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Our quality control 
standsuptoclose 

inspection. 

At African 
Cables our Quality 
Control Department 
is dedicated to 
ensuring that we produce 
the highest quality power cables 
available in South Africa. 
Ttiis means manufacturing power cables to 
SABS and other recognised specifications to 
provide you with cables you can rely on. 

We're doing this for you. At African 
Cables we're more than just the largest 
manufactura of power cables in 
South Africa, but an organisation 
concerned with the usage of 
our products, before and 
after sales. a 
Prepared to gotoanY length for vou.'•africon cables 

Fo,moreinfoiliationaboull now „Hop, rat£ 3[AllicaliC,Dles ((mlic Ibon,018)21·3143 
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'ahed on over 90 wais of exper,elice and d 
mas:ive com mill,enl in research & developmen·, 
Brown Boveri Sou h Africa h.14 local inve,tments 
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Spray.. Steam. Sun... Smoke. 

When conditions are at their worst... 

SCOTCH BRAND 2 ..LF 
Cold Shrink \ 
Tenninations 0 1»-p 

are at their \\ FJ,-- 
best. \U 1\ Surf, smoke, salt, spray, sand .. South 

Africa has the lol And theycan all spell 
1rouble to cable terminations. But con- 
lamination is no problem to the SCOTCH system 
Based on pre-slretched tubes. It needs no special expertise to • 
achieve a positive seal giving top performance in any South 
Alrican environment. 
Last year 3M spent some R300-million on research and 
development a programme which continuesto establish 3M In 
South Africa as the pioneer in cable splicing techniques. %. 
The Cold Shrink system does away with gas bottles and open 
flames, saves much taping and many man-hours besides being 
•lexible and highly portable 3M has kits for all types of cable in 
everydayuse from 6,6 to 33kV t 

3M Hears You... 

Electro-Products Division 
P.O. Box 10465 3M Johannesburg 2000 
Telephone 974-3211 



U kan koop. 
Ofukanmet vertrouekoop. 

Wanneer u hierdie merksien, betroubaarheid, velligheid en beste 
kan u gerus wees waarde vir geld gehandhaaf word 

Dit beteken u hoef nle verder By die Suid-Afrikaanse Buro vir 
te soek nie Want die SABS stel 'n Standaarde stel ons'n standaard van 
wareldberoemde standaard vir die gehalte. 
vervaardiging van duisende Daardeur helpons u om u 
produkte. lewenstandaard te verbeter 

Diefunksie van die euro is om 
toete sien dat die standaarde van ONS STEL DIE STANDAARD 



ELASTIMOLD ® 

PRE·MOULDED HIGH·VOLTAGE 
CABLE ACCESSORIES 

(UPT0132KV) 

1 kt,WAI... 
-ma 

11 

11 7 
ELASTImOLD 1 

No heat or tape is required. 
Factory-tested HV terminations, reduces the level of expertise re- 
splices, and on-load and no-load con- quired in getting every job done per- 
nectors up to 132KV. fectly everytime. 
With twenty years of experience be- Elastimold offers the following advan- 
hind them, Elastimold, the acknowl- tages 
edged world leaders in pre-moulded, * Speed of installation 
high-voltage systems have joined * Reliability 
forces with Bowthorpe-Hellermann * Flexibility 
Deutsch to make their products avail- * Freedom from operator error 
able on the South African market. * Immediate switch-on after Fnstalla- 
The Elastirrold approach is the ulti- tion 

mate in reliability with every compo- If you have high-voltage systems and 
nent comprehensively factory-tested. want peace of mind you will want 
The simplicity of the system virtually Elastimold. Contact Murray Anderson 
eliminates failure due to operator er- right away for full details. 
ror during installation and drastically 

Bowthorpe-Hellermann-Deutsch•l 
Johannesburg Durban Cape Town 
Te : 614-2281 Te · 37-5594/5 Tel 43-0626 (Pty) Ltd 4 
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OFFICIAL OPENING 
AMPTELIKE OPENING 

1,11· Pul™$1,KN] 
& i..•.inl ii'i Iirlkfili 
1,•e,1 •*i•W• 

MNR WESSEL B.1/NARD: PRESIDENT Wor•hip [Ii¢ Mavor M offiei.ill• open the loilt rechnical 
Meeting •ifthe AMEU. 

U :lebuie, D/, lure,·Ineciler Y:in Bloeinft nle n. Raild,lid 
Strollful,lt L·• nle, Strohfullt, m·]cdo. g:,•le, 11.inim en Dir 111 R(,EMEES't F R RAA]El.]Il J A l l WIN:i nt 
here, dit a „r my 'n De%(indere vourrey .m u ,lrial hartlik 
# 01 kom te h iet h> 1,/ i,lie / Ide Te gniese V crg.idering van MT Pre,ident. Mr Barnard. when I apprn:„hed the C/> 
die Veren,ging van Muniqp.ile Elek¢rls,tellbilider,1,·Ti / 8 1[all [hk morning. 1 felt [hat 1 %¥:,•pene·(i iting :t magnelie 
Van Suld-Athka ] he firn rechnial Me/,ing & 8/ field. And the narer [ e :metoth.Cil, 11.,Iltheheav w rihe 
AM[·u m held m 1966. and on Ihe uccailon El[>cm 10.,/ 0,1, on m., 11 Inkled „side ine. :ind l,ne: when 1 
fook·:liw.1•:thoth/hog Thc,emeetingsheld on:illern,i 9:liked in here. 1 Icl[ Ihe revere ahock 1 never realied [h a 
A »m lo the en,i,entio» 1 :m proved W he .m Inost 6 2 th¢ electrie.,1 leelmle d people can he No milhful to th. r 
ful philform to, 1 thk· exch,in/, ,•f ideas ,1/,1 dise/sgion, ot oceupation incomingin Euchlarte numbers Ic ompliment 
re'ren,lial leclin.c.il pr•iblenh. We lire thelefore Mr W.,yor. vin, 0,1 [hu• 
a["1· an ""sence of 18 ye.Ir€ extremelv plea„d ti. be back 
Where it all st.irted the JLI•Ck'• Capilai of i),ir Coun[ry. Mni die Pre,ident :regaile, afgev.ia„hydes. di. m my '11 
your bealltlful c,h ot Hlorinfonle,n. 1 thumk yauund your be·Inderc' 3(kirreg om u van.lait in Rli:m foillein te wrwel 
Am,1 for E he kind in vi mon / lirch m bled us m bok] [he ki>,1 S,<38 u *ee T. MI@.In 113.),Imfon,elli 1,„lag bek 1,11 0. 
1 Oth rechnlcal Mecting in You, City die Stad van Rose··. asook secr sekerl i k d a.,rhy a.,ng/,1 uit, 

die ··Kongress d". 'n On,ler,keiding wint hoofs:waklik te 
Dil '% noil met genoee dal ck ,* agbare die Burgemee•ter 41:inke i,Jant wce felle, naantlik eciten, i,dit ,1 gevoly v.in 
m om dle IlkH, leginw Verg:,de,Ing van die VM/0 die //rale ligging unt Bloemfontein. pragtig, so in die 
·impte'lk te •>pen. 11 is with gre,11 ple/sure th.lt I cal' (in his mulde vin die Imil. L spaar geld van Tranmaal a f hier- 
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natoe. u spaar geld vin die Kaap af hiernaloc. Dis heerhk 
om indie mi(Idel wn an• land eelee te weexen na •lkante t¢ 
kyk. net jou kople dr:g en tem n wal e.un:winona land. 
00 k is Bloemft>nt:in Na mense bekend :I• bale 5 m ndelike 
mense. en ek hoap an *er,rou d./ u gedu rende u verbly f in 
Bloomfunwin di se·cr :ekerlik sal ondervind. 0/ ons 

Mrklik gocic. vriendelike mcn,;e K. Moeme bekommerd 
wee, cor die ble,jic Imir w.11 u hier hime vocl me, n 

le wen de dr aad 1, k mo# :111 vi l k.md to [d,it / aan homval.of 

hee w Soook. sal Bkiemfuntein miskien vir u lyk ordie TV 
41% 'n koue rick. [,/3/ u huir kom. dan ondenin.1 u. en 
betect dil d,11 ons tekker w rm mene iN. Kvk maar na mir 
Nicolloth.i,rks[,id,IellekirnicunieseSI:id,Inilenicur fly 
her :,1 van ver £ i,eglimlag toe ek m die k.2 nader kum 

Mnrdie Irexident, wi, ek LeNO heI, dit p. vironh 'it voorreg 
1 die Veren ging war, die Muni,ip ale Elektrisiz eltsonder. 
nemingN vir hulle 10de 'Icgni¢%¢ Vergadering te verwel- 
kom. Ons hoop em vertrou d:11 11 n ge'la.tgd: vergadering 
sa] hou 

Meliere. verledelikin, i, tans een urn dic groot·,[e vrnag. 
,tukke i n Suid-A trika. endi is,enil die behoefte :1:in bcter 
kwaltieits.dicile 2, meer diensic wal met Ler#/elikin• 
Mep,1.trilga.in /itilie,iard, indic 1.,akbeltivlocilitie v .•ir 
#i e n ing in clekI ng [ :,1 demir In u n pri p/]c owerh e<le let te rl ik 
mulidene Inctisc in die republiek val< 5,1,1-Afrili, e 

1/wiznq»!ie. die hel.ingrikheid van elekiridciesvoor•,en- 

ing kan dus nie norhek!,:mtoon word nie Nommile: mense 

heweer da[ die voor•iening v.in elekirkite,[ en die verbr unk 
ilaarp.m inderd::id ·/ b irnincler li. r:Ill '11 1 ind xe onnwik· 

kcling. -ak <lie •t.ind.i.trd win w Jewn·,i •c. 

F.k k.in du, tincimwonde / dat elektris,les/Ioorsicning 
und.1, een van ihe nices :tkruele uke ls, cintlik iN /1/k 

tri,/rti,vivor·>iening on/lisba.1, 9/ dle meexte vornh van JN. Ii.rn.inli-.·r wil. IUn.•inA,•lan, I=hlid.1. 1. •rallri·W. wi·fl,i,m 

mer,mike aktiwlti k Dink net w.i[ lou gebeur het:r; d.hir i,er,N.inki:,1.• h., 11*• •#di Til,•id'ii' •'2·rm•ieri,w h, Bli.,.i,•in,i·in 
nieelekirinitcitga• ille Llwl.ilm.dgell/heloor D£,Ilas. 
of ·,0 '11 p.lar v.1,1 die.inder snart- Dyn.,•ly rk weet nognie torning .Nook die oncning van hierlie verrigling. NI:i m: v.atter ern i·. die hege v.i„ die Iwee nic. M:la r w•,t- sie,1 wat men ne i• Bloemfontern ha /lukkiy om w·n verliclc, of 
maa# .IR lip die m mil. Indenemendd,it w.it ekso p/% 2/66 indet ek 11:0 4, beligre Burgcm¢erster t. he. wal .oos he, word die rol win die Fle·ktrn/gnieic Ingenicur wil- 

a.inged„i Ls in sykupri/k. Mi'n goeie ke,mi, hoi van die 
gen, my mening dikwel„inder.//. //ra 'n kragonder· iwiarde Liti die ro] vindi¢ Fl.ktrol,·gillic Swids,new·nieur 
hre.king :gtcrpla.i.*ind. he w: f al m:11 die unnistizire rol war in,[le moderneharn:le-ng. Meneer. Indien um,#erkloo, 
elrktr•iteit*00.'rling In die' moderne •mele·wIng..1. i .ik 11/ 11 ,impi,lermwl d:in i, ek Keker d/ 4,0, viril 'll r•O• :1, t' weet mo . No,in, 91:,ar 'n kragonderbreking ls. se hulle 

/· mirgcmeester win .lohanneslil,4 kan :unhicd Nou 
nou w.wrildaarille Elellroleeniew' St.i,kingenic,ir" aol ki.m ok 11> Nic,i Boih:i. w „ oor b Lic· m „mde die re ing, me,irrne man en.y departemerl! .,1 die drade kinoplia,. As whler,Ile regnieq·Vergaderingonihonifeli.idher [A,11 

on' be•el hoc verimani p. i,m 1:let:!rokmw Shid· 

dgemeur Ine, 4 deparirment, Ine[ , menhe, dan mINkien 
met mY ,1.0™tcm dal die red|ing, ruik ir en dat Nic, 
hom.elf oorirct h/1 diwirnic.. en d:LI Bioernfontein b:Lie 

t.,1 ·n SLE,hraadenk, 9./,ra:idde,le werk]ik he;cf hoeveol bevnorree i< on, No 'n ul[Na:inde Elek „ciegnic< St,Ed. 
billie· m,Mt uith.£,1 om „p te m.lak Fir die dion,/i ge]/wer #ingen ·ur in ** diens le / . Mr Mayor. ence again. i h.ink 
de,ir 'n [·1/kinitegniese· 2,„15„Renieur. 1-k dori IL¢ 1/- 

vou lor your kind remark,;. and warm welcome. I expre•a brcuk .1.,n arl,le. deparlement nie Ek doen nic au,reuk 

u,wi die meganiew hy nie, maar ·n Flektrolegnie,e St.,(15- v. I y ./·i 11 .el„Ome to our honoran mcniber, and i. 1. 

#,01,| 1 like lo ask jou 5 le / pur n.ime, Iii 
Ing/meur Nal seker] k n ged/nk„.1:,1.1. ·n vandheeld. c#10,1.1 ¥ I 

m 
ple:i•elt:ind Lip .'th'. ...·an reel.nibe you inthil I g./Id elke 4 moet k y orn t. 4 hY doen $.ovect en he[ soveet 

i,pgroffer On, aa.I·deer w:,t ·n r.lektrolegnicK, Siud· 
Wltliarn €.ineenicm in '11 /.d beteken Mr Pre/dent. allhough I Bees]cy 
I tennie Hugo believe Ihai it Mild bc Intere•,ting ti• hear thwit our Chn, Lombard 

electritil' dep,irtine 111 1 .pending marc than 10 million '1':rence Mar.h 
R.in d,in 132kl equipmner,1.,hil,// IhiN niamen (.1 would G :,w :c ne r„n 
rilher not delay yii„ . excepi ki a·.k you ki nglly 10 NreMd a Pal Middlec·,ic 
few mmuies in ihe fo>er. where 11,/lievE our clearici[Y Jules V,in Alhhen 
depariment isexpl,-ne certain aspecl'.01 1/,1•M,vities Mr 

Pwddent. it now m.4 me gre,11 FIca•ur: to decl.,re (he 
Mr M:wor. D • Preloritul, weare now pliummgio proceed loth Tee·hn,6.1 Me ing m Ille A• ocla,ion of Mum//dil Mt, ilie programme, whieli ix The vionk,i]U i•©clion imd 

rle/trial I.ndert:/ ine: (11· 9 1[h A fric:i officially oren .lule I. an· vcr¥ weleome (0./ . 1/.'Ire .,1 haw a lai 
01 / he„nat ters i f .,1 wn h .„c 10 :il lend m. an d if 'mu wi'.11 MAR WESSEI. IM RNARD: PRES]DEN'r 
10 1/dve now we won de y voll any 10„yer Ladie, and 

Ck iltle men 1 donk think the ladic•; wirnt to #Liy much 
Mnrdle Burgemeester <larna en here. P.ig wilek cm F 1,inger .ind they him :[ vcr> Ine rrogranime .irranped for Ih Pretarim be.lank ill· dir treffende wy•e w.larop hY on·, them •o we wit] m ke Ic,ve of [hem as well 
voorgegaan her niet daifle•,ing en gched. Atin u, mnr dic 

Burgeme/,ter, 1,ille. cl:Inkie vi, die viendelike vemel. 

I n,[1.011 .GNIESE VI RNAL)1 RING -SLrn.MIU R Igh4 
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INTRODUCTION OF MR R HERMAN 

MR W BA104,%11[>: PltES[DENT 

Our firi,t teehnic:11 p•,per i.: 

Cumputer Akled Design M Etc. trical Ilstribul„in 
Ne•wark' · 

1 have much rleg re n introducing Mr R ]Ierman ror 

tho.e & our member·, who freq uend v exhottlle virlic, 221 
the kiatics compar.d with the lkic:. Mr I [erm.in is pro 
bably neulrillon the m tler. Hcgained hi,firit degree:11 
111¢ Unive,•ity ot Cape Toon in 1962 Atter .1 *11 with 
ESCOM. from ]%3 10 1971. he im?,1 ihe 1/ of the 
Unker,it> of Slellenbox:h.rnasenior leal,rer In 1)71,11. 
m :14.[rdcd hi, Ma:,ter x degree in engineer,1,6 
Apar from hi< lecturing dilies he Ls eng,ged in rese.irch 
Iii!, spe,iatin licine Pmher Xysicm An:,I•d• an.1 (-ompule' 
Applicalionlo P.mdrcuib lamburethalthepaperhe 
b /710present on ( /inputer Aided De•ign of Flect, wal 
Di/rib,Irl(,n Networks · will be of pairicul ir „11 r. 31 to 
mimicip.ilelee(ric.lengineerh 

itm.;14/t,•, 
Pr * 

COMPUTER AIDED DESIGN OF 
ELECTRICAL DISTRIBUTION NETWORKS 

/·INTRODUCTION Filiallv, there is rhe „impliumin urlbing from the load 
sreelfication Unhk: ,ame cle. Irl,-at Clicills. Ihe ]21:d• 

i he :imii/4 of ekwfric.11 power nenwrki have pre- <'f .0 miwer */tem :in npre„.fd / (erm> / comple, 
4'11 led opeintioli. Hid philining engineer' wilh 11 •,iricty power (AVA .Id power t.ict(,I) .... .f impe.... 
of ploble„is for „everal ,ter,ldes which have arben as a This res"11' in network equation' whugh . re non·line .ir 
104ult 01 .ertain .......... ir/4 i. Ihe nature ot A„oci.ited wih mis Iher, 15, 21[No the dith¢•11> with 
the*e nelwork,. Fin,[ly there 15 the problem „t vize. •hid, Ii,ads c.in ainiralel¥ be 41>cafied 
Power »1,·„„, mid m parlicul„ ,/,„ribiltion nelwork, 
co„,N /./aryl· nunibel o f node, („r·tubx[</ m ) inter· Prior [i' Ilie adveilt / [he digita] compiler, altempl, 
/0,inea cd 17/,in c 9 1,„ger mimber /f br:/ ches (lince Qi i u mude :,1 9/ 'ing 'bc /niblcm u.ing ./.10<ue de- 

vie (c,dcul.,fulg boar/][II tor //ating Ihe dqtual 
network. ror man, yean, and Ae,•t. there ls the proble,/ / Interdep/nder[/.Due unll to quite recenth. che 
Al -nerwor k .1,/]/er was used for ihc solution 01 the par- m I conne,tions bet ween nadeN, the noil:it voltapes liu|.irpi'le and hence the rexulting Iran(h Clitie nt, .irC Th•tindcren- rls/ni/ir/blem·•IN 1/reclnly' ar. com- 
puter *chnal<,0 h. is m.de 11 213..ible to /ddress the dent 01 ime .mother, demun ding the Minilk:inle„/3 freill pri,blein ele/:intly und wilh micimum offu, ment ol all illtellon,leeted br,inchc• 1 13]. 

2. SCOPE 
> [luther tealure 01 Ihe power 'IM' i' thi" perfor· 
3·3 alic' mir, 0/9 be evallated w.ine ramplex quarlitic' Some colmnent' about the ··cope & thix r/per would be 

orderideterminc both magnitudeand phase angle of in oriler at tlk. St/C Much at The research to d/e has 
•otages. curlenl•and p.wer'. been concentrated on (he power transnission hystem 
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rather th.inthed!•ribution xvhtem Re.,3:on, for thi, arc aPFended to thebe lox:!s. i he mtutor, value,• mu/ 
iha[ often mor, dilta has to be h:indled in order to not be violated Thecombinedcalcul/ion,/1 j and 

analy„ the performance (it u dilibution v,„cm. 3.2 serve /5 a guide 111 the determin,ition of Ihe 

making the latter a more ponderous lask. Further. [he appropriate cable conducIor d. 
-distribucid·· nalure of distribumion ,·,%,ems pro,dle 
grerit reliency in terms of .[em operation. thereby 3.3 [losses 

muting The urgency in performing distribution qv.tem 
qu/1. 13, con[inulne in Th, historicall·• acceptable When / i. fuasible loc„ tuato a told system.ora sle- 
manner. cherc 13 little ioncern (h:[1 the di,(ribution xys- Mcani part Ihereof. it becomer po,Lible to e#limate 
km will m pirform 3.alisfactorily and the r,!c·of-thumb the operational performance ot a given configwration 
approach an be relied upon lo produce a feasible m ter Ini of copper lou in T he Ny!,teni e len e 111.. Such a 
scheme of planning•ir openic')0. fueility aild rhon bc emplowd in dclermining 

oplimal aperating sinilegie,· tinder vaning cond,· 

Tradinonall>, ,[undard procedure. hilve been uicd for tions. including contingency planning in the evern of a 
di,tribution by,templanniny The,epricedures tesbltin log·of plant. 
adequate de,igns but it :s ofte n diffieul, 1,1 .IS„11:IL|, thL· 
nrt,m.ilitvof the given miltern IIi, extremely urefulto 3.4 Data Bue Facilit, 
he able tocv/luale the relative mer/,ofurious pattern•; 
in order to select opnons, evon though the ¢hoice of the A, it„trihution v e m, extend in qize. dat,1 handline 

a hs,lute op limal d¢,1/ may not atwing be poshible. 11 k beco/6 a formilable lask. 1[ u. 111/rcfore desirable 

·.,iggested thal tl•c use of a computer program can ./. to include thr; 3,pect into the con.iderations dcaling 
A e nulneer In thls maller. with [he parameters of the contempt.„cd program. 

The *tware olight to include a databahe facil/v 
:cau:e of the nalure of ilic large nu mber of variable' which w,/21 prnvid, a convenient Ktructure for [hi 

2. 1,1 t lie qu.ditalive n.ilure / certain parameten ....1 editing and :torage 01 2 he relev:inn eleegrieal parime- 
*-8 4.gible lo rept:lee the rol: of,hc experienced engineer ter.of,he diSIrlbucion network 

irh 11:/ of a computer. l'he prim ary re*.rons A h„ for 

Wng a prnble,n n.96 wi[h [he :njuncer. The computer 3.5 •'User·Friendlinei 

:rely exlendx the com putationiII c.1/ Millil of hc urer. 
Ch d program Mhould relieve the engineer from Der This lerm. u„d 1 compuler iargon. describe. ihe 

rmin p [ediow· and ropetitiou' compi'(ation•. Therch attribute of the program which allows tile user to 

=r·u•3 eeing him [o exorcise 11% in[elligence to the tulle,t or,cr /0 th/ Drogram with minimum elton and train- 
exicni [I ]„here fore not intende<Itorroducc a program ing To ihix end it oughl to promp[ the U :r. provide 
I hich will au„.rnalically design optimal di,tribu Lon 9- him w th La Nimp]C Mel of oprion, and al·a monitor in- 
tem, In dit,c.LIsens,/g evidontih:,[many/,Fribulion valid cniries. where rouible. 
authorilic, Will pah,/„ computer facilities of limited 

capaciry. 11 fs al!,0 rloted Ihal gener:/Im ./id tranmni,- 3.6 Computer/'apacit, 
sion is principally rhe rciponsibilily 01 [*COM and a 

few of the larger cities With there considerations in I'(ir re.rah .ilre./y incniioned in The in[roductory 
mind a computer program has been written which could paragraph, Dower vive ins .maly,iN , a, tr£,dilionally 
be used by a larger numbcrof knbution whoritiesor been a·Goclated with Inrge Init/u/Dns employing 
coniulting firms for the anal>·sk of distribution ne,· large main-frame tiompLI[er/ 713¢ programs, when 
Forks. av.iiI.,ble to the public, are gencralh exarimely 

expen.ivc .ind often 100 x Orhi:Iicated for che k ind of 
3. PROGRAM PARAMKIt:liB work envi„god iii thi paper. In addition Th/Mquire 

acce·„ ta ,/,irge compurng tacility. Experience th,h 
In order [o develop the desired ioftware. certain para- shown :ha[. even when xieh a computer b available. 
mcirrs and functions haie to be In'.t:41:gated .ind ace, 4/ inhibited due / che diver//M dimand, 
specified Ukimately rhcprogram willbcused,-in:,id the M m puterwould bc w bjecled /0 inpractice 
to the effectie oper,I[ion of a given sys'em 'A weil as 

edualing the Fformance of propoged new addition* The 44,11 Inicrocompu ter amd 16-111 personal compu 
1,1 „ih sysicm.. culmin:/ing in the chol¢: of d reliable ter have bewme affordable to many engineers and 
and economical combination. To this end the computer organihilion,. These machines. Lf fullv exploiled. are 
P/:[in mu,1 rivide the foll•iwingtaciliti:,. able to pri,vide .idequate compuTing eapacify where 

3.1. I.Ineand ['ran/former]•ding exeouti,in [im¢ 1,i>t lev.Criniportance 

Aim.ile·• of the ADMD (after diversity mamum 

/2, rn,nd) for a given consumer .,rea in© bc obtained 4. NETWORK RESTRICTIONS AND 
from hi*,iricul reciril• .ind projected tre; in load It EP[t[:SENTATION 

proath and general de·.elopment patterns. A know- 

lege of illk Iiiading [oeether with power factor and 4.1 Re,tri;tions 

cable (kt:,114 (prop,ihed or exiding) pim/, the b.m 
foritelerminine thecurrent diftribution in the varioub For rea,anh w huch are evide/ from the foregoing dis. 
interconnectine feeder, and sIer-down trimformm. cu».ion. lhe can„raints whi¢h will be imposed 011 Ihc 
An¥ reglting over[„ading should then become n:[works which could be investiyarcd wilh the pro. 
evidenl. rrain will be determined wiThin the framework of a 

typid Now[Ii African. small t"wn di·llributi,in *p*· 

3.2 Viltige LeveL, tem Such N »lern is [ypified in the Schematic 

repre,niation 'hown Intie. I. 

Anolher imporlam[ Par,imeter l],al has to be cori- 

Midered .ind calculated iN the bus village level at The typical system would gerierallY colt•61 of a high 
varionx /mi in / //em These volulge,; will. in voltage (say 661<V) rn.ijor qupply and metering point 
general, be interdependert and contingent upon the #hich would lie linked to the major Er.In,mission grid. 
iopology.if thenelwork When,h,extendedeffe¢lof This H V w/17 would then be transmined to one or 
the voltage drops in [he low vokage renculation is innle /ep-down locations, often connected ma ring, 
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frum wliere the med,u]11 vult,10e (1[LV) ili·[ribution i huch & gencrall) acce rled .1, adequu(c for mo' 

.9 'emwouldheinlere."inecled. cal·olown In ilii, represenuition the ber» impe· 

The di.t,ibution #tein often goe, Iltroligh everal dar>referredimped:ince Fig.te)!stlierer,·es©m:i· 
..... "·velopment winh Ille proprel' I ./. Ind tion re,iuired kir•wnidarine.inOLI'Coperatingat 
1.u,ill,>,ing .. piwl Sucli It.1// c·laid t.% im·n<immal rapposmon 14. When c / th: ir,ing- 

MI mer t.4, po'iIi:'n is zern ( ie nomin:11) ./11 the Iqui 
val./ ciruit Ver[st.1 fig 4tb). 

(al *imple radial feaer 
When [he tar changing oplion is d:Mired ir is ihere- 

(l) Ung 
'VA r.iling ill Ilie ()[ [(·trailift, mer I'l.e program 

Thi'Wivpl·UL[cilh,#tr:iled f,4 2141 u•an imp¢J·ince w fe•itine, ranoal 7. whicli ,• . 

1¥pie·.il val,le :heard ind 10 Ihe m mul,le,urer, 
1,1 deter]11111111/ the CO11%InlinE Wt,Lch are /O k 

"Me,1 0,1 Air kind :ildhiril,Lition +1¢111 thal mil> 4.2.2 lines 

he :i,1,11 sed, 111/ 111'Ljou 1 1,14,£|cralian i. ih:4 I.fulnem- 
For Ii.dribL,ion , /cm 1/ line knglh, ar: dion 

m.ni,nurn wze nhichun beacconimohiedon :i com- 
rule, '/h i" /712 /" Inernin' Mtor,we i. ill 'e wl/cureul,/ 41 4(c) ror.inpi.:,Illk¥ ./ble I 
r.....1....bstat,(i•,lili ./ Ii// Whill the kni 1,1 leng,h. the r.ilio ol hhlint re.ict.ince to Nerie' 
ratl, inircd:inee „,11»11, 111(11*10 wli,cli/wrir,k·• ihe 

cninbin:/i<in• 01 11•e tvpr• 4*.wri in fig. 2, a gcier:91 gmplitvilier,•11'tr,ion i).it:ih.milling ' Inini[,11/ed 
r.,11•, woildbe inihe regionof around 1.2. by ./0 fying ihe re,ist,ince and reachince per km hu 

ihe il./"fi'|ar eable tire·. 11•ed in thi +1 m Indi 
Wilti (]ie AM{}/22(]\' retietil:ilion reg.irded .i, tond dull feeden then onh reqm[© /wiution u 

kngth u / eable type 
op or,Re.n : h.l„ ,:/ t.,geottlk/IWVI while then V 

4.2.-3 1.mli 

part of.in exlended input liu•har..is il]11Mraled iii fig 
Accurate :inaly#of the digtibution •Yeem 'equir. 

eflt·eli„ ie..01 Ihe progran, ah the i IV Milecan :/SLIV that louds le .recific,1 / t.rm, of complcum.LI, 
119 .in,Op„'d bih ind. h rceardinglhe Kler·low,1 4/- Irie..Ihiallv clenimdkVA.undpowerfactor How 
gationh ,• liwill i,ints Allernatiwlv H in:[• be unnen[ & ch. to illne [hat the 
% al™,£1 . ., 3. paral¢ n¢:WOI k U•ing Ille Ime pl„ greales' uncer linty li'·N. par[L 11 irl' Mih re'L· 1 10 
E am 

the'liver.> hidor. N©•1Iempt w,11 1. n:Ldc in IiI 

E.> dep" "re point ir r npe.·tive ot the inclhod •it a 

' 8/#*tpli"Clion: at the "TE·£1"' si,bil.wons eul:iling¢mploted h „hereili,ii,heexprill'llt./ 
the .INg' engiricer E M pill,ILL,!dr -Ine .md Ll 

furnlen (01 ' - d Howewer. the inclu'01101 Ihese 

ment.ll li ton thi c'ink 're,14 ' r.ic "flheiterativi ma> he prepared 
pru. 01 Ile cornpolinw JIgn,illt[,1 ill Mel Il 

5.1)1%1141]1[J]1(>N /12'Al.YS]' PROGRAM 
verp< i fue >ro[ mon 111.1. ID I ./111]1 /·:/re 
billi ·d a.:111 „plitin:,1 .·xiafecul,re Fergelieral Theop,-rationof th• coinpule, pawnin andi„ ,/111,·111 c.il: ,(,1,•thi•]1·1•lotheeriltulindloimpose•enou• s•Eignig m m.ik le de'"An' alkiut Jewgi, 01,115,1. 4,·111 
ri .rin on „lhectled of thi, si„lom,iri. 1.41 thang,]W bel./.ed [1' ./.I 
1,101/w#,de;icon,1 .int#er//dark ,/m:/22/nd¢t nom- 'i'.I'muhtnuion'X.UnpIL' 

/,ing[!1¢distribilrion nelworkdopicted,n fig 6,which,4 ]n,L| |i•ailll,g a•ndi[,•)' '·h'h A ...ille,11 . CKU• 

•[WL Ing /.1( idilic :II,ppl :1% 4,/1 /jin C biabor 

5.1 '1-/· 1/%/gll./.·iii 
1,1 ordertodelern,ini' 111¢ te'l.iti•e loudcuritrabutitil] 01 

It will be 'Cquiled to Invt "bate v.iriot]: alter,wile 
.Duld he 104,nula[e Ihe 1,11,™folrilers liv vin unall den» lo uppl> 11 propo·,ed ikw indwild| dl· 'I wes 'Ilipedances •inilli,11,) ashortlin, ¢ilinn [he 

Ihe Inc./Min 411*mn un rhe ge„graph 1,1 1 /,11 m fig 7, me,hod 1,4 led in me exampic m the •clion O/ appll- All ilie exiI,ne #obst 21„,1, in the netwink h.,Ve been 
cillioli• For i »tem *ilm,12>[) ,·ubst:ilion•ther¢ ,/,1 numally coded from 1 M 26 -th the nol likel' 101'emoreth,Inhay. " Ahe L-1 (»s. pror,»40 Li' Hib•tation/,dedirnmbor 27 

-4.2 Reprentation Ii'Ne,w,irk Elementi A ttle [,wrIDNe•, ti! Ihi, .inal>//dhe 11·,i.uned 
th- " 01_1 ('4 4,111 'i"m. Licath r :11'11'ir ihi ird 

In '):der to Input 'he n quired 'v:tem d:it" 1hc eli·'11- on.1.tly voll 1/ e·, al the n an,inal , id ue Of 11 kV hm m 
ed| p:,rame/, # iii The 11/1/Ik elernen[. 1,:iwe to lie orde i toileter,imic the ie 1 :Be #,iringhe weent he 
derived 'irth: [vpe of w[/11 Lindercoil•der:,tion N lia•*ma, both vull he i epre•enled ./ storl 
6 *Bre, le ·,pecific.,ti••n ,/1hc ·.ter-,lown Ir.Inx- line le.... 

formen, 111. cable mtercon!,cctions ind Ihe knid> 

Ex,irniziarinn of Uic & ./sphial in./ sum»IN 11,11 
4.2.1 Mep·Down Tnmsformers th. Te .ire li,ur ros,114,0 .u•,p A route% [othi* ne,¥ *ub 

Val"n- frum/,1,51,14 16.19 and 22 
I he e qui v " en[ circ "4 for a Man'fornier arc sh" n 
in fig 4 The' repie,entlitiOn m fig 4(.0 M torii two The a-clated cable route leng#.ire 
w,Jid,]161 traibformer with magneliiing relict.in. 

included, while (hal of fix 1[19 1 an <ipproxitnation 14,0 27-65[}rn 
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16,027-450m Opt[,in 2 0,1 Ihe m,1,11 rmen u d,y.1 7 , lh, 1.180„ 112 
19/027-6011 m rn,•mr,.. 
22 1027-34(]m 

GIVE REQUIRED ACCI R ACY ('%.1 
1-or the purpe.: of :hi, example il will lie ,1Nhilined GIVE ACCEL./RATION FACTOR 
Illat Ihe loading :11 Ihix ne,i· si[• will be say. 1300 kl A (BETWEEN 1.0 AND 2.0) 
with a pi,wer t.ictorot 11 9. 

