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Pasrnexgat ce I'IpOGJ'IeMVITe, CBbp3aHM C HUCKOTO MU30M1aLMOHHO CbNPOTUBIEHNE B MPEXUTE 3@ NOCTOAHEH TOK B €NEKTPONU3HN LieXOBe. HanpaBeH € aHanu3 Ha
NPUYNHUTE 33 HUCKOTO M30M1aLMOHHO CbNPOTMBIIEHNE B TE3N MPEXN U NPOU3TUHALLWUTE OT TOBa ONAcHOCTKU 3a paGOTeu.mTe, 3ary6m Ha enexkTpoeHeprua n TpyaHoCTH

Mpy U3MepBaHeTo.

PaspaboTeHa e 1 e BHeApeHa MUKPOMPOLIECOPHA CUCTEMA B ENEKTPONM3HUS Liex Ha “lOMUKOp-Men”, C KOSITO Ce OTYMTaT YTeYHUTE TOKOBe, 3arybute Ha MOLHOCT

€Heprus, HanpexeHuaTa cnpsamo 3emMa 1 acuMeTpuaTa Mexay Tax.

Enektpudeckata eHepritsi 3a €NEKTPONM3HUTE BaHW ce
npeobpadysa OT MHorodasHu [16/ wuanpaBuTenn u ce
pasnpefenst B ENEKTPONM3HUS LEX C MeAHW LUMHW CbC
ceveHne 10°‘mm?. Hanpexenneto goctura Hopmanto 4o 100
V, aToka — 10 000 A.

UnHMTe ca OTKPUTW, MOHTMPaHM BbPXY NOAMOPHM
“30MaTopu, NOAMOXEHM Ha arpecuBHata atmocdepa W Ha
npskoTo Bb3genctaue 0T nonagHan enektponut (H,SO,).
Toea obcrosATENCTBO, cbyeTaHo ¢ npobremute Ha
u3onauusTa Ha camuTe BaHW CMpsSMO 3eMs, onpefensTt u
3HaunTENHUTE no ronemmHa YTEYHU TOKOBe.
EkcnepumeHTanHo ©Oe onpefeneHo, 4e npu €LHOMOSKOCHO
OVPEKTHO K.C., TOKbT Ha yTeuka goctura go 240A. HopmarnHo
M30MALMOHHOTO CHMPOTUBMEHNE CMPSMO 3eMst Bapupa B
rpanmuute 10" go 10%Q), kouTo ca M3BLH 06XBATA Ha LUIMPOKO
W3MON3BaHNTE anapaTi 3a KOHTPON Ha  M30MaLMOHHOTO
CbMPOTUBIEHME. lMpomsiHaTa Ha M30MaLMOHHOTO
CbMPOTMBNIEHNE BBB (yHKUMS OT BpeEMETO e [ocTa
AVHaMMYHa.

C'bLLleCTByBaLIJ,aTa acuMeTpuaTa B HanpexeHndata cnpamo

3eMA Ce onpegena OT ackuMmeTpuaTa Ha CbOTBETHUTE
M30naunoHHN CbNPOTMUBIEHNA CNPAMO 3EMA:
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TpsbBa pga ce nogdyepTae, Ye acumeTpusita A Hocu
MHopMaLKst 3a pasnukaTta B M30MALMOHHUTE CbNPOTUBIEHMS!
R n R*, HO He n 3a TexHWTE abCOMIOTHU CTOMHOCTU, KOWUTO
NIMMWTUpAT TOKa Ha yTeuka.
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LinTupaHuTte ekcnepuMeHTanHo onpeaeneHn CTOMHOCTH Ha
N30MaLMOHHUTE CBMNPOTUBAEHNS U NUMUTUPAHUTE OT TAX
YTEYHU TOKOBE KbM 3eMsi Cb3fasaT npobremu B 4Ba acnekra:

* OnacHoct 3a ofcnyxeawms nepcoHan npw
€/[JHOMOIOCEH A0MMP;

o 3HauuTenHu 3arybu Ha en. eHeprusi, KOATO He e
CBbp3aHa NpsKo C eNEeKTPONU3HUA NPOLIEC;

KonuuyecTeeHa oLeHka Ha Tean gBa npobrema Moxe aa ce
Hanpasu Nno cxemata Ha dour. 1

OnacHocTuTe 3a 00CNyXBaLLWS NEPCOHAN Ca CBbP3aHu ChbC
pearHo CblUECTBYBallaTa Bb3MOXHOCT 3a €OHOMOIIOCEH
AVPEKTEH AONMP — Ype3 JOKOCBAHE HA TOKOBOLELLMTE LUMHN.

