U1 yHKLuK

Ha aHanu3aTopa kato:

. Pexum aHanu3 Ha HecumMempusima — TO3M PEXUM
aHanuaupa W WM34NCRsBa MoKasaTenute CBbp3aHu C
HecuMeTpusiTa B TpUasHN cUCTeMM.
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Cudepos C. u dp. CTPYKTYPA 1 PABOTA HA MMKPOIPOLIECOPEH AHAITM3ATOP HA ...

- koedMLUMeHTM Ha TpaHcdopmauus Ha
HanpeXUTENTHW U TOKOBU TpaHcdopmaTopu (ako uma
CBBP3aHu);

- kanubpupaHe
npeobpasysatenu;

- HacTpoiika Ha YacOBHMKA 3a pearHo
BpEME;

- HaCTpoiika 1 TeCTBaHe Ha KOMyHWKALWATa
C NEepCOHaNeH KOMMIOTBP;

- onpegensHe  MOCMefoBaTeNHoCcTTa  Ha
CBbp3BaHe Ha (hasuTe, BKIIOYBA W  BEKTOPHO
NpeacTaBsiHe Ha ekpaHa.

Ha MbPBUYHUTE

B 3akntoueHre MoXe fia Ce Kaxe, Ye Nnopaau CrIoXHOCTTa U
MHOro06pasneTo Ha peluaBaHUTe TEOPETUYHW W TEXHUYECKM
npobnemu, B nepcnekTvea LWe ce Aopaspabotar U
YCbBBPLUEHCTBAT MHOXECTBO OT MOCTABEHUTE 3ajaun W
anropuTMK, KOETO LUe HanmpaBW npegnaraHata cucTeMa MHOro
nonesHa, KakTo 3a npunaraHe B MpakTWkata, Taka M 3a

INpenopbyaHa 3a nybnukysaHe om
kamedpa “Enekmpucukayusi Ha musume ”, MEM®

npoAaviiXaBaHe W 3agbnboyaBaHe Ha M3cneaBaHusTa B
obnactta  Ha €NeKTpOMarHuTHata CbBMECTUMOCT B
eJ'IeKTPOCHa6,D,VITeJ'IHVITe cucremun.

NNTEPATYPA
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ABSTRACT

After analyzing the characteristics of the already existing analyzers manufactured by the leading companies on the market, the authors of this paper have designed a
microprocessor analyzer of the electromagnetic compatibility (EMC) of electrical power systems, having nonsinusoidal and unbalance regime of the voltage and
current.

The structure and functional capabilities of the designed analyzer are presented in this paper, fully revealing the operating conditions, the measured magnitudes,

types of visualization, and e.t.c.

The newly designed analyzer will contribute to the practical applying of the standards of EMC of electrical power systems, currently in use in our country.

STATUS OF THE PROBLEM OF CHARACTERISTICS
CONTROL OF ELECTROMAGNETIC COMPATIBILITY

The basic electromagnetic compatibility (EMC) charac-
teristics which are defined in (BAC EN 61000-40-7;
LUnanosckui n gp. 1977; C.Cugepos u dp. 2003) are:

- Harmonic ratio of current and
voltage components;
Voltage (Current) total harmonic

distortion (THD);
Normalized THD of inductions and capacitors;
Form factor;
Crest factor
Fundamental factor;
Voltage psofometric coefficient;
Unbalance factor;
Voltage deviation and fluctuation;
Frequency deviation and fluctuation.

PN P W~

The control and the analysis of these parameters are
performing by analyzers of various manufacturers. After
comparing these analyzers they can be divided into two groups
according to their constructional implementation:

. Autonomous - which are developed as a
independent measurement units, containing in them all
necessary components for working. Companies such as
GOSSEN-METRAWATT GMBH and LEM provide those
types analyzers.

. Component — or parts of them are implemented as
independent devices with standardized inputs and outputs
and they can be configuring whole measurement systems
with different facilities. Most often a personal computer is
used for data processing, visualization and sometimes for
supply. As separate units are offered the following:
- primary  transducers

Conditioning);

- analog-digital ~ transducer (Data
Acquisition device) or card for data gathering. There is
big variety both of types which offered (PCI, ISA,
PCMCIA card extend of personal and portable
computers; external devices connected by USB or
parallel port to PC) and in technical characteristics;

(Signal

- Drivers and Application Software;
for personal computer

Some of the biggest manufacturers of such devices are the

following companies: National Instruments, Hewlett-

Packard, Keithley, Computer Boards, and e.t.c. Personal

Engineering 1998

Comparing their functional abilites and technical
characteristics it is obvious that their hardware abilities are
almost equally, but the application software of the second
group offers various functions of research, control and
visualization. Both the groups of analyzers have their practical
application. The first type is easily portable and can be used by
personal in operation, while the second group is suitable for
laboratories and research work.

The necessity for permanent supervision of the parameters
of EMC is increased to the introduced European standards and
the increasing control of their observance and because of the
broad application of devices with nonlinear V-A characteristics
in industry, interfering the operation of convectional loads and
measurement and controlling systems. Usually the problem of
application of specialized systems for parameter evaluating of
EMC is their high price. Sometimes it is not very easy to use
them in industrial conditions.