1 be m./he m.,tic.wl metliod ern/loged in •o[•ing // 
All relevan t dam will be *r/d! in N hle for which a h 1.· unknowi, t„i„/ [a» Ls Ihe lilli.. Se,/ 1.ilgorichni 
name will be :i,Nigned - in thiN ease S'1'82. Thi. infor Thi, itcra[Lve m.:hod converge, more rapi{11¥ when / 
mailon rem.m in ihe file and m:„ be accewd .inil E jeclern[cd with .L c,ir]I/' 511,Ne·,1 .,ccele•.itioil 

manipulaIcd 216 required. 1,/tor. h u 10 [possiblempreile lermin.·ihii.,lue,1. 
I depend' Up,il' 111' 1,1 010:' ,"m in·of ]1,· nri, "I k 

A herthe s¥„cm name has been entered [he followine 
main menu options will be displayed on the screen .,Ii[:11,]c figure. 11 1,: also her n found [haut .in .1 w. 

aceernible renults fur 111: ¢0/6,011 11 Ihe uier.,11 1. INSERT/ALTER DATA 
2. LOADFLOW *m re formane: which im compuled :,1 115: end Lit 

ilk m.,19 
3. TERMINATE 1, 

[h, 
For A complele compuIer listing of Ilic da i loT 

2, m w »le m option ] min be ux d lo enter the umple »tem i,·41,•,un in ihi ftilli.Iing will.'. da[,i whi:h will displa, ihi following menu: 
Option 2 on 1hc m, in men u 1. INSERT LINES,TRANSFORM[IRS is now' 11„/ed I pe rform 
the lo.idrk,i• .in:ilvsis, h: i,•riA, :Ikermilive link. 

2. REMOVE LINE UTRANSFORMr'144 
between the 3. BREAKERSTA]USC'][ANG[ preposed vibsta[ion md Ihe· auilable 

....re 'mula[¢d iii 'irn and [be loadflow 4. BUS DATA UPDATE i,rer:i· 
tion 1% Are,ited yielding [he re,ul„ .1, diown 5. ('ABLIC DATA UPDATE 

8. TRANSFORMER DATA UPDATE 
5.2 7. PRINT LINE/I·RANS[-<)RM[ R Compuler.%,ilts 

C'ONNE(mONS 
1 he four 

H. PRINTBUSDA'l <uege„ed /11/. „11] be ex:immed in A [ m. 

9. PRIN'r CABLE DATA 
5.2,1 CASE 1 -conne,liu/ 221027 10. PRINT TRANSFORMER DA I A 

ll. EXIT TO MAIN MENU 
1 hi• i. phy·,1.illy· [he shorics[ roille l.i Th. pr,rosed 
new sit,% tion . A compl¢le Tie(work par,mic ler h 4- 

The fun,mon ot e:wh ot chese Options. 1, deS¢ribed m 1, Imn in the [able headed k L ine dal:i. Bu. 
hek,w U n .ind Ob]¢ cl:11 1. I he 1 :„111, show 11 u the bll. 

vi,twige> Lve licen ealcul.,red within :in .i«·i,r.miv of 
1. ].inc d Nia 1, entered u,ing the ins[ruclion by 0.00 le. i c. w 0.11 Foli which have Ihen bc,n i,Ned 

answering The prompt. which will he: xendbup,: 10 ..... t. ]Ine· airre]/s m Lili the corinecled 
a/us: leng,h. cableUre· The cablcupe will be br:inches. includingih, r,opoied leed//1 roin point. 
defined by irlion 5. 22 10 27. rhe ,·ffue[ th./ th 14 configiln,(ion woold 

hau on The r:st of ihe 3.vs[:m e.in no„ be examined 
2. This in/ruction i• used to perm.inenll¥ remon: a and fueders approa.hing cheir eurrem e.irrving 

line from [he sywni file bui Ls not requircd when :apic , noted The ring 6 i,1,1 :ulis'alion 5 h.'lie:,3 
linc sw/ches arc opened or eloied as [his function left el</eclon purpose .ind / iN:|..Ir from [he uirreni 
1 performed by option 3 di.tribill[/npancri/hailhelinkh,Mee, Ii.ing! 16 

................renpoin[ Thererfor- 
3. The /us of .1 [ine .witch mdy be altered hy In.ince 01 'he system :,•a whole In.lv' be gaugea froni 

an'we ring the promi, [)' or C , 01¢10%.c[,]cu[:moB-(1,67'% inthi•eahe. 

4. Budaadingspecificalion, a:enwredusing this In 
siruction Promp[, herear: bus number:ill,p,MT 5.2.2 CASEZ-conne,·tion 161027 

re#cr (kVA). 1,„wor factor Alter speeifying (he 
loading at asubration i, 8/be regarded.ts·valid' Beforedoing thls run the linehclwee- 22 and Nic 
(Zero loading niwlt als/he entered where april- /rened .md the· hoc !(. to 27 L'[o€.1. The re,uks of 
callie). some of Ihe 11/imt bus volinges and iiI] th: branch 

eurre® :ire chown holiec Ihal .Flch<,ugh The cur. 
5. ror thir oplion ang,er, [o [he following prompli ren[% appear to he evenly distributed. ,he voltage 

are required: cable,ype. re„•lunce,kng (ohm), le„ls .irporm/ and]7:irc!,ignifie.intlylowel The 
rcamnee/km fohmj:,imps, The last entry herc 04 er. 1110./..irc als<, the highest for the four.ascs- 
refer, 10 1 hu curronl carrying c.,pacity of [hc cable. 1.{13 4. 

6. St:p-down transformer dat.i is entered using Ihis Thix repres/nrs an increase of 26 kW or 28 AVA 
oplion. ·rhismav bc om,ucd when Ihe transformer abo,elliatofcasel. 

is regarded as a shon linc se/ion. as dist:w:sed ear- 
lier. 

5.2.3 CASE 3-connection l·11027 
7.to 10 

Are various print inxtructions which will appear The procedure b repcated for [his connect»n. This 
later in 'hc example. c.ible roule I phys]:LIly Ihe lon»1 bil[ the ,·c•ul„ 

show [hal ihe valigige :ir sub· ar,rin 27 is a hoatih> 
11 This instruction re turn, the user to ihc m,in mer,1 10.831 kV .ind th¢ o„ri,]l los• isonlyl.55<4 -ihe 

whin editing ha• been complcled lowest / [he fourcasc•. 
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5.2.4 Ells£4-conneNtinn 19 to 27 

FIG. 2 -Distribution S/lern Types 
Onh Ihe current distribution far Ihi•configuration is 
shown Obvin,1/4 feeder an 19 nowearriciagrea· 
let load (156.4 A) The efficxncy of this case is dc· •DISTRIOUTION picted by the sysim Lipg M „.75%. /POINTS - /,b' 

5.3 Asses'menl 

Ohv„,/317 Monie fueton, have been ignored / thA 

example quch :i. fu[ure possible expan„on m rhe Lm- . ..4,9 W '234. 
medliate area. la:,d grawth at „Ihiation 27 - and 
whether the ding .md prop,Med plant would be -/41 able lo accor,/ate such increase<,md :21,0 whether r. / \IN. 
securi> of suppl> is to hegiven furthereon,ideralion 
In an¥ event. such con,liti,nx would he (he basis for 
furlher analyses giving mare support to the de/gn \4.-/N 
choice 

/ 2 \/ 
Tran,fornier lo,Ke. ilt the main si,h*tation have albo 
bee), Ignored, bul di the current sharing belween €C' 

thelwo transforine,5 known. Ilient !(1!w;ef, mhly be cal- 
Culated. It may bc miled that on demand char.e¢ 
alone, bused un R 9.80/k VA, me l kVA difference 
be [Wee,• east,/ :i / 341 Ii'ma.10 R'700 per In n um - 

sufficient to * :1 perMonal compuler! 
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SAMPLE SITEM DATA 
FIG. 6 - Sample Dlributin System 

€3GkV •*BUSDATA**FILE**sth2** 
BUS POWER BUSSTATUS 

X BUSNO. 
kVA PF DATA BUS L-0 TFI 4 TP2 

O.L) 1 OC VA_ 1 CO NIC-ED 

'L--1 43. 1 -91 VA- 3 CO NECED 
A 3 0-) I I PA ) CO NECED 

4 3613 ) .92 VA. 3 CO NIC-ED 
5 293 I .91 VA. ) CO NEC-ED 
6 221 - I 91 'A- I CO NEC-'El·, 

110 1 ' v. ) 00 IEC-'ED 

17' ti• 
. 156 Ol VA . 1 C'O NECED 
. 125 } IA - 3 CO NEC-ED 

1(, VA.) CO NEC-ED 

3 .-42:24'JL= 11 VA ) CO NECED 
13 11 1 91 VA ) CO ./CIED 
13 1/ VA- . GONECED 
14 63 91 VA_ 3 CO NEC-ED 

U :. 15 / 91 VA ) CO NECNED 

U Lifre 1 0 1 1 UD VA 3 CO NEC FD 
17 43. } 89 VA_ 3 CO NEC-ED 

Truf »16+ / (] ) 1.00 VA- 1 CO NEC-ED 
19 41 3 40· VA ) CO NEC·ED 
20 43. ) 92- VA - D CO NECED 
21 117. 1 83 VA . 3 CO N liC-ED 

1 36{1 } .92 VA_ I CO NEC-ED) 
23 Im. 1 92 VA . ) CO b EC'•ED 
24 27. ) 92 VA ) CO NEC-ED 
23 37+ ) 92 VA _ 3 CO NICED 
26 25. ) 92 VA . 3 CO NECED 
27 1300 j .g• VA ) CO NEC' ·f D 
14 0 ) 1 0,• VA ' S LA 1-1) 

**I.INF.DATA**1 [I.I **stby* 
SEND· END- CAHLE- 

1.ENGTHOM) BREAKER 
BUS BLS TYPE 

2 1 30 COSED 
1 3 .' C-OSED 

4 C-r)SlED 
.1 270 C_(,SED 

3 95 21 DPEN 
3 6 570 C-OSED 
5 175 C OSED 
5 7 61)5 C j)%1ED 
5 12 48[] C.OSED 

14 2,[] C-OSED 
6 1250 C OSED 

FIG. 7 -Di/rihi,tion Problern - Alternative Supplies 7 H 9)5 C (.)SED 
9 15.. 2 O-/SED 

9 1(I 385 2 C-OSED 
0 325 C.RED 

12 23/ C-ObED 
3 14 35[) C ONED 
3 15 613 C.OSED 
. 27 65/ . DPEN 

Af 63\ 5 16 92{) 2 C-OSED 
45/ DPEN 

04:Ic» 1 
'•1 18 CO C OSED 

8 / 2" C.OSED 

52& 9 22 591 1L C.OSED 
* -- 

p·,•# 9 23 I. C_OSED 

'233:3 g 61' 2 C.OMED 
0 21 310 -1 C.OSI£D 

22 145(] IPEN 
24 531 3 C.OSED 
25 520 3 C .OSIED 

2 33(} 3PEN 
3 26 11•1 3 0-RED 
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**CAB]. E DATA 2. LINECURRENTS 

RFSINTAN€Elrn REACTANCE/km, 
T¥PENO. SEND. END- ANGLE 

Cohm) Cohm) CCRRENT (MAG BUS BUS (DEG] 
1 0.138 0 089 1 2001915 - 23.39 
2 1.252 0123 

3 240 3866 24.39 
3 0 238 0097 

4 189.7545 3.07 
4 0 573 0 108 

20 8 4186 - 29.28 
' 214 0 002 

3 6 240 3779 24.30 
11 11 228 0 087 

6 56 3741 15€,53 
2i 0107 0046 

5 18 0835 2446 
22 0128 0 063 

5 12 22./344 - 04.46 
30 0 000 lai 

. 14 15 8224 - 2450 
6 1 9 156 3374 - 24.34 

8 12 1666 •4.45 
8 9 3 911(, 24.50 
9 10 2 6985 155.55 

10 11 . 62')5 15• . 
11 l2 15 RI45 155.56 
t3 14 12 5057 155.51 
13 I 4 3740 24.49 
19 16 00007 141.26 
17 / 2 2874 152.90 
18 19 2 4020 153.47 
1{) 145 27{e - 24.34 
1g 23 6 6308 23 / 
2u 21 61277 31.67 

24 14258 - 23.36 
22 25 1.80 - 23.29 
22 27 69 5226 - 25.74 
23 26 1.2355 23.96 

TOTALDEMAND 
POWER 7 62{MW) 3.38 (MVAR) 

TOTALPOWEll 
Sl]PPLIED 7.67(MW) 3.41 (MVAR) 

% U ES (] .9 

CASE 1 22 to 27 

POWER FLOW RESULTS 
CONVRTED IN: 40 ]TERATiONS 

ACCELERATION FAC'rOR = 1.7500 
TOLERANCE = 0.00010094 

1. SYSTEM VOLTAGES 

BllS NO. VOLTAGE(KV) (MAG) ANGLIUPEGI 
1 10000 

2 
CASE 2 16 to 27 

3 000(] . XXX} - 

4 ')411 MO[ 
•DISTR[BUTION *STEM ANALYSIS- 5 952') POWER FLOW RF';l'ITS 

6 9615 0/ 
CONVERTED IN: 38 ITERATIONS 934)3 ]174 
ACCE[.ERATION FACTOR 1.7500 ')154 )442 
TOLERANCE = 0.000100% 9142 I. 

/ 9163 )425 1. SYSTEM VOLTAGES 
11 9228 010 

BUSNO. VOI.TAGE<KV] (MAG) ANGLUDEG) 12 '303 1175 

13 9452 ...)009 1 11 oDDD 00000 
14 9543 . •170 - 2 11(000 .(1.0000 
I 9398 1088 3 11 0(*XI 0 01)[*) 
16 9308 )088 16 10 6332 0 3938 

17 8768 XM)4 17 10 9135 -00166 
/ .8788 /36 1H toi54 -0.0206 
1{) 8789 -,]038 19 10 9155 -00208 
2CI 9994 )002 21' 10 9®4 0 0002 
21 9976 )034 21 10 g976 0.0034 
22 8452 •69 22 10 8080 -0 0173 
23 8768 23 10 9133 -0.0200 
24 8448 Kill 24 10 8976 -0.0172 

8447 1072 25 10 8.5 40171 
26 8767 1029 26 10.9134 -0,0200 
27 7954 038 27 10 5678 0 7/I 
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CASE 3 2. L[!IE CUR XENTS 14 to 27 

SEND- END- ANGLE 2. LNE CURRENT(MAG) CLIENTS 
BUS BUS (DEG) 

SEND. END- ANGLE 
2000371 - 23.34 BUS BUS CURRENT(MAG) (DEG 

3 2416429 2/.22 
1 

4 189.7564 2000371 - 23.07 3.34 
1 3 2 20 239 7789 8 3368 2917 - 24.36 
2 4 2416362 189.7564 3 6 24.22 - 23.07 
2 

5 6 56.3744 153,32 8 1368 2917 
1 

5 18 0&42 24.45 239 7737 3.36 
6 56.3716 5 .2 22 $058 153.54 - 2446 

5 7 18 6 14 MI 986{) 0842 24.46 24. 
5 

19 46 6337 12 22.8165 24.46 - 23.25 . 14 
7 8 121/44 Mil666 •444 25,4•1 

6 lt) 86 6344 H 9 3 •3.23 9(165 244' 
8 121673 24.44 9 10 2 699 155.65 8 9 3 9051 1{) 11 96240 155.56 ..5 1 

9 ID 2.6978 
11 12 15 8113 155.63 155.54 

10 11 9 6253 155.55 13 14 83 6643 155.01 
11 12 15 8166 11 1S 73.3640 155.55 25.06 
13 14 12 5432 155.57 15 16 71.0219 -2512 
13 1S 4 2863 24.40 16 27 7t 02(}4 25.12 
14 19 fil) 2972 25.62 17 18 2 2803 152 N 
15 16 0 0011 131./ / / 2 3754 15417 
17 18 22796 151 91 19 22 75 4252 23.09 
18 19 2.3718 153.go Ig 23 6 6135 2302 / 22 75_4224 23 01' 

2(' 21 61318 - 32.00 
/ 23 6 61!7 - 23 M 22 24 1.4161 23.31 
20 2] 61118 32 oK) 22 25 1.9456 - 23.25 
22 24 14193 23.31 

23 26 12481 23,86 
25 1 048'j 23.25 

TOTALDEMAND 23 26 1.2495 24.00 
POWER 7 62AMWj 3.38(MVAR) 1-OTAL DEMAND 

TOTAL POWER 
POWER 7 62(MW} 3.38(MVAR) SUPPLIED 7 70(MW) 340(MVAR) TOTALPOWER 

% LOSS 1 (11 
SUPPLIED 766(MW) 3 19(MVAR] 

CASE 4 19 to 27 '%6 LOSS €9 

2. L[1 IECUR ZENTS 
SEND. END- ANGLE 

CURRENT(MAG) BUS BIlls (DEG) DISCUSSION - BESPREKING 
1 2 200 5016 23.37 
1 3 240 2879 24.38 
2 4 1 69.7490 - 2307 
2 20 8 3759 29.80 
3 6 240 2820 - 2438 MR DENIS FRASER: Durban 
5 6 561765 155.53 
5 18 0837 2446 The relative ease of accmto digilat cornputer facilities t•lay 
5 12 22.83/7 - 24.46 has provided designer, with w 8/ to eliminate Ihe drudger, 
. 14 15 8225 24.50 involved in the evaluation of alternati„ solutions to give a 
6 1,) 136.43. 2432 problem. 
7 121670 2443 
8 3 9099 - 04.48 Ag Ihe engineer has an obligation to produce the oplirnum 
9 10 2 6993 155.57 solution. taking intoconskleration initial capltaloutlay and 

I 11 9 6284 155.56 subsequent operational coE[%. it is encumbent upon him to 
11 12 15 R146 155.55 utillse this facility to the utmost and to endeavour to keep I 14 12 5056 155.31 abreast of the rapid advances in computer technology and 
13 15 4 2742 24.49 the avalbility of the m/iated software packag/6. lithi, re. 15 16 0 0007 177.50 gard I would be intereted to know whether Mr Herman 
1, 18 2 2901 152.93 explond the availabillty in the libraries of compuler / 1[) 2 4176 154.27 suppliers of ex,Iting software package, to produce the re. 
19 22 75.6805 23.08 quired Astern analisis, heran mharking on /he compila. 
19 23 6 6347 - 2302 

Ii,in of hih own prograrnme / 27 69.5345 25,68 
20 21 6 1636 31.74 The higges[ dimcult, 22 24 1.4210 - 2319 in atirmpting lo deon distribution 

s>stems ;4, as Mr 22 25 Herman 19522 23 16 point# out. the inability to foruca# 
1//rtiacmralely, both in iermsor rnagnitude andtime. For 23 26 1.2468 •3,87 
a realion it wouldappearsuperiluous /0 calculate currents 

TOTALDEMAND as his programme dr,es ti, 4 flecima] places. when the load 
POWER 7 62(MW) 3.38(MVAR) cou]/ vary quite easily h, 2S % frmn the eNtimalid. 

'rOTAL POWER 
SUPPLIED 7.68(MW) 3 41 (MVAR) The oplimnl desiwn ur dibiribution networks provides con· 

% LOSS 75 strnint, on s>slent e,palision, Nince an optimally designed 
20 VMEO TEGNIESE VERGADERING - SEPTPMBER 1';84 



9>•ter k lei ableto Incet an linfnreen chan# such /ihi cable slies. This is pos,ible wilh mixed integer mathematical 
douhling of *ad by / single largc eu•surner· programming, but I think we would rather leave that one 

Ihere· 

Our own experience with small portable compulers ir that 
the entr> of data i. 310• and hinee they ure generally only Youspoke•60/ fal,/fievefs. Again nu. itdoes Mautomati· 
capable or being programmed wi!11 low lei el languages, they cally select the righl ™hle size accorting to fault levels. 
a•·e not particularl> %1: on available mir.wory You'd havetouseitinternetively. itis jiM a loot. And avery 
Capacity. The output rurn,/ is nlio n,Unll, limited and this dennite, kes, to your W quehtion aboul i,i•emg##ing Wter· 
fan beseen in the "tpul' appended on the paper. native supwks. The package is not juht u,ied as a design tool, 

4 11 can be used to do ongoing Inwestigation of Ihesystem. 
11 is rathercomrorting tome and perhapstoother engineers As loids are updated and the whole «/em becomes up· 
of rn, unt,Lge, Bhornay notbe 4uite'4,itilit"in terin•or dated. one can get a quick picture of wh* is going on in the 
computer knowledgethat, to quote theauthor.··itibnul poh- ghole system. And you can. and thl is done very easily by 
sible M replnre th, rule of the experienc,dingiliper with that just switching certain feeders in nd out, do your con. 

of.©oi,iputcr··. tingency planning to *e whal the currew look like under 
Ihie conditions and voltages. 

HO•'ever. Mr I]erman·, paper pro•ides a very t]Inely 
reminderthal w neel lo appl> thi• rxperiwlce with an open MR Al.W[N FORTMANN : Bokshurg 
mind and test ¢he ralidly of ·•rule / thumb" suhilimix 

aga,IMI ollier options. which could nuthoreadil, be dorle 6- You took the 66kV busbar as being a common busbar. 

're t. current ·'computer age"· Having Bakl thal. then sure[> all those fe,:ders leavtng Ih•t 
busbar, would supply a system w hich /01,1/ he treated as 6,1 

A rew queric, al·150 in my mind aftur Ntudying the paper and entity. In (,Iher wordM, the capacity of that compulor need 
Mr He man's replies thereto •ould be appreciaid· mot be as big / 600. Yousald >our computer could lake 600 

sub•tations and 800 lini/. nen each branch leaving thai 
1 - Can 01£ program be used,0 del·rmine thi opfimilm Nike 66k V husbar. which E now a common bi/bar, rould be 

und physical location nf „lhstail,ins and cableN in treated new m Nepurateentity. lithat correce [notheric/d•, 
residential biwnwhips wi, h a given ADM D ? it would pos,Ibl> be a 1/ Nmaller than the whole *m orw 

mdium Nlic city ur tiown Thank you. Mr Pre,ident. 
2. An Important consider,tion in determining cable sizes 

in an elecirical ./ribut.. ...m 'the available fault MR R HERMAN : Slellenbosch 
current that the cahle hasto withstand Does the program 
determine [he cable *ize, taking faul level into ae,wunt. ¥24. [ agree with you. that ir,>ne regardw·,il.h (>1 TC, 4™[1 
or haw ,•le 1.1 inpul warioug call Nizes In addition to tile wesay. wilh its area of Nuppl>,you can then regard jilst thal 
other opliens of alternative cable route lengths? small area atg a unit. and thal isall that I h„, r Ine for thi, 

exall,ple. But th, program does make pronion flor inrfugin 
3. Should tlirre bean 11 00() Volt cable fault ona sy/em. of the whol I %el· up, This would also help with a *:1 hi,M: 

can the prograrn he used to detrnnine the ma ernno fueility thatyou arepropiding. [t aka imm *1 unc wi,uld 
th,1 he able to mical //arnative feeding arran/cm//1/ *hift areas frorn one wrea of supply to 
another. lt woill,Ille awkward toelit or to maintain on the 

MR R HERMAN : Slellm*ch program, if y,/ j#.,1 had Imle aubvectinis Unit yau ;.vuld 
t.at.parately. This would mean ..11 ...Id notb: able „i 

M a rew comment, In ,/me·of yo,ir queries. Theava//ah,7. Iri,nlr electrical dataor nne. birally to mother u·clk. 
1.7/sanware. Original[, ]/id havea l.ikat wmeof [he So ir you can include it .11 in nne, it • 111 make I a hil easier 
son•:Irr av//able. Sume „t th£ better material [ ;aw in for the data handling. a 

sortware magazine. whid, uns im[ a distributionanalysis 
protrurnme, bul wai u power Iystern package from Ihe Mit MAX CLARKE: Randhurg 
Unitid Stal„. 1 w role 10 Iliem and / firit ¢hey didn t evcm 

What di» Mr Herman reply· E,enlually 'ee a' they replierl and aid ··Do you have a the future? it qeerns lo me hei• 
Mi?". Yes wed,ilmve' -t The vax & amain frame typed beloping or haw devel„ped a progr•m which is of irnpur- 
cornputer. ]11,0 /th,packagewas 100(MMIdollars. Thal lance in practice. and ib at the moment really an ae/'•mic 
I wh> wedid nnt purque thaion, 1 00 far. In an> cient Ihe euerei.ie. What R going to happen 7 W 111 we. as pruclihing 
wh,]le /xerche was to 0 -1 inhouse experim of thi'sort engineers, liencfil h//spingrum, or will wc sendengineerg 
of thing. ¥,mr conimen, al/ /ceurate# forecm/4. I ror training to the univerwity? Or will we send dnwn a Reries 
knA of tint, of darn for thul thi, Is, •s the Afrikaners would pul it. a inputting to hib pri)grn,m to Rel an™ers 

out? 
'•turksv>". Sure this W a problem. but I think in any event. 
Illate,er you do, Ihere m. 6 some decision, to be mude. MH R Al leag, ha,ed val/es, HERMAN : on given you can use the pro/ru m to Slellenborh 

determine the relativemeritsof alternati,e ideasand thl,t is 
whatihi'ih We illaboul. huve Men fortunate al Ihe Univfr5ity of Stelle,dioich. to 

Burt :In Ins/lule or Elctrical rechnalugy. headed by Mr 
.tbouti,irmur UW:Mol,- I Jpmemhertw<near,ago. when I Raphi Prit.irlus, This body will makeavallable ils wrvices 
heard Nomeone tall,ing about 11,ing a micro•omputcr fi,r in (he p,/mion at [nrge in an //sory capacit,- The pac- 
6 kind of wurk, (but 1 leall, laill:hed and I muvt kage i. al:n for sal. 

a'h•medly biy now (hal ] can see the foll> of uny ways then 
Wilh 9 littlr bitof jiggling, and looking at the algorithms Mit TREVOR GAUNT : Affiliate 
apaili. we have fouildthat wroan,ivercomp thisproblemt/a 
large exte,il. As a innitler of fac, the ] BM-PC, which & not a Mr Presidefil, Mr ]Ierinan is to be,onniended for his work 
Try *uphisticated compuler. can prohahly handle about sl, repnrted in thii /per, which show,how the powerof smal[ 
hundred subslation, d eight hundred lines, so it is big computers can he applied lo the d// of elee/rical power 
inough. Op'imiza'ien. The prol:ram as such is not an n. sy,te,ns. He has ihown that 1*0 a,!p,Intage, may he guined 
tomalle optimwatinn program. I we this Is a chHIIenx, for from the useof rompliters . storage orthesystem details and 
the future. One wnuld 11- have to use another Afrikaans multiplecalculations. These would be lou longtorarry out 
termi,nology, ··die menise Inak maak" with an Interactive b> hand. With these Iwo idea in mindi have a rew com- 
prograrn, befon enne 2,1111,4 at automaticalib determining ments and questions on Mr Herinin's paper. 
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Arst I note that load: have been repreented - conitant ahm[ 17 4/al. I think that k quite a bit faster thanyou 
/•cr loads. expre,sed a, kV A and power factor. As most could do 1» hand. The beauly i6 thal one can have a look at 
load tran·formers in the distribiltion network operate on Ihe resultand try differenl ihin/. ]t is inturactive and in Ihe 
/xed lap. pirtually only rotaling maw would he cnn. end decid„ on a solution. So Ihe deckion 16 youri. 
4111nl power loads. A f high proportion of the lods In a 
munkipal area are constant impedance I{,a• - lighitngand 
hcating. The ealculalions can be greatly simplified by as- MR R R SLATEM : Affiliate 
Numing col-an[ impendance loadi. withoul reducing sic- 
nificantly the acnuracy orthe w•lution. 1 would :,ppril.iate Mr Herman, [hank >ou very much for a v m intere/ing 
Mr Herrnwn'% commenl [Inthis. paper. and very useful cone,pls. My conlribution is to 

suggest that there could he an extension of the use of the 
computer from the 3·phase faulw/), butalsoinmy realm My.,ciond i·,immenf relateN to the epaluation / Ihe results. ofproteetton. Weneedtherexulisof earthfault•tudiey. 11,• Mr Herman ha, a„/Id the alternatives *died in hl 
Fould also be vcry. ver> useful in determining the required example. purely on the bagis{,fetememciency. from which setting for retays, parlicular]> on networks where the 

2 3 appear. the most al ra;tive. The m inA in to,•e, of €arthing & effeclive or Relid and not resl/ance *him:. 2 3 nier case 4 has a value of & than Rl 000 per>ear, 
baged on the maximum design loads, while theinitialcip;tai 
cost of the em 250£ o f cable could mily outweigh the m. 
ing in 10·,w. A, he mid. other criteria uied ine,aluation of MR PIEr BOTES: Roodepoort 
result, may include operating ne•ibllity orproilion for fu· 
lure growth. BRIUM. evalu/i<in cal, dependon s[, many ah· Mnr die President, mir Herman het n baie interessante 
peci whkh ma, be difficult to build inlo a small program, referaat /1/wer oor 'n onderwerp wat vir my bewder 
we haw found chat computer •lutions to 'imilar problems Interes,ant ls. Die probleem is e/er dat daar 'n tekon aan 
musl be viewed ver> critically. 1 hl 1% not to gy that the ingenieurs Im om die rekenair te gebruik. *a die kit dat 
computer/,Juti,im Hri not wonhwhile. On the contral, / met mi administratiewe plime self sukket um aan die 
they permil Inmtigation of de,ignalternati,es whichentail ./. te kom. 
many /2//i,in, and *outd heheyond the reach of manual 
study. Forexamply. in the recent design or a ncw large hieh In die /bruik van 'n rekenaar moet daar wees 
density. high economic category township we were able to 
lest various lay-out. distribution transform·r *,5. cabl 1. Net/trk•nors,elling vir lasbepaling van ¥oerders; 
sim and malerial· to meet wiven design criteria. Thesaving 
achieved in the final deMign can "4 be as much a /% of 2. Netwerkvoirstelling vir foutstroomberaminix: 
Ihe cost / gh/ could normall hea'cepledasan accepIahle 
dthign. Ten percenl may soundalot. but if we rememberthe 3. Netwerkroorstelling,ir rele initellin/. 
counin reguim perhai a million #w men /0 be/upplied 
within the nert fe» /ars. then a 10% saving Ihroughout the Selde kim dieselfde netwerk¥•rNtelling *bruik word. Dll 
network design re presen t, a s,n·ing to the eoun ry of hun- beteken da g grool geheue orn hierdle notwerk/oorstel- 
dred, of mimong of rand. Iherefore, Mr Herman'% encour· lings te hewaar, wan t l y 8 1 uit die aa rd an die baak hlerdie 
agement of the use of computers in distribution network de· netwerk¥,inatelling behou vir latere gebrulk. Dil beteken ·n 
sign Ah/uld not be taken at al[lightly. redelike gruot rekena/r en die n/ige bybehore om hierdie 

netwerk wior te stel. K(immentaar hieroor word verwel- 
kom. 

MR R laRMAN : Stellenliwch 

Thi, ren,Ind, me ed one po/ble ser¢ of holution thai I 
attempted before 1 had a compll"r. I was in charge / plan. MNR It HERMAN : Stellenboxh 
ning ind [ made uge of a De board. in /her words. 1 Jusl 
reprepenled I he loads and the line™ as fired resistors, baN•d •n Mem •al graagbaie aspel,te willnbou inNo 'n program, 
on the irnpedance valic*. Thl was thebe/ ] MI aimat, al maardwaris 'n grenx. 'n Men,moet ripdieoucnd boluit lot 
the time. Isuppose there 1% Namr merit in ihooNing it. The ac· hieria en nle verder me. Maar *at hetrer die Peheue- 
cepted claNc· pal *hal en,line•rs fullu• 6 along the lines probleem was dil 'n undaging vir my,want ek 6 gewoond 
thai I have mentioned. About the 1,14ses and fle,Ihi® iiI m dic honfraam rekenaar, die rekenaar met die Mr,int 
chteing a deslgn, / /ill /e that the computer replaces M a Reheue. Die norm/le manler om hirdle problem op te 1/M is 
large ,™tent the /de.rule •ottage.drop chart or •hatever. I by wyst ian die admitinsie *am-matriks. waarin duar 'n 
16/w a d. It needh unengineertouseilandihi'Ideals not M klomp nulle N. Wai ek bier gedoen hel. i, dat ok heel- 
that it *ill untinatel> Wive >ou the perrectdo*n. You have lemal ander 'Roritmes gchruik en glad nir van m„!rikse 
got to uir it. and the aim is to provide,omething with which Rebruik maak nie. Ek stoor Nlegs die nic -zero , ic,IK· n le van 
a perhon gan do w lot of calculationi. For theparticular 5,8. die ritriks. Wat betrefdie Reheue h dit nies/ 'n groot proh 
tem that I *howed Foll Ihere. geltingdown to a 0.0001 % ac· teern nle. Hedendaggse geheue i, R•dkoop /n ons praat hier 
curacy on v•tage, Muling ahout / calculationA. 1 think tan 'n rekenaar In die orde in 4 - 412 dui•nd rand vir 
Ilth m IBM-PC pliN und 80817 co·processor, thiN took only 

hierdl i,ort un pakker • 
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9• GUARANTEE OF 1 
WORK SCHEME 

on all electrical installations by ECA members 

6•'THE HA•* 
161 -O,4 M 

4537 
\/\OF SAFETY/4/ 

Il 

The Elearical Contractorg' Association (South trical installation work undenaken hy member firms. 
AMG/3,0/ers, Guaranteeof Work'scheme which other thai, those contracts reQ,Jlated b9 standard 
covers up 10 R10 006 to customers of any of the torms 01 building con:ract or sub contract which 
Association•s member firms already provide formal<ing goori defects. 