1.HanpexeHWeTo Ha AONMP KbM LWKHA “+” €:

Ry,R"U

U, =
R* R, + R (R" +Ryp)
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a Npu [OOKOCBaHe Ha LUWHa
HanpexeHue:

, YOBEKbT nonafda nop

- Ry.R U
Uj = —— == @)
R R+ R (R t+Ry)
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MakcuManHuTe OOMMPHW HampeXeHus ce noryyasaT KakTo
cnensa:

e Tpu gonvp kbM WMHa “+ " p~ = 0,
Up,=U

e [lpu gonump KbM WKHA “= " 1 R+ = 0
Up,=U

Mo Te3n cbobpaxeHns u B CboTBeTCTBUE C ynl. |-7-36(1) Ha
lMpaBunHMKa 3a YCTPOWCTBO Ha eneKkTpuyeckute ypeabu
(MYEY), opraHuTe 3a KOHTPON Ha Ge3onacHWTe ycrioBus Ha
TPYZ ca npeanucani MakcumarHo HanpexeHue 1o 100 V.

Ha npakTuka 3axpaHBallOTO HanpexeHue psOKo AocTUra
rnocoyeHaTa CTOMHOCT, Thbi KaTo ce onpemens oT Gpos Ha
paboTelluTe BaHW, HO CblUECTBYBa Bb3MOXHOCT TOBa
HanpexeHne fa Obe HafBULIEHO, KOETO O3HayaBa, Ye Mpu
eIHOMOMIOCEH  AMPEKTeH [OMMP UM AMPEKTHO  3eMHO
CbeMHEHNE Ha APYIUTE LWNHW Ca HamuLe pearnHu onacTHOCTM
3a YoBeKa. ECTeCTBEHO Taal puUCKoBa CUTYaLS ChLLECTBYBA C
MHOrO Marka BepPOSITHOCT, HO HE € U3KMoYeHa.

Wwmaitkv Bnpeasmua ycnosusTa 3a paboTa B €NeKTPONnU3HuTE
LiexoBe, Mo-NpaBuiHO € Aa ce npueme pasnopeabara B un. |-
7-37 Ha MNYEY, koiTO NUMWTMpPa MaKCUMarHo [OonycTUMO
LOMUPHO MOCTOSIHHO HanpexeHue fo 50V. Tosa ycnosue Ha
npakTuKa ce cnasea ¥ Npu 3axpaHBaLlo Hanpexexne 100V, Ho
camo npW nMNCa Ha  acuMETpus B M30MauMoHHaTa
npoBOAMMOCT KbM 3eMs. Ha npakTuka ToBa € TpydHO
ocbllecTBUMO. B To3M cmucbn e Heobxogumo ga ce
KOHTPONMPAT KakTO TOKOBWUTE YTEUKW, Taka M HanpexeHWeTo
CrpsAMO  3eMs. Tbl KaTo OT TEXHOMOTMYHM CbOBpaxeHns
3aLUMTHOTO U3KMIOYBAHE € HEAOMyCTUMO, 3aAbIDKUTENTHO €
obcnyxBsallus nepcoHan fa B3emMe MEPKW Mo OTHOLLEHWE Ha
M30MaLMOHHIUTE CNPOTUBIEHUS KbM 3eMsl 3@ HaMansBaHe Ha
acuMeTpusTa B TakaBa CTEMEH, Ye HanpexeHWeTo KbM 3ems
Ha BCsiKa OT LUMHUTe [a He HagBuwiasa 50V.