Bearing in mind all mentioned above the authors aimed at
designing an analyzer, which of the one hand is cheap,
suitable for practical application, securing necessary precision
for EMC control according the standards currently in use. On
the other hand to give an opportunity of further experiments
and research work.

THE STRUCTURE OF THE ANALYZER

The block diagram of the system is shown on Figure 1. The
basic elements of the system are:

Primary transducers

The primary transducers are essential part of each system of
measuring and analysis of electric magnitudes. Often the
precision and the capability of the whole device depend of
them. The measured analog signal is transformed by the



primary transducers to levels suitable for further analog-digital
transformations.

There are high requirements to the primary transducers.

- To provide the required precision- amplitude and current
mistake in given tolerance and minimum self noise.

- To provide vast enough range of the measured values - the
levels of voltage in electrical supply systems are standardized
and along with this the maximum voltage deviation is set to
rate. It will allow the voltage transducers to be produced for
constant level of 380 Veff. In the same time the primary current
transducers should provide measurement in vast range of
values, as with this the use of current transformers should be
limited because their precision is guarantied only for low
frequencies.

R S T R S T 0
A
Input Transducer { v J { I J [ J {
U U U | | | |
ADC 10-bit 8 ch
Graphics LCD Module 2
240x128 pixel ]
o
K
768 kB - External RAM 12kB - Internal RAM .y ' 5l 3
A
256 kB - Internal
Flash ROM CPU
1 16 bit
25 MHz
Keyboard l—» ¢
Real Time Clock SPI sclo
Microcontroller
Power
RS232
}

Figure 1. Block diagram of the microprocessor system

- To allow different wiring diagrams — the input transducers
should allow measurement of different electrical values in
single phase, three phases, DC, symmetrical and asymmetrical
electric circuits.

- To provide voltaic diversion between the measurement and
the power circuits. That will increase the reliability and the
device safety, to give it higher resistance to the inevitable
exploitation errors in connecting.

- To be on low price. This condition is often defining in
choosing the necessary equipment and scheme design.
Dropping down the price would inevitably bring compromise
with the other parameters of the system.

Input current transducers: There are three basic methods in
current measurement:

- Shunt - basically used for DC (there are shunts for AC
with minimum inductance). Their basic faults are their big size
and the lack of voltaic diversion between the measurement and
the power circuits.
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Figure 2. Block diagram primary transducers

- Voltage transformer - the secondary current is
proportional to the primary. Usually in digital measurement
these transformers work with a small load resistor, which
transforms the secondary current to proportional to it voltage.
These are the transducers most commonly used for alternating
current measurement.

- Devices based on the Hall effect - there are a lot of
transducers based on the Hall effect, measuring AC along with
DC in very large frequency range.

Most of the manufacturers usually offer the standard
transformers and those based on the Hall effect with voltage
output 1mV/A, which allows both of them to be used with no
change for the rest part of scheme or the algorithm of work.

Input voltage transducers: As a result of the fixed level of the
primary voltage cheep active separators are produced. The
required precision in certain exploitation conditions could be
achieved with high stable resistors. Voltaic diversion is realized
with linear optrones use because of providing sufficient
precision with drawing down the price.

Amplifier - limiter: Transforms the input signals to levels
suitable for ADT of the processor block. The input signal is
increased with 2,5V so that the negative half-wave could be
transmitted. The amplitude is limited at 5,1V. The precision is
increased by the possibility for digital amplification control.

Low-pass filter. The low frequency filter is a-binding part of
each system for harmonic analysis. It can be realized like
analog, digital or combination of analog and digital and both of
the two methods have advantages and disadvantages.

The analog filter limits noise of measured signal before its
converting into digital. So it can remove irregular peaks that
can't be removed from digital filters. According to highly spread
opinion analog filters are suitable for fast systems, where they
decrease the signal processing time.

An opportunity for using both types filters is provided.

Microcontroller

The authors looked for following common characteristics by
choose of the controller according to the given tasks: good
calculate  abilities, communicate capabilities  (various
interfaces); possibility for external addressing according to
extended memory; fast enough, multichannel ADC (opportunity
for external ADC remain for following development of the
analyzer); cheap; enough inputs and outputs with general



purpose, often times in electro supply systems performing
control function is required and JocTbnHa pa3BoitHa cpega.

Figure 3. Primary transducers - PCB

These are the reasons why we use 16-bit processor of
Motorola with the following characteristics:
. 25 MHz bus operations at 5V for 40 nsec
minimum instruction cycles time and C optimized
architecture produce extremely compact code.

i Dedicated serial debug interface, on-chip

breakpoints and read/write memory and registers while
running at full speed.

o Integrated 256 K Flash EEPROM.
Programming, reading and erasing with 5V trough debug
interface.

. Two 8-channel A/D transducers 7 psec, 10-
bit single conversion time and scan mode available.

. 8-channel 16-bit with input capture, output
compare and pulse accumulator 16-bit modulus down
counter.