The ECA is the association representing the elec When a customer leels he has cause for dll 
tric* con,racting industry in South Africa - the satisfaction. the member firm must be given a 
hundreds 01 flrms. laige and small. who do,n excess reasonable opportunity of rect#Ing any failure or 
of 80%of the electrical inGtallatior,3 in South Africa defect Ifthe•alsstilld,ssatisfact,on 0, disagreement, 

The Association take, considerable pride from the a complaint made in writing ta the Assaciation and 
quality of work don. * ls members, who before supported byeorrespondence und other documenta- 
they are admitted. must satisfy the Assooallon that tion. willbefully,nvestigated 
they mae,the required standards If concilia,0/ lion fails, an Independent arbiter 

Tha number of Implaints are therefore very wil; few be - appointed. His du'F would be to ;iwesl,le 
a racammendation In ,tself of the high standards set the complaint. If the 8rbiter finds in favour 01 the 
bythe ECA for memberfirms customer, the Association will arrange for the 

The J'Guarantee of Work- scharne 16 now an m member firm or ander member firm, to rectifY tho 
tegral part of the code of procedure for handling work in accordance with the arblter·s findings toyou 
customer complaints. The Acheme appliestiall alec the customer. 

THE ASSOCIATION IS YOUR SAFEGUARD: INSIST ON YOUR CONTRACTOR BEING A MEMBER 
™E ELECTRICAL CONTRACTORS r ASSOC,ATION ESOUTH AFRICA). OF • 

Cop- .the • scheme m- be ./.ad ... The Electrical Contractor's ...clation (SAL HEADOFFICE: 40a Ca,Itan ' 
C.-, vo. vII*h ..., ).0. Box 6327. Johinn-bu.. 2000 T.I.,hon- 21-7-8/9. eRANCHES: BLOEMFONTEIN 
P.0, Box 1 07, Bloemfontein, 9300 Tel. 8•146/6, J Lubba. 801.AND: P.O. Box 256. Pa..1,7820, Tal. 21707: W.F Uis CAPE TOWN 
P 0 80• 4324, Capa Town, a000, Tel. 21·5339: N Morri* EAST LONDON· P.O Box 271, Eist London, 5200, fel. 25729/21391 
R A llon. NATAL BRANCH 407 M.B.. 8.,ding. 59/61 St Andria Street ./In, 4000, Tel. 3133.19,313340: A.J Willems 
pOITE'ZABETH .0, Box 4,1, Port Elizibe#,0 8000. Tel 6,1 12416: C Parmentir, mANSVUL aiANCI P 0, 80/ 5327, Suile 
«]B, C-ton Centn. Joh-,n-bu.. 2000, Tai 21 7988/9; J C B.k. 
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The The 
Problem Solution 

1 1 

M'vA 

hourn 

Optimum load management 
with Zellweger DECABIT® 

1 Pe problem to ensure a conninuous and eco- The solution for the :afe ond faN exec.(]tion of 
noim.-7-.1-%-mity supply requires Epecitic efforts load managemen, in today·& power netwirks s 
In oad managen"t to Improve load factors and DECABIT Zekegers modern DECAIT 50!em 
reduce costs witho& Ineonvenlering Bnd users provides fast and reliable trangm,ssion 0' a 'arge 

inimber of 6% ihing con mands througn existing 
Effective load management calk for moderr, power netinrks for Ind rraragement and other 

1lexib e control sysiems k swrch se:med oads on functions 
ano off sub,ect to various networ k parameters Tne A con-inious resear/and development pro- 
resulting cost benefits can ba ver• subsiantia, gram ensures prog"swhile strong local presence 

9//fantees availability and service. 01 L 112£ 

I Representative 
Zellwiger Uster LEd - Farad Pty L. 

CH 86106.ster • P.O 80*31220 Swilzerland 6•@amier,to n 2017 
Telephone 01/940 6711 - rele,hon/646 4446 

Telex 53587 - Tele/4 24405 
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INTRODUCTION OF MR R SLATEM 

MR W BARNARD: PRESIDENT 

Mr Slatem k well known as Ine (of the country·s leading 
¢'perth inc|ectrical proteetion. Ihsearlytraining wasan 
apprcntice,hip with the Johannrihi/g City Council He is 
one of our firs, sch„hirs and his ,ubsequent career wih 
ESCOM was dewited to prole:non Ile ended his career 
mih [SCOM :1 he/d of [he prateetion division Ince 
1979. when he went on e. 14 retirement. he has been sel[ 
c m pli)ye d asa cons/1 ung engineer 

Mr .Slatem has had exten,1 ve experi e ncc in Jechiring and wr 

It , \\ 1 ook forward lo another of hi. erudic and lucid prama 
11(inx on 8 blo ct wh ih k of in tr reg i all po we r Aertrul 
eneincers 

R R>,1.-1 

/4••,:Mgr,N•u,4 
+'Kt#.'A'Aliuf•(•im.·ul,i,ni 

PROBLEMS AND ADVANTAGES OF STATIC RELAYS 

1. INTRODUCTION slanding thai borh users and relary de,gners were deter 
mined to overcome the problem ind in the early 19701 

Static re!,vi were fiN Introduced on (11/ market in the the situation was brought imder ront,01 71/ users 
19601 largely because of the flexibility of design possi- learned to reduce the levekof overvoltages producedby 
hle wi h 41/K as comp:,red with ele/tramagn/ie com- relalively simple inexpendve mihi/k ad the relay 
ronra. in the•e early days little waK known •bout Ihe ile„gner, incre.,gr d the %%,thstand cap:ihibly o[ the rel•yh 
electric:,1 er,v•ronmenl in •ubstation„„farassecondary A ,;blation and tittoring lechn,que„c, that we nov· hage 
circulb wereconcerned. I he earlyexrlerience withstatic the $/uation depicted on the righ, hand i.,de of fig. 1 
re\/ i was disa,Iri>us bee,iuse of the high levek of where the relav withstand cap:11,111„exceeds the levek 
induced and ele,[restaticallv coupled [ranvient over- of transient over•oltage'. by a mmfi•rtable indry'i 
volla F presen[ in thi· 0,(un and the vulnerability of 
the K # cm /I to such 01'erv,1 51* Stringent rype tes ng requlremenls were introduced by 

aulhoriti„ mh i BEAMA, ANSI. tEC and other 
rig 1 illu*trates the s,tuallon th./ ex,i,ted The Irans,ent national ,[andard< organis ttions qi,ch as the Swednh 
cnerrottage levels proent m the /ation farexce/dedthe SEN. und. provided that these requiremenb ure in· 
*ith<tand capabillty of the early defign,/ relays and all cluded in the specifications for static relays and the 
Ae, the world/lit,ire y [allureswore the order ofthe retays pass the teits. h can now he gated th.,t Iransiem 
day This eauid a culls,deruble set-hack ir, thelruseand overvoltages nced no longer he a problem for slan, 
The,e are // applicalltin engineers.ho are preiudiced rehr,ing on stations where the control cables have 
again, thein because of those early experien•. armouring,ar[hedail*•th end• 

Bilt the atiract],e [eatureh tf stall¢ de.igns wore so out- 1[aving overcome Thix marr hurdle. the way "s open 
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/8 exploit the advaage, of xtatic rela Y, and thi& has access to the kep. This is actually an ideal 911, tion in 
en la:kled vigorousl) bY'irtually 

all 
majar 

rel- 
my opinion bince u controls the access,0 the trip 

te41 
2 anufacture•. 

function and prm,en„ unauthorud (and prohably 
ham-fiiled) pcsonnel from having £,cces·+ 10 An,1 pob· 

This paper addre<,m those area, ,/ intere# 0 the Iibly damaging th: relay or i[' contacts. It al·,0 prc· 
munlcipa] inginem and dke.wises briefly some rf the vents the prevalent and undesirable practice of enc 
proble ms and adiv·an tages of static relaying. rechniciang who ir[,en dtps ot paper between Ihe con· 

u:15 to preent tripping when te/ing and either 
2. PROBLEMS forget to remo¥c them. or introduce din lo the Con- 

[acl surfaces ro the detrim¢/ of,he proteclion rclia- 
2.1 Probab!) the moN, pertinent problem forthe In,]nici lily 

r'| engineer is that of pawersurrlies for 'lati c reian' 
chpiei,Aly when these £,re to be used in Nman sub- 2.3 Finally. there iss,ina ps/hological/r(Item forfield 
stations normally fitted with Iripping latterie• •nd ciaff /Ccustomed to electromech.inic:,1 rel.1,4 to ail 

chargers of limized :apacitY. Il'er' arp reluctant [o in' to Matic relay. where they cannot see di•,c•: turn· 
di:parl from their stanitard arrangenment, by prov'id ing or armatures operating m Experience ,.how,; 
ing ballerle, and charger. capable of mee,ing ille thuit this problem „ soan overcatne if the staff arc al 

standingload/flaticrela•. Sonier.la>nia•iuf.t.. low/w experiment by Neling and testing static re- 

efr have addr¢Nsed the p„.bleni b v rowerifigilie,tatic la» following a programme of Instruction in their l,xe 
relay, from the C[kbii, this tends lode·fe:/ one of [he and advantagea. The caA¢ with which the rel.,9, are 

importam advantage• of jatic relays, 11£,mely, ilcir leNed and the delight which their accurate and con,k 
low burden on The CTs. about which more later. tent res)nse produm soon win acceplance hy ille 

Another approach which doe, not have thic di,adw· firld maff and in many inmancer original prejudice 
V i' to power Ihe relav from the AC 'upply nor- turns to preference for •1:•tic rela>·• 
Rally and only snalch the baltery for 11* 40/ jitne 

Re relay requires m oper,[e and the; only if the faul, 1. ADVANTAGES OF STATIC RELAYS 
caused a collapscofthe AC *upply vollage Capacilor 
brilgingstand by e [,surt thal Ihere is no iliterruptinn 3.1 Summ.I 
of supply to the relay or trip cirruits during th. 

proce• sce fip. 2. The,init 6 desipned /4 part ofihe Th¢ followinglist detail, the numy featuresof „mic 
relav askembli and provides an ce/nomical alterna- rer' ind it ix intended 1/ sho·n by typical apr•licil- 
ti• c to incrca,ed charger and hattel capactty. S peninent to municipal senice how :inie ot 

thehe can b. uxed I, advantage. 
1 hec,imbination,•f .ti.mallbatterY andan AC··.upply 
fur the normal „unding tand of the relay is also prcior- 1 Bell¢r eharacienstics (e.g directional aid diffe- 
able lo the use of pure AC energixed capacitar trip- renlial rcill 
ping units which have (hc 411'.advan[age Il- ihey mar¥ 
g operate whencloKing in oa faull after a prolong,d 21 ligheraccuracy(% of actual hettingnD, maximum 
circuit o. ge, •,Ct¢mi) 

2.2 A sccond problemwhich mak be experienced 11>'users 3 Belter repcatability. 
of stalk T /M isthat / trip I/Ung ihe bre:,ke, from 4 Low civershoot. 
the relay. Normally wi,h =tic rclaysitig not possible 
io gain cas! 'ccesN m the outpu[ trip relay contack 5 Better reset ra,io and operate them to trip the breaker Wi& elic. 
trnmechanical relavs il is usual , easy coomarn access 6 More ficxible :ind 
to the contile„ adaptable. and provided these are handled with 
duc care, eause lhem to ele.e and trip test Ihc 7 Wider curre,31 6:trilie 
breaker rangch. 

H Loi burdens „n /.Ts and VTs 
This k not a problem when the circuit z being Injec- 
tion le.ted forcommi,sioning or during romine relay 9 Simpler w•ing and rep.ur (card level lehls since the replace- required ifiantitte,;tocamrel:,1 opir nienl) 
ation ,·an be injected :in.1 allowed to reqult in breaker 

iripping k max be a prablcm howeir.when change:, 1(IVirtuallvnomaintenAnce. 
have been made to the circuit breaker or it, comr<il 

/inng and it 1/ de<ireil t] prove that the trip function .....compal. is st,11 heal,h, on completion of the modification. 

withou[ re'irting to i'Dection tcpting 12 1.ower ,0,1 (r.penall, in mnor:Nophiticated:,prl, 
diont) e g different,at and di•lanee re=lay, 

There m twO h„IU On, te th„ prol,km. The fiN and 
·:i mple,;t cons-, ,//rely in the brid eing 01 l e ou tput 3.2 Static inverse Tinie R,1.4•11)MT) 
trip terminals on the r/[ah or on Ihe N device. to 
5.imulate a contact m,ke 'Thi!.can he con,idered per- 3.2.1 Startingcharacteristk 
Cecily sari,Kfaclory f the relay hax recentli been injeo· 
min lested i prowe ifult the iniec[/ qu.intilie·; clor /le,trumechan/al rel:>4 of the inductinn KI„et> pe the conlacul tind e/her trip the breaker or ,(op a h I I to n„,ve al a cermin multiple of ihe vt,ing. 
d/cr. Le. rhar they :irc functional url k the te/ w/4 silincwhere between [05% and 11(1'4, and 
de•ice Mplele th¢]r travel al a higher mulliple - ugally 

wriewhere between 1 10% and 130% At Ihese mui- 
] f Ihis is m calisidered *atistaclory asa unive™al sol- tiple, the relily, .ire cril•11,1, and the Torqlle level, 
u,ion. I is possible lo arrange for a Spring return ke, are very low No They lake very lone times to coniplele 
m•itch tocall„ momentary operation / the fin* out- their travelandot en Joil'toperate both the fial und 
rul relay 60 th.it its actual con[:/4 de the [ripping {)1 the contacts Altempting to * these U) i,per.@le 
[he breaker. Only authorised rker•,onnel would ha·.e together is Wh trying and tedious 

26 IMF.O·rECNISE VEROADERING - SEPTEMBER 1484 



Static IDMr ielays, on Ihe other hand. have a defi· cient to operate bothlypesof relay, ihe lowtransient 
nite pick-up within 5% of ihe guing, and ihe fae[ over·reachstaticrelay wi[I provide faster faultclear· 
that they have picked up LS ll•.„ally 1ndicated b) a ance becaux ofics inheren ly greater,peed and the 
LED Once pick-up h.,9 occurred. il is certain th / a greater mulliples of he serting which will result from 
sound re la> will co,nplete ir Irave] and operate both ihe lower setting,1. 
contacts and trip /dication The stan funclion also 
has a ieset value greater than #A'§. of the setting [ he trandent mer-reach in 94 isdefined /8 
u·hich /trw/eeb that the rela, return, to the full 

"travel' pu•,tion as soo„ :„the re•el value 16 reached % over-reach . Uill X 10(J 
whereai electomagnetic re!ays will tend zo crawl 

slow ty hackat thl,cilrrentlevel. 
wherc k (less than 1) is rho high„, pu value of the 

11 Nome •*tati, IDMT rel:,Y'' a xeparate pair of out· r-h rehly setring current ihal wOI M cmc rela, 
1 • 0111®P; 1, available and /8 /an be *d either oper:ilion when [he current isswitchedon,nahighl) 

1.•0 ir indic atio, purpohes 0, Mr a form of sligh(/ inductive circull. 

4/ busbar protection for MV circuits (C+g· 1 1 

kV) which 16 6Upx,Or to Ihe rammon frame [eakage Conventional electromechanical high-5/ overcur· 

protection ,ince it /over·, hath phase and earth- rent relays have a °'h over re./h of the order of 90- 
fuull, .mil eliminutes the nee, for iniulating cable 100(k= 0,5-0,53). 
glan<15 and the SW/chlic/id fiorn earth The princi· 
ple of Ille bus plolection IN illi„traied mn fig. 3. ]f tile Static high set instantaneous overcurrent relays. on 
starling relay on the incomer A i,perate•. I Starrs 11 [he o,her hand. usuallv have a % transien[ over· 

timer whi.h will trip A a.,say"] seconds. If one re.,ch of [he ordero f only 1()°4 (k = D,91) 
of the •[arting re lays on an oulgoing circuit B pick, 
up, however. the timerisblocked anit B trips after 
Its .et delav in the „sual way With the incoming 3.2.3 Eleclromeehanieal IDMT relay, h.iw relatively 
relav A l ,•Cal€{1 on the FIV Kide ofthe trins former. high burdens ©ompared wi,h the eqi,walen/ /alic 

relav• and [he ohmic value of these 11, shown, horden€ varies Ihis bus prolectian provides much f,1 er 
cover for both Irn,isfornie, and h.1,har fauk. titan considerably with the sening. which i, no[ the cir;e 

4 
with ialic relays. as uld illustrated be pog,ble with the n,irmal mer"·time bv fig 6 for a typical 

lek.Up earth-faull retay The reduced stalic 
Settine' relay burden, 

coul,1 result in a margina] saving i CT en•ts if lower 
3.2.2 but thi: lutierent I. nat the area 

in nnog /atic ID MT relan „ a highset Mput CD: were specificd in- 
maximum bcnefir 

ntaneollsivercurren, element with low where resul from the transient use of 

or reae h Be, dube ofit, 103 tr.indent aver-reach 3.tali• relav•andtheir low CT burdens Of fal grealer 

2=32 te instantaneoa overcurrent element can be wt importance 1% the behaviour of Ihe Crire la y con,hi- 
ch closer to the tault .„rent level 11;,hon forlow / the remote CTratic,landhighfuultlevels With 

term inal an i thicirler/,1·.e·.both the posbible number convenmonal Crs of saw 10 VA class mp 15 Ihe (Ts 

of app icat](ins and the cover uforded •here there is •:,ill main accuracy Up toa much highe, fuu[(current 
uith static relays and the relative independance of 

slgillicall[ varialion in the vilirce impedance, Thc 

Ialler fanir,411]uNInliedbyl/ 4//5.4ASows these relays from the effect of bairation 

the :ymnietrical fault cu,rent oht:,ined whe n an harmoni,·s m•ans Ihat in · relay co-ordinalian ca,i be 

dlictive nrcult „encrgi•ed ata voltage peak Ideally ensured up to these leve Iscven with low prnnury •et- 
Ihe ii•tailtancous high set re[:L) /10111,1 he capable o f Aings Also the CP voltage reqmred to cause relay 
beings/tals:I, 1 /% 10131% / thispeakcurrcrtas fralion is considerably reduce,teven for 10/ rclay 
shown Bee,ubc Mults ,;eldoin nceur exactly at the seltin» With the D,nxequencc Ihat the magnctising 
volta/ peak. however. Ihere is usually a DC off,• 1 currenis of the Crs arc al,o very low und Iheireffect 
#Menwomponent tif [aullogrt!. fig 413.which In the actual primary fetting Is minimpl with stalic 

,·du:,e!, tile trans,en, Instantimeouscurrer[! lo exceed relays. Thus is cif value in urp!/ations where th/Cl 

th,·· getling and 0/ 1„ undedred operation of the ratios are high buiearth-faull currenlb wre limited to 
si mple h,Ah sel overcurrci,1 11 ap liw.114 include d in low values h' neutral earthing re'.istors res'Iting,n 
]DMT che r¢qui•cmcn{ for low rela, „Iwl,. With ete/. irlay assemblle• Conxglic/ty such relays 
]Lorinally have to be SCI al *prOXImate|V double the iromechan,eal relays. redu cing the relily belting will 
makmill »mmcirical current level at the point of generally r./1 in an actual.rease in thr rclay 
maximum desired re.,ch, and they mil> riot eveli primarysettime,asshowninfig 'buithelowburden 

of mie for the mlilimurn fault current 1Ft on Ihe static rela. make·; virtually any value of pnmary 
2151-2 

olecled orr uil, as illu,trated in fig. 5, wherc the setting PO"ible. 
ini,rum high shle fault current le·.el M 6 pu bult the 

setting required for a normal hugh (ranslen[ uvi 
Anothei area where the low and virlual conitant 

re•ch•elav babou18,1 pi, if it,Knottooperate fora burdens o f Ktatic relays can be of value „ in the appli tran,folme, LV side flult with maximum •ouree cation of overqurrent. earth.fault and restricted 
(i.e minim,im ·.ource impedance). c.,rth-'uull relay' to trn,"formers. 11 ' al,glurely 

taboo to combine electromechanical IDMT relays 
Obvious]' Nuch u relay will Dity operate for kns· with restricted earth·lault relays 0,1 Ihe &:ime Crs 
lormer high /(le fuult' Fl if Wh generator' are m because of the effect variations of the clec- 
scnice. Inimechanical relay burden with the s ting, haN on 

the ohmic impedance in the resirieted earth-fault 
In ou, example,Netting li.w transient over.reachsta. rela) circuit Thi, ix ,hown In fig 8 where the re- 

Ic rel' at 1.4 of the inaxim,irn rm' value of IF. quired restricted earth-fault sett,4/ are worked out 
4.5 pu resultsin a settingofabout 5.4/which is for a typ.ical cawe :wumingcombined use o f Ihe Crs 

less than the min,mum high side faull current of 6 pu 11 labviou• th/the xlingof 109)volts fortheelee 
w the low transient over-reae h relay can orerate for tromechanical rela, b completel, impractical 
allhighside,ranqformerfiiults. wherea• for the stahe relis the set ing volt*age of 

9(IV k hy no means /,iallainah[? or imprnet,cul for 
Even where Ihe high side f:„/1 current IFI is sum- lA CTs. 
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Fie. 9 show, the /.ind,Ird arrangement thal would teq set) and Illis Can often give unaiceptable liming 
be requlred if overcurrent an,1 ¢Arth-fault proleelion errors with electromechanical relay, especiallk on 

and mricted earih-fault protection had lo he low plug settings. A #ord of wurning' If yot, fi/,1 
applle,1 in a tiallsformer star wding, Murnine large ti ming errors.don't attempt to re-ealibraIC the 
electromechanical relay, A total of X CTs would be re lap until you have established thal yourte/circuit 
required for l/14 *inding Fig ll] ship.vs. Ihectandard i. gi.ing., i,ninu wave.form witho / „bvi<,u, m. 
arrangement possible and perfectly acceptable with ible di.lortion. 
itatic retan where only 4 CT, arc required. which 
would repre,ent a uving of IypiCally R4(K)*600 per Fie 12 411,iw• :1 •imple test set developed tnaint) for 

c•rcul testing static relavs, ltincludes a •arlable clirrent 

%„,irce lip ta 50 amperes conkinuous rating and has a 
&.2.4 Because the accuracy of/atic relm i. based on the 5/parate circuit for .upplylng Ihc /y.ver *upply to 

actuat se/ing of the nme mulliplier and not t>n tile the te't rclay. 
tetting correwronding To TM = 1. as fur clee- 
Iromech:inical rell-, the relay accuracy and [he I hioludes a (7 and a VT for lest circuit iwilation 

repeatabilit) of the operating tine :s greater for from earth (most imporiant!) and for checking the 
•atic rel,ys. Thi, can be compared to digital and niagnelising currents oi CPs. It has built.in circuii 

analogue intrument, where Ihe accurae¥ of the biling re,>p,toism ·' capacitor which can be i,·.ed 

latter ™ alian 'pecified ar a percentge of full 'cal: fo•checkln'directional rclays 
deficction, not of I he actual reading. 

The teN, 4el c:117 he used forclectromechanical reta•K 
The low overshoot. greater accuracy and improved if ;In addll„„,1 SW:/Illng reactor (availahle for the 

repeatabilih. which i,characterixticof NtatiC ID MT se[) i. included 
relaw.. combined with the con.·ImenT and Easter 

operaling litnesof modern 9'6.in,1 vacuurn circulb 3.3 l'ransrurnier [)ifferentia[ Protection 
break ri, means thai reduced grading intervals are 
possible md this in turn mean,thal more breakersin A th,% impoIN it application Matic relay< can offer 

wrie, can be co ordinated with Ihe qupply authoril• Neveral advalmigeb: 
breaker who·.e ·.elting is u,Auallv the delermining 
factor. 3.3./ High Stubility 

[t haR been foundpr.ictic/to w//adinJe intervalsas Igh /:M ly for·external faulls cen in the pre,ence 
low :42 Neoonds With gatic relays and SF6 or ¥ae· ef{IT (rans,en, cituralion. 'rhe maiority/.lifferen 
uum breakers. tial rel,m requir,· th./ the CTA should n,it „tu,ate 

up lo the m:mmum through fuult current. :11]im,ing 
3.2.5 Electromcchanical IDMTrelays have rio[ lime,of fo, the X/R ratio (ujually between S and ]0) of Ihe 

up to 10 sectindk at TM = 1 and this m/an, They can prinlary circuit This rlormally re<lutre, eppens,u 

integrale during re:121* :quences and lose co-ordi- {.111. X CTS „e other proicetion CT•, cannol be 

lion. Stake ret ly, r=621 ir·10-/Ims so there is no guar:intee,1 ta have adequate pert(irmance Ite, :iu. 

tegration and conds[,ent co·ord,nalion / en,;ured of he nexibilil, oflhe static design nich diffeiential 
et ween such relays, even on rural sistem> with rel,M ean have addit/cal safeguard, bum in to en- 
ultiple reclouures In fa/ ihe lack of integration sure stabllit) forexternal faula, One w h technique 
cans thar additional reclosureN 'an ofien bo intro- Is called pul,.e width integralion and ihis reCO/ma 
uced an such 14[ems when st:kie re lam are used. th, difference belze¢/ operating „irrent or spill 

cuiren, due to in(crnal and external faull' with CT 

3.2.6 Testing of,latic IDMT relays ls.impler than thatof uluration by requiring [he width of the „perati„ 
the eleciromechanical ver.lons A• alread, pointed /he and the off period between pid w to have a 

ce,tain r.,tin This ranoisalways satisfied t'or intel out, pick-up :sadefinite poin, 1,.ithin 5% of the sol· d faull. but not fur the spilleurrcnia„ocial,·41 41, ting 50 this requim only one test per current tap to external fuults during translent Uturation The 
he checked and d multaneolls contact and ilag opar 
ati,in are:„sured There is ni. prolem of creep and pnaciple k illustrated in Fig 13 Recair•? of 11}D 

techniqile fur less expen/,e CT, al·.0 to [ry and co-ordin,/c fing h:,ving M prableni n f having appioxi 
knee point and iontilel operation. 1, iN nlately l)% of the voltage I oquired /„r 

nol Reecssary'<imenure electromechanical relays can be u,ed. ·This M be 8 reset time 
extremely ilieful especially where low ratio CT's 
ha,e I be accommodated inthe HV 

Timine test, with buslil/i,f electromech.mical retays often transfimers 
yield re·•ult·. d•ffer Ing tron, the ·,1:ind:ard cilrves :Ind 
1,14 k frequentlv illie ta,in in,/equate te'It sel g,V]ng 
1¢Kt current wave-form problems 'I•Ne relays are 3.3.2 High Set Unbiased ]/stantane,juN Feature 
highl) 3„,ceptihle t„t, ming error, if the wave form 14 
not sin usnii lai and. a, their burden iN noiline:/but k One af the requl/m¢nts 01 a pri,teetion scheme Ih 
a funclion of ihe multiple. of ihe Ge[Iing due to Ii(- [hut the speed of operationshfuld he m:1(llied [/th, 
unman, 11 has a lenilencv ti, create Nignifican[ third 3•erity o f Ihe fault. i.e. ir she/,1 he a, fast aspom 
harmonic componen: unle, the lest circuL(-impe ble during *evere taults to re{111/1 italin,le, ute. to / 
dance i rea:tive, linear and ,1 le= 6- 11),ime, th mt minimum but it can afford to heslight], leti, rapid tor 
of the relay's unsaturatcd Lmpedance, lower fuull stability. Biased Jifferentl,LI rel:„, can 

som/ime, be /owed down during se·,cre internal 
Fig TZA,howl [he burden •aria•ion wilh respect 10 tauli hecau. of CT uluralion Again the Dembilliy 
curren, of [ypi<.·,1 electromechanical relay and o[ a 4/ „alic derign, enable,; the rel:I man,faciurer 10 
slatic reia> If the electrome:hanical relay ix fed mereorne Ihis undeirable fe:iure b„„cludlng, fil•[ 
from 1 low impeda nce (voliage) / urce the test wave high Kt unbiased listantal[/011'. trip feaIure which 
form will he peaky, a·. shnwn in fig 1 8, wherea< deleel xevere internal ful'[5 rapidly but is Un· 

M forthe *Talic relay wilh its line/r burden willstill alfected by external taillb,ind which can lie •ct •a 

be •.inu/,]da[ Atiempi.,re often made /3 [ext retai Ihat il 14 not :inected hy mugnet]·,ing mi„h curre/s 
from low voltage cource, Ce.g a primary injection Witll tlub feature &eve•e faultsw•IlreNultina triptill 
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pulhe to the breakei in 10 - 20 ms compared With of the tapped transformers arc not earlhed. 708 5 a 
approximately 31) ms for rhe biased fealurc. mast important requirement&ince multiple earrhed 

ne/ral taps make both /10[ wire and distance earth- 
3.4 Dire£tiolial relabs f„]11 rrotection virtually Impossible due !0 the zero- 

sequene mfeed at the tap pointq. 
Dire„lona[ rela¥·; are used for controlling [DMT 
Ivercurrent relays whe·re it / required to mainla. It ix possibly not alw.ys appreciated that di,[ance 
gradingan ring orparallel feeds and forseparation of relay, can be applied to botheable and line circuits at 
Merns tor rever.:c power where there is co·genera. / voltagestrom 11 kV upwards and thishas been 
iion CD.generatiprobably only applies in the case made po„ible by the superiorcharacieri,fics th/can 
of [he larger mi,nicipalit,/8. In these relays sIalic de , a dil> be achieved by static mla" compired 'ith 

sign• ha„ made Iheir impact hY providing eream electromagneticrelays. Virluallv all modern di,tance 
sendtivity, combired with mah lower CT and VT re la' are •: tar ic hu i n o [ a l l o f th e m h av e t he. fi e K r b 1,1 y 
burdens. of being able to adjus[ rhe reach in the re+,tive and 

reactive axe, independenrly. a feature which makes 
3.4.[ Axiaticre[/v ic/vailableforcon,rollingdirectional the iame relay equally well applicable m linesande, 

overcurrent relay. wilich 1 virtually independenlof bles ai shown in fig. 14. Distance relays usually haie 
the polarising %/age level provided this is above belter directional di,crimination than the directional 
O. 1 5% of narmal This high len•.itivity in terms of element: u,cd with directional overcurrent relays and 
•Oltage. combined wilh quadra•ure polar,salion. can function carratly and instantane'u:ly tar iern 
means [hat the rela> will •11 main[/in directional •eliage faults. 

sensing correctlv for / arcing fanks. including 
Ihree-phaAe faults becai,4 The arc vollage drop will 1, thif brief review ofstaticrelay'it is not possible to 
never be less than the required polarlsing vokage, treat themanyother fcaturesof ditance relin Th„ 
Ern for holied three phase WN, (e g working could well be the bub/ct for a future iechnical di.Cli. 
earth' left on}the directinnal·.en,Ingwillbeeorrect Sion, 

provided thal ihere „ length of busbar orcable. car- 
ning the fault CUI•ellt. of only a few metres be,ween 4. CONCLUSION 
the VT and the faull And at [h©Ne low 50]tages the 
"[aV only requ„es a secondary current of 3.A for 1 his review of,hc problems and advantagesof stat„ „ 
correcl i,perd(•0: ale malnt:lining its conlin uous 12/ ha endeavoured lo illustra• by /4 of ran,lam 

currenl carry:,igiapal,Ilit, :it 15A (, • ac 1, FLcur. aamples how the 'aeuri ot stalic relay' c.in be used on 
rer[ fora5ACT) muncipal nelworksandtoprownke disum,ime f thisim- 

por/ant and ever expanding deve/pment iii pnoteetive 
Comparative figures for typical electromechanical relaving. 
relay, wauld be of the order of MA required a[ a 

minimum voliage of 0.5% - 0 694 of nominal. ] f there is :inv doubt in t}Ic mind·.of mimicipal engineers 
about the reliability Of „atic relays. rerhaps the follow- 

Hence the ·,ei•siti•ity „t the static relay ensures thai ing fact,mil provide food fin thought 
correct directional action will he maintained down 

1„ much lower 1/4/1, of vi,1 tage ai,d curre nt th an ils (al) Static relays for on#d tar elmnger control have 
cle©trom/chanic·at c·<iwiterpart and this inireases been in u,e in this country on *„„vi Tial Iie tworks 
the attracipe,w„ of direction overcurrent relaying for manY vears with great ··uccess In lait, man¥ 
on ring orparalle] feeds. local aurhor/ie, hive a progr,mme kir replacing 

their misting electrom/chanical tar-chnger on- 
3.4.2 Th„ relay Iravailablem a variely „f Lu,rent setting iro] rcla/by thesuperinritatic relays 

range, and. combined with a timer, can be Ked for 

defimle-time direclion:i! Live,eurrent ar earth fault (b) Koeberg Power ¢,l at i o n. fo r w h ich the high 0 51 pos . 