BTopusIT acnekT e cBbp3aH CbC 3aryGute Ha eHeprisi oT
YTEYHUTE TOKOBE, KOWTO Ca CbC napasuTeH xapaktep. OT
cxemata Ha ¢ur.1 He e TpyOHO Aa ce onpedenu u3pasa 3a
TOKa Ha yTeuka:
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[Py MUHUMATHO M3MEPEHUTE U30TALMOHHN CbNPOTUBIEHNS
ot nopsigbka 10'Q, kouTo peanHo MoraT [a CbllecTBYBaT,
3arybata Ha MOLLHOCT, w3uucneHa no (6) e OT mopsgbka
10%W. A npu cbnpotMenenme Ha wusonaumsta 10°QQ,
M3MEPEHO KaTo XapaKTEPHO , MOLLHOCTTA Ha TOKA Ha yTeuka e
OT nopsiabka Ha Hskonko KW. [opagn HempekbcHaTws
XapaKTep Ha TEeXHOMornyHus npouec, roguwHata 3aryba Ha
en. eHeprus e B rpaHuuuTe ot 8,6.10° no 8,6.10° kWh 1. €. ot
0,2 po Hakonko % OT eHeprusaTa, KOHCymupaHa 3a
OCbLLUECTBSABAHE HA TEXHOMOTMYHMS NPOLIEC.

NaTbkHaTMTe npoGnemu onpedenvxa v MonesHocTTa ot
pa3paboTBaHe Ha en. anapar, KOMTO 4a KOHTPONMpa TOKOBETe
Ha YTEYKM W [a Hacoysa BHAMAHMETO KbM Mepku 3a
MoapaBHABaHE Ha W30MALMOHHO CbMPOTUBIEHWE, C KOETO
KaKTO Ce OrpaHuyaBa BEPOSITHOCTTA 3a OMaceH eAHOMOMOCEH
aonup, Taka U ce HamanasaTt 3ary6v|Te Ha en. eHepruna.

MukponpoLecopHUAT anapart 3a U3MepBaHe Ha TOKOBETE Ha
yteuka KTY — M e npefiHasHayeH Aa  KOHTpOnMpa U OLeHsiBa
ycrnoBusiTa 3a GesonacHa ekcnmoatauust W 3arybute Ha
MOLWIHOCT W  eHeprs, B pes3ynTaT Ha HaMareHoTo
M30MaLMOHHO  CbMPOTUBIIEHME CMIPSMO  3eMS B MOLLHM
ENEKTPUYECKM MPEXM 3a MOCTOSHEH TOK, MpegHa3HayeHw
MPUMEPHO 3a 3axpaHBaHE Ha EneKkTPONM3HW BaHu B

megofobmeHu  3aBogu.  OCHOBHUTE  mapameTpu  Ha
paspaboTeHus anapart ca;
1.HanpexeHne Ha mpexara 125V
2.ToK Ha KOHTponMpaHaTa Mpexa 12 KA
3.0nepaTuBHO HanpexeHue 12V
4 YecToTa Ha ONEpaTUBHOTO HanpexeHue 50 Hz
5.Mepuog Ha ckaHWpaHe Ha MHaMKauuuTe 6s
6.Mepuoam, oTyMTaLLM NPOMEHIUTE Ha N3MEPBAHNTE BENNYMHY:
-3a HanpexeHusiTa u Toka (MOMEHTHM CTOMHOCTH) 6s
-3a mowwHoctTa 0T 10 n3mepBaHus 1 min
-3a eHeprusiTa 0T 6 M3MepBaHNS 6 min
7.3axpaHBaLlo HanpexeHue 220V

8.HanpexeHue Ha U3XoOALMTE KOHTaKTK

FOANLLIHWK Ha Murro-2eonoxkus yHusepcumem “Ce. Mean Punicku’, mom 46(2003), cs. Ill, MEXAHW3ALIVSI, ENEKTPUOUKALINS M ABTOMATUSALINS HA MUHWUTE



Lhxycmpos K. KOHTPOJT HA U30/TALIWOHHOTO CBIPOTUB/IEHUE ...