. 8-bit or 16-bit pulse-wide modulation.

i Asynchronous communication between the

MCU and a terminal, computer or a network of
microcontrollers (SCI)

i High-speed  synchronous communication
between multiple MCUs or between MCU and serial
peripherals (SPI).

. Inter IC bus (12C).

° Modules implementing the
(Controller Area Network) A/B protocol.

CAN 20

We don't use all the capabilities of the single chip computer,
because they are not necessary for our tasks and the other will
be used in the future development of the system. The first
serial communicational interface (SCIO) is used for connection
with graphic LCD for control of the visualization. The second
(SCI1) is used for connection of the analyzer with PC by
RS232. This allows controlling the analyzer by the PC; transfer
all the data from analyzer to PC for storing, processing and
analysis. The serial peripheral interface (SPI0) is used for
communication with real clock timer (RTC) build into analyzer.
One of the inputs of the timer module is used for measuring of
the voltage frequency.

Memory

This passage concerns both Random access memory RAM
for variables and data used in the programs, and the memory
for the program codes (ROM) Solving such problems usually
engages a good deal of memory because a lot of data is being
processed and stored. As the controller memory is insufficient
in this case external RAM is added.

Keyboard

It is used for choosing and setting-up of different operation
modes of the measuring system, for controlling of visualization
of results, for input of parameters and e.t.c.

Module for visualization
It consists of graphic LCD with resolution 240/128 and
controllers.

Supply unit and battery

They provide for all necessary supply voltages of the
separate system elements and allow saving of operation
memory content when there isn’t external supply (for example
when transporting measuring device).

Communication unit (RS232)

It is used for connection with PC, which allows us to foresee
opportunities for additional processing of measured data by our
software, for preparation of data for using by other standard
analysis application, for control of the measuring process and
more detail various visualization of results.

Real time clock (RTC)

It is used to register date and time of each measurement and
control the implementation of set in advance operations by
analyzer according to defined timetable.

Functional abilities and operation modes

On the basis of measured voltages and currents the analyzer
calculate the active, reactive and apparent power, energies
and other magnitudes connected with qualitative and
quantitative parameters of electric power. When the voltage
values are less than 400 V, connecting to the voltage inputs of
the device are direct while to the current inputs - by ampere



clamps. Additional options such as digital outputs and PC
interface are also provided.

Figure 4. Microprocessor system - PCB

Operation modes and measured magnitudes: The analyzer
has several operation modes, which are chosen by the user.
The following modes and options are offered:

. Measurement — under this mode on the basis of the
measured values of voltage and current the following basic
electric magnitudes of each phase are calculated:

- Effective value of voltage - Urms and
current - Irms;

- Maximum values of voltage - U, and
current - |y

- Active power — P;

- Reactive power — Q;

- Apparent power — S;

- Power factor;

- Frequency of voltage — f; (phase 1);
- Deviation of voltage frequency;

- Deviation of voltage.

. Harmonic analysis — under this mode on the basis of
Fast Fourier Transform (FFT) harmonic analyses of voltage
and current is carried out up to 50 " harmonic. The
following values of each phase and each harmonic can be
visualized:

- R.m.s. values of voltage and current for
each harmonic in named and relative units
(harmonic coefficient);

- Initial phases of harmonics;

- Voltage and current THD;
- Form factor;
- Fundamental factor;

- Active, reactive, apparent and deformation
powers;

Information can be shown in tables or charts.

Transient processes — on the basis of the discrete
values of voltage and current for given time interval
fluctuation of voltage and peak value of the current is
calculated. The curves of voltage and current are
visualized by phases. There are three possibilities to
start of the measuring — manually (from button in the
front panel) or automatically in preliminary adjusted time.

Statistics — under this mode for given time interval
the measured magnitudes are stored into the memory or
sent to PC (see measuring mode). After that some
statistic parameters of stored information are calculated.

Energy — under this mode the analyzer operates like
electric meter. It calculates active and reactive power.
There is a possibility to adjusts time zones according to
prices of energy, to input the prices currently in use and
to calculate and visualize the amount due. The
visualization includes displaying of active and reactive
power by phases and as a whole in tables or load
timetable.

Compensation of reactive loads — on the basis of
measured magnitudes calculation of necessary capacitor
banks for specific nodes of electro supplying system is
provided for.

Unbalance - under this mode the characteristics
connected with unbalance in three - phase systems are
analyzed and calculate.

Test and Set-Up — this option is for testing and
setting up of some characteristics and functions of the
analyzer like:

Transformation coefficients of power and
current transformers (if there are any connected);

- Calibration of primary transducers;
- Setting of real time clock;
- Setting and testing of communication with

PC;

- Determination of sequence of phase

connection. It includes vector diagram visualization
on the display.



Figure 5. Common view of Analyzer

It is important to be marked out that because of complexity
and variety of the solved theoretical ant practical problems we
have to elaborate many of the set tasks and algorithms. This

will make our system very useful for both practical application
and for continuation and extension of research in the field of
electromagnetic compatibility in electric power systems.
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