[)roteet 0,1 where the fault current h m venifieantly s ble re hability is e,2.ent,ul, has a large propor wn 
the "ime level throughout the protected network, ofstatierela••. 
l e where & value r. determined largely by the 

souice lather th,m the nel.jork Empedances. e g. on (c) Escom's new major poweritationN. Matimba and 
a c abl e n e t w ork 1 a ving,hu r i le n g t h, of c a ble an d fed Kendal, will be equipped ent,rely with Etatic rel,/ 
by a rela[,vely weak huppl), or having resistance of all typeN. including thoNe for overcurrent and 

earthilig in *he Cilbe of earth-faults. Because it does carth-fault on the auxiliary supply orcuits and for 
[lot require ge parate overcurrent relays, it prmides motors. 7 1,„ plumib „Int,al forthe corre/ oper 
a higlily ec„nomical directi,mal ove„„Trent and ation of the station And therefore there can be no 

earth-faull protection. wmpromise on their reliability 

11 3.S i. impor[ant t. Con'der DiNtance Relays :talic relaying m it. 
oierall colitivt and nol merel' tocompare '15 firs, 
cost with thai of On the higher villa# circuithal 132 kV and above in EM equivalen„, Often qatic re- 

R laving is more coft effective 
b> Ili• 1,1 1·irger niunic,palit:,ps. and being introduced spite of possible 

a[ an inereassing'empo 1/ others. di••ance relayh higher initial re la Y can P U.ch because of its com pact- 
d which can reullt in offer less panel ...leant./:Itage.... pillt wire protection space, smaller 

relay rooms. und in the need for fewer and !e/ex- $ Appendix 1). For example. distance reta y' will pen,ive CTs. Mill provide fast prote, tion for / />. of rhe (ireuil even 
•hen the pnot communicalion link i. au[ of service 
•d •ill] sullcoverfaults,Ablintaileously for 81)°4 of APPENDIX 1 

Muit trom Lhe rela,ing termin/. besides pro 
Wng back.up :upenor to thal ,/ Mmirrent relays A CRITICAL COMPARISON BETWEEN P[Llyl' WIRE 
al] d /40 R mimre of delayed baek-up protection for PROTECTION WITH OVER.CURIENT BACK.UP AND 
bw·harb. '1·he problem ot multiple transformer feeds Ill'ANCE PRO I'ECTION 

[apped fr(un ihe main circul cun also be solved ele- 
gantlk b• distance relayl., provided th,ll the nc utrals While filoc wire protection muy be the obvious choice for 
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networks wherc pilot cables are #read, available and the DISTANCE PROTECTION 
expense of adding cares for the projection is Refligible. 
many network, do not lend ihemselves to the Mic 01 invers¢ Advailtage, 
timeover-curren' relays for back up. It isoften Jifficultif 
nol impossible to ablain grading of over-current rclays 1. Distance relays, if used in co'unction with : pilot 
even if these are provided with direction:,1 features, unless cable. can provide both unit prot"on and back·up 
M)me form of au,ommic network *Iing a resorted to. protection. 
Since pilot wire pr/ection has proved in tho rast To be 
somew 1/ 4 ulnerable, it M antial to have fust and selcc- 2. The unit protection is available for / 1/3/60% of the 
tive back-up protection On Mire network,thiscanonly be line even Lf the pilot cable is out of se,vice k will also 

provided by means of ditance re[&/ and thes: would re- ever faul,A in the first 80% of the ling from the relayin- 
the special characterixtics now 821]able on modern stanlanemly withi,ut the pilot being available 

•,ee protection, wilh independenl 4elDng fu• reactance 
and resi'lance cover The relati,e advantages and disad- 3. Di,aance re// can be used in the overla•ring mode m 
vantages of pllot wire protection -th opercurrent baek-up 1•rovide fast mer for,he whole line Without apilottink 
co mpared wirh dist.ince protection are eiven below: hut there A ,/me risk of overlripplng for fa,ilt< on the 

first 2094 of the adiaer/ zone. h is considered that thib 
rid, courled w/h auto-reclosing. can be accepted for 

PILOT WLRE PLUR OVER-(·11•ENT BACK-UP overhead hne schemes where (he loadi :irc domcilic 

and brief interrup,ion, of supply:re of no signifiancc 

Advanll,ges 4 The back.upprotectionis relatively fa,1 compared with 
inverse time overcurrent relavt and it can & made 

1. The pitor wire scheme provides un„ protection m•,re •e[ective. 

2. This Ws faht. 5 Digrance relays pro·.ide relatively fast protection for all 
faults on Ihic line and also for remote busbar hulls. 

3. The unit protection,x fully,elective. tran,former bushing faulls, etc 

4. 11 k more sen,.itive m hi,th re•.isiance earth fault '. 6 DNINnierelay//e fullydirectionalturclo»lipfaill: 
8heiher [hese are balanced or unbalanced, even wi,h 

The a bove advant:lgesapply provi,leJ (ha( rhe pik,Icable i, the pile[ link out ofs/nicc. 
health¥. 

7. There A normally no problem in graline the distance 
relaps from :omplex sy<[ems They 8ill norma]1, pro· 1,/advalitages vide superior gradine with I he supply anthorit Y relays. 

1 ['he back-up /(itection IS slow. 8. The relavscan be used to provide HV and Elk busbar 
2. h maybe impouible [o co.Drdinate it correctly fer Ihe protection & the tran,formcr Ntation by making use of 

the network. mer,e reach facility available on molrn di,/ance 
rchiys 

3. There is frequenlly difficulty in arranging settings wilh 9 Generally there I a volage transftirmer avail•1•Ic ai suitable co-ordinating intervals tha, can ensure opera- ewry line terminal :ind there will ther, fore he ni,addi tion of,he protection in advance of the Escom protee Iional ca„ in thi• respect for dis,ance rela)s. tion 

10 1)/:ince relay< are extremely *imple to „t. No net· 
4 The pilot cable, are vulnerable to mechanical damage. aork 

M„ical damage and theft. stud> is required The settine arc unaffected h, 
ch:inge, ekewhere on the network. in general Thck 
are :ilsa unaffected by changes In source condmons. 5 The m al, prnlection is entirely de//dent 2 the pilot 

cable for &. Ind seleelive operneon 11. Modern di,tance rela» are re la ivelv easy to commi<- 
hion :11*1 require virtuall' 00 malntenanc•. 6.11 k liable to trip incorrectlY if the pilot cores arc 

:horicircuited (Unle„ star,Ing and supervision rela,s 
are provided) Di,advantages 

7. Fiperience with pilot w'ire protection in South Africa The major disadvantage of dixlarec relayf.i,theiraddi- 
ha, been poor where the pilot cable runs in ihc vicinity tional cost bilt " 1' negligible in the total .1 of mosl 
of transmackn line. HV imd EHV schemes and fully :UNt,fir.ble in view of 

ihe improved instan[ancous prolectior, and back-up 
8. The ¢urrenttran·,fomers foriho pil/I wire,ch,·mc m un prote etion t!,at ca n he afforded even with the pilot li,•k 

have high tranitent performince capab,111, [o en<ure out of service If the dittance rel,yx are uscd in the 

th:lt they do ant wirate for maximum through.fauk mi,pping nlode there 1% *omc chance of overtripping 
Iurre/1 and system time constani. for a fuu k 0,1 thenexi qcction of line hili the extentof 

6 1, conhiderabl> re,luced b, infeed, fram parallel 
9. Conventionat directional phase and earth fauk relavs Lnes and of zen, sequence current fri)m trin,formen 

will prisibli noi operate satisfacion for three.phase conne<:Led to [he busbarb 
f/Bs or earth faults on a multiple earthed network. 

11 should be appreciated that dislance rclays ha.ing mho 
10. IDMT OC, RF md high w insrailancous relays are chara, turlstles are not nece«arlly sultable fi use on net. 

difficult toset A full network study is requiredand this works having Bch sh<irt lirles orcables bul modern //ance 
muxt be repeated ever> time there is a nerwork or 9- relays with independent reactance and re,iN:ance setting 
iem change. E difficult toensure that the settingsarc ure designed to be :,hle [o function correcty for extremely 
alwaw; correct ax the network develop& and as the short IiI,es and cables From Ihe above. A will be ub/lous 
0.ourc• feeding the network chan,ze. 1hal disIance rellys will d only provide ··uperior prow 
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tim characteritics for many networks particularly if trou- enough pilot wiref are m.lde available, and thal o]•ly 
ble „exper,enced with the pilot cames but aiso for bus bar **inal' require (ripping 
faults and m rendition requiring the taek-up protection 
function. 2. lican he used wilh CTs of different ratiosateach term,- 

nal 

ne relatively laree 132 kV municipal overhead line nel 
rk was 

.to planned with ril,/wire prolection :Ind distance 1 [I can accominodate up 1 0 11[)0 011,1 0 f pilot ros'stanc e 
dek-up For ·.arious reawns the pilot :ahles were not in per'ire. 

st a ll ed a r d t h, sy st em 11:„ been I unn ing wi t h eampl ete ·,u c 
cess forseveral >efir< I- using the dist.ince reta»inthe 4. Pilot capaci[,unce dic, n.3 adversely affect It• Dpi.. 
normal ninc stepped mode This example Khows how Ihe tion 

addltlonal expense of p,Int catiles. iignifieant in overhead 
line netwrks, can be avoided by the *e of distance relav, 5.1[ can accommodate rahlr or line 'huntearantance up 
thum, makilig the latier co4t effeelive. .308<,ofthe<Tratio. 

6. The en normully uved with pilot wire prite·lion are 
APPENDIX 2 perfectly .atisfactorY 

7 It is based on aprine,ple PILOT WIRE PROTECTION FOR which husbeer,proven inprac· 
tice on (hou,and• of MULT1TERMI•AL FEEDERS bu,har prutrchon circuits. 

Alihough 8. The 
Ilie only requirement for protection to be described bnell) doeb Ihe pill.1 clibleg. as tar as the nol re lav i, really full under concerned, i, ih:/ ihey 4:all be the eategory of static e,ip able of w# h prolection in the 
/ does 31//ing the liermal 2 kV, sen= rhal 60 not Keeord require u separate pnwer "ippl" but power frequency 

it w bel,ven dies corcs.ind toearth Of Use xtatle cour,cthencirmal cnn por,ent'%. it M prindue' 01 [he'tal]Con 
and requir/men,N for induced i,compatible with /4 rola». Th mulnreu,on fol I long,ludinal voll,ges mul 

also be 'rk·lusion sati·ficd 
in the paper 13 tile b elle f lh:,1 a real need e NE ful 

am.111.1.rrninalp,1.1.,repl"e...1 Inmany.pilbatians 
10:id• 9 [he xchuMne 

are tapped off afeeder which can he proided with pilot 1,; parI of ·,upervt.ion. • ring,nain or 
ofininterconircled'Wern ifihe'cloads,"cofs'enifican' •tarting relays .ind inte•(ripping. 
* wmpared wh ihe rhraugh loado f the circu . conven- 
th']Id| ID t"·termillal plk' Setting,wilhinthe ringelt)%-411'%.In arepossibletor wire pr,ite:"n will be undable all faults bill Particularly for faulthontlleload higher Lali• Tripplng,ithreak .litting can be prowded if required 
m. how/Fer. 6 w.ually , /14 requiwd ot Ihe Moer,/of the 11 Inlern:,1 
circulu ,11 11:11 16 required at th, te, point•, is tb, it the fault,arcilele·c(edwithinl]11!.and.itripo•it pro 
letion *all be jtabil,bed for out pul given to the bie:,ker wi bm 6-H currents which flaw al ms, So the protee 

lion h these excepliorially f.t. points. 

7 he 12. 
pllor wire protection v,de,1 sh„wn in Tile prolection can lie u•ed fig 15 providcia for,iverhead linesor cable 

Ir#piug the /an) ila/!evel /1/,/ each end of ihe feeder and neccbsary fromllkl uplof/kl Attlk· 
means to en·aire thut faults or louds he yond the tee point€ higher volt:,ge levels ihe tr»ient charging e,irrent ot 
will cahle N. 

not c:•use in/orreclly The nornially a problem fo m the protection [o funetion last pilo[ wire protec- min. u. Prote¢00,1 1, Ahown for overcume a single tee point but there 13 00 by mioducing a .miple R C filter 1,1 
thearettcal tile 

limi measunng circuit' to ihe number of tees that Lan be accom· 
modated the ]Imit being a pract],al one based on Ihe A variant or this protection th / will becapable of pro. 
number of pilot cure' available, imce for ' n'· terminals the Miling trlrring at e.ery 'crminal is being tested M pre- 
philectionrcquiree'll + ]"P!10[wiresbetweenallktation' ,.enl 

At e:,ch Ntation the T, are <imnected 10 2 convent"nal FIG.1- for Tra,Ihient summation Cr w budi prod LICe!. 21 single phap;e ouiput Over¥oltages 

ellch and every possible tuult or load „indition Al the two 
terminal. A ./. C these :,ulam,11,0,1 CT, .1, e conne,-ted ti, SYSTEMaEFOHE 

the measuring elic„it, viA diar pair, aerns·> which 11 con. 
necked zh, stalimsing re„.!or RS The diffurential circul, i, 
connected belwee[• the mid-pomts afthe•,e itabill'.Ing ressls- RELAYNOW 

tors and earrle the phahor bum of the clirituits from ¢.lch 
terminal Forexternaliaulthhowndllietermmal,Aande kV 
01·mi the (ar B, this•um r,zern. Atihe jime i metheeur- 1 SAFELY MARGIN 
ren„ set up a hi,• oltage US across le bia, resistors RS 4 NOW 

Anyspillcurrent kil mieto CT mismatchortran/Ht sat- SYSTEMNOW 
u /21[ion will tend to set u p an (,perat][4; W/tage U 3 .ier.1/ 
'4101 Rd3 -The •uni of the operating und 1,1,14 wk'Be• 14 
applied :tem, (he dit[er/Illia• C]rellit X-Y and It c.an be 
shown [hat, wit h correct choice„f RE and Rd 1. 1 13 will ul- 
Wily& bele,ilh:in US 10, extermil faiLD-,and to:,de.indilion• RELAY BEFORE 50 there k no le ndeney fo, current t{, flow throligh the 
Pi)larihed ditferentul relay d R and the prole/tion 13 there- 
fore #le Forintenial [aults above therelizy rtting hou 
Ber. it can al·.0 be shown that Udl will alkayqcxceed L.'S 
M.,hatoperat...n „gu.tranteodal botlle.id...Ct|le feeder 

The protection has the following features EAHLY SINCE 
DAYS 1972 

lit can be applied to a number of terminals. provided 
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FIG. 2 - Auc/loneering Poiur Supply Unit for 
Static Retays 
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FIG. 5-1 „ Tramient Overreach FIG. 7 - Efrecl or CT, On Relay Setling 
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o f power supply. I feel the be/,olutlon would be to deyign a 
stati, relay with iero battery drain under non·operalive 
conditions. This would obviou,ly require Nome sort of a 

DISCUSSION - BESPREKING Marting relay to 8'itch on supply 1/ the mai/ relay and 
•ould inherently beglighlly §104 er. 

However. in the appliction eniliged. the slight r•duction of 
speed would probably not be important. 11'his t>pe of relay 

MR C ADAMS: Affiliate could be uNed to replace the AC tripping relays used in some 
substations. still maintaining the advanta#e / not needing 

The average power 'stemN engineer is inherently conxer· •ny au%i]11;10 Nupply. 
vative, and iN „luctant Iii chan,/ from tried and te,led 

equipmenl ti) a new Rehnolully. ewn though this promi,es Ihar word ter©g // dat personeel wai mel initandhouding 
many gailih. In man> cahes thiN has proved a wise course. aN en bedry rgernoeid l. hestis ¥crtroud moet weus met stattese 
the initi:,1 user, of „c,4 types of equipment h•f suffered rde. Metdiring.hrilik,telling ian 'n I.Uk¥ substasiemet 
failure or unforeseen problen,H. HI)%,ever. Mr blatem has sY statiese OVBM en ar/ands. en beperkte aardingsfout· 
prunled a very ionvincing eni, rtirchinging fr€lin electro· hkerming. het [lit veral duidelik ge,iord dal by k„mende 
mechaniall tostatic prote;ti„ relay%. particula My for,nore Iyd nodig / vii toet,doclcind/6. Dit ix nietc /·>leaanerige 
c(impllcatedapplic•ti,inx. prohleme met die rele„e/nic. maar biool aan die feii dat 

pcr,oneel met hierdie nuwc apparaat vertruud moes r/ak. 
1)le l'ort Elizahell,Ne Elektrhkeit,departement het noll nie My A in<iens hal dit ni• Inaklik *m orn klein munhipatileite 
4 ondemndioN van Mief /Eve/ligingNreb nie. aangc· •e ./i.' d. dit wis sal ..es Im la static&: rel6, our te 
sien di[ Nle# b, •en NubMIask /in•alleer i, wat ungeveer 'n skake[ nie, aangaien die elek/Men. 8/ hui initand· 
jaer Re]/e in hedryf gestel k. Da.,rbenewen, iN verskile ho/dinigswerk moet don, moontlik nic gra/met die In- 
stalie•tapwisselrels ing€ bruikgenecmen dieonds/ d,ar· Itew i k kelde tignol nkiese £* ILitingsal wil Berk nic. 1) I ge. 
van is rted, i'f jaar in bedlf. Arge/en van aanvanklike bruikvan'nkaart,m,lgingste[/[tenopsigte vanherstel- 
problen/ met die ,/rstc tapi, i«ekreID wat -ir ingebruik wcrttekendal die/bruiker imronder,leit sal moet bes· 
oemin,! reggntel L.¥, w,li, die ri·IM b,>Nonder 1,€·Iroubaar. Ek kik en dat dic 1/weran,jer ·n doel•reffend, rn Unnige dien, 
4 gra* an•aar dat die elek/ronimbeveiligingmles Mat moet verskaf vir die herstel or vervanging w fouliewt 

pandag gi·bruik word. uiterN brtroubaarsal *rex veral / ka,sr•e. 
dit eer, aan 'n ,»kikt, linet, mderwerp b. Dic he/wit „m 
van cli·ktron,eg•nie•c na Nialk•· releN •r k· skaket. sal di 1,1 c,inclus// pri,viding stilid state relay: match up in ser 
van.Ind,·r faklort·, maniA· pice to their p,·on'i·,1,1 reliahility, their greatl> •uperior per. 

for,na- mul,/Ike 'lieirincrea,ed usage in I.(wrpri,Ill 
1 feel Mrl/en, haH correctlyput thepliwersupply prill,lum live „lieme, iniwitable. Al [he bottom end of the market, 
1,% thi· mi,Nt pertinent '.c. A large sub"In will normally huw,·vcr, 1 frelthutele·etrolilechank·•I rela>iwillcon[Inne 
have a %uper,Wory system „r some other form of remote 1(, be used for a kong,ime )/+ 
alarm. and therailureof AC,upplyealibedele<ted in pIenti 
of lime for *lion lo be Iken. before the back· up batter¥ MR R R SLATed 
M M. Nowever. where rcrhot darms M nii, avallabl, 
(here I a dangcr that the pr€itcction will be rendered 11(in· /.en tlemen, 1 d nn ·t Ihink there are an, points 1 hat I have I, 
operational by th,- railure/f the A(1>upply. Forthlh reason, deal with in theti,/ „™tte,·% raiMed and. 3, MT AdamsMaid,t 
/ least. I f,el there will %lili be considerable reluct:Ince ti• Ine pre.empled & prnblern, of th' Power "Ippl>· H not 

stall relay» in *maller %,Ibuions using the preNent Incm correct 1,1 ·41, thut there 1. a need to delay Ihe prot,ction i., 
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order to mitch the pnwer suppi) on W the aucti•eering At the nutit [ mu/ stress, thal [ am conrming m, remarks 
mode is used, as des,ribed in the paper. to municipal 6.6kV or 11 kV network, and not to a ny of the 

highervoltage networks. 
RegardinK the motivatioN to uu:Wic veluyi, 1 find the ami- 
|0 to ulic over,Hurrent rcla» to provide me wilh a 514*rim· Man, municipal di,tribution networks have developed over 
form of phase andeurth fault medium voltage huqbar pro Ihe Reari. milly Utilihing a comhination orpilot wire and 
leetioniavene•citingprospect. overcurrent back-up protection. As the networks have 

grown» the dimeulty in grading the relays has increased. 
Indeed, [ wi,uld bay thatihis fe/tur, atolle/nuld be iumcien[ In partitular,wher' ringmain units hm been used. pilot 
inee•,ti,C 10 HO over to the %tatie r,liy· wire relays have not been widely used hithert/, because of 

bleed-off problemq. While [ agree with Mr Slatem that the 
There i,unuther pointaboul stutic· re],i» whic·11 Ical,•iderto 'Re of distance relays could solve the preint technical pr{,b 
b, parlieularly advantageous 2/ f don'i knuw i,hether you tem ] believe thert i, 8 financial aspect that should be con· 
have. suffered fromth]§ problem urnut. #deved. 

Ta lest u high xet in/ulituneous relah •hich hak a poor Al the 1[kV level ont, a relatively few circuit breakers art 
trunsi•nt over-reach characteristic, is a real pain, bee"ze usualb eq uipped wil h the voltage Iransformers necessary 
Inc tries . telit . a vcr, large curreni. fordi/ance /1/5 operation. ] f a busbariokage transformer 

6 to be added to a /wl//hboard. a mlor out//e results 

If, for ex,imple, you hav, five. amper: Cl"s und yri] %/ the I hereas the costof addingcable.connected volt// Iransfor. 
reta, nt sa¥ 16 time' the k nmpereN, Ilat IN :,t RO amperes mers / approximately R2 000 each soon mounis •p. To this 
and you huve a small te,1 sel whieh ixable I "e you 80 mu,t ofcoursgbe added the imtalled cost of disance retay, 
'Inper/f. but onl> j•,st and only for a very shorl time. you of at leail R6 000 each. With the present financial rebtril· 
have•totr, und adjust thecurrer,tup 1080ain/sloglyti) see lions being experiented by municipalities. U miRht he dif- 

Ifth' relayopen,tes. rkul¢ 2/commcne·e•uch an upgrading program. 

You cul,not just #witchon the current berawe ifint, do, the I believethatat this .okagelevel,acheaperbuttechnically 
reta} -th .pow tran Nient overrea•h.hal·arterislics. will meptable solution 11/ in a f<irm nf pilot wire prourlion for 
tend to operate / as low a, SO)94 „f the setting, Drsomething multi.terminal feeders. Once a Rain M must link al upgrad. 
nuarthal. Con#equent[, you actuall> have ki bring the cur· ingour present networkj. I is then sornexhal cgly to apply 
•e nl U p Slow[y to ihi Rn amps level a nd 1 his reAults in i very- the rela, di,cribed by Mr f.latem. 28 numerous tee-,iff, hy 
)hing assoriated with the· r elay luid the tes! Met, overheating means of Ilkv ringmain unit without curcrn, Iransfor· 

2 nd possibly being damaged. mers, are already In use. 

li is a very nerve-rack in g bu Nimsh . [ find 11 ier, difficult tn An apropriate form of protection would seem in he i,ne that 
•t su.·11 a i·Aa>, where:IN iryn,1 have a low trangient ov•r- embracch a normal overcurrent ha£k-upe],men, and • pilot 
reach fl ee,·elay •uch as voll find in the slat•e rejays, you ean wire element chat permi• blecd-„fr. This hfped-•ff •ho•/d 

Metuall> swile/1 11,c currenl iin to the relay and ist it in that have a phase·faull Eime-curren, chara/teri/ie lhat permiti 
fashion. ¥ou sel your currenl on u dummy 10'd and then co-,1rdinalion within 1 lkV fuse. soas In permit fi,serather 
twitch il •i•, tnihe relay an,1 thi' gi1.' youan accurate idew of than main protection operation in thi· event of atransformer 
its pickupperf<irmanec. Munclcared/%-IN/e fault. 

Someorth/se fucton, [ feel, /mildleadont, at least tow M Th, earth fault characteristic would have to be sen,itne /0 
thinkingubuut thestatie relay m ,•sible alternative. detect the limited earth faull ri,rrent, i.f si.„ir ,1,·tworks. 

rhIN may occasionally r-Itin mam protection uperution in 
1 heartlyordorie Mr Adams'%,laternent that it is nece-r, Ihe event of a transkirmer ink·rn:,1 phase t„ wrth fault. 
for tust perhonne[ to become completel, ramilier with the •hich & notcleared hy the transfor,ner fus„. This 1, not a 
•uw "" ""s, p:,rt""ly i,hen teitinj: the§c. ThiN is f/41]ent occurrence. At 11 kV, innit dihtrihution tramfor· 
41»le the relay mam.fucturercan play an irnportanl rolein nier, have an unearthed priman winding..ind irri„ 5.qu- 
-E •i,ding haild-or experience in Netling and tesling the re· m infeed, sho„Id not poseany proble.m, 
la>i. The fi,c 1 that rn/inte/an/· of ilie relay 1, ionnned to 

rd replaccment. do• require tlmi 11,2 u/r lir the Nupplier Faults wilhin the pri,tritud nine could k cle,rud relatiudy E.2 -r .t have an emell und emcient service for making these quickly by thispilnt wire i•le,nw„ t. while (hc normal niercur- 
imed circuitboard/Aghbl•/0,1 for their repair. In this rent back·up elenerl wnuld providrhack.up prot,rbul, for 

respect I heartil, agree wilh Mr Adarnb. failure to clear a fault out 01 the protected ,one. This prota 
tion should not require any additional vollf or current 

Experience with modern relay, haindicaled that there is n/ 1 ran,formurs, whilethe relays,hi,1,1,1 he em,·whatchei,per 
rensuil w h> 90[id st• le rel ayN iliould ni,1 match up in Nervice 111:11 dislam relm· 
1„ their prombed re liability . T1,/1 9/perlor breaking p,r. 
forma,le, A Mot in di//c. 11, Mr Ad:,mi In•. ill the morp Wi./d M' 9/4·,1, pl"9rrommen' " 011% propns.1, purticu- 
",phiElicated prote/t[(in sch, Inc*. larly u"/ slatic relays. 1 w,mid 11/0 appreci,Ite hciring 

meniher•' r,irnme•i, un the applicability of hucha pri>In€tivc 
u [ne bottor end of the market static rpla„ .ire also making 4;11<,ne to their 91 unicipalitie•. 

nte[,Eive inromds. in spile of Ille long ectabli,hed prat lia of 
uNing elcclro-met·hanical relays. MR R R SLATE. M 
MR l. GISHE}«; : Affiliale 

Mr PI'dent, th•s is a ,ery tricky inatter to UsNUNs al such 
It hax. tohear Mr Slatcm talk 1 4/1/2'ys• 1}Kn a pleasure 0/ •hort notice,and 1 wai,In i fally need to think about the pro· 
elecirical plilieetian. blem before b/ng able to gne u mean„,grul rept>. G,/crall¥ 

:praking,when you h.ne a ring network. in order ti) obt'in 
J w.uld, howeter. like to ci.inmeni iii Ihe writtcm uppen ri)-,irdination between >i•,ir blick.. p,·i,irdion a! 11*· ,;Iri· 
dicel t' I. Paper conc•rning the cnmpurison lielleen pilot m poind in the network, you du in flurt need a dircelional 
hire proteclion with oiercurre„/ bark.up and distance pro· type of relay and for a di,/lional relay /11/ mu/t h/ve vol· 
& m. :Ind to pilot wire protection for multi-terminal f.,1- ... lf you mul ht,• iolulge you musl lane V 1 '.. %(i In . 
ers. ring nelwork in H hiel k uu want lo hau discrimination for 
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>our back-up protection. I think it is necefary Ihal yuu The defect m. however,caused by fiddling. Somebody de- 
must haw a VT. €Ided they wanted to·improw tbe p rotection. They there- 

fore cut printed circuit board tracks and soldered additional 
14 ou are going to use directional rela,softhe conventional diodes andIC 'sin, etc. Thisi, asking fortrouble' [ he relay 
electro-rnechankal type. there Ls a limitatinn in 8/. when 6 len as manufuctured and tested by the manufacturer. the 
,ou geta ¢10*by fault,your •ollage may not besunkient to fallure rate will not be greater than with the electro. meehan- 
polarise the relay and the relay may fall ti, operate. That is kai rela».[amcerialnorthat. In fact,[bellevelt will he 
whereastatic relay with Itsgreatersensitivity couldgiveyou legs. 

/ distinct advantage. 
If one goes to reputable manufacturers they have program- 

DIstame lype relays are designed in such a way thal the di· mes of 8/ecting components through a central organisation 
teclional features are very sensitive Indeed, and ien for for allelectroni, devices. By a vigorousprogrammeof selec- 
very clu»b> zerovolta/3 phase rault,they have amemory •ion and testing components, the failure rate 1% reducedtoa 
built Inand this memoryenables them lo remember the vol· ,erylarMeextent. 
•age thal was there before the fault, and still give ihecorrect 
directional digeriminatkn. So testing tix nnished produa also pla,s an important part 

ineliminatingroguecomponents. 
bo, while [ al,rec thai the distance /12/ can be expensive. 
/(impared with pilot wire and 04rcurrenl relays, my con· On the question of the use of static relays for nuclear 
tention Is that the pilot wire ilelf is a ver> expensive etc- stalions. I am not §ufficiently informed to Nay whelher in 
ment. certain are# in such stallons they are not permitted. But 

Koeberg power station useN a large number of staiic relays. 
Vcr, often dies are not apailable for /he protection func. On thequestion ofthe rellabilit> of slatic relays, some major 
•lon, so the use of pilot wire protection under such cir· power §tation• pre•ently buill by ESCOM are equipp,1 
€umstance is iery doubtful. •hereas a distance relay wilh· entirely with static niays right throughout the station. 

oul any pllot link would give one mellent prolection both ESCOM have obviously decided thal the reliability of Ihe 
mainandback-up. stall relay is equal to that of the electr-nechanical relay. if 

nol better. 
I am [alking particularl, about a 132kV sysiern. but with 
modern distance relays. one can actually apply Ihem right MR R J WEDDERBURN: Affiliate 
doin 101116 le¥,6. r i very commanlydonein Europe. 

I have read and listened to Mr Slatem's paper with %{Ime in- 
If one has a problem where one want•, to Ret diNCriminalion terest. but was perturbed al the implkations that prior to 
foanimportantnetiorkevenat Ilkl.unecou/dobetter Ihe early 1970's. rel,1/ were not type·te,ted. T>pe-teding 
by using distance relays and forgetting about pilot wire and m introduced before 1970 and c,vered both the electro- 
o•er current prmeition. methanical and electronicorstatic relavs. BS 142 of 1966 

although not covering static relay. lays down some of tile 
MR M VAN DER SPUY: Development Board B est Rand foundations on which more recent slandards were based. 

Mr %latem is to becongratulated on hisv er> lucid preseria- Statk relays were introduced in the r.SCOM network in the 
tion tous thismorning. mid 1960'j and many are to myknowledge ytill inop•ration. 

The adven[ of ·'Black Bo% Tihnology ,· A,ome/hing that we I addressing some of the so-called problem areas I wish to 
as Power [:ngineers willbeaccewing much morereadily as stale: 
lirn.goes(in. 

1. Standing drain can be as low as less lhan 1 watt, with in 
r he advantages of solid slate hardwareis of course iery evi· AC burden on the current tranh'ormer of 0,5 VA. ind 
dent and cannot be disputed. this ts over the complete range of le relay. This low VA 

burden could be advantageous to both Ihe mitchlear 
One problem regarding translorised equipment remains manufacturer and the municipal engineer. However, ir 
however : failure of transistor, and integrated circuith is the slanding drdn ib a problem. self powerinV of the rela, 
Eudden and /atastrophic. This is evident even in very refined 6 a poeililit> and with the introduction of self powering, 
Mnolog> such as uged in the Npace shulle progrumme. the VA burden 15 raised slightly. but isstill withinthe 

linear characteristic of a 5140 tOVA low ratio 3 arnp CT. 
Could Mr Slatem perhaps indicate whether the reliability 
rating has now been improved or what technologi isavaila· One advantageof self powering ii that a 30 Volt DC trip· 
ble enabling a belf-checking deuce lo trip the circuit In the ping supply Is also made available from the CT and this 
event ofa de,ice failure? obvial/ the necesity / having a Irippinp baltery / al[. 

This i, an advantage for remote substatiom wilhin the 
One musl bear in mind M up to now nuclear power ,·ta- mun•palsyslem. 
lions are not allowed to ux any solid state relayson ant,clear 
Rly drce /. a circuit which. U It fails, could release nuc- 2. The practice or removing enver,(f "i-muchanic:,1 re- lear material, due to insumelent reliabilit> orthe devices. lays W move Ihe disc and •o close the contacti. can be a 

problem In very duit) conditi,)/4, becal,<e irihis dist on 
MR R 11 SLATEM lop of the relay cover is not remoied. it could end up on 

Ihe surface or Ihe digh. Th,5 lould cal,•e e,entual mal· 
Mr Prebide/, iti, undouhiedi> truethat the problem of the functioning of ihe rela, due,n the d/9 build-up Ntween 
failure of the transktors I{·'s wili alwah be with 114. But I discunddarnpingmagnet. 
mus[ 0 6, in rn, ex/rience the failure rate or electro. 
mechanical relays has beenevery bilas hIghas that with 4111· However. on a more politive nole, could Mr Slatem please 
tic relays. I can Hive you some examples. 1 .in al prese.1 iom,nent on the possibility of incorporating the complete 
engaged in a programmeof te•ting a largenumberof rela» substation protectionscheme on a ··one nul o f two" ora ·1" 
al pump itatio.(routineteiting,ardthere..tone slation Duloftwo"microcomputer,istern. 
where i don't find electro·mechanical rela,s which are nul 
defedi• I have al,0 found Ntalic relauthatare defecti•. Could he glve povible 11,1,8 niawes and dbadvant,/5 uf 
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Cl) theprublemafpultililtally//re:/i,Innebasket, Nof, as regards the possibility of on·line micro computer 
•cherna for th• entire station, I do believe thal we will /1 10 

C|il the possibility/nreatinga moreeconomicalanditan. thal epentually. But I do not believe we have reached thal 
dardised form of su bstation prote'lion scheme which point yet. Ther. are certain companks. which are experi· 
can be lailored. In situ. to ird//dual ne* and menting with a climplete profective system for a low voltage 
require men'%, stali„n, 

(ilb thu in£„puratifin of load control and Nubitalion vol- 

lage controt within the same mic•ocompuler. With eveothing built into a micro computer. centrally 
lo•ated and possibly adding twooutof three, Coneout or//0 

only gives greater security but not greater dependabilit>). 
MR R R S].ATE'.1 Ihis fact. combined wl h the centralisation of the protection, 

mecessltates going to a twoout of threescheme. Two relays 
Mr Pre'idenl. 1 um a lintle surpripied to lind that Mr Wed- must operate out of three in order to Vive a tripping func. 
derburn w, r we can ge/he s/me V A burden ai theelectra tion. In that iia v one gets improved dependabillty and sec. 
•Ilecharical relay, using the // powered 61.atic relay, he- unt>. Dnear, also Ket other features. suchas an analysis of 
c:•u. lia ve aitually seen a device 2 hich has been designed what has happened and No forth. (e.g. selrchecking of the 
ti do this powering from the CT'# and which ike.% 7VA. relay) 
Th,5 is /1/noit duuble the V.2 1/ken by an ordinary eletro- 
mechanical relai. 11/wever, 1 have ni, loilht [hat one,·ande- 

Mign a Ni·hi·nie whereby one can gel /Inlively Inw VA bur Whcre designers lui tried to develop the characteristics of 
dens oil Ihe Crs, in,irder lopriwer the rela>Nrorreet[,. Bilt relays with micro·computer or digital techniquei, the bed 
w d/, luseoneof the afhanlage5of the 5/r> low burden on m hasreally hee'abletedoupte now Mt"mulate thede· 
Ihe (T .illd [ Ihink I hat 1% u iliphi ...Intage to Ilir.lf dicated relay characiristici. Nob/y hasreall> been /bletn 
//wering,herne. [1 /4/0 notenable you. forexample.so improve on those (hara,:teristics and has been able to gay. 
-dily to apply the ctimbin ed funflionh . whie h seem 1 0 he w 1hat *cean ge,operation,if adilital diNtancerelay ina frac· 
dearly k,ird by ni,iny people. 8, thls I mean the abilit, to lion of the time that it takes a conventional dedicated rela'r. 
Put •11 egRA (relayl In on/ basket, i.e. on oneset of Crs. I At thi• stage there isa l of #/rk goingon in this area all 
am therer„re A little seepticat of th, valm / self puwmng. 1 f»er the world. 1 m iure » e H ill eventuath see cenlralised 
have mi/„ubt thlit, iii lime. prople will develup re·liyb amd digital prolection schernes. but 1 do n/ think we are yel able 
40]f powerinw rel:i- wli,Lh will Iill fulw th' ailurn,dwe of lo make use of this technique withconfidence. Personally, 1 
low burden. At Re pre,unl time. 1 do •ot Ihink thaithal,% mid preferindi•idual dedicated relays, berauseifonw has 
quite thi· i u, n/,1 in ninny illit.ing'/, peupli hine relatively lo expand ones station. one can simph add relays for the 
hi:th bilrdi·ny for Ilic hclf powered re·lays. 4,1,1,·htoacerlain new functions. With a micro computer scheme it rn,i,t be 
eUmt defeats /1* of the ma•n 01*cts of having a //tle large enough inttialb to take an the possible expans,on thai 
r·ela>. may Hcur. This will increase,he initial cm of the schrrme 

*ificantly. 