- 30V DC
-120V AC
CTpykTypHata cxema Ha anapata M HauMHa Ha
NPUCHEANHABAHE KbM KOHTPONMpaHaTa Mpexa ca nokasau
Ha our. 2.
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9.ToK Ha U3XOAALLNTE KOHTaKTK
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OcHOBHMTE CbCTaBHW GMOKOBE Ha amapaTta ca CregHuTE:
bnok 1, KolTo peannanpa n3MepBaHe Ha HaMpeXeHWEeTo Ha
mpexata U n HanpexeHusTa CnpsMo 3eMs — Ha MncoBaTa
wuHa “U+ " n Ha munycosata lwwmHa “U-. B 6nok 2 e
M3TOYHUKBT Ha OnepaTMBHO NPOMEHNMBO Hanpexenue Uon,
NPUCHEAUHEH KbM KOHTpONMMpaHata Mpexa MnocpeacTBOM
cuntbpa 3. OnepaTMBHUAT TOK lon, KOMTO e (YHKUMS Ha
NpoBOAMMOCTa CMPSIMO  3eMsl, Ce OleHsBa B Onoka 4.
Vi3umcnuTenHmaT w ynpaenseal, uHaukauwsta 6nok 5 e
n3rpageH Ha basata Ha PIC-npouecop, eauH HOB MoAxoA B
Tean anapatn. B Hero noctbnBa WHopMaums  3a
HanpexeHueTo U, HanpexeHnusTa, cnpsamo 3ems U+ n U-,
onepaTuBHOTO HanpexeHne Uon u onepatuBHWAT TOK lon.
Ton ynpaensea v Onoka 3a uHOMkaums 6, CbCTOsL Ce OT
W3HECEHW Ha NWUEBWS NaHen  [OBa YETUPUENEMEHTHM
uncpoBu aucnnes, [OByuBETHa AuogHa CTbnbuua u
pa3sHOLBETHW AWOAM, YKa3BallM M3MEPBaHUTE BbB BCEKM
MOMEHT BEMUYMHI OT LUdpoBuTe naHenu. PeneiHuat 6nok
7 uma u3xog OT TpU MPEBKMIOYBALLM KOHTAKTU, KOUTO
chopMmpaT CuUrHanm 3a HUBOTO Ha TOKOBETE Ha yTeuka KbM
LieHTpanuanpaxa WHOpMaLMOHHaTa cuctema.
3axpaHBawmaT 6nok 8, npucbeamHeH kbm Mpexata 220V,
ocuUrypsisa CTabunmuanpaHn HanpexeHns 3a U3MepBaTenHuTe
N U3YMCTIMTENHUSAT OrIOKOBE.

Ha 6a3ata Ha “3mMepBaHuUTe CTOMHOCTU Ha OMepaTUBHOTO
HanpexeHne n onepaTtuBHNA TOK ce n3yucnsasa
CbMPOTMBNIEHNETO Ha wu3onauusta. C BbBEXOaHe Ha
HaNpeXeBMETO Ha MpexaTa Ce OnpeaensT Toka Ha yTeuka u
Heroeata MOLUHOCT, @ C OTYMTaHE W Ha BpeMeTo —
3arybeHaTa eHeprus. Te3u TpW BENUYMHM Ce CKaHWpart
NepuoanYHO M Ce UHOMKMPAT Ha ropHus Lmdpos naHen. Ha
cur. 3 e nokasaH anropuTBMbBT Ha Mpoleca, OBXBalaLy
cbOMpaHeTo Ha aHanoroBuUTe AaHHW, NpeobpasyBaHETO UM B
UNDPOBK, W3YACIMHME HA  W3XOQHUTE  BENMYMHM W
WHAMKaLMsTa NM.

Kputepuii 3a enektpobe3onacHOCT Ha obcnyxsallms
nepcoHan e ronemMuHata Ha 3axpaHBalLoTo HanpexeHue Ha
WnHHaTa cuctema. locnegHoTo ce cregw C OBYLBETHA
gvogHa ctbnbuua: npu Hanpexenue go 120 V HueoTo ce
“3MepBa CbC CBETELLMTE B XKbITO AWOAM, a Korato Tasu
CTOAHOCT Ce MpeBWLUM, CBETAT YEPBEHW AMOAM, KOUTO
npegynpexgasar 3a AOCTUTHATM OMOCHWM CTOMHOCTM Ha
HanpexeHNeTo.

MpegBuaeHa e CBETNMHHA WHAMKAUWS 3a TPU HWBA Ha
CTOMHOCTUTE Ha TOKA Ha yTeuka: HopmanHo — o 10 A,
nosuiieHo — ot 10 go 100 A n Hegonyctumo — Hag 100 A.
Tean HMBaA KONMMYECTBEHO MNOAnNEXaT Ha Kopekuus (4pes
HacTpOWKa) 1 ca CBbp3aHN NMpean BCUYKO C HapacTBalyuTe
3arybu Ha enekTpuyecka eHeprus OT napasuTHUTE TOKOBE Ha
yteuka. CurHanute TpsbBa [fa WHMUMPAT CbOTBETHM
JENCTBMs 33 MOBWWABaHe  Ha  M30MaLMOHHOTO
CbMPOTUBNEHNE CMPSMO 3eMS: U3MUBAHE M NOACYLLABAHE Ha
OMOPHK 130MaToOpK 3a LUMHUTE, OTCTPaHsIBaHe Ha Te4oBe OT
BaHW 1 ap.