AN r•gard' 11.r removing „r rein> ruier 21,1 11,9 dust one 

/,·1%„n them. 1 rould nol Iree wilh,ou more. Stalic rela> s. In conclusion, I would like to expre, my thanks m the 
hilh theirm,un,·M·/n 5. #hcre (medm ni,1 require :,cre,s AMEL and the ASEA Electric fortheoppor[unity to preqeni 
'(• the cliv. Mita, t rti., m u di/Ing, arliani.•ge. Ihne wien. 
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4 Before 
your next 

1 big turn-on 

6-_ ,·-1,a••,2-• look at our 
comprehensive 

range of electrical kiosks 
1 

With a range of over 
50 models available to 

A-4 house all Metering and 
Distribution equipment, 
over 180000four 
proven designs are in 
operation throughout 
Southern Africa. 

T Available as free 
24 standing, wall mounted 

• and pole mounted units, , Golnix kiosks can be 
Al I supplied to various 

stages of 
completion- 

•'--1/ from empty 
shellsto fully 

! equipped 
=:R switchboards. 

a 1 A detailed 
=:5 catalogue is 

available on 

request. 
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INTRODUCTION OF MR R R G[LMOUR 

MR W BARNARD: PRESIDENT 

Gen c mon. W r Git niour / go /ig 1/ addre„ US DI Ihe „ b· 
je,·1 of Eli=01>lic Corrosion Rh special reference [o 
Flectroly•.,8. Mr Gilmour has had:i long:ind dist,niwished 
carccr .1, an electrical "•eer. mainly in the Elictricin 
Dep.inmen, of Care Town Iic was ne test and meter en- 
gineer for]Dve/rumdret,redin [9111 Durine hiscareer he 

t[Utie• he ha• been a part-litne lecturer a[ the C.ipe Town 

SAIr E form„n• years and was chairman for Ncv©ral ym 
Ile chaired and Nerved on the *iring regulamons sub·com- 
mille: of the SAIrr We,lern (14, and has been chair· 
man .1 't' CiPo Weger' reg.in:11 field corro-n commi!· 
te Fince 19711 

·Ihk will he ihe third occadon on which Mr Gilmour h:„ 
pre,ented s paper to le· AMEI J and we look for•:ird to h„ 
contributi,],1 50•lav, 

. l ff 1 P, All r 7 ': 'LIA ·U.F.E.. F.LF.E.. F.S..l U 
ChWira lin Cu le WIN™ra Electe,ilitic Glfruhum Rt,im,•1 }'101,1 
"u,imur•rvii,liv 1//hidule. 
Mirili•. *d '....ii,g E.,Ki•'1!Vr 
C»1»SIGI., (k}Ulitil'611,•t™'1•y Dep,w•MWIll 
Nm• R•ind 

THE ELECTRICAL ENGINEERS ROLE IN CORROSION 
CONTROL WITH SPECIAL REFERENCE TO ELECTROLYSIS 

SliMMAH¥ 1% nluehe,ire 3. practic.ii or pi„„15!0 hiw hcttn taken to 
ava id repelition, and to th/ end a re/Nonably •dequl,te und 

']he parer deal> wah ceitain corromon p blemb which re appropriate hihtiography Is aprenfled 
Muir.· tile ancnt.in of ele¢trical eng,ne¢rs. partlcul.•rl' 
lhobe wl,„ arc associated Wlth munie/:11 Clectrtu[1 1.nder 1. INTRODUICTION 
[akings. for ,olut# / InitipaIion 

Com)Nion a .1 zoid, or die way iii which U ullimatily 
While brict reference™made IOThe m"lfu"% morecommon formsoi 11 'elf in une form 01 2,1,011'er, 16 kno * n to ill- 
Cli•r.,4,0/1. the 2.10 theme / the mobt paper™el'rtio!>lie corro. everyone of nearly all :iges, hui there wre many /3- 

4(m .ir-Ily lionl .[r•ly orother currenD, which now m ole peen, abolit thp.dc•tri,cli·.r force which :ire notso widely 
pround and untscquenlly cause 'irro&. of known sucti ., ':,1.- ax it·, 11'wh.„i•sin. counter protection eketri•/6. tum• a• P•pelule··, • ·mt')l'· CarthIng d,-•The/ tect„i.que:., the extent 01 re•e/Tch aleady earned M, 
Currcrit* usually >trn¥ trorn lr.letto]1 8-em• avilitable p,lbll,heddat., [leutral ear[h- theexlste„ce,Indwork of wi- 

ing. uitiodi. p..Clion i!1§(al|.,(lons. etc [·aitlmigin * 
rda- rekint organisation, and relewint confurene, 

whieh are con¥ crled fr,inl time to time 

As che scope of thi „,hle et „ flu wider tb.iii mo·.1 
M thod sof asie,/ ng p „pagationanci ihillbution of earth people. includin, many enginee,s, may be uwure. und 
Cllrren[• eman,iting frunt trac(ion and c atiuidil ,!rulectian furthermore . as the 36 / :,101 of mm:lied re,earch 
%™ems :re d/'cu'Ned and equalions for eurre,Hs in certain hai been discu«ed / con ferefice• and Ubila > published. 
bon,1, between bulicit 1,1/3 •ind •j.lient nilw v linejure an atte n pr has been made in th: paper to .,vii ..1 a. f.1, a. derived from „sultsilt field te,16. posible,or practical,Ire:,ding,in ground already covered 
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and publihed. The Bm is racher Ic apprise in pa Nicular 2 The South,African C,irrosion initiltite 'llich s virtu 

those engineers „wil.iled with kai autl•,inlies of the 6 a prinfewonal hiwty COikerned with cormion 
hazards, c,mirnt nd other faclord related to corrosion technology and formed m /,mulate re//ch How- 

with which th© may not be familhir but apar[ from pre,· eve3, ' prm·,tle' fo] 11(itli lu•t•uni,•g al perM:d 
5,ire of their norma[ dulie•. :re nevertheles' of ilece'sil v melibeiship w....legories of incnileIship in all 
invo!.ed lilh corro'. prnblem• periodically. admi' ion to an, category lieing Ailbiect Niqualific'- 

i kin' and expe Mence. 
Servic/A threater,cd bv corr/•ion inchide therefore 

calles, water and g# pip„, earrh electrodes. storage 3. Iniernalional Copper Research Alsociatian Int:, 
lank,ctc Theemphasihi,largelyonthieffect,ofclec· (INCRA). The headquarters of this asiocialion are 
tiolysi:„r electralitic corrodon I hicharc u,ually,he re- b„ed in New York, U 5.A h is mainly concerned 
Mill of *ay or other electric currents flowing in [he with Ule applic,Ititni Of copper 0,le {•r its rel itiVel> 
grounil .ind 1% fir :„ de en/incerigconecrned,1 4 impact ricent ass,/imelis was. for example, the Investigu- 
i„:chnical Th„ problem wasinic,tigatida.farback.Ls 11<inuf col lo•lon orburied bare concentric neutralsof 
1893 and hiscontinued/ker,Inec. The paperlb bi,„don coppi and mummum by allermiting c u:,int5 13] 
ne,irly 20 ye.ir.; i.iudy „nd experionce in ihi, field as a 
member of the rele,ant (·are Wes[/rn Region,1 Com- 4. Brit,Nh Iron alid Nleel Re·.earch A,1!,dcialion Corre- 
n•illee fion Conimitte e wh ich has been operatine de 1929 

[NI [hwmkh,Nincludedtegkrni,pecilnelt•ofvari- 
ou• t,pe• of ferroil• metak rxpo•ed to corr/•ion in 

2. PRESENT STATE OF'THE ART 6 atmosphere,.oil and water. bolh in the barc con- 
ilition and when protected in various ways parK, 

During the la,;t dec•de aI least two major important con [arly 17, paint: arld ./here,jaing, 
fe/neex embra/ing eorre.ion teehnology and Ihe updat- 
ing of varion, preven[Ion and :mrof Iechniques have 5. Nouth Afrian Transpirt Servicei. The Test and 
been held m Sourh Africa alan: The fir,1 of these was Research Section of the electrical engineering depart condumed under ihc kirm.2 lizle of ·Think Tank and menthasdime.1 lot of imon Int :induset'ul work in its m held on board RMS Windsor C./c on a voyace 1/hor,itoric• and ..) in the fill in ./.nectill .. 
from Durban to ('ape l'own in June 1976 ohiehwas/:ir corrosion r:sulting from ground currentE. of I ...going communic:.In effe. I d.¢u» pro- 
1,[em, „nd ach,evemenk T'he [heme ,[self was the 6. South Afric m Electral>tie Corro „(m Committee 
develop meri .ind use of "ainlen steet for rcsk'ingcor. 1 hi!, Com mille. c ind its regi,inal fielficommittee<. at 
rogon In various /plicatian. and environmen[. on a which There are four at present <pre,id over th¢ 
costsavingbasis Th„wasximilarto:arliereonferences Rep/11/. w:16 formed in /6610 replate tile „Id Wit. 
aboard sh/s The Necond importan, retevan, confurence w:,[ersrand Electril)14iN Committee #hich // 
1[ whic h papersol a fair]> general nacure were pre,ented formcilin 194114J.Thereasion forthechaneewasdi and di,cus,led was held at the C SIReonterenee e entre in to the cxpan,m of iraction ele/[rificalian and ihe in. 
Pretoria overthe per„/ 17 to 19 March 198(1 Copic,of creasing riumber of cathodle protechon in„allations 
the papors were ge nerallY /vailable ic. de],g// and m in Ihe counlry , a lthough ,treet railwa Y, were :i Iready 
3,ine Instaike, eori¢< which wer: in bound form were being ph[Nd out then The cone¢pt of forming com- 
0 4312 lo other Intereited parties on appli¢alion. mitle¢§ conasting of member organkinons owning 
Alihotigh inil•h valued information m relea!,ed & and operating burled :1.set,; or •crviec, which may be 
thew confer:nce, and Ihe gate of rhe .1,1 m dcleeling. sisceptible 1/ corromion. parneul„ly electro!"is. 
combaling .ad ConIrollint wrosion :ix i[ .iood a[ the orig,miled over¢,6 before [he ]:14 war. Sir Gordon 
time wa. outlined. Lhere st.11 appear. m be a fair amounr R.idleyof Brili• PoN, Office furn: :ind olhe r.•51 con- 
& .·xperience ,ind miscell.ineo» di„a of which mmy tinned th:„ in ./¢.1% where •tray currents are signi- 
e encon are un'ware. Same of th:Ne probl:rns include f le,Int such comminces// conduck, 10 Nelecting the 
ele:11 1, ' ii not on 17 from he effes of d irect curre m 14-4 enyme, ring and mi,st econc,In,i iolutions iii 
flowing in & e.irth. hil ako from the »Kihk effeel, of thelie rn,blems. Another adunt.ge 01 „,ch cammil 
·.ir:r, /ern.mnp current: ari·.ine from ihe inlroduction Wes is the rclatively gre.iter frequere, 01' meetingd 
/'a e traclion :11 high voll,g wdthoheaulocialcd With the interested P.IrtieN comp ired with conferences 
proicctive muliiple carming sys•em,. Furthermore,pro 1 he extent,% use of e /hodic prinection. by ·,irtue n f [ccilve me,-re• including ihes,1 callcd cathodic rr(,te/·. the fact (hal the sy,arn imect. eurrer,1 into the 
nin ,;ntemh. althaugh impr(wed :ind ·;otnewhat more growid, 16 .En,>ther '011/1 rc,·14'in for :he e,1 Ali nce nt 
hophimealed in deign and Inbillation "0 appear Io th:,¢ comminco, Kine¢ iheY cni,ble 11:/rq of le ». 
lack a cer[,un amount of clarit,unn. There:/c many tem /) inform other memben whose xnic,h could 
t,rg.in//MI LI, the 'Ild id,ichare *dicated/'sokin• poNsibly be Nlversel> affeeled by such neighhouring 
problems auouated with corros,1,1 in its I 'rioub ft•rtns irbtal|.Lt,011.. 
.ind «inie a [he¢e and the work [hev da taward·,lho con- 
irel m coirog,in, devil,/mcni :ind impri'¥cmeni id The i,verall ./..int.ige / enr,fercnees, .>11,pr•ia ami 
me,11•4% in Ihis regard :irc outlined am folk,ws: commium ts lo proude opportim•tie, for deleares or 

member. In discw:s malten, 01 mutual interest z•nd to ex- 
1. The Council m Se/nific and Inrhistria] Research change th¢[r expenenee'. 1, nd ide / ill Nalving Corr„&ion 

(( SIR) - C orrosion 14/,arcli D„ision < f the h:/io- problers thus promoting a[ the same zirn. progress in 
the „:/e of lh: ar. nal Chernical Research 1 .lhoratory! 1] 'I hi·l body li.ih 

underial.en extens•e rese,irch int,i corro·•lon 
bchaviour of rhe mt)re common wais of conhtrue· I lis been reported [hat in the I S A. the ce.1 2/Sing 

tion in v ir,ou' So)uth African en'vironnien[·> and h.ki trom corro.ion dropped to ,/inethingl•ke on,2 [firdot ils 
produced maps which indicate nown underground former amoun[ withum Iwn years of forming rele,Int 

corro·,ive Hans., Mi"pher,¢ corro·;ion ral¢' and ci,inmittce• Ii] 
arcils where „ray current elce/rnINx cu,Id be ex. 

recte, in the Republic of South Africa. Se,h m.ips Fxperienc¢ 1 p. al·.0 ·.hown th it en gincer·. emploved h, 
are bounit to be af 113•N.ince k) arch ec and en- local :„/hornics or electricity undernikine: arc usually 
girk·m '·i•ncerned with the dexign and in,1,111,111 in al too mupied with olher daily toutme pri,ble# diree[14 
metal'ructure'. miiated with the services leir or *21]•15. Itionq render 
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This makes 11 difficult for them m keep p ici· Wh of ferrous met.il produced ig uicd / re/ace corroded 

corrosion tcehn/log¥'. Thus rhe conferences and com- metal 

m,Ilees alreadly referred mmucisureh beof benefit to 

heeng,ncer· 3. TYPES ANDCAUSES OFCORIDS[ON 

Apart fri.m IIi; sterling work carried nul hy the 11 / 1// ille irlic/lon 1/ dwell on all the r>re/ for/Nund 
abovemenlioned bodies in tbeln.mm w.1,5 it /wl various causes of corn,Mion in this par¢r w. mueb o• this 
henoted (hal Nit· S A N Laghas earried,•utagoodde,1 i, obtainable frim hook. and o ther puhl„hed dato. par- 
of r:Ke irch i'r, marine corra:i,An problem' and related tkii!.irl' in regard to the chemistry of corrosion. 
activitir. 

Mat chemistry iext books define such terms ai <Hinie Forthermi,re riedlt /11„11,1 .i]NO b: aic,iriled iii cert,In weight, equialem weirht. valene·L ck· of variou, „r 
So/h A frican undertal:ineN fortheir own re,/arch work more cominon elements These terms are usually re- 

und also for the:chin] produe,ion of improvedcorrosion t,·red m h / Irag n,„ ., h iri, .ind .ls ihe electre·chemical 
re"stan' all"" p//ection /:viee, :ind pro[.ctivc mate- equivalent (ece) of [his gax ix· 0.Ol{14 mg/0 :it,proxi· 
rial, etc ma(cly. Ihe m of.in>,therelementis 

Another imporlan 1 :,9,ect which b £11,10 received Ape- 0,01(Ma 
Clal allention 1» Iheue :ii,0 oth/r bndies 1, the studv of - mgbc 
co» in relation zo ass/r to which consideration 1/ to where a and v .ire the.womic weighz.und valrile, re»:c 
be given for proleclion .,gain<t corrn·;i,in equaled w/h Iively'lleclomen[inquestionc = couloint. 
therateofeorroxion TheironandsteelinduMry.logive 
an example in this regard.has produeadertain stainle„ Table 1 lixt, Ihe ce o f som, 0,mmon mel:1 IN. 
sicels 'ind :11! oys as a rcrult of its re'eareh progromme. 
from which alio has developed the ar[ ct anal',sine rhe Alihoigh er:gincer•.lave [odeal ¥.ilh /:iny forms/fcor- qualmet, and cquating corro,ion re•/:ince with rodon. puhhe "lilit¥ Pionnel 'auch .1, cleclricil. water 
Ire n gth. chemic,il. Ther,nalandorher factor, depending .In,1 gas i·liginren are frequently faced wilh elecirolytic An the application. ar, for exi,mple,boiler lubo. waler corrwon proble m which are invariably au,ed h elic- 
and fulel ·,ttirage Yankr. et.. and th/COS[gre I.,11,¢ (DIhese tric ci,rren[. flowing in theground. The huricd mer + in- 
appile,ition•. wilved include iron, *el lead. aluminium :ind copper 

u,led in Ilie ain,truclion of Ianks. pipes. Cal/A .Ic 
Trechnique, in carrying mi [he ¥.irious tes(s and mi:Hed with Kervic„ wl:hlhev control 
measuremer[,1 have impr<„ed and in mai,y ca» huve 

bccome more *.philie:,led producing caneluive res,] 1% Die io pro.,;ure of their various dulies and rehron- 
and predictions A,;sociated im.lrumen[, :ind cquipmen( ,/bilit,6 ther engineers „uath have to 07>nfine Iheir 
havc advanced und improved In design and eonsI/e- /ttention m the· effectiof corrosion, h:wingllile time for Ilt)[1 m. caw.c Corri„,im /a, be detined a,ihe gic:tructionot 

a me[,1 bv :hernie.,1 or electro·chemic·al .821]015. The 
Te keep pae¢ will) lh, art ,/ d¢,ecting and :im„/ling Inet:111/h. Avever,w.unlly cnnverted in,0 4,ime compound 
corrodon. a spe•ialist .hould h// at loN a working •ir or, from which it */ originally refined:„ in ihe c,ne 
knowledge if not intimate. 0, a number of rel:winl tifironthe oxideboir,j. nuallv ree/enised a, rust tiven 
sciencs buch ar chemi,try. electrical [:chnology. baqi¢ ch ¢ mical ac [ion LS generall¥ associ.wed with minli„ elec 
civil and mechanical engineering whaolo My di,d even 1ric curreni which circulate [ocally in r¢strieled paths. 
mathematics, it he hopeN to sol•e ,]1 problems th.iI arise Thi·, i. .ink}-rle. trol¥•.i, A ttiq,inction may be made be. 
expedioush .ind successful[¥ Thi, 1 Nno[her good tweel' I.. .Ill./h•re ir....ill. in .....I corro 
re'In for the formation of comminers. 

lon 

Experience :Ind advances in corroki/n leelmolog> have Of'hare ......... inch,de marine ounful] pipes but in 
been reponsible for [he introduclion of new codch of moill cases these problerns.tre assoei,iwd will, pwr>,. 'l- 
prn,Nice, c.g on caihodic/rotection:indamendmen-0 tys. rin/. etc. With the advaner of ingmecril and 
Am e g an carihing fractice rurthermor< the pro- corrogon techiology. rre-'reved """cle appear· 10 
powed mde formilip! e c Irlhed»tcm' h.th [acaterfor have been replaced 'most entirel, by 'le·el lur pililig. 
ihe xtrn v eurrent problein and return paths m a.¢ re ¢u parlicularh where the struciurc, ar¢ mubject [o hoth cor- 
bilian. eic An exixting code is SABS 0121 4,1 1977. am .ind „reN# no[ normally encountered on .horc 
Cathodie prOIC„ Dn of bwried and submerged strue- Mich .1 , for ex.imple. [he moorinp „i large rhips in bad 
ture•. Many figures have been nientioned and published #eather [1 1, interesting to nole Ihal dual equipment 1, 
to indicat. [he ex,em 01 mel :il corr.5400 in [he w often for orld provided on boird Ve,XCIS lh, prorecti/n & . 

the / hi ]11. namely /gai,1.1 corrosion and alxo for retard 
ing marine growth w:ing cathi*tic ,ind ultrabonic 

Iii South Africa 2,10,0 U appear. fram gatigic.Milahle Iechnique• respecti• ely, 
tlint imic. com™ion i...cth inntri.Hed in fulnre, the 
l e,Uttlng 10+ is hiding for something like R 1 000 mill Offshore m / larions .md srrieturcs are rarely he con- 

"in pei,innum 1, 1'.rossible. however thatlf thest//if cern of local authornies execm *werage or olher 

the art in it,prosent form ]4 irictly,Ind correctl, applied efflucm oulful] pires which d be referred to later 
the In„ could well be reduced between 40% :md 511% of under prolechun techniquci. 0%,gen is n important 
d. pregnt e",mated value. Fig I gives a iough indica contributing clement in the corrosion process. 1[ is 
tion of ihe imin·/ed wavage on a r,™1 11:„„ of met:11 h m.onable lo expe„ therefore rhal pipes buried in ,„il; 
ciringon forthcycars]97I-[947 TI„ i.ingcoqi•.we which are imrcrv'lou• to oxygen arc immune zo com- 
ni) doubt due m normal inflation, dilie,neries of mire Uon, 11 is undersiood,however,thult notwilhstandine this 
corr•,de,! mer I duc 1/ L I r.,Nt / soil /willutl••n •Ild 111 theory.oxygen can still k released m the hoil by cer[ain 
cre.r·,118 gri,und ¢urrents arl':Ing from exp.In'lon / w ha:Teria which attack certain 4/phates during their 
ouselectrictly Irvices, eic Gr.ipt, B 14 11:„ed on :140°4 metabolism. thus C.ill·Ung carrn,ann of metal buried in 

red/ction i f known technology h/been app]Led the %(,il in which Ihey ,re active. Their content isusually 
expressed :8 colonies per gram, etc. The more common 

Furthermore. il has also been estimilled Ihal about 40% cause of carro•ion of buried Mals i, due ta elcon. 
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chemical iletion by currents fiowing 0 ground. As is well buried assets of cancern to electricity undert.,kings are 
known b, elecirical engincm the,e currents find iheir ear[hing:lectrode,,of varioux form, cables, m. Inswil- 
w,y Mto the ground. or canh, fora number<,f recion·, Imion: such as boWer, .2/fl .„4oo :iled .te:im turbines.,re 
In allern,iting currint swcms (he·le currents could arise aire y affected h e y earth currents, Iny corrobion 
from induelion. e g. Irom overhead powerlines. or re- being u•ually ilile tachemic,d reaetion. Farthing,ys- 
turn raih,; in parallel with neutral conductors which tums will bedcall 'A·ith in [he next %ection A briet refer- 
could be signfieant in underground rebidenial distribu- ence w thermnal po•er •ations will .ikii he reterred to 
iion Mistems. particularly if bare neutrats are used, brieft, 1.'ter 
wherea·& in Iho car ot traction Rwems wi[h rail return 
ihese could be dile to current leakint or straying, Inio According to periodic report, remved hY [he relevanI 
the earth. [hese currents usually enter nearby buried committees, k woll!,Inprearthal the Kheaihsof telecom- 
pipes. :ables or other structure, At poini where cur- munic,twon cables have corroded from j,[ray currem to 
rent leaves the me[al for the *urroundlng mt which i a greater itent th:in in the cM of pawer cables. due 
wiually an:!eetrolpte. the met:t] i,thus anodic and cor. possibly [1 morc superior sen ing in ihe latter. Mueh re- 
re:ion occurs. For the benefit of those who m:w not have search ha, been carrled out h y vanolic hadic, m connec- 
had Thc opportunity or time to evaluate or conceive the tion with corrosion prnhlern, mi·wiled uith cables 

ant of the los' of metal £ relation u) these .rly.Ir- Bin:/ befure W'orld War I :ind moxtof the rexults h ive 
rent·. the following exampie and analysis may theretore 
BZ 

beer, published,c g. ref. 5 &6. Some ofthese bodies/re 
of inerest [rt>n :/d stecl ar¢ probably the mol:,com- baked inotherparlqi,fihe world.e.g rhe French Mining 

on .Imang th, metals /sually su/cptible to corrowian Socict¥, [Iriled St,tes Bureal, 01 St.ndardv. OCIE 
and the hor> 3 h:™cd on rar:,day··. I.,w, in the nam- Brit,/ PONT Office .ind Ihe corrom, in,·ont,nittee of the 
pie Si:.edish Academy of Engineering Sen·iceb 

The ele,tro·chemical equivatent for the ferrous elenlent The corrosion of learl <he:/h, in cases where there has 
1% abou[0./0029 grani /mend liherated byone/0/10/1, beun an abi:ence,/elecincal stimulationha, becninve,- 

(ampere-secorld) ot ele/nelly dixcharged. ie about 1 tlgated by th:6: organisations and „udied. Thc process 
grain of Iron 10,1 per ampere-holl, Thu, if a ile.,dy of '11:h a form of corrosion '6 d Som:whi,I involved 
direct currenl of one ampere is diK,_11:irged from a huried phenomenon the drt,i,1, of Ihich are beyond the scope 
iron pipe and left untheeked for M one yearthe los• of of thi paper Depending on Ihe environmenI. Compos- 
met:,]doringthi.poriodwouldbe.,hal,•9(101/grilins 01 tion .Lnd pH value of the -ter or ihe SOL! in Ihie!1 [he 

9 kg, affected calite haN been immersed or buried, various 

typeN of lead oxide.ire evident as the frui,sof corroxion. 
To give ri clearer conception of wh.it <uch.i hypothetial 11 N therefore advi.able to XubmiI a 8[,ecimen .ection of 
1• mean//he anal/,s ma• he exiended /9 follaws the affected cable to a comp,[ent perxon wi[h a properly 

eqi® p ed labor:„ory at hi. disesal. for examination and 
Consider an iron pipe of ann dialneleT and leneth and an.!06. Stalist,ch w fur available vigge/ thal abour 
assume that I wall thickness iN 7mm and the corroidon 0/17 twem per cen[ 01 all ins'ance of 'abl¢ corroron 
husnianitestedithelfililhe form ul'.t numberof hole, or curren[1> reporl cd I a/ributed toeleclrolysismost of it 
pitting. Assume also tha[ Ihe diameter 01 each hole Ls 6 beirle LI, u.,11> purel, cheinical action 
mm, t.e. a radiuro f 3 mm each. 

In thw. Coliniction ]I LE Inter¢'ing to noic from C M 

The m.in density of ferroux metil ™ 8 gm per cc an,1 „ t.,ingfield'4 report IMI Iha[ where.i• the al,mberof cable 
the volum of metal 10:1 L n I|ic „,imple & 3.14 • 0.3 x 0.3 f//4 reporned as being dic I<, cloctrolysk had reached 
x 0,7 = 0.2Ce per hole the 10$,6 h) weight = 8 0.2 = 1,6 200 per annum by 1929. th, raic droppedto.,bout ®rer 
gm per hole. Slnce th/ total kishot me[.11 from the pipe in annum h' 1933 after the commencemenint an extenfive 
ques,ion arising from The current Jischirge of one am- dramage Nehen: Ln 1929. i e. an 80% reduction with 4 

per: con•inuouily for the >car = 9 000 gms. [he number t¢drh 

of such holes would be 1 5 608:it illi, r:/c. 
Trat-nission line compon/ni „leh .,iowers clamp,. 

Thi, analy,A asm,me, that the eleciro.,hemical acl ion is anchors and conductors are ,!1 liable to :ome form Di 

] /9, efficient and th .al no ather corrodim! proces. Auch corrwon, The u,ual form• heing :igiciated w/ !>11. 
current' A 101 tit inve'li. a. n.liurn[ or autn e!ectrah'ix orbacter,al action arc v.inic .'ction. leakilic or "rv con- 

iributing to rhe 1,18• ot iron otherwi,e Ihe kish iLS Cal,U gation in this regard ha: bce n carried out in this And 

lated will be Icgs than 'he •iccu.d 10€•. ather countries. notably for example h¥ the (entrat 

Flectric'I (,enerating, Board (CEG R) 01 Gre,lt Brit:,in 
Research carried mil 80 farin connection ¥dth the: effect gho,0 planning of refurbi,hine arrangement, for It, 

of ultern atingcurrent on buried metal• indicates thni an y •pol eri,1[fil,Nof •articillarinteresl Ithasheen rioted 
coamm thit could he auributed to xmly.1 c alone i, thm[ mo,lt 01 the conducm Ipled in thw; grwl #[em are 
unlikely to he more than nhout Ine per cent of that aluminium reinforced with e¢mral strands a ealwised 
•ihicli would,4/ with the equivalent value of direct hiret for streng(h and. Ihile ealvanic corrasion and 

curre/1 Thir. ilie /,inber of holes as ulculated 1, the mechanical futfue or daniage are cond:lered to lie im- 
above example would be 156 per annum per lumpere port,im fact(irs. frorn one stand m an/her as it Ari- 
which although con„derably lower could neverlhele„ buter near.1 11Iting. mav aceekrale coirosion. 
he cause forconcern. 

Alihough gillvanked stecl towers are 1/•s likely m cor- 
1, mav he ol intere„ [0 mention th,it Unal>.cs have 1 00© whil this prolective covermy remains, trouble ar 
indiuted thal holes 'irc usually conical in appelirance. the molingih more likelyifthe, dix harge any leakage or 
For tile pipe in queslion it the dinmetenot Ihe fr„% lum *rerl,roeLLith 
84/mman,1 imm. thi.repr/entsnearly'grnot 
bleel col roded awa> which could occur in about 1 week Will, regaril lotherm.11 powcrstation'.* comionah- 
for wirrent / 2(J milli•mpercs per hz,!e. m led wh sleam turlines N mainly chemical ketion 

w:44 rel.lied tolhr pI 1 value and ourity ofthe fe/d and 
Incident,illY mare recent investiganon, have indicied conling #aters. The effeel of wet steam on lurline 
thn,t a / and dc combined produce a grcaler rate of bladle..#.. c./. ernikin rather than eorrosion and 
corrosim than w. Ih d... alone. Among other corrosi·,c %,iperheated stedm often omminq low concentration/of 
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certain acids ohich are c,mducive towird; actual corro- opera/lon .ind proleclion of serv/es lind equipmenT 
sion. 11 h:„ aka been rcporied thai cracks whieh have under theircon[rol Many papers and hook·.on lhe:11. 
appe.ired m cen.im turhine /:/ex were caused by .tri. Ject h.m been published bul mosl of (he work refe„ to 

sitful¥ in re./elt ot people and anim.th. protection of 

equipmeni, Interfuren. L. telecommunication elrcults, 
72> Ithough 

h has ben reported thal boiler tub¢. h:,ve 111,9 ell,meouN electronic devices and h, p,opagation of 
en known tA hi /, r c„ wiricd hv ·.trap eurrcrl,x (his :ip- iadio #ign/k. //h ax. ful example.the theory baw:,1 on 

an to be a rare iw-currence. The mechanim 01 thib the /1,h,ated Nommerfield .inal¥„s 

type of corrodon e. some#ha[ involved and nol gener 
all¥ orelearN underst,1.1 Acc/rdingl, it is vinuallych- Much [es ;1/ears [o have b:en pub In·hed on the Kignifi. 
h,Nltial to ililide i v.ell 'in,1 ./niptiatel) equipped c.ince an,1 1'[evance of earthing in reNDecI /orrol,ion 
1.<knmary m che Jesign of u power M m whhpinperb, ellyinocring which i. particularly applic:ible [o (he .>tr.iy 
trained personrel capable 01 making the correcl ni:.i cul len, problem:lqsociated withele.lrillvaccon·os [Ain as 
·aliomelit, and m·urate iliteriwet.,m and analysis of 4:16 mentioned 
¢ re,ullb. Care *hould al·,obe taken 1,).iminguu™h b, 
i: 

en en, i,Nim, e,Bion .md Ade formalion. Apili While gill re:i'livi[y ih d •ign[fican [ par.inieter in aisch- 
irom er/sion ot [urbinc blde, 24 :LIT,·ad> referred 10 ·.ing the value of eanh coniteellons .md the ment ot 

this al" occurs iii pipes by the flow of liquid within. omplinp liciween power 'ind eminum:1[ion circums. 