OtunTaHaTa eHeprvsa kaTo 3aryba OT Toka Ha yTeuka faBa
TOYHA KOMMYeCTBEHa NpefcTaBa 3a LWETUTE, KOWTO Cce
MOHACAT OT AOMbITHATENHUTE PA3X04M 3a €. EHEPIUs, KOSTO
HAMa HUWO OOWo C peamM3auusTa Ha TEXHOMOTUYHWA
npouec npv JobuBa Ha enekTponuTHa Med. YeTnpa3psagHusT
UMdhpoB MHAMKATOP No3BoONsBa Aa ce otyeTar fo 9999 kWh,
KOeTo onpegens HeobxoaMMocTTa OT NEPUOANYHO HyNMpaHe
Ha nokasaHusTa. ToBa CTaBa  aBTOMATUYHO MMM
npuHygutenHo ¢ OytoHa 3a HynupaHe. Wamepsat ce
HanpeXeHusTa Ha LUMHUTE CMPSMO 3eMS U Ce u34ucnssa
acumeTpusita Mexgy TaX B % (MHAMKMPaHW OT [LOMHMS
undpoB naHen). [aHHWTe no3BonsBaT Aa Ce OLEHM
acuMeTpsTa B MPOBOAMMOCTTA CMpAMO 3eMs M fJa ce
UOeHTUdMLMpa LWMHATa C NO-TONsIMA TOKOBA yTeuka, C KOETO
Ce HacoyBaT W [JencTBusTa 3a nogobpsisaHe Ha
130MaLMOHHOTO CbNPOTUBREHME: Npu Hanpexerne U+ < U-
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no-ronsmarta TOKOBA yTeyka e B lumHa “+", npu U+ > U-

TOKOBaTa yTe4ka e no-ronama B LWnHa .

CTAPT
Munimamzauwst Ha u3soure 1 AL,
ompe/ieIsiHe Ha PabOTHH KIEeTKH, ¢uiarose
KOHCTaHTY, YCTCHEe Ha J@HHH OT ITaMeTTa

Havano

Oruer u AL Ha BXOJIHHTE BEJIMYMHU. Mumpkarpst Ha
TpecmsiTsiHe Ha M3XOHITE BEIMYHHHL. M3MEPBAHNTE BEJIMYUHA

@mar "ortuer” =0.

Par "Pz" =12

3armic Pz(i) B mamer faHHM.
Qmar "Pz" =0.

Yerene Pz(i) ot namer maHHM.
Mzuancnenne Wz.
3amric Wz B IaMeT JJaHHH.
Dar "Wz" =0.

Tomporpama 3a 0OCITy>XBaHE Ha IIPEKbCBAHE 10 Takmep 1.

Ha Besika mymyTa: duiar "otder” = 1.
Ha Bcexu 10 munyTn: duar "Pz" = 1.
Ha Beexu yac: dmar "Wz" =1.

¢hueypa 3
Ha ¢ur. 4 e nokasaH nuuesus naHen Ha anapata, Ha dour. 5 e nokasaH BBLHLIHWAT BUA Ha anapata, KoWTo ce
HaanucuTe Ha KOWTO ONpepensT JOCTAaTbYHO MbAHO U TOYHO ekcnepuMeHTipa yenetwHo B KOmukop meg - rp. Mupgon.

(DYHKLMUTE Ha MnOKasaHUTe enemaHTh. AcumeTpusita B
HanpexeHusTa CnpsMo 3eMs ce WHaukupa c Oykea “A’,
npefwecTealia CbOTBETHOTO YWCMO Ha [OMHUS LUMPOB

naHen. KTV -M T
A WynupaKe @
@5 KTY-HM p—
CM& UCTPORCTED 34 KOHTPOA HA TOKORM YTEURM
S 0
f HED HI TOKT HO ¥TaukD 5
g {2 HeponycTang -
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m ) noemusto
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The paper discusses the problems related to the low insulation resistance in dc mains of electrolysis shops. An analysis is made of the reasons for the low insulation
resistance in these mains, the resulting risks for the workers, electric energy losses and difficulties in measuring.
A microprocessor system has been developed and implemented in the electrolysis shop at Umicor Med, which computes the leakage currents, power and energy

losses, voltages to ground and the asymmetry between them.