Ilowt·v•r therciteoftnolinnot'waterinapipemaya- 4=,bly the mci·:.ple in millual inductance c.med b¥ 
c,Li,<e carrodon a. the now may promole aeration The d rn le .,k al,e c ilrrent, wh ich rel lrn vi.1 e:irth .md LI,1]- 
formation of mill w ile il, proh/bl) f:imiliar to mo.1 in- ally enh.inceMeonsequenI indu//d interiering vollagec. 
ginces thilike lo• of weight of corroding menal, scale * reUivit, alho inlluen:ex the density / an> oller 
oly.iou.ty addi to the general m:m of piping. and il may calienl' tlowiT,6, ill the eround tromother-11·ce•'ueh 
be of interes, 10 1 /icate Th: poshible rale at I hieh se:llc a, dine whi: 11 grav from electrlfied railm .8 4. ca hodi, 
4 inc·re:iso. The followine example ma. therefore prolection .ystem. ete. hrth¢ nore. depending on Ihe 
serve thix purpa'e content,if ihe qoil and •i,goodeonducti,it> 11/ more.1 

/4-ve it i. likel) m be towards certain buried me['113 

Considir n war er :noling, 66'ilem <it [lie closed recircula- 
[lon type having ., c ap.wi y of 4:14 4 k,]alitrek, .ind ashume le:, th..1 i 'lohm''m. 
that -ater used in the process ham been treated with time 
or an allied addili ve I hich freq i,ent 16 follows a bac,efia liwever une,in[.iminatcd -I WInch has no[ been dih 
de,roying ch]„ ination proct». usually intend: d to im- turhed In :my way usi,.dly hur, .1 resimivil, which „ w 

prow the lable. ind thrit the reglting carbonate content high :1. W drilli||y C|,1%.it> 1, as an Insillator. ·[lk·refore 
isof theorderol 10()parn:permillionpar[,of,hewi,ter. trenchi'%/ii„,ld nal be filled with.ishex.ir *Cr W.LhteS 
the resulling hardne„ being reuarded 2% the temporary Ap/ ,1,1.1 particle slze arc uMull]I> also relined to 

form. 1.¢ capable of being remined by boiling or b'p a low -I re•ihtivill 
sufficiently high temperature If the temperature of the 
cooling waterin [hisin,lance 1% highenough roprce:Fi- A, distr,bution engme:iN know. Iher: is another wl 

:ate all [he h.[r,ines, Ln the given volimic of water then ch,wacle! 16tic, n mely thermal resi,tivity, whi,·h is par- 
the amouT,1 0, SC.liC depoi•ited 1.>· ch¢ initial volume & litut./, „11,*.rtant i conneelion wl,11 the •.clect]<in 01 

#ater may ihcorerical]¥ be deduced i MIlow* cable rating, „ze, and method of in„allanon, Another 

inte, e.ting anil important :Apier whiell h i: an·:on tr<im 
•whi of 4 ki nfwater = 4 IND ki th„e ,ludi„ 15 the re„]11 of work carried out by Heh 

4 x tO'x 101 men :14 JR Car:.0,1. F Pulluezek el .i| 10] ill O),liwilion 
weightof-]eformed= •-04ky witli eaith :IrrentN £/d ab'.0,1/led phenom:na Al- 

ihough m·h 01 ilik work deak wirh fault current* in 

H wler if lost in the sy,tem al a rate of Kay]11]itreb m/headline,.i e ier<,w,juencecomp„nents.inwhich /r 
harmonic, ./d to [he problem o f inlerterine:e wilh coin- ii:,p. i r 20kgcifi.cightpirday.(hentherateofincre.iso 

61 8/ Whi by scale hy [he make up water will be MA..Mon LI D. :vident that m/101 1nducance and 
deplh of a curre 4. Ihi n 'h: earth 'irder•th of penetrn 

20 x 101 x 103 M are relarcd invervoly te the expreN sion. 
- ms per day %/' = 2.r., 

Aciual corrobion in [h¢*c +4(ems •s rarely associated 4'aw [1 1 
wim clecirolykis being uxually attnbuted to the pre- 
.ence of ox,gen and carbon dmide m the feed water ar in which a = conducti,ity and w = 2/ f herti Re- 
Pan· 

elltel, the *[em. md may be accelerated hy foreign arrarlging terms,ind rerlicing (a) by ils reciprm .1 r. 14 

aterialk :idhering to the metal. 1, is possible. however. tivity (p) the depth of penetr.•lian //c/<rli,1,1,11 zii 
aboticning the water mav also tend 10.celen,le cor- 

n».holl in which case sorne o her aditi El, e willhe required 
t[) in ze.'00 the pl[ Valle. P 

f 12I 
I i, al·,obewond the ,<xle of this pperti„[i.zi-inde- 
tail.ill mh ,·haracterilic forms /' Hence [helower the ref,istivitv the Kh:L|lawel tlieMIC# ci•rro·,m which are 

/ten :„Milated with miseel].ineol„ installation·.such af palh In the ground the ninver·,e heing the ele,C· fuL the 

for ex.linple,filtraIion r|ants. sewerage *06*Im frequencyolthecurren, Thignnce[,t•,fdept!,iNsiml/1 
oil refiner,CK. Sca water diillation plants. cic [ir even in principle m the <kin eff; ct charactermalle [ 12] and llie 
cli rlepil, rel itineta induction heating i,n e,lic water h C al eb . M her t h.i n by theory elect„,1> of pelietration „, 

proce•cs. / secm·, logia to infer therefore ¢hal ·is Ihe 

depth i,F the c,Irrent p.wh in Ihe en}*Ind is greMIer Ar 
4. h AR rHING CURRE N TS AND Assal 1 11 ED Ct R. lower:L.c frequenclblialew. sheardof:ir:,}cunents 

RENTS from 1617.1 c 'ractionsysteing/*wmib],),1.while 
the' introduclion of 10 hi traclion and pme s> Memb has 

power and [Lgh[ current clerk 1/ Ingincei are gener simulated intcrc,1 and repearch in this regard Thi; is 
ally familiar With the role.if earthing m rilation to the food for thi•,ighl .in/ire re„e.irch 

IMA JTECHNICAL MEET[NG SEP·[·]EMBER 19/t 45 



It M generall v reconnised th,it Ihe 40-called trench form w,[tage will have to be con,Ment with the cni„„iment 
of ¢Jrth electrode is relativel) mare effeclive and effi and *ty i e imeptible touch alid i.tep u)11.4/*. 11 

Cion! than other form, ,11ch, 1% rodil nil plate•. Bllried may therofore he nere«nry to surrolind the eleelrodic 

pipeline, m.,v be regarded,„ lile il form, 1/ slich in ole.9 site with a Ruitable fence. 
trode on accounl of [heir lengths T'hus even when 
bured in ,(,ils of high re*i,ttivirr, their effective overall 11 11. intere *ling 1,1 nole th.11 the 9,2 1niwition ('IGRI 
rehistince I ¢ar(h can be reL[ively Iow Although formed .1 special commillee M deal infer :11[.1 w[(h cleo- 
deptored by mt,Mt water engineer, a furrims pill'|illt' Iroder foreathodicprotection In,;.-Hnewlwit unfortu 
uxuall, provia a con/enlent .ind effective earth retuln nate :mmuly of sal] characte,141ies thai, dthough the 
circuit but i[ also makeh it v,ilner h c for collecting't, it> rffic,eney of eleetroilrN I invers/1, proportion:,1 10 /4 

inK carrh current<. Thus when pIa nning the route „f u rebi,liwty. (he lower the res:*tivity Ltie ga ater 11• 1,0,N]- 
pipeline i, 1& advisible m [Ake into account proximity to bility ut ,·urrenh ,tiaying ilitu buiied pipei. etc wi,h 
traction or any other »leni from w"h current' are conequent corro#n h:ords. 
11:ible to be di,eh.,rged inh, the ground It i. al,nal,am 
1,•gcous to carry out a •11 res,stiv /, of the route which Allhough a l//y ,!Idic.Ited the ex(ent nf electwl>lic 
Will .i«,9 in determitung what step, ,houIiI be taken lo crn r-un h> litternatin/ e."th curient' Limich 19·64 rila 
Ficer the //lino againstcorrown. tively th.in hy 11 / R cannat he overlooked anymore 

Accordingh, much rciearch in ihii regard hub been ear 

Earlierqudies indicated Ihal pipeline< in.talled will,1 rie.1 out hy,uch bodic,inte: .01.i .u:CSIR S A Transport 
ahon! Akmof :in elecirical railwav were prone t„,tray Services and [NCRA 

curtent rick-up but me rem observations suggest 
that th i• could occural dist.ace,1 .p in 60 km frorn wl, The rewl; of a ttic in•eit,gatioliN e.irried i,ut No fur 
rallw ly Tb apparen< mere»e In Ihe *pread „f 4,ruy :ugge' tfull :, c. corrosion I a complex phenomenon 
earth eurren„ is te,isible con·udering the relatiwlq .ind mit cle irly Ilnder!,tood vet It depends on variou, 

gre,zer hailage mer the permanent al [hee d mand t.letor' virll .A P}1. s.iltiontent, Rollcompoiltion. Cur- 

/whiuorrodue™nofic Ir:insmiwon Jimutik/be rentdril,ity wilt,Kcandpo,c,hlyothers. Thcralcof.in> 
appreciated 11.11 Inere,lied '14. of calhodic prile,tion £·,irrNon Ii> M y a c I, thereficire difficult to predict 
»tems D now being made. which w; why il i. alwar. Incide nially i[ appea rs that aluminium 16 more suie, it 

advisable [23 inform .relevant commiltee or the.I ible m ., c corrn,lon thum iron and Corren How¢m. 

authority of i,n inten ion to im :/ such a sysIcm. .• prii. col i„,un due to direet .·11 i ent .traving inifi the ground 
teelion of = iervice again·d corrosion could h.ge :n M gill the inain, prohle,n inrof.i• ris cle,Hroly'& i·, con- 

adver,e effect on corned ne ip h bmirine ing,illation·. w 1, pot,6, 
ble legal impliea tionN, In £1 cathodic prolection irl·,t JI. 
tion or as in [hc Cerie of direct current [rair,miiqion when With reg.,1 . part,A in./tedrai! rellirnlr.Iion fyi 
or / one overhead conductar i. w.,2/. w h earth Icturn tents, te,• have hcen carried aul on wood Elecporb 
the :modie earth clectrode must 
El 

be given more i ireful remot.ed I·min Nervice .ind i n •deepen c,>mposed /f :J 

inAderaTion in respe' of maierial. in•tall:inon an.i :pecm[ concrete Aggrepatc. The te·,t•. revealed That me.in 

aintenance H these e|ectrolle: £,re LinmerNed in the wilimic i wi,vii of ilry woo.1 deeper, war; of UN order 

•..0 re.enect if water<,lher rrtihle ms ¢04,1 d arixedile to of 1 po•- 200 k ohin·me/rs and for ihe Con¢/Ic <|Coper, 
ble migration of water fr,im Ihe electrode [hninereas 2 750 k ohm·meters nowever, while the use of [hie 

Ing ip, re+unee. A elilhol cledrodc (ends lo be mne,cle pro- ileepe,< ie,li,ce ihe leak,ige / current 1/0 the 

teczed agamst corrosion bv the hrm:/ion „f hy,lrog/n inass / c.,rih, hieher d to earth voll,iues may aecur. 

A some whi,1 anomi#low. ch.ir.,iericie of cop p:I 15 1hc 
fuel that :Ilthough iti electrnlytii- lov. hv Tn:,I i, higher As a re,aill of wme con,iderable research into the :1:e- 
than iron. its re:ntance m cor Nonis grea[Ir, provided Irical prnperle·. i. concre[. [[ is now posNibl. t. pro- 
however.th.,t ,[is not surrourn/db) coke as h frequent[¥ duce m,xe, in which Ihe ageregate conlalns inered/nis 
cbne in ai,emprs to roduce the resisiance [„ carih of weldingeither hi:h electric,d re·.M[·.ity, such 41 Ihe r./ 
other buriedeleclrodcs way•leepenreferredto.or veryliares:Mivily.i.e high 

conduclivi.. making I 1™eful fur the construction of 
Ceria,n museums have on displap pro-hi,arie cnrfer earth ing elecrroiles or anh-ct:irle tloors in hosp] 119 .ind 

uier.ik which they claim were bi,ried foras long:„ 5 001) computer roomN, etc 191 Wilh rci 'rd to,le¢peri. If the 

Yea,% approxim.Ilel>. ]n :pite of thi, thoy I,re in a re«nnce i wewed troin the rails to earth it miri be 
Mkable ,¢,m· 01 preper,ation •251 h may be appro. 2/dic/.1 8./ with con«mt rele:tly/v of the concrete the 

i.ile i, An tn refer. il Ihik /age ti. i rerl,irt 126 l i n whi ch 11 resiht,ince [0 car[Ii will be consin, for 'm given wid,h. 

-Im: daimed Ih:11 Ihe copper w# in a Xubmanne which regardle« of the ocher 1/0 dimensions, provided ihal 
6 rai£ed from Ihe sea bed after beig immeNd for 69 they remain equill to ¢ach other 

e,„ h m found to lic in gand condition. One theory 
advinced lor thi'. i!, ihai ihe copper may have been The iler,qi¥ of curren[ which strays from a railwaY hne 

c.//1, ally prolecled hy 11, rrolin,ling *teel piping which and i, conquently picked up by buried (,Crvic·Ct. 

b perished This Ihcon is feas,hle since the pointial bon,led nentral conductor·, In pme mims and prolec. 
of •te/1 „ abour .0.44v w h ile 11.11 of corper ih +0,4 Jv in w ground wirel. :sociated wlth trar,smixw n hnell. de- 

rhegalvanicseries(table 21. rends nor •in!¥ 0/ soil resistivil. £ind earthing resistance. 
1,111. in a ·•igniticam extent url the,pacing of,hc relevant 

Samng the ;oil may improve it, conduccivily and the effi- subutions. the number of Kilch ,subst:,ionR in th, 9- 

.Nencyof electrodes but g,-h wcatme/1 could proic cor. non ibe number ul oper,Inon £11 an> [ime, 11,0 rulalive 

redve Am electrode cho·,en for an in,[allation in which tran•forme' tap posm<".md an> earlhing Of "gallve 
it / required / discharge eurrem into Ihe ground.par- bush:irs 
tial|arN 6,/ current anociated with cath>dic printec. 
Iion, where [he dkeharge is usually continuouN, should A particular .ind important aspect in conneelian with 

obvinudy poacs as lowan ele:/ p.chernial cons[.ini .w, d.e· traction sysiemb. is the querion of re/ncr:1[ive 
otherrelevant factar'will permit brakinr w hen ,uch 2/'ac 1/v hu„ been provided The r:/4 

are usually rhe designed negative return conductors and 
0 h virn.lv . the lowcr the rcsillance to canh obtainable are therefore normallv amdic with /KI i any 
for me ele trocle the lower the voltage required to drive neighbouring buried metal sernces or grueturch While 
a prescribed curren, Ent„ the electrol„e However the {he tocomoffve 2 118,11(ng i e matering. rhe pred(Jrn,· 
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mint anoilic condition d [he b/pied •tru¢tures ls.]03¢ [0 Corrosion resixlan' stecls or•[ee] alloys have beende 
a substatian, where //1// [he picked urcurrent le//s vetoped but their use must be cor,idered n relatwon 10 

the,e *uctures. At [his pointrelatively hever¢ corrosion envir,nment :nd other "ctors :"h as temper 't,ire, 
mn© he expected Elowever. when re/norative braking strength. fatigue.costs. ¢ic. It i, advisable „,di,;cu». the 
operale. , the prcdominar,1 "nodic field :hifts to poin D proposed u,e of /ec| for lanks, boilers or other <,ruc- 
under the train. lure• with a spe,:ialisT in [hii field befor' campiling a 

specification 
l'bus where train op/ration unrier the,le alternative 
modes k poe;iNc special precaution, are ncee'sary in [t i, claimed thai a mere 6% chromium content In stain- 
the protectinn arranfemeni which will be referred to less wel reduce·. atmo,pherie corrogon by about 75°4, 
later and 12% [0 20% chromium render. th/ alloy almal[ 10- 

tally re*tant lobtype of corrosion. I[owevo.,hege 
In a re„ + here multiple neutint /arthing hai heen es/ah slow corroding low al]0¥ steeli arc more costly (hanordi 
bhed. st,·n> ci,·rent mil, rliter· the nelitral con.li,clor nary •teel and consequendY their application und the 

l'his sul„equentl, discharges hom b/,ied pipes orelec- ce,inomiet, should be equaled. They have become atirac 
tr[)de' ionnected to it Where the grrent returns lo th¢ tive in rexpoe' of their superior carrosion reastant pro. 
ground, the prpe. 2[c.. Iher, being.inodierorlic Noil, arc pen- foruhe as carthingelectrodeN. par'cularly in ihe 
hable to Crumde. Such pumls dre 11%11 IN ]Ocate'l near U.S A. 
traci ion cubstation'. 

Applications wuch lib galvani!,Ing and the use of /her 
I[ shou ld :11,>o b e nuted IIi:/ slr.iy direct e LI ren, picked liquid primors. cic are familiar to in,1, en/ncer' and 
Up hY the neutral condue,Dr may spread lo pha·le con. need no introduction 
ductm through conne./·d loids H Ihek connected 
devices are tr.insforined or 1110,01 winding., adverie A rechnlqtle which has received / 101 0 f ancnlion and haN 
<'peration i# possibl' imr'roved over the yearb is the use of certain protectivie 

coaar© for buried ripes Thisincludes tape wrappingh 
Calcu[.ilion o f diche cul ents whether entering UT le.w- Some of [he:e coatings comprEN: ma'erials (Drsubitance' 
Ing plpe: etc "rry difficult, Lf nol impol•ihle m most wel ac petrnlcum - asphall bap.e•.. coal tar //amck and 
c..cs Such fae»rb, for example a varying soil res» ceitain epozy filmN Other fluid application, Talac the 

*ce. irregular Ing k and inqulation resistanies .ind the f,irm 01 certain paint *stemswhich may be prefer:ibleor 
rre.ence of other pipes. m. are some which make the,;e more effective, for example in pratection arr.Ingemen[• 
complie:,led cascs almost incapable 01 •olution a.,ociated w,ih •ewal, treatner,t rlants where pEI a. 

liesm.iyw,betweenalkaline:indacidconditiob Thuc 

An appro,lch to such a eemple, im·•ment •il c „, re,11 it p „„t M sel.·aed or prescribed for this [ype of aggre» 
density could! possil,1, he b.,sed im Iii' 111'or> of line uvc environment cert.irn r¢sin based p..:ln: e,·senlial 
tran,mission Forexample,itisweltkno•nthatvoltage or, ace,ilint 01 1 h elr ·,uper,or chentia l r¢sistance p roper 
und current vary according to the pcop.leation conitan, tie· Chlormate[1 nibber appeari ki cope wilh buch de. 
(P) ,•f the line )ponentially in the ftirm in.uid• Wrappine•y«Insi,•11.•[1¥consi•[otplastklap¢S 

ullete· comnion compal,nd, 11•ed li ilicir m.inufticinrc 
PX compriu phinglchloride.ethlene.cle Faclorrohe 

¢ con,,idered Iliur %1:ccesRful ,)r prolonged prolecIion 
ae.Ing corin,inn meluele water conlenl of th¢ moil in 

where e = 2.7180»e of n.iperin logal·illim and. x = 4 hich pipe i, 11 be buried, wil siness res,„:ince and na- 
di,tance of the p,14 4 Li which eurrenI I considered. In a wr¢ of Moil composi. in. backfil[, m To prevent iho 
long pipe or rail hne. where only direct Curr¢·ilt 16 10· tap© from /w/e dainage h• abradon :Ind chemical ./- 
pul eit, 11,e famili:irexpre :'irn, for P ¥12' lack ii i>, .idvigble Iherefori, 1,> Korround the pire wilh 

M one irce mil rubbl: free sand which has a PH v.& i::u, 
/(R+AL)(G+jiC) 14I .... 7:/ poilible. i.e .·hemill'"· ./u./1. 

reduce< tii v' RG where R is LI,; resi.1 ince of Ihe Pipe or It •hould lie / ile,1 1 1,11 xhould ihe wrapping he in,eci,re 
nullineandGi.thcleakarce. ie [hereelprialot the or dan,lged at :in, poilll ,i„,11:trging current will he 
Insul:/ion re,9/ance ki carth Thi·. propagation ct,"rac- kicallid :ind oin•equen[1> corro•on Itthat point willhe 
leristle '111 11¢ refurred ..Lg.,in 1.iler relaTivel'nior¢.tenk' 

Wrappng a 5. CONTRO[ ANP MITIGAT']ON OF (CORROSION 1-y pipe Ilne should thereton; be underta· 
Acn hy:,spe,·dul,41 in 01?em·id. ('0·JN willdeper,don I,ic- 
tinalreadymennoned Ineluding,hem,iterial A iel tive| p wide ranec Of con,ro] tecliniques h.• been ir,dpo• 
fibly ab.0 on 'lic Cl,rtigc Of Xll,table ··and. CIL devi. Ii,red and 1/rodue¢il mer m.ir/.yearw declicakd 

Mild) 01 the enuse, (ffce:, and control ol colromon. 
[n order lo chtim:itc the /041 of . wh ith much nf whiehhibeer, 11 the would publidwd Howevcr the tape nlca- 
be required for Mes.md [re:,Iment adnpled ob viall·,]> depend h Nicall, igiven,„pchine [hismaybe elikul:1/ don 
[he tullowme line. on tile caume and natureof , r:illic/:i, c cirrosion prob· 

Irm, the m„[¢11:11. the de.ign :.14'lic,ili.,11 and en,ir.,n- 
ment,el· Preventi'.01. /1/Mon/lienrelte%/ncarrful 1-el Ihe length./ p mpo lin.,be i., .ind][sdia,Tie(crilinm, 
940./ in of niaterial and „th c. me.1 4,1re-m·„ h st.we. 

of .;,Illfulure. a' for e.:'.pic u.ing ./(•plt... mp. 
pei all,ws In [he COI•Strll< 11(},1 01 lile,I•unny devices „,Ch le lenglh of one turn „[ i ape = 3,l*l m m. 
A. for ample· pressure ·.el™on rolled lion, .L br·L« 

M:mng ah,)111 2(]1•1 71,ic. Such an alloy 11414 beel, [ f then· g no over] :ip pi ng 01 adj :ieenI t urn, and the wi mh Ad [D /K'. binh g<kidel.lstic properl m :mild fl·0 of thc lapl, 1% W mr, th,4 1% 411„3 1he propornomile length ta,/c loe,irro,ion. for which rcihon it „sul e I)rcon- i)f pipe covered liy onc turn, 
trol•prmg•lnvark,Dme·™u:Ingii™trumenis Inwevel 
/14.„I.1 such 11]mu„lent. he exposed *i .1/i,1 fulnr, .ir 

61.11(11 damp situaticits I hich ci,uld lead 10 :Icel„,1 y "2 "·" 0 lurrns n ' 

itit [he·nud vi *ible ti,seal Ihese pari. berme!Jc·Nlh'. 15) 
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hence lotal length of zape requirod for covering the of the CuSC) electrode Nd th:,t of u fer,ousstructure to 
who!e pipeline would be al le.QR. be prolectel. then 11 ihe nett putential of the •(ructure 

me-Ted 111, wa> 16 le··.N ilegillive th.in -0,85 val[. lhe 
UM.61- /,uiture in:,v he u)11•,iderud to be m a corrom condi- m et re, 

[6) lion 11 i, impor[•Int Ihat ille res,•.latice df Ille voltrncter 
med ™ A high h possible :„ the re,istance of [he cle, 

I f [he mpes arc sold / rolls & 1. / and t/ cost /(' rand Irnde in soil can be fairly high.Electronic reter, al, rc- 
per roll. the minimum em of hipe required d be commended and in „,Ine :,sa, rarticularl, where con- 

tini / 1, monitilring Und :lulomitlecontrol / rrotectlny 
31*161€ •urrents inJected into the ground are provided. polen 

R,„id nomelric mei„m·men, i, hetter Such aminil Will n" 
wL, 171 doub[ be taken over b. microproce».ors in future. 

This ex[ [In ate 1%,however 104'. er [ h am w h a [ the a u /1 w / 11 i advigible wi./Ju:,1 the prote,1„'#current what the is likely m be Hin¢/noallow:ince ha,been made fur (*er 
1.1/ping. which couldbe:,boul mm m.0, the provkion of 

4,1 e'wn I litt!. mure· 1.gat... huch ullucs ...|•D 
any ouier wrapping w·hieh mi/hi be prescribed protect Ag,ims. ronlie effeet·; atirihlit,Lble to the hui' 

ter[/ already referred m. Dependine on (he m:,leri.11. purpoic. enuninment :ind 
genern] working conditions. (he thickne» of luld rype Flfectiw "hodic rrotretioll i. p irily irmnenced liv che applicano,hean vary between .om¢ching like 50,Id*In bi,ried grifitint .rni,dic electrode employul. the man 
micumetres (um), Tape thickne.. u.inilly lies abou[ 

/•i iii whi.t-n«.....1. t,•i> Cal. lati," 
h.ilfwag hetween these extreme valid aelectrode re*tana· la earth or the deayo[ airre. Ir 

d:li· in a IT,unmish,un fy'te,il 1,2.4|VeN log.irittlmic 
The in,;uk,[ing crincria of • codling Is often expre».ed in und exponential funetionh. Thu• m aulthodic printectkin ter rns /1 ' indu ctivi [' in 111' for In m ic ro-'iern rn : /1 pe r »'11·nl + Er ·nt .mil patential /111 01.31(,u,ly ch my€ 
xqu.irc mcire. T heir in,mil val u / c n frequen[ly be m„. al•ingthe pire, romr in,h"nncr. lishailldhe mcil 
leading :i. ihe, tend „, he mu¢h lower th.in Aibi;/A ni. 
and pos,ibly more xettled. w Quex. which /ay [ake many p:Irt, 11/rl' Lf :1 1(1114 p L/'clilie ]5. 111 41|il·11.11 13 (he refore Ve.ir, Approxin./e fie„re. avaihible xhow IIi,t cert.•in 

mi)r¢ econom·:il 10 UNe [1 :Ls a b.Ick up [(1] .wed a 

fiuid iype co.,Ii,11!• elin change from fuly l ili [o abill 
r,pelme Such .1 line is virlially i f „m of -gle wm 

2 (MIC) /4 rer m- .ifter 10 pe/r, underground #ervice, Mimmion line withearth ret,irn Therefore, i[ is fe:„ 
W heres, cer[:in 64» :hange from Llboul hall of th:11 im- ible to con.ider thal eurrem and voltage van exponen- 1 1 wluc hi,inlv „lic le nih of the· condu i„ty,it il, Iii / tial' .""'ngloarropallation«.I"LN•,limmycon- 
counterm,r[ during the ulne pernkl .ind in similar rmi I:inisoil resihlivity. elc lonmenth 

1, mentioned rarlier the propagation of diree[ eurre,]1 rhle, am,ociated with boilerN m.1 tend [0 weaken by cor· aking.2 line /.1 function 01 the res,61.mee / 11! e de'igned rorion an,1 Ous is .)tien provided #ith prote¢ 9>n m lhe 

term /1 inerc.ning,hieknessor factorot :,ful• 1 limer i,dueli,nee' dii,Ii ip,il ii.inie h,ive i,oeffeci on sicil'IY J.c modern coaming tur rhes, p,iri and iurbme hi./es. m·. Aceording li lilli l·-cept (he Chango in i,]rrenl Or Vol- 
are now applied 10 / 1:irge cucru. Lige :iking.1 pipeline under cathodic proternoii h thlh 

rel,led lo the expre,%ion 
A more popular.indeffu.·rive· appr„,1,·11 torlie/„nirolot 
cor<Non affe:·ling buried or i,mner,ed piti:4, ek· i th. 
R / whoilic ri·,irection ...[,ins. jonia'nk·I referred -Xvii 
M .rs Gepfer['N .ind :Ilso claimed / hine lie¢n osed b> 
Uomphrn I w.y. M.LI,> PL,F,|. h.|·.c he•,n rre•cni.I 
arki. including [he book, £,Ircadh /lilished. thit. ,uble•·1 where c = 2.718. x =diskineefron .:/·rificial 

hu,• heen covered f.1,6 eul™iwh Ilowever. cri·Lin anode 

a•pe¢(s ot (he lech I que will be dealt i'.ilh 
length) 

In Forn,Non //ine'·ung i[ " riant Ili.it arefult L/'| g = leak.ince<mhos orbiemen,rer irnit 
i accur.itc electricd! mc 'rement· e made when Ilemh) 

4 = propag:•li•in constant I.I 
me.,Surc.... 01.•i•,i rn..... ....LIc:reful /h- 

Ih'·wri:ilw.8 8 Som¢ ida :31 11/ spT/:/ / ihe Cilrreli[ or v,31 lape air . ler,- 
M me.-re Ihe rot,ni.il o! the buri„. druclure with r/. milion may begained from Ihi following h>rothed. 

.,ihition the cliaracterill„ of whih are known The A»Lime thal :i kingiron pi[>cline is required Ioberroteeted 
andihuned I in b.·]04 the surfu.·c.andi. I Inin diatneter 

ihe torm of h.ilf cell' nurn'·I' dha 'hlori/. 41Nch h h.iving :i i / ihic kness of 10 nim, and that the recifier.iut- 
in, re „1//d to ul, 4.,[er. and [he / ipper-copper Sul- pul hasbeen:„liuved!.othan 111 ¢ pit'C«Oilpdre,irial .,I the 
phate hall i ell ·liu· more popular .ill 1% the 1/Her,lhe drain.,ge point r. 2 5 with re,·reer W a Correr copper 
wn,tri,ction ind p.ir,icid,m i,f Ihiel, lun·e been sillphate half cell refurerec cleetredke. 
I.iey 0,/e|yeve '1| i ni,inv publicationi.e g . Rei. 501 

hy 2.indl,haw e raph c whi & md cal c [he re I: i ive ch.inge 
m pipe-Koil poremial fur b:,re dn.1 wrapred pipe in,lalli. 

Some engirleers cinid·rhe,•e non-/lari,ing hum eell' .I€.1, 
m,i,wincm talr.mport. h./dke.connect ur ./ amd 

preler ./ cle' ir{%12 & lh' ,#"' mell:,I a' the on' b.ing Calcklalion, for ple[[ing ther graph, wre bi,Ked an the 
me.™urril pirticularlv Wre th:' may be perminenit' equal. 
Mailed <,1 'imnt' where only p,·Tiodic measureliwn[* 

i,re r rq/red /4,/clect elane m //entil X,li 
V = 2c 

Making gilo• :ince fur tile natwral or.iblute r< Ren,1.11 I91 
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Referring :le.,1,10 th e report I 24 on,he subm arine men- k,6. f = XVi• 
1114 tionedeartierlhere appears tobe merit in Ih¢Ihcoryth:11 

the copper ma> hate ken cathodic.dly prolecled h> the 
Whore V isth:potential involls x metrogaway fronnihe adiacent veel work iiiiring 11,0 69 / Jr: minersien. 
/:iinage point and r .ind g are the pipe res,1%,linee and 

All other anodex, uxcd in poweroperated v.·tems whould leakage i„nauct. nie· Ti, carill mohms :ind ,ienlen. re- 
1, e,ther 

,/ ctive 4. pei metre, being de,crmined as fal low, gr.iphite. *Ile- iron or ser.:piron masses 11. 
onen,aallai•on F.. cting : marine outfall pipe. old 

1 lie re-ivix & Iron i• ofilk order of 12 x 1(. 1,1/rn 5,te .... bak. were immersed in the sen for Ihe pur 
necess,IY to replace thcs¢ anode& nietic kience lhe ,·c<N:ince ,/ 1 m length of po,r hm apir[ fram the pipe 1, when corrinded. frequent d.image .Ind Qering of [he 

123.10 connee,ing able h the v.ining haes and turbUICIH 
L rh. iwiter-=//These /nude, wer, iherefore replaecil 

0.01 x 3.14 1* *ilic,in-iron units buried deeply on [he shore 

= 4/ Ilf'0|11/ (r) U •.h,wi,hi lk,0 1,/ menti„ne d ihat over pro cetion £ in re - 

6ult In other adverg e,ir,Nequer,ca N¢yalive roICnlhl| 
T he b Ire pipe may be r e g IRICit 11. a harizim tai form of exeeding 2 '1, 1 voll, neg:,tive m y :,ilisc [00 much h· 
Auth ele,tratic fo, the ruipow, t,king the resistiv][¥ Of ilingon 10 /1 at the c.1,11./ whic·hcon,Id r¢suk iii eni· 
the ·di] rOLI,ll]11]g %0,1 .L€. 101).khm-inetres Ihich i, not 1111- hrlitlern// ot veel.Ind damage to co:air,/ . /c. Fullh· 
com,mln in the Wi xler,1 Aipe Iletice its res[•.Ine, 10 e rimi, e e:/ l odic cu l Ten h have heen reporled 1 51 l o g ive 
ear[Ii Irned on Dwight • formulai ,% about )5 ohms per m· m adve«e chemic 11 .1/tion to lead Nhe ath. of Cabb. 

•iet re so,ha i 
Bonding.ind cio--hontling •hed(hM .ma :irmourinb of 

g=--=0{)7'lien fullygicellei] losce .u, 09, 4 negligible. Ilowew. 
hon,ling these *5 I neighbiwing w[VIL·th hu•h /% 
•ute, . 8/undi petri,&„m pipes or.he/ths of communl [ f the x me pile i, w r,ipped. the maleri.LI coul,1 yield a c <tian 11 c• with the object of dr/ini ne ,(ray curren I 

9£,lue „f 100 w. tor e ehich i, i.,imetimew ·,recified or could cuuxe olhel plablen,N, p••rhe•larly if rhe variouh 
1»ed on :i ledkage not ciece,11ng 100 u: per inerre. ser·.1- or buried asse[E. h hing m diffc re n' par"". 1 I'ler allthesccondition:thernitecti'epolentialcould 
he mi, In „nal .11 nor leh han -0.85 V lor di, tanee <.f 2 Furthermoje the bonding (11 Kingle cate h,• a.e eable, 
km and 25 kin for barc und wrapped pipe·, res/,115:lk. cou]/ create „ther prtibler gich A unde-able in- 

I h,N nic,In: [lial (lie [1¢]u Uni,nage point or Iecitie, dii,ed voltage,.inticurrenl••17./ 18]. 
=8.Ae to be loenticd 4 km ar[,150 km dway reqpe> 
11.* Whe, i ilie.e· .er.ice•:ire par.illct with an elecinfied rai]· 

9 traction *stem which U.,b the r.111% asthe designud Incre:.ng the reelifier oilut to give 3 ,„Irs st [lie fii *[ return conducl„i .it le.w.1 twow :„inninli nierhods .ire 
..lin,ge prnint would.crcale re:lifier :raling' 10 :,bl. 
5//,1,1,74'.....•vilv praile¢d ¢:ic h relyina on :1 1„ind wnnecled w the rail<. 

0,1, ol th< he ie:/Ii 'in independent source of dir,·el 

currer,l miciled inlo ihe bil,1,1 :31 a poin, remote trom the 1 he„tremeS ind//¢ 111:il the econ/inies associated 
Mihm ion. Ir ne., th,· pick ulp poin 1 in M'h .1 W.4 h, '14 0 buried ,•Irchne involk· 2, bal.ince between (he 
te revene the pipe-1 .'11 ,%'teliti,1| <It 11•Kise roin[3. I E 111 

unt 01 e./mile i'roeetion ,,lon, whieh eould be ar- 
pjeci:ible, aii,] ihc c')stot g')0d inSila[Ing:overing.milte m.ike t he rilil with L:will· insul:LIN'. »silill bacted 1 1 W- Ill pOle,1( l a | 111,•re nce£,•ive thi,M V ir,U:ill> ur with a 

turl·LIT „r suck g ihe *tray c imili 1.111 of lh¢ pire , eatild prolecill,it v, Rm lh,?n requirinA ,1 verte in,ii h 
I.er kIA demand 

immi> employedi i. binding Pipel, etc direelly . 1he 
Ialk .„LI Ne l. l|le .ub,(Ition .i. »gible. Thi•niethod Prolection lita barc pirc in :„crage 401] in:i> 0-Ily he 11.34 be hee found to lie· achieved w,ill Jinsitics up to .{}mium but could Dier „,recolive·nienl and elictive pro 
i],led th,It steps are ti,ken lo prevent an¥ poNblc re- 1 :.m in:,cld...1/1: or./er i.ilerk· con,1.ion. A well 

CD LIC d p•re m.i> require a clirre],[ den·,11, 01 tlie al Jerof ver•ecurre,ittlow:/th,•miint AMUL[abk'dlt,deithu. 
merted Indlet widwl en}v 1(1 u,/In h,/cquiltelv ,:,Ted breftlhes fre- 

Quen,I¥ ·.1Jppi,rted b> circi,it hreake Ir .In.1 even non 

line// resill. (e l var...)tar./rge prote'.)/.el. I[ sh-Id be poinicd „11* (hat m¢:isureinclic or assess. 
men, ot current Illwitie in ./ plpelin' I b, I. inan. c.8.. 
T'he W .ipproach k rrobally one baed M the 1 ests nial· mea- In ./ch :I ..d I'c:Lied /1 a •ce·tion o ... 

•ure,neilt ollhe ni Igne"i '/d Q ilifie 1 ·.inele track I.i!]w up i·, m 111, Western C..pe h.ive 

pro<lueed:ime interehtlng legllund intorm:[lili 
As 'Ire:,dy r,•cniianed 11 ]1 advitihle t.1 infi)rni the 

The near" rele':11 committee of.in' in,"ionio ing.ill a length of the seclu„ concerned I .lbout 20 km long. 
eatili,dic i)//lection s>•tcm ind of any.LII.·r Im,•r ad ve,th .1 tr* tion ·.„h·.2:,11011 41tllat M a[ ach en,1. A, there 

TIA¢ ments lo t.uch a xy·,ten' are oce.,slon• when imN olk·•illbilation n hi opL·rution 
th. rrilicir:,1 01,Ject 01 the le* w 8 14 e„inp:LA Th< ¢]Ir 

L imilcil :,th dic prote e Ion 1 „1 v .i ri ably .LIN'lled 4 Te A 1. m Th c nati,1.11 L re hon d tor dil:,1 and !,]n ille ,ub'.lation 
the /„ r-on rale i, 1,4,1 hevere b> conne.airig ta the pipe oper:[(ior, The bon,1 K „,in„cled be™cen three bare 
er dther billied Inelal %,ructurn il bulied or immcr>ed m.,Jor pipeline•nt ./.min diankier :ind Ilic ral].clobe 
anoile cornprl'Ing a 1¢6• noble 111/ d lim 1"her in 'he to the termin..1 1 Ne„1:,11,11, The· re ulks „t lhe .e le 414 :tre 
emu 4erie'. i e. more [lega[LU 11.11 'he mel I to lie /(mn in fig 1 It will be pri) Neen th.u when Ihe termill# 
tected .1 11,1 if illi' 111't 11 1, te ou . then magne'lum with Milism,ion k in cipehition al ne, 111' maximmn 'urrent I 
F/,bly a mill zine content Inl be 11=I :I tlie anode the· band un,]r. whe[: ttle ir in commen.L·* its Journ,·v :11 
ude[riblel) The outputii][ofeour•derc[,1,4,11„ the beginning of ¢hw „,1,(iri (r:,·eelling lowards the ter 
4 mi.tiuth h IN:,dvi.ablea,connecttlese .mode, 10 in,1100. .In/,ilfall,A .1 u,Ille <it nearl¥ Ult),1 lor thet· eon.11· 
the =ructure via ./linki tion# Whe i Iwit]1 „IN:ilion* are COT,(],bul,[16 10 111; 
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hame section of track for The same train operalion. the i c, the.re,urn rath in the ground is situated at a depch 
maximum valucof the bondcurrentisthen 12080¢our equal m thi height of the conductor above the s,irface. 
ring when the train ace,[erate,; from a smtion mid-way 
between subiationi. Graphs A and B and fig. 4 thow H [his concept can bc applied to traction Ry,tern. with 
these characterntics reptively roil return. where the ra l ar, parrial]; earthad all rhe 

i mc. i[ is Then pow=ble [0 gel some idea of rhe depth of 
It is obviou, rhat the voltage (imp acro„ the iection of the strav current path nowever the presence ofwater- 
rail involved In the run ix virtually apphed acro,6 the pipes in the viciniry of rhe railwa> and [heir being 
paialle) pmpe. e,cept 59 coure rhatallowance mils[ be kicated in rehativel• shanow ground, attracts most, :f not 
made for the resistance to earth at [he pick up and dis- 211, the <ray current awav from the general mm of 
charge paints Theequivalen,circuitix,hown,nfig .Con earth. 

a lumped reil/nce basks for simplicity 
Thc rario (m ) of currents between wurce and any p/n' 

In a previous paper [ 14111 was shown that voltage and along: pipe can be express/das 
current varY in a conducting layer *cordine to theequa- 
tkll exviE m 1141 

v - 2- or log m = 4 M log x 
[11 

Thus 11 map be 1nforred from ihe la„ four expresions 
where r = resistivity„fle laver that the cqualion furgraph A. fig. 4. u of the form 

1 - thicknesf.oflhc la>er 
x = d/tancestromp,„niafcon,aci i = k 10'eD t161 

The equatian may be expre,•d in the form 8 her, 1 1, the current in ampere, in the bond, when a 
train J!; D km frorn the bond, k ir a con,1.Int and e = 
2,718 Thi. i.als.apparent fronitheshareofthegraph. 
and for l121 practical purpo.c: the eqmition in this ini, incc 

where R is the re, iNtance invoked. l'he equation is § imi- 1 - ZOO hog,]D i171 
lar in character to the formula forearthing electrodes. If 
the rails made uniform con m with [hc soil all along the and when a train is 2,7 IR km frnm the bond lhe current 
route they coi,Irl chen be corddered lo be •imilar in prin flowing in it is 200 amperes, and ax it Approachet ihe wi,b. ciple. or equivalent I a long hor,zonial wire form of station near whiell [he bond i, connected the curren, in 
earth clectrorle w that their rew ince to earth would be ihe latter approaches zero. all the locomotive wrient 
of the form thel r„urning /Teeth to The subration through the de. 

siffned return path o• dimin//d remiance. 

R GE "" [13] With repard iii graph Bof fig 4,e when both wih,ta- 

tions operale. th¢ patternisquire differ:al The shalic B 
•vhere R and r reprcscir the same parameters ar above wmew ha[ cycloid I but lI ih not then practiCal ti, eqw I 
and '0 is acon<tant dependingan length Mdcro»•eition :ind D. On theother hand [ti. iomethinglike Iheitatibt]- 
of the rails „, th:11 for a [ength of 20 km the value of R cal or normal law of chance curve or rather a catenary 
could be negligible. upside down. 111/ rise atid f.111 chaiacterkin each cage 

exponctinal which i kmble .1 indicated earlier How- 

Hawever, ihe rail·,usually re„an Mone ballast via wood ewer. in /Bsimpli form ihe enienary ma> be ciTI·,lilercd 
sleepers Thc more recent introduclion of Ihe less,•in- robeaparab/.7 
duclive ,le.peR referred [a e:irlier. reduce the amount 
of current sTaying from [he tr acks bul as already men- Thw• if the equation for graph h expressed as lioned, with rlolaible incre:zied rail zo ca/h voltages 
1 ligh rail resiqtance. wilh conMeq uent highearth current, 1=fbE}+C M have heen evident frorn to,1/hing e.51. water tapx. wire 
fencei, cic. inear,hinthevicinity Somelimnesiti•neces i, is found th./ Ihe equation he:•omes sary to insulate pipe sections and in other circumstances 
to keep them io,itinuou,electrically Deciian n these 1 = 19 + 21.31- 1.]ID' [19 •es cannot be taken lighily as they depend to a lurge 
aterit on other nigh houring Ti viceq which Muld be it• derivative, iq, 
adve aeh affecied in req,ecto f •uch laclors,is acecleral 
ing corrmm i" creating unwanied Mottages, etc. paT- 511 licularlv where pipe; may be exposed, e.g bridging =21,3 -2,22/ 0 

dD 'reams, etc [2(11 

The thickness of the layer referred to in equalion It is It „ found rhai tho current in Ihe bond reache. a 

comparable M the depth of penetration af cilrrent into max,murn ¥ :due / ] 20 imperef. w he ll Ihe Inlin 1,9 6 km 
[he earth refurred min expre«ion land 2 Its:ern,le/i- away i e In (hemiddie of the %/dion. which agrees with 
ble therefore in infer that direct current prniects muih ihe //ph. 
deeper into the e.irt h. where the res,stivit, i. u•aially re. 
lativel ¥ lower than the upper layer,; 4,ught h, alter'nat 
ing currenir. Con,er,xly [he work and theorie, of C'ar- Ob vioust, hc .,mt:„,ts, I .teri,ed lortheMe twograph 1 
son, Summerfield el al gigge,1 111.'it, for perfectl> inn ca] prekntations of the leg result,/ queslion. will not 
duclinglayer., palh' elc, thrilepth af penetration m:,v necessanly be valid forother ared, Di Nituations :p:,her 
he co Midered „n [he baxis df im,ge conilictors in the are d/pendent on a nmber offactors such .ts inte, alia, 
ground as i, don, in the asses.ment of propage,rion prop "Fe of sleeper,. Dallas[. sub.lation spacing t,pe of 
¢rlies or radio antennae. In such condilion, the image, 'comotive..011 re/stivil. etc 

50 IMEOTIONIESF. VEROADER1NG-SEPTEMBER 1484 



1 t cannot he empll "inr/ toostrong 4 that it is imperative this paper that the corrosion problem has rece/ed at 

that an, connection to a railway line be madeon[) wilh le.Ad as much attention and investigation I for example 
the Colielit aild cle,e 1,51•,t ince of the railway authority. nobe and atmospheric polliltion However, ilis also fair 
bdiserlminate connections could for example Intcrfure to say thal due to the ever increasing Inpe, volume of 
4 ith the proper oper:ihon of Mignalline system, and au- work and respon,ibilities. It is difficult for most en- 

tomatie liooms al le,el crossingp (imang other possible gineers, parlicularly those in municipal service. to carry 

problems. Also, tile rele,ant commillee should be ad· out more research in the field of corrosion technology. 
vised. Therefore reliance has generally to he placed on pub- 

hihed data, attendance * meetines of rele,ant commit- 

n is also ali udiantle .her, ihe rn,141.a, ainthorm, ad- lees and appropri:,te profes/onal instit,ltian, 
a/es :811 concerned, usu,111) through the Committee, of 

arly sigillical,1 releva / change% such ats commissioning. There Ss an apparent di,·i,non of respi,Nhfuty m the 
or closing dow. of sulitation* trall·;forrner tap posi work underiken in the control and mitigation of corro. 
ti"n'. earthing arrangement, elc. 

sion generally. Attack bp #mospheric and chemical ac- 
tion has to a laree exien, been dealt with hv There chemists, are ollier * hniques involved in the mitigation Or 
chemical 

control engincen and orhers £ the 
of corros•on g hether electrolv[ Ic. chem cal. at- indu„nat sphere 

who have dedicated themelves to these problems re- 
ma¥ pherie ete , toti numerous to mention / this paper. silking in the proril,clion of such Inhihi tors as oxidallon 
most of them having been published elsewhere already. •.uppressors. special coa,ings in ./nous fornK, steel al- 

However. to mention u few bnelly. theue include hot dip loys etc wuh ull,rnate coil saving,n mind 

galvanwing and //, de/ce/ /f oxidation intlibitors in- 

tended for prolection against airborne corrosion The The electrical engineer'q role is •irtually exclusively in- 

CRGE rewnmendsgreasing overhead line conduc:tors polvcd with electrohtic corrosion and in the application 
parlicularl> steel remforced ali,min im standedconduc- and control ofeleciric currents for the mitigation of cor- 

M 16], althimgll su<·h an applicalion has been known rosion. 

Since ra trnam wa, systems have now been phubedout in 
Thi, Boa d l,us de„gliedan edd¥ clirrentprohe ininded the country. any stray currents nowing Ln the earth now 
to detectearly blligesof corrosinn. anit U ha.developed a are due m electric trains, hy de transmission, cuthodic 

lechnique for deleclilig corrosion in tower footings in profection arother 41,1/ ins 911/h Ag pme, Ine,1 eti 
cimerele B'Ing u 'ped' 6 c meter 161 

Celaininanufacturer•ofelectrk motors< e 1 15&16) The railways admini,tr:,lion is mai co- operative and 

have enile/voured to meet demands forefficient Mque'lly corro· scray current from its /·stem and any as· 

sociated corrosion G therefore well unricrcontrul. Mon protection and accordingly consider ihat the prim. 
ary factar deter·inin ing the practical use 01 a product in 
Corroltive· environmenth g the qurface treatrent ralhcr Wl/h [he introducion of more ac iraction at euslomary 
tlian the ChoiCe u[ muterial Ant,-corro,inn varnishes power frequency and the increasing application of pme 
amd the method of application have been developed 10 Mild men. more :mention haq been given [o corrin,•ion by 
meet these requiremen'. alternating cnrrent inrecent years Rese,Irchin this re 

gard is continiling, asthere I,St,1I much to bed,%„pered. 
Inconcluding tha *clion of the pafrit may he prudent The mech,nism of this kori of corrodon is not Yet 
to add :inather note on tran<mlision lines Where Nuch cIoarly under/Dod hut when iti, pre··ented it tend, toac 
overhead I./.i'ele/rifie......or are close 10. ce|crate corrosion in certain 8oils bv .about three times. 
•a• withmi 8(lim of Ownl, the 0.1!led grolind wlre Cathodic protection Ims lieer found to be upplic/ile Air 
which „provided for protection again„lightningand re protection again' a. corrosion also 
lia ble operation o £ 11,e rele int ret.ly, under fault condi· 

tion, must be co,metted /0 the towers and earth in a Cathodic protection 8 regarded 8, the mo* popular 
man ner wlilih will re,Irlet:A fura: p,„dhle the entry and form of protection .,gain.1 elearrily,ls und ollier 
di:rharge o f uny current which /3 v he <Irailng from the forms of corrown hut it mwi be applied with caution, 
fract•ul system. but n/eriheleqi: COnS™terlt wirh tho dc- particularly where there are i,eighbouring buned ser- 

signed oblect of that # ire ices belonging to iliffereit paitie•. to avoid po,sible un- 
dersirable repercuisions and should therefore be v. 

This applieN bolh Lolines feeding the traction gubs rations ranged through the relevant committee. 
and those riwiled dI,d operated h> other parM The 
method orconnectlon bhould be discws/with the rail- 

advance of 1/cidental]9, folarcells the are planning stag¢ and,he now being used „ way autho•,lies LI] asourceof 
current dc{MNion< n/,ried in the relevant commitrce. forcathodic ploteelion where it Isdifficult toop 
craze the system from other power %ources. 

1,1 an) cuse it ks nece«ary t<; approach the r·ailwai 
authorities when il M inlended to Grow; tracks, whclhen The u ual precautions wh aM current loading capacit), 
oferhead or undeigiour,d, when certain requirements thermal stabilitv oic for earth electrodes must be taken 
d be specified, m of which k hol,/ to cater for the into ®count for anY Ay ver designed 10 /„charge eur 

reduction af ,;tra, cunent pick F rent into the ground or any ele,trotyle 

ririodic washinz of stone hallast under the rails could Svicms / which ihe ne ut,/ co„ductor is carthed with 
Bo restriet the leakage of curre:nt to earth A back-up the object of di•ch:irgrngcurrent only under laultiond,- 
relurn path by insulated cable <hould reduce the rail to lion, are usuallv pravi.led w/h device, such a, unre 
M h voltage i witlin about 50 volis. and thus further stricted or rebtrieled earth fault rel/ys or differential pal· 
re/rlet corrern nowing inloihe earth terns such as. for example, tile unit, refe ned to in the 

Code of Practice forthe Wirinpof Premiseq [8]. ·rhe use 

6. DISCUSSION AND CONCLUSIONS of these variou, devices restricts *he duratin at such 
ear[h curren„ forperiods usually les, than three seconds 

It is fairreasoningtoconcluite from i he ccopecovered in on average. 
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Unfortlinately no deue have so far been developed fur curate e lectrical me.Mrements and ci Trent interpret - Over-he/ing of eleerroile.- pirc, ,ini ,·induc[or b, 8. B[B].]OGRAPH¥ 

inhibiting curron & from strayine into thu: mar™ of ear:h titinof the results *Ir.19 currelit• hfululd be inMded An:i]'·Mis ul curien[ 

from ir:,crion .'Em' or from lh, neutral cunduetor' in Memher,hip of c,lablished coniminee: dedie/[ed [o ihc di··tribution '111 emper.Hure field I prob,ibly moq a.- 

pine»tein•ete *hand Nolutionof corroKion particularlyhouner, cunite 14, finrmulaled interriholeertain ditier' 8.1] cHilli· 111 CSIR Techim il [liftinimtion 17') Sepleniher 
of buried Nervie or as,ets. is i irtuallv tiont makine 

impera[[ve. 1/ 1.0!,sible w compute tempernture pro· ]970 

C'orroxion a furrous pipes 16 not alwar . due to '[ray :,ir filei ,n Ihe vicinity of eleetrode, derindink! on iheir [2I J' il uds(/ I he prevention /· ihz eurni,1.1,1 & 

rent electrolyn hut N often due 10:11110-electroly#:i• In 3hapcandeurrent (241 terioub me/15. 10'"./5 1 1.-chriL,/ 0)11 /01 2 t knhe/more. con.idenng ike impurt" role enincir- other,.truel,irc: when minute current,; Am over [he g ho ing technoloey 14 muNt face. perturee plav iri d (new series) ing mo.1 corro 
'rhes: p,/ 4 lend w corrode more n / dly n v,rt sion prablenu. 1he rcle,·anl rri,frwonal inM/utioh Furthermore. (he chanc :,rrosion belicen p K G th: Cli,iption Underz,imild .,11'•6.01.i e,in- 

•a[er• aid in %oils of log re•Nivitv or which :,re con- Particularl should . Cence,iw iwiL[r:,1. of UR[) encourage a +ider interest among their member; ne/in, wire :4 /: electrode can be con,ideribly per: re· 
taminaied wirh certain aggr:6 |vc .71, a poll,ned with and call for more p.irer. m thr. vitul gbieci. There ar. dined if the s.me inc[•11 is u•d throughuu[ and e.,re i. 
corrosiew:nte,ele 1, A ther:foreessential o carryout pcar, [o be .1 dean h of interchange al information :ind t.lken •er me methoil of connection. Copper norn:Ill• knuitio,1.11 Copper Rexe.inh *.ir iii- Inc 
a chemical ind re·41%(ivilk <uncv of the soil in which . published data in iheir r„pective iournals. cle offer, a re .ist.mce to corrosion in ma,1 0 i[% . provided (INC RA ) December 1977 
pipeline i, intended [o be buried 

Ihe ele,boile h lint hurn,unded ht coke .™:1[though thu% [Il G Billi,in' Report of the Wit.,ter..ind 1 [A 

Whenew There i. an·, doubt regarding che •irrea •ubq,ince gonerall' reduce• remstance to carth. it endb tri,1,%1,4('iminince. 1'18.i'[i# SAILI Vi,1.41 
rurthermore c.iNt min pir'cs c.m he allergic ki inlern.d N.nen,ber 1991 reined,01 inca'ure for., particularcorrosion probleme/· toheaggre«/I[owardscorper 
er„wihr. or turbirculgition c [hls phenomenon „ al·.0 (· 1: R :chard• 1 he cor»,im „f perl advice *tould Then be 151 W R R.illa .Lril Noueh[ a. incorrect Ircatmen, 
known. md .knoIher some•h:,[ dir:/niuM cffecl known could underground al/ Journal II 1. Vol. 83 De· Jeical any „>st effuerive Litempt Each case ro 

graphitization whieh kil,/ the me[:1[ in When a spongv the. rlielrodc i. in the form of :i buricd Flate. more eeniber 1934 and Vot Nfi M.i' 191,] quire, careful I and LI,uall> 
b.· Jue Npecial atien,ion appropriate inter alia to the el:ibir. 

:ind environmen, ·I·hiN Lte pre c.„ition, .ire n,te<* e U kened Me. This failure may irp . p.irticularivifdiffe· 

-0.% :irrmach 11, [fi| P 13-P] il,id W 1 NorrD m the c:/,c, off¢,1 : Reful·liting lhe xuper- 
re,·en ce ofih: bacteria already reterred 10 r¢11[ met.,1, :ir, Invoked. ill 111.Lking the „,8[,ection im 

Acther with adherene, /#er-tramnis.Kin ImeN Journal ][.1- Cleo To rele¥.int code. ot grid practice, in- ir [h underground and therefor: not readity .1 aillible tor troni.·band chiding IN-u.Octi,ber 198• 
[i, anv requiremeniof the RmilwayN Admitw,Ir.,- m peclian Corrodan ./ 111, connection Joes nol new. 9- witcr c,/led power •tation• th: presence of non- Ii| / 1/1('mer A :,1 .0 i m LoT, m 'te tin (u' bi tion tar cables. rive, and [r,In•mision linex [12·4 near orcro» 
ferrnus meta[% in [h¢ cooling ve.lems have been kam Minly h.ive to Moproceed mo far m inaroduee .1 high electri- Brown Bo m Revie• J Line 1977 Vol (/. 
accele te the. c:orrosion of adi/cenl furrou, Portions 2 e 1rack:. will surelp produce [ he ber, resu ks oblaina ca] re,i„ance in the e.irthing ely. U11. M € ink·,if Prilet,eL fin Oie *ir,Twt'f Prlmihil X Al. and [herefore go a [ong wai, [mard, reducing che 

0142-1978 ¢04 1) the eoun(rv' of corrosion m nx v.irious form.. 
Reinfo rce d „ce 1 eon er,1 1,1/$ m ay re qui re special /- 7. ACINOW'......:/4 • 1/Fairar Flee/1.:ill>Cd//Cille./111]L'le (/.C 
tention ... dependingon th cleciric:,1 properlie. of ti,e I inally i is probably al•.0 pertinen[ w menlion thai JournalofS,enceandleahnoloev Vi,1.45/0.1. 
con/re ze and 11, porosil) di. th¢ r: Es fur example a pos. buried or imm,red cleelrodes used in connection with Thank, und ./pre, i.i hin irc iii 1/ [o the Soul Afrn·a n 1978 

whilitv of weakerling the liond between the [wo mate- the operation M cert.tin bioloeical *ms, including Tran'port Ner' ice' forit' full co.oper/tion ," :ill Times m •114 E F [Guiling :ind P (.00€11 : • 01»ra 16:w 

n a' hy curre n[ flowing An' c·increle 1,3 21:, 1 Clectrlfied renceN and h irrier, for repelling "'imal" combatine lectrolytic cormion in Soulh A friea and 10- Apollo 11 5 /· Schetne· Con/rol .ind Putcli i 

gh:[rk, etc . akorequire speri.,1 im, 1, ter:m Tion i n ordeno ge[her w,Ih th: C pe ·rown Citv Conncil fo' pc· r n)'sion 11,1,1, SANT V,il 7,March /174 

1 0 sum upthc po>ition it ma> bc menrioned 1,[ the ouiet reduce their corro,ion r.1/2 .L[kd frequencv of jen¢w.11 " pre,ent criain i:.1 re,L,Ir•. m the p,ip. 1.11,e ('11) 1111 M W Kenned, h.1,11, leturn fur I, / 4/iii 
ihit m of ille filet,in [hat kin a long way ti,wardN com- etc j unhermore codes of prnalce rel:iled [o edrthing 1 //trle,il En'Ineer.lnd int inher,)1 hi•. •[,iff .ind /10 10 Elee rical 1 ime·. 2 M.,i 1968 

bating corrn'ion inclu'le [he ,Mervice: of people with .1 and corroxion have laken wen i.•mcc of th. ne.:ch:,11, 10 the South A fric in Fle·tri,17,1, C,irr"RIon('(immlueetor | |21 11 A Wheeler . 1·okinul:m, fur 1110' Lin el'feit. 1'- 

£00.1 working knowledue of the var„„14 „i/Tkeh reler h ri ke a ba lim.e be Twee n th e . .,feiv i n per.onb. an I,ia permission m m/ke 11,/ 01 ce/:,in di/.1 ,» furas le,Con- «eding. ol' the 1 :stitute iiI' Ruili„ Entineen, Ser- ls . 

red w in s:.tion 3 .ind Ihe libillIV 10 In:ike C./:ful and :le- bulldingN. ele..ind Ih¢ cornision ha/aril hlitution pro,//3 ternber 1942 Val lil No 9 

2 

U 

S¢oish Cabls Limited - a loo .n South Air m power and te].·nmmUIJ,Catio-L• 
cable eng'neer•ng. Day by cay the company •ecome# LrcipM.nl in·,0]ved in new 

" r.A"l/:p te=hnologie5 otlechng the electrka], telecommun•cotions and e1ectronies industrie• 1 , 

Out in the lield. m bull/kn• and r con•ruction . s,tithroughuut the Republic 
./'I·k, •Acr 1 Scotti*. Cables carry the cu rrent to ewer Ihe climbirx, tnwnr eranes •h e· w elding :* 6/4 0 .•.•••=••/•/t*-1 -*..,,A,$. equipment thepum/8-Inlact. alltheelect:.catequ.prner•-dedbythe L 

construction loduswy 

52,49«<,1,1/ 75·.li•. 
Scott.5, Cables, a leading supp].er / powar 
product'ineve-Y crea of e...related 
applications 
Scottll Cables - helping •mpand Soulh 
Airlen's infrastructure - 

t... 1 Nt. *4 Sro,MA OhME /5 mrre M #./emok,- 0 offer 
a ro•),rA••sj•efo•ge 'cc,6'e *#il. 0,/ 

Seoai•C•.i it -k' gnn'I¢rd r•re(r,rol p,Kiuel 
I Mir,Fig c./.'ers Ind hgbi /,1,2 I Joir•ill 
m,-mA * /*#.higs r,reN,+M, , I.- Sper„l -1--ifpre.. .-pr•Al' I W/Mdinewi,e I ...ri», 
• hydrolfic ondhe. Cr....#. / Sni• 

- min•pfre.Nrvs •rdmo.## 

, BJ 4· t 5-094 . 3371/"i""// 
.-4,2.22**'V•,2, ••-Ir, 

Scottish Cables Limited *i ' . 011: ' p...in•My...' M.- M ........i PO•* 1. Pillom/r·•bu. 3200 T.•I D..6 '@31 ..r.m/reil] C... al:h......, . 

m.moe !04]I 4] 3.99 I hem :orle! €51' GD226/89]03 I Wird./ .]I 262.9 *-'=112 19'L 67 - /I) 5 3 e I P,- 

52 Sal.Glepol ' 4, r:.ble.•1033•)69331 11 
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in cahodic protection with particuli,r reterence to f 1..• shi/, Paper prosc/ed :/ Internalional Confer- 
I [. ence on Cornjm n rrance Mav 1965 

I ./ 

g 700 

I ./ 

TABI.F 1 : Nectroch,mical equivalents (ae) of Name . 50(1 common metals (h>drogen = 0,01(15 mg/c) 2 

LOSS C 
GRAM' 

METAL MILI-W Z '100 

AMPEREHOUR / COL'LOMB 

I l ALUMINIUM 0,094 0,338 
MAGNES[IJM 0,125 (),45 1 1 
]RON 0.289 1.04 I i l COPPER 0.328 1.181 
ZINC 0,337 1,211 
CI IROM1£JM 0.91 3,276 
LEAD 1,'.1 3.856 
SILVER 1,118 4.025 197(] 1972 1974 I'J76 11}7!¢ 1080 19!12 IWI• 
GOLD 2,06 7,4 YEAR 
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FIG. 2 : Calhodic Prntection : Fall nf Pipe-line Pnlential FIG. 4 : Steenbrag Dain Pipes : Protection aguinht 
PROTE(mONOF]RONPIPR.MIN.r,>1*NliAL ,;#S, F.lectrol>lic Corrogion 

-x€ 2 
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FIG. 3 : Cuthodic prut„tion of Wrapped ken Prpe : 
Min. Potenlial 830 my 4 

(as in Fig. 2showing distribution to left and right nf 
drainage points) n 14 1. 
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(al Cable earth fault locatin• with loop faull 10£/Ors has 

b,n funnd tobc particul,r! ¥ dime·ul t. 11'nol /n/ gible. 
on clibll rlinning paralle 110 Llecirlned ruilways, due to DISCUSSION - BESPREKING 
stray eurrenb. Though thr, b nol the 3.ubject of th; 

paper. MrGilmour'% practical,%perience will be(if in- 
lereit. 

*b) Ilow eflective are the drainagesumpsins,alled oncilher 
MR K J MURPHY: Somenct Wei side of elictrified railways, where Ihey are cro,xed by 

underground cables? Ourhare flooded most winte/and 
Mr President. it Mive nic pleasure ki „pen thc discumon „1 I haie reason m believe that it wuld aho be the case 
Mr R It GilmourN paper on The Elearical Engineers Rot€ e]New here. 
1„ Cor r-on C ontrol lith Ruterence 'I'o Electroly,k. 

Ce, ·1 he buriedas,e„of *)/th African tlectricily Iindertak· 
Mr <, ilnmur i• a paNt chairman „f the S A In,tit ute [lf F.*Iri· in© are almoit always calite of on, kind cr another. 
cal Enwineer. Western Cape Branch and b the lunllest wv- often with lead,healhing. Could Mr Gilmour perhaps 
ing committee nicmhir of the Insitule in the C ape. Th]% 1% hi, ad, ise· u!, on type,or grades of the metal Uhed. which are 
11}th 'car /4 wmmittee memher. He M well known to u•.ami le,% suilceptable to corrohion and bacterial attack? 
haM pre%•nled puperN .it AMEU niettini{% b•f(irc. /cunt[> 
he pr;s nted an eurtlent pa/r on metering at the Techn// (d} ·Umenti(inedin thepaper, th, PMEand MEN %>st,mof 
Mcitingint Imer,ke'W'%1. neutral earthing k in common use today. and leakage 

currents will be al power frequency. [s Mr Gi[,noilr 
Mr (,ilrni,ir hah gi'.en I much foi,d for thought :md indeed. ai,re cif any Neri,11% eleclrolytic Lorrmion that has 
cause fur innccrn. Ille calculations regarding Ihe poiNible 1,ken place an-her, in *he Repulic. duc to the use 01 
dfects 0/ a tu rrent di„'hirgi of one Imper/. for one year. (in 'huse systems? 
A iron pipt dre frightening. to i.a, the lea„. He /19) /ate,4 

M Ihi·combined loakageof ACand 1)(·currenIM would ag· ce, Could Mr Giulmour give u, an explanation of how a 
ra' ile the Nituation. I always thotight,hal with Al' trillion. si mple ca l hod k protrelion c ireili 1 to protect a pipeline 
tht· pri,blernN /Ng)dated with leakage ourrenl would be ora tank •ould be mnnected and inhtalled. If this i an· 
greatl> rituccd. not he d/ne• todu>. thei, could it possihly he doile in the 

published proceedings? 
Mr (,ilini,ir ha• give,1 u, all b ight int{, Ihcci)rri„ion prob. 
le.mx [he. elt·ctri·:11 ; ngineer haN locope withandhome of the Oind# m *m Kupenian is. het ek Mnr (Silmour ken,A 
remedie·• .11 hiM iIiy)-1, He haN been ;hairm,in of the Cape Regee van die Trae en is ek seker dat h> gereed i, mel interes· 
We„ern Igi,in ['lectrtil,tic Corrtnion C„mmittec for the s:inte 1,ntw(,•ir{le. 
p- 14>un. wilheendiet·kperienceintheproleetion,•f 
NU outtall. wilter. P. elt·Nricit, mi m "11 petroleum Meur die Preddent. ons neum met dank kenniN van die he· 
·it,irag,· 11,1,k'. Monderi +amewerking wan die Suid·Afrikainxe Npoornee in 

die op,poring pan elekt rol iti ese ko rrohie pri) blum w 8,1 rhy 
//i,hxcri't/n•aboul emplo>ing 41,1ff having a Rood work hullirtrek,11,11(we/'+ 
ing knu•led/· 01' the vari,ius/Meh. the Abilil, lo lake 
carrful and rn'u ralt· eli·/rical nu·:,surt·inen#. and th,·abil- Mag©k dan ten 914/# milr tinmour ge[,]kwin, met sy wei· 
ity lin int,rpret correctly the re„,Ith. %houl,1 1,(4 g„ im- dcurdagle ret'eraal. waarna irn, dikne]M in die loekoms sal 
heeded. Al„, lii riommendation thal menibrr,hip „f i·%- ler/v'. 
//Mid uimmitti·es,dedic:,t/1 lu /he//5 and//lionot 

corrosion pri•blen™. ihoutil lic #uppirted parlifularly by 
ii,iner, i, ith buri/,14•,et,shot,1,1 be noted. 