The electric energy supplied to electrolysis baths is
converted from multiphase rectifiers (16) and distributed in the
electrolysis shop by copper bus bars having a 10* mm? cross-
section. The voltage normally reaches up to 100 V and the
current— 10 000 A.

The bus bars are opened and mounted on pedestal
insulators exposed to aggressive atmosphere and the direct
attack of an existing electrolyte (H,SO,). This situation,
combined with the insulation problems of the baths themselves
to ground, determine the considerably high leakage currents. It
was experimentally found that at a single-pole direct short
circuit the leakage current reaches up to 240A. Normally the
insulation resistance to ground varies within 107 - 10%Q,
beyond the range of the widely used insulation resistance
control devices [1, 2]. The change in the insulation resistance
as a function of time is rather dynamic.

The existing asymmetry in the voltages to ground is
determined by the asymmetry of the corresponding insulation
resistances to ground:

+ -
4= 1YY 00.9%
Uut+u
(1)

It should be noted that the asymmetry A carries information
about the difference in the insulation resistance values R and
R*, and not about their absolute values that limit the leakage
current.

+ -
+
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The above-mentioned experimentally determined insulation
resistance values and the leakage currents to ground that they
limit create problems in relation to two aspects:

» Risks for the service personnel in case of a single-
pole contact;

»  Considerable losses of electric energy not related
directly to the electrolysis process;

A quantitative assessment of these two problems can be
made by using the diagram in Fig. 1.
The risks for the service personnel are related to the actually
existing possibility for a single-pole contact — in contact with
the current-conducting bus bars.

1. The bus-bar contact voltage “+” is:

Ry.R' U
Uy = —h— = ®
R R+ R (R +Ryp)

In contact with bus-bar “-“ one gets energized:

- Ry.R U
Uj = —— == @)
R R+ R (R +Rp)

The maximum contact voltages are obtained as

follows:
* Incontact with bus-bar “+"and p~ = 0;
Up=U
* I contact with bus-bar “"and p* = 0;
Up=U

For these reasons and in compliance with Art. 1-7-36(1) of
the Regulation for Electrical Systems Design (RESD), the labor
safety control authorities have recommended a maximum
voltage up to 100 V.

+0 A
U m Ry
o -

u|u R H R'

h 4
A\ /\Q//\\//\(//\\\//\\//\\//\\ 7
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Figure 1

The supply voltage rarely reaches this value in practice since
it is determined by the number of operating baths but this
voltage may be exceeded thus creating real risks for humans
in case of a single-pole direct contact and direct ground fault of
the other bus bars. This risk situation has a very low probability
but cannot be completely excluded.

Having in mind the working conditions in the electrolysis
shops, it is more reasonable to adopt Art. 1-7-37 of RESD,
which limits the maximum allowable contact dc voltage to 50V.
This limitation is practically observed with supply voltage of
100V but only in the absence of asymmetry in the insulation
conductivity to ground. This is difficult to realize in practice. In
this sense, it is necessary to control both the current leaks and
the voltage to ground. Since the protection switch-off is
unallowable due to technological reasons, the service
personnel are obliged to undertake measures with respect to
the insulation resistance to ground in order to reduce the
asymmetry to an extent not permitting the voltage to ground of
each bus-bar to exceed 50V.

The second aspect is related to electric energy losses from
leakage currents, which have a parasitic nature.
From the diagram in Fig. 1 it is easy to determine the leakage
current expression:

At the minimum measured insulation resistance values of the
order of 10"'Q, which can really occur, the power loss,
calculated by (6) is of the order of 10%kW. And at insulation
resistance of 10%Q), measured as characteristic, the leakage
current power is of the order of several kW.

Due to the continuous nature of the technological process,
the annual electric energy loss is within the range of 8.6 x10° to

8.6 x10° kWh, i.e. from 0.2 to several % of the energy
consumed to perform the process.