MIt R R GliMOUR 
1 Nhmild like Mr(;ilinorn· 1,1 0/nment on (hc following quL» 
tions. i hc /,i,w r• ti, i;ihich would he (it intere,/ ti, m<,% 1 pruc- Owing ¢01/ck of *ime. Mr Glimour MId {int> deal brieny 
ticingengine:. pre%eli. with Mr Murphy'% que•,tion;. 
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]NI 1401)UCTION OF MR I H ROBSON 

M]t W BARN.tRI) : PRES]DENT 

C ie Ii'|emen. 1 ' I. 1[|1 greal pie.-·: Ihilt I 'liti 'LiwiL· 11 
R.11.9,11. Chief D,rector,31 11,2 Con,In,«ion hir Ad,luni.ir.i 
hon 

Mr Rob-1 I ':inlit [9:2 . I. van I. St.i.i[.di:r• r. hei 

•oncel./minigr,Neopeedde . 11¥ IN .1/.Li ]970,er lic)/de 
m die K,minor van die K,ir,1,11-c. 44,[, A Am ini·.lr.[·.1,3 i, 

hv lek k e L.Ill, di. poN V .1,1 1 kk/-direkieur 

Mnr Robson 14 n Ii:i m dic N.Lilon.11¢ Warinek, a/kominiv 
M. die Perrn:incm [·in.in,ic•k/kelk,imitce { PI.i:[·.1ike 

Re,/uu r) /0 h, dien, / opper keic . n ile i ko,nizee• 
M n i· R olhon bet m i e L ho l e,il i ni xe ne on 11, 1, re illi de, 
hoeti van besondere hetarig vir plan.,ke le·.tioar ic H i·h 
11 onderm ick 1111 Admliw.,r:ide rade c,1 11 imde,•„, k imde r 

die besoldigine in dic Perin.mente nil.,n„,·AL,kelki,miter 

waard/4 van plaa<like e :rheid,per·onerl 

Mr [tolbon is 1hcreGre padicul.irly •ell •u.ildied Mi A 
subiect on which he will ,#ree u, m 

··N e# Approach¢, in Publle Per, on ne I 
M.„tageinciu · 

3 11#R(unoN 

NEW APPROACHES IN PUBIAC 
PERSONNEL MANAGEMENT 

[N I'RODUCTION a#pects of the hni,1,1 environme!,L In which our per,onnel 
management ha, to be con,lu,.ted 

rher, can be ImIc doubt about the critical imporiance Of 
Per-nel i. all *phere:, cif governine n il .,crivily and • The pwill.wn,/ of Fir.t World and Third Woi [d ilecdh, 
private ente,pri•e 1, Soutti Afm:, 1 ibld really se al•pifilt,OW; .Inul GL,nlbllilie• wl,I·41 iniluena ille nature 
Soulhern Afric,i, because incie:,Kingly we have come [o of ou• pers••nnel Inanage,ne,•t 
reati,c Ihal our £'uncern, calmot be neatly limited lo the 
Republic'h phvwcal horder• Both the public and the pri· • 1/ formidable ,tructur/ problerns manifebled in the 
vate '·crto] of the minomy have• a •01• to play within the laboir force- noialily thecritical 4,ortage• iii ihi higher 
bronder Suulhern Atricall 0,Ilte).1. A mantle of /eli,nal <killed ca[egorie, and u„employmenl In the 5//1- and 
le:,dership has milin on our .houlder, and we law litle unskiI]ed L :,ie/'ric' 
choice W ki wear it 

• The r/!a[Rely I„w ploductivity wih 2,1„uslm pile.itions 
Given the importance of per.„nnel m our endedvour.. It f ir (11/ 9.ihiIi Ip and /ow I h 1,1 the ecormy 
follows thal Ki shmlil acknowledge and fully appleclate 
che ctincimita:11 import:ince ok sound /mnne] manage In thu, p per 1 should like hi de.,1 with the· /: -emmene, ot 
mini in .,chieving i,]stilulion.il (•hjcel,vcq We are con- per':onmel in Th: provi.„11 of pubhe wrviech. 1011„wed by 
fronter] w* miljor aur""m " 1""I managenient some tlm/h[x on the Libiecti•e' and principle• of penon- * s t i on '. w h ic h we s h ./ p ro ba bl • m er f ul 11* re s<,1 w - bu t nci managemeni. TIN, will *crve A. the nec/sury 
to which we must concertedly appli oul mindh and our backgrourrld agal,1/ wh/11 ce /.1 L nov· appro.i,- h„ m public 
C ffart: I f we are 10 Inaint.1/ and Imprm our servm to the pcrsonne I management c:in ho ,·uqi,n, [ted for your con,ider. 
public I shall mention -by way of illustration - Just three 211]On 
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THE PRE·EMINENCE OF PERSONNEL and by ensuring That super.·isor• are properly trained for 
their jah If we go furtherandensure thatemployeesare " 

Once we know what wc kan[ to achieve, in orher wordi all time•treated fairlyand reasonabli and .Ire rew//d for 
when we have clarified and defined our objectiveR. the superior performance. we can expect a turther incre R ill 
practicalquestiontobeansweredisthe following Whatdo producEivity If we do ./[hms and in addition Kucceed m in- 
wo need to achieve our oblective, ' When one reflecix on culcating M emplayee,; a po•,tive attitude of ser,1/0 to the 
A••s,T'/0, one rcalises [bai there arethree basic inpul,; community, we could in the end be astonished at 'hal Call 
whi r IwaysnecessaTyifwearetoachieve asubi,tantial bc achle,ed with a given personnel corps It i€ clearly th, 
obiective It down'r really matter what an insniwiton ar quality of per 9 n ne l ma nage mel it which W j make dedif- 
body wishes to accomplish, if the objective is a ·,hstanti,11 ference "tweer, a noticeably productive pergonnel corps 
onc, it will need people. money and organisation Pleaic and one whichi, per for,nine pooi lk 
note that all three basic inpm mu,/ be available al the Name 
time and insufficienl measureif something worthwhile' 10 To my mind there are two baw principle, which underlie 
be achieved. I shall not dHell on the point, but leave it M sound per•:onnel management. The,/ are Ihe principle·, of 
)01, to m [he relevance and accurae, of ihe argumen, in efficien/yandmerit Iwoul<tgo:„fara·,•21/ngthat,irlypar- 
wur own 'tuation. ticular aipect of personnel m inagment can be taken I bc 

well-founded / M designed /1 give practical effect to 
Of The three bable 1/purS. per.onne] is unquestionablv the either one „r hoth it thewe principles.There may he other 
mui ernical one. No multer how iniportall organisalion principles •hich need to be ®knowledged in per.onnel 
and fin:ince may be £ the delmy of public servic/4- and management, hut the two I have mentioned are particularly 
their inlportance w; not in d'pute-it is the people in puhli, significan[,both as a starting poinl for and a final le,1 of all 
employ who at the end(if The d/> delermine wh/herorn,it actionsaffecting /rfonne]. 
obJect, ve·s are aihieved. Of cm,Ae the achievement of ob 
jective. bw public 8111,801™ 1% merely another To m that personnel management Mhould be direcled at e f- way ot uy 
ingthat the community isprorerly,erved. ficiency meanK basically two thing:.In [he first place, por 

sonnel actiam*.1/1 k direeted in „,ch a w.l thatthehest 
M a department, / whateverlevel of government, has etti- wh/tainedforagiver,inpilrofre•,Ources Wccans,fy 
cient and motivaled people at irs disposal it can achieve that pro(Ii,ctivit) per unite f ir,pul khould lie raised ton n op- 
much even if ihe organ,National arrangements timumlevel nowew.andinaddizion.aerion„houldulti- are „n.at,q 

fuetory anittheavailahili[Y offinance problematical How- mately also be ween to b¢ effectipe I lere we should look 

ever, good organisation and adequate finance a„i,ch b,Yond immedi„e resultb to broader objeclives. such /, in 

never make up for serious shortcoming* in The the number·., s(.,hility and motivation of the /monnel corps and /s 
qu,lit, and mativatiunof che personnel/irps The people ability m Nati,fr The needs of the ammunity + an accept- 
facri„ whalever Ute able g the deckive une. and wa and level. 

wpe „t nur respon,ibilitierand programmes. i 1 well al- 
walior:memher 'h' Ii'<>e.,lirhouisay//rhairanic·u- The merit principle in perxonnel management has 1,0 
lar attenrion hhould be puldto this criticit faclor.with the clearly dixtin,uishable aspects ]I means. in the firs, pia:c. 
expeclation [hat sucee" in sonliel management willa[- th:,[ diectik preferment and disclimination .hould be 

in itself fo•[er, most certainly lead to [he re: lifition i,f institutional out * kept of personne] rn.magement. This c 

confidence· in the symcm. Bul Ille mer![ principle in addi- tlve. 
tion requires th./ Ahere Nhould alobe positive acticin in en- 

THE OBJECTIVES AND PR[NCIP[.ES OF PUB[.IC courage and reward execlonce in .crvice. Thc e.inxistent 
PERSONNEL MANAGEMENT and determitied applieution of the mer,1 principle is indis 

pen,wible if we Nali[ to urilise nur human resoureci lo the 
Public full. personnel management consists of a wide range of 
acriwnes: mileed every,hine th./ mil to be done :„ 

The Mo basic principles-of efficiency and merit - flbmit. c,eacc. „8 bli.h. develor. motival e, appl) 21!d m.uniainan 
efficie/1 pc,60!mel corps & 13[i.· per 4 nel ted m.an:[g,1/ent li.M tor gour consideralion. do rlot Tuction sep:in,1 ely trom 
ii own peculiar goal, 4,2. to ./ract ti, the *erviee 01.ip,iblic each <,ther More/fren rhan not one willfind thataparticu 
empli,yer huffluem number, of the right cateR„rim :ind lar per,onmel .ic[Lon can he valid!, explairl¢d. or rejeclod. 
qualit> of •aff. in terinwi,fihc To remin them in service and m mobilin extent to which / Am, ordoes nol, pronlote 
and liberate cheur full /(en,i..1. The succe.s of c fficlency of acknou'ledge meril. 1 Ran,101 elaborte ar this a puhlUe in. 

i[ (0 vou mition in the field <it per•nnel m,in:igment can he dage .ind must leave as managers to te,/ the deter 
*a mined by notine Tho degree mi„ of 1112 ki which the slated ro.LI intern 1.1 ot' th,· iwo Principle, in your an w. 

achuzved Personnel mallagemcili li the concern of organisations, 
everyone who h I hien placed In charge of employecs. and 
not MI, ihe rchponibility ,)f de.41:ied per:onnel offi. NEW APPROACHES TO O[.D PROBLEMS 
cials Thus is a poinl to which [ ·>hall rciurn 111[er in thi• 
paper. Beeaur: ot the importance of persunnel and Ihe con- 

sequent importance ot our action•.ffectine personnel. we 
To further appreciate Ihe imr,irtance of personnel alanai- should consrailly be 6lriving m improve the quality and et- 
ment one needs to now th:/labour is indeed a ver, ··/3- fectivene•s of ourpersonnel manae:ment. I .hould like to 
lic" resource. A given number of emptorres doos no[ pro- discus, britly rwo new approaches in per/nnel manage- 
duce a fixed quant/v and quality ot goods and s/nice.. men, which are aimed :/ improving ib quality and effie- 

Ivene': 

The produclivil, of the labour re·,oure, can in fuel vary 
within wide limirs depending on the way in which [ uhe the expre,sion ··new .ipproachcs" with some heslta· 
:mployen are treated th .Pplyiny .ntific .lection hon a, there u.probablv nothing which iscompletely new in 
principles/ pr<=dures:ind Iriving to ensure illat every renlonne! management How:ver, w'e have inmed doing 
emplo>ee i, placed in / ioh „i line with his abiliticK and in- thing,; ditfurently and plaring p.,rtii:ular cmph.Ins on cer· 
teresE the groundwork can he lad for achieving oiximum tain aspeer,- in this broad sence we could Npeak of new or 
proitudivity levek EN·hemployee shouldlhon be trained fresh approa,he, o old problems My fraincof reference ib 
and developed to [he ri,ini where his full potential can he the briwl govcrnmenl sector I .hfill be dealing firally with 
realised Productivily can be funher enh,Inced h> paying renci #in the struclur:11 4 u™01' perbonnel managemerm 
careful bi /0 i he Kclection ot supervisor, at all lovels and ihen wi,h the role of line m inagers 
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OCCUPATIONAI, DIFFFRENTIATION technologist, the technician and the artisan To place 'he 
0]a&sification of oc¢upalional groups on a •ciennific has. 

Theor¢tlcally. the ide £ # :iy to priwide an emplopee with one obviously needs Mable classiftcation criteria. Wc 
Pay and o,her conditions of service would be /0 devlic a have developed such criteria for the Pub!/ Service but a 
P•c·kage #hich exactl, matches hi, purli,uldr value on the diCUShiOn 01 this technical as p m of oecupational differen- 
hibnur markcl .ind which fi,4.ill other galient features of his tialion would take us beyond the scope of ihis paper. In 
rarticularset o[ clriurnliane/* He would thon be the jeci- general. it would betruc tosa, chat aseparate occupational 
pienlof full) rcren/lised treatment. and There is no way in group es „t up when there are clear differences in lob con. 
which he eould be treated in a more exact and accountable tent and ja,hs[.1/tial grounds for managing such a erour as 
manner However, with a personnel corps of hub&,antial an emity different from allother occupational groups. 
See In approach focudneon eachind,vidual memberof the 
Corps would not be a feasible one in pra/ice. We simply IIaving d,Minguished an occurational group and cir- 

haven't the time 01 the rowl,uces to d"In "" mall,tain cumicribed Its inbconten[. the next step is todetermine the 
4:parate valid packager for each and every member of the iob levels al which members of Ihc group will be utilised. 
staft This will depend largely on organiiational factor£. A gen- 
Al the other extr¢me, an app„)/cl „, which every member eral p it[:rn or model followed. 1, zo determined learner, 

of the personnel corps is treilled ex,ietly the same would Journeyman and supervi.or> levek. Once determined, a 

himilarly be an impraelical :ind drful,ctional one We lob level is specified ai lo its pecuhar ]ob content m re]Kion 
hould 1:¥cls for 

Imply arrive the ocourational at some form of gencraliscd. to oher such 
average group concerned. 

ruekage we have of pa> imd other condillons of service which •IavingpI,gres•ed [hLS far, al ourdisp•al anoccu- per 
chanie zerms of bolh [inc of work and may sull some employeeg but whid, would be rational group defincd in un- 

suited [u i,thers.'t hi·re is ultio u parlieular danger inherent le,clsofwork Thenexts[cpiblodevisea erading/ruclure 
Iri The ..happ, werage·' tylie of approach, vii it [end, to corgisting of a number of dedenations. ranks ormbtilles Lf 

./.E tlsly alld Illus allract empli,yee' of lower ability and m k. to adequaly fit ihc oceupalional to group and lo 
I wkfy and thLIS repel the above ;,vorage performer. rm,ide for the emplovmeni of people as members of he 
rely thi, iq no, a •imation in which a re,ponsible occupatior,2,1 manager group m per[Kirm the work at variou' level'. 

uuld like to find h im,elt for Ihich the occupational group has been w up. Of 
come. ihere are a number of ki considerations to be 

devi,ing plans and pack.,ges for the employment and weighed in de[:rmilling a suitable grading sfruel Irc for an 
nugement of perionnel, the answer hel Nomewhere be- occl/ionat group - considerationM which I eminnol di•cm 

2/37 een Ihe personalised and the generalibed approaches. Wo her, in detail - but Ihe ?eneral picture should bc clear Il 

11#han uppro;ich by Ilie :ame of orcupulionaldifferen- gor, withom 4.17/g that for every occupational group the 
tiation. We. hak been foljowing th„ approuch for reqmrement, .ind nile, foren[ry to a parneul:Ir grade. and some 

Yed'.low In [he Public Service 11 6 working well and has for progre,•ion throligh a qcnes of grad/8, will have to be 
tended to reic h beyond the *1111„ri [Intll; of the Public delermined and pre•crihed if we are to have orderly per- 
Service into other paris of the broadl> defined governm{mi sonnel management, 
sect<r Whal i, 112 /5,/nce of this new approach in person- 
nel After we have structured manacemel,1 an occupational group - as I have 

brieil, described - we can proceed wilh the derermina,ion 
o f a suitable package of pa, and other conditons of service 

%91•E•n?,Mo,1,•,d,•r•••/'•11'STs'•eri•*rh 2••2 for the grour, Our approach ig to design such packages zo 
1 corps i divided inte occupalional fitthc 

group occup:monalgroupas precisel) asposs,ble Included 

and etch group is thei, provided #Rh , tailor-made di·,pen- in the package ar: al] relevant senice benefits. employee 
hanoi wilich acenmmod:"8 all relevant noods. righus and obliearions. require- emplover prer„gauve, and even an 
ments and circum:tance, pertaining to the group. Some indic/ion of relevant job facilifiesto which m cnn hm of the 
ex „nple, of occupational groups are accoulitant,·. en occupational group gill be entitled The focus k on the 
gineers,/le·rk„/nunies In the Pul.heServiceweareal•n group - w th its needs. requirements and circumstance - 

beginnin, 2, apply the ompational group ¢(incepl to lhe and we conscioubly strive 1 0 come up with a toint di.penia 
%en,or management cadre tion which Ls 13]lor-made Mr the grailp in quewn Of 

courx. rhe dispensa[ion of nne occupatinnal grour Wlll 
Anaccupwtional group isdefined interms of what memherh often include element·,corre,pnnding /*acily lo elements 
Of Ihe groupdo, miher words„ Irm of thir ful„bo[ici in the digpens.Mons of other occup•tinnal grnuM for 

Particulars:rof work ®1¥i[les, This cample LS a fundamentat poinl pension rights. leave privileges and medical aid 
of depurturellici·eupation:ildifferentiation Occupational However. where Ihere are substantial difference„n nce A 
groups are set up br, the basis ot the distinguishing feature, rcquirement'. and circum„i,ecs. these will be reflected in 
Of the vario,18 1.nderlving job• It f'0]lows thar the various separate dispeniations The total diMpenulion xhoutri 
groups are e.lablished and defincd in termsof,ubstantial. still be tailor.made toreach individu/group--/ leap:1 /6 
verifiable Jifferenecs in Ihe functional con m of rhe work ouraim. 

involved, When we encounter und find 8/ we cun poinl 
out wh differences / a particular area of a"ivity. then. on The Mal dispensation of an occupational Rroup s con. 

the face of it, we have more than one occupational grimp to taincd £ an al[-embracing document called a perwnnelad- 
contend with On the o,her hand. if we study a particular ministration und,Ird Everything one needs to know con- 
ble,k of work und cannot find ilibstantial rlifferenc,9 in job cern,/g an occ/pational groupwill be foundin it,periannel 
content there would be no ground!. tor setting up more administralion standard As far as 1 know, our publi¢ ser- 
thal, 0,1 e oceupational group. 1,ice i,> the first to usc such a document •A an in·.trumrnl of 

personnel management. 
] tinve used the express-, subslailial differences" and it 
k necessark to mention dial Nudi differences are not alw V ]1 is the polic¥ ofthe Government m pay p,ihlic gervan„ al 
Imme/latel uppure:,1 [n fact. the classification of a per- rates which are reasonably m;,rket-related and occura 
„,nnel cor/ into occupalional graups can he quite de tional dift cremiation has played an important rolein mak 
manding in a lechnical and even Intel lectual Aenie; that ES if ing this polic, effeclive However, pa> is not the ··beall and 
w con,i,tently u,c Job content as th¢ basle point of depat end W of occupational differenti/ion; 11 1, but one ele- 
lure. The engineering family of occupatonal groups pie mer,t - albeit and imporlant one - in an occupati/nal 
sents u gourl •xample' TIcre we need to distinguish on . group'st/al Ju:pensation. It is the total dispensation which 
ha,is of Job conten between the professional enginecr, ihe at the end of the day delermine, whelher or not one can 

AMEU·rEC'HNICAI MEETING-SEPTEMBER 1984 59 



t'Ski 

30.Vittill,$ ,-6 - . i I. 

0 #*49-'.ks:.1 1449 7,- 

L . 

.... 

. .. 

... 

.. 

.. .. ---4962,1 4 2-?'.4.1:7•42 .:6. .. .. 

e.ek e.,=iNU•. 
... .. 

I. . 

.. ;y 2=, £24 •- 4 

... ... 

.f 
. .. 

.... 

./•//...gr 
" 

... 

.. 

. ... 

... .. 4, T.„, . 
.. 4 

.. 
.. k.- 



attra,1 and refair, sufficient number, of ihe right kind of tions which need to he taken day by day But having mab· s•aff. lished such a framewn k, the line manager should be eiven 
th¢ gre„©SI mcioure of latitude con, ste / wi& i he overall 

TIE ROLE OF TI]R I.INE MANAGER good management of the organisation Thk opplies to hoth 
the formal ampecti; of personnel managenient silch :I ap- 

[ halit described to vou whal I con,ider m he an inporiant point ments. promotic>m anit disciplinary aclinn., as •vell as 
new approa,h concerning the formal or Muctural mle of to the less formal al/c™ 41,ch as Job av,ignment, inotiva 
public personnel managemenr On this occ:Nim 1 would tion and on the Job training 
also like to deal with a inrnew hat more dynanlic aspect of 
personnel management, viz th, role of the line manager By emphasising the impartant role of the line manager In 
14, m this point. 1 11:m been dealing with depelopment, Fe rinnt] management and cailing for a fresh approach to 
actually taking place at the prexent [lne, Ihe· treatinent has the questtor. 1 Ln no way w,sh M det„/ frin tile * par- 
thus been descriptive. In what followj. I Nhall be discw:King tanceof the role af the por sonnel special. The personnel 
•hal ough! to he ralher Ihan what perhaps is, thetreatment specialist ha, a cruciall> ini port:LI• role. to play in the de- 
inth[qcase wl[! therefore have :1 normult.ween.pllasis 1 4 ill •elopment of personnel polie> and fractle;, In advising 
be *peaking in general terms. as W „emal role played b, line m unagirs on perionnel matteri. In the rentralised pro- 
hne nurnager. in persol e I management can differ greatly cessing of certain pemonnel action€, and in the general 
from organiza['on to oritaniz:mon and from manager in overse©Ing of the functioning ofthe pe,Nonnr 1 9/In. 1.ine 
manager. manager' :re indeed heavily depenclent on the personnel 

•pecialism:. and the 1,1/,1 situalian k ablained when Ihere A 
What I wish to submit for your consider:ition, is that the mutual understanding and appreclalion rit each other'h 
unpe/unce of th© line manager'siok be re-establi:hed and TO1.. 
acknowledged bv both line manager• and personnel 
*reclallsts. Ilowever. this ig not enough I.lne managers To properly /,charge their personnel management re- 

cspecrally need to full¥ accept th¢,rinalienable responsibil- sponsibilitics, line manage„will obvioudy lieed the necce 
ity as managers of personnel and lo red:dicate thermselve san knowledge and skills 111¢ir own 
lo 
PENG 

the optimal utilisation of the human training programmes resource, placed £ will haic to provide for thls and clearly ilir no easy [a•k 10 rir dispial In Thc light of our formidable manpower adequately master the working / the personnel s-em 
oblcins. such acceptance and rededication is exntia[ in Ye[ Ihis will have to be done if line Inanager:, ale to releabe interes of every employer and employee. and Litti· the full potential of the human resource, at their disposat 
·itely ofsoci¢Iy ilse[< Overand above knaledge af thepemnnel »stem. line 

manager41 also need insigh t inlo h uman nature, and 6 ig 
Amajor problem, as 1 see it, is thai line manager, have over somelhing I would like to comment on briefly 
the yea, tended more and more to :,dopt th€ attit/de that 
personnel management is M funchon to be attended toby Tomanagepersonnelsuccessfully one/hviousluteed,an tho„ design /ed as penonmel officers or personnel mana. adequate knowledge of people; of their needs, drives. 

6. A parnal explan,tion for this phenomenon may lie in motives. feark :ind expectationK. All rheAe and other a,- 

ir prc oix upation wirh carrkingout their programmesof :PE pectsof the hun· ancor dition andmak¢·up-of what make< 
rk and reaching In/it/„inal oble:,ives. which require a /an ··tick" - need to be relied specificall, to the work 

w Imich of their time and /norgy that very little is left to situation. Armid with the appropriate knowledee and rhe 
devote to personnel in.inagenterlt. AL the hanne time. the nece·F/y depth /1 in,ught. the manager would ben a posi- 
emergence of the per,mnel specialist h p; perhaps had the 

tion to manage his peole with confidence and an expecta 
un fort,inate <,de effect of tendine to blurthelinemanager lion of succes, The average manager could be furuive n for re,·wins jbihly for perwnnel management and even to lead emilting a bark oreven a how.101 protes! at [hippoir,1. How 
to some transfer of re:pon,ibilkY [0 the personnel - in addition to everything else he needs to know and,o do 
specialisi Whateverthe fullext,lanation mighT be. itwould to achic ve huugoal··-can he also bc expeeted m heacompe. 
seem cippar[une that there ihould be a re,latement of the ten practising personnel p,Gchologiq? Shouldn he leave 
line manager's responsibility in th¢ per!;onnel Iircu. the psych lology w Ihe experts and get on with ihe lob) 

The line manager's most important resource is the people One can sympathise with [he manager in his predicament- 
at h,4 dispohal. and '11 Is a very scarce and important bu[ Gnly up toa point. The faci o f the matter i, ihal. Boals 
reunirce indeed. He is required [o manage thi• .,;ource to are achieved through people. There ii no other wi. The 
the b¢,t advaniage of hs e mployer and th a is somcihing good manager knows [hih and realisci thai in le final 

B hich 16 required of him m a con[inuing. day by day basis an ihe his succe,sin achie ping ingi,unonal goal + will have 
Th„ makes him a manager of perRonnel and imposes on been lareely determined h, hi, hUC//84 in de:.line with Ihc 
Ilir an/,entiald/1.vii tharofefficient amdeffectiveper- people who work for him 9/ it would seemn ecential that 
vnnel mana/ment I le cannot escape this duty, the ap the manfr achieves a workable understanding of Ihc 
propriate ques,ion to pose „ how well or how poorli hc dis- human psych c und a sub#tantial level of competence in ap· 
charges his dury'. To my mind. ihc line manager is the Irue Flying his knowledge. 
perinnet manager The Maff experts in the persione! de- 

parimen, are bes, de4gnated by titles other than " perion- ] believe Ihe knowledge and Kkills I an referringto, are at- 
nel manager", forexample ··personne] officer·'or··person. ininable by any manager willing and determined enough to 
net adviser or "personnel i.pecialist This would help ro make the effort. An appreciation of the irnportance of 
ohuate uncertaintl, ahout where the true management re- know lodge and skills in thls area of managiment i. an excel- 
sponsibilitylics. lenI beginning ] would caution against j,mmicks and easy 

recipe, buI,21 the same [imc pomr to the factth / managers 
In pointing to the respondhility of the line manager £ per. in genera! have a fund of experience of human nitwre and 
sonnel management. 1 am not saying that he ,hould have human reactions to draw upon. What managers need to 

unlimited power [o hire and fire and in Beneral lo deal with bear in mind especially, 19 thal an employee Npends the 
LA Riff as he gees / Oh/oualy in an organi,anon of wh. major part of hi waking hours at his place of employment 
stantial size, il would not be possible to maintain order if and that he w,[1 conscioufly or unconsciouily iri„ 10 

every line manager waggiven a free hand in pernmnel mat. satisfy his needs and a,pirations in the luork 5/*tiOn. Of 
trs. There •s a clear need for a comprehensive personnel the various needs recognised by psychologisrs, the needs 

policy. for pa> rate, and other e mplo)'ment •andards. and for Recurily. for social accepiance. for stab. and for belf- 

for guidelines and niles covering the typical personnel ac- re@li,ation are particularly relevant ro the work £ituation. 
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('ONCI.LSION Mr Robson also refers to the merit principle and statesthat 
subjecti i preferment and discrimination should be kept out 

If Ihere il· a critical factorin the delivery of pubhe ser,;ices, orperhonnel management. Although lagree with Mr Roh. 
1, mul assuredly he personnel It follows therefore. that son thigrequirementis, iery difficult oneto obtain because 
there is a heav, res ponsibility r/,Iting on al[ governments of the human element. How often d- it happen that an 
and manage„ to rilele their perennel munagment m the employee who, for example, Is an excellent e lectrician 18 pro. 
}1,81= patihle level of el'ficiencv and effectivenm.md to moted to the position ofsuperintender,1 because of Ihe w 
malitain / 2,1 11/ le,el. Ber,Me peronnel illanagemen[ „ ond aspect mentioned by Mr Robson namely ·'there shn,11,1 
such a univers# phenomenon, wc are inchned lo take it for also be poiltiveaction to encourageand reward excellen#in 
gr,nted. whereas it con,hant|V needs to bc reviewed, to bc service". Needless tosay. the best electriclan doesnot alwa>' 
improved and trhe Dractised with might and imagination. makeagoodsuperintendent. 
] 'lu/ 1 hat w hat I h ave had tosay Inay mak e <ome con,trih u 
non, however Nmall towards a rene.ad apprecialwom ot Mr Robson also mentioned in hi,paper the differentkin/sor 
this very importan! aqpect of management groups of employees to which occupational differentiation 

could be applied 4. accounlants, engineer" clerks and 

nurses but goes on to slate that the Public Service is :,1,0 
beginni,w to apply le group, concept to the senior manle· 
ment cadre. regardlesS orthe fact thatthe, may henead,or 

DISCUSSION - BESPREKING Departments, for nample Elearicity. Cid. M.O.H. 
Parks,etc. Isthib perhapsbecause Inthow peitionsthey are 
more managers than Engineuri. Doclor%. etc? 

/notheraxpe•/that worries me about occupational di fferen- 
MR .1 A 1.01]RSF,R : Renoni tlation k & grouping ofemplopees; for example: Will all 

artisans be in Ihe game group? Does d qualified painter de- 
Mr President, hefure thinking Mr Robian nn hi: ekiellenx serve to he in the same group asa qualitted Electriclan? Doeg 
Paper· may ] Iank your for asking me m start Ihe dig'ii,· scarS have any effeci on the group placil? 
,•Ins· When you originally approached me ] wag very hesit- 
ant in accepting your invitation, but when receiving Mr Whai can he done to an Engineer who •as 0/ginally placed 
R•,bso„'s paper a couple of day, u/, I opened it and one of in the carri„ gr„up but then developos skills which make< 
the fil·.t titles 1 saw was 'Iccupatinnal Differentialion". him superior to the other ingineer, in the group? Must ] as 
These two wordE, Mr President, are [he same t„ Municipal an employer he willing to lose him? [n the privat, sector he 
Electrical [·1/er//Imi/a proverhial rid flag & from •vill be remuneratedi at a higher level ju™, to wain hb ser- 
of a bull. Pleak,do not misunderst/nd me.itisnot the prin Fice. Incihi r w,irds, does occupational differentiation allow 
dple that we are against, bu[ the wai it ia, up lo non for merit increments? 
applied in our countrY. Tile rea•n of course ], bel:ause this 
principle w. 'pplied on[>in the ...nment Sectorand not 1 alqo note ihal Mr Robson says tha[ pa> iN Ilat the be an of 
inthe Municipal Sector ...11. H In> mernory is./r./ occupali,mal differentiation. Can he perhaps Nugge'a few 
theig the new s,lar,/ that resulted in the (in•ernmenl Sector der wa» M remunerate a /rg,n in a local a/hority? 
bet·/u,e of this 0/apational Differenliation haie now birn Remember, you can't put thank you in a lili. 
in force for more than two years. it is also noticeable ihal for 
qllite •nmetime now there are jer, rew, if any, var:in[ p/1, lam very glad tosee that Mr Robson conNiders Iheline Man- 
Al engineers in the State [}epar/ments advertised in ne,ir. ager to he the real personnel monal,er o f hiM glaff. Perhap, 
Papery. This means th# they have been succesgful in n][ing 1.(cal Authorilles should con„der changing Ihe title Ir the 
-st of their vacant posti. naturall> wit ha multaniliss .ir Pregunt 80 called "Perionne] Managers·'. Mr Robin also 
quallned engineerh, amongst lithers in Ihe Mun kipal %•tur. said that the special knuwled/ andsk/s needed to bea // 

Pe/onnel Manager are obta[nable hy any Manager willing 
und determined enough to make an efrort. No gentlemen. 

Mnr die President. u,al unthou dal d„ Uilvuerende Raad let'sget /„/ in and doe„/ly that! 
my benicm het om le dien op '11 komitee wat deur die Ver· 
enigd, Muoisipale Bwillir in die Ime gernep is nm le besin In conch],ion, MI·President, may Ieul,gratulate M]·Rol,§oil 
oor die ··Werwing, 0/le/ing en Behoud van per,oneet in •,11 •• excellent thought·provoking pa/r very 'bly read. 1 Plwastike Bestuur'·. Hierdic komitee ge #crk i, uok nou·al pcr,onall> enio„/ 11 ver¥ much and / am sm e•erybody 
& b>knni hi .inar af•ehande] en dic venlag iN aan di• el' did as well. 
2. ·M.R. ge't w. Onder andere is een w die aanbevelings 

1 Ber 