The problems described above determined the need for
developing an electrical device that can control the leakage
currents and direct the attention to undertaking measures to
equalize an insulation resistance value that can be used to limit
the probability of a hazardous single-pole contact and reduce
the electric energy losses.

The microprocessor device for measuring leakage currents
KTU-M is designed to control and assess the conditions for
safe operation and power and energy losses resulting from
reduced insulation resistance to ground in powerful electric dc
mains intended, for example, to supply electrolysis baths in
copper refineries. The basic parameters of the designed
apparatus are:

1. Mains voltage 125V
2. Controlled mains current 12 kA
3. Control voltage 12V
4.Control voltage frequency 50 Hz
5.Period of scanning the indications 6s

6.Periods accounting for the changes in the measured values:
-For the voltages and the current (moment values) -  6s
-For the power from 10 measurements - 1 min
-For the energy from 6 measurements - 6 min
7.Supply voltage 220V
8.0utput contact voltage :
-30V dc
-120V ac
9.0utput contact current
1A

The block diagram of the device and the manner of connection
to the controlled mains are shown in Fig. 2.
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The basic constituent units of the apparatus are the and of the minus bus bar “U -, Unit 2 contains the ac control
following: Unit 1 carries out measurements of the mains voltage source Uon, connected to the controlled mains by a

voltage U and voltages to ground — of the plus bus bar “U +” filter 3. The control current lon, which is a function of the



conductivity to ground, is computed in unit 4. The computing
and indicating control unit 5 is built up on the basis of a PIC-
processor — a new approach to the design of these devices [1,
2). It receives data on the voltage U, voltages to ground U+
and U-, control voltage Uon and control current lon. It also
controls the indicating unit 6 that consists of two four-element
digital displays mounted on the front panel, a two-color diode
ladder and variously colored diodes indicating the values from
the digital panels measured at any one moment. The relay unit
7 has an outlet of three switching contacts that form signals for
the leakage currents to the centralized information system. The
supply unit 8, connected to the 220 V mains, provides
stabilized voltages for the measuring and computing units.

The insulation resistance is computed on the basis of the
measured values of the control voltage and current. The
leakage current and its power are determined by introducing
the mains voltage and the lost energy is computed by taking
into account the time. These three quantities are scanned
periodically and indicated on the upper digital panel. Fig. 3
shows the algorithm of the process involving the collection of
the analog data, their conversion into digital data, computing
the output quantities and their indication.

A criterion for the electrical safety of the service personnel is
the magnitude of the supply voltage of the bus-bar system. The
latter is controlled by a two-color diode ladder: at a voltage up
to 120 V the level is measured by the yellow flashing diodes.
When this value is exceeded then the red diodes flash thus
warning for dangerous voltage values.

The light indication is designed for three levels of current
leakage values: normal — up to 10 A, higher — from 10 to 100 A
and unallowable — over 100 A. These levels are subject to
quantitative correction (by adjustment) and are primarily
related to the increasing electric energy losses from parasitic
leak currents. The signals should initiate the corresponding
actions for increasing the insulation resistance to ground:
washing and drying the pedestal insulators for the bus bars,
removing bath leaks, etc.

The energy calculated as a current leakage loss gives an
accurate quantitative picture of the damages suffered as a
result of additional costs for electric energy, which has nothing
to do with the realization of the technological process in
recovering electrolytic copper. The four-digit indicator makes it
possible to compute up to 9999 kWh so that it is necessary to
reset the indications periodically. The resetting is automatic or
can be done by the reset button.

The bus-bar voltages to ground are measured and the
asymmetry between them is computed in % (indicated by the
lower digital panel). The data allow to assess the asymmetry in
the conductivity to ground and to identify the bus bar with the
higher current leakage thus directing the actions towards
improving the insulation resistance: at a voltage U+ < U- the
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higher current leakage is in bus bar “+”, at U+ > U- the current

leakage is higher in bus bar “”.
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Figure 4

Fig. 4 shows the front panel of the device whose indications
define fully and accurately enough the functions of the
displayed elements. The asymmetry in the voltages to ground
is indicated by the letter “A” preceding the corresponding
number on the lower digital panel.

Figure 5

Fig. 5 shows the physical appearance of the device that is
being successfully experimented at Umicor Med - Pirdop.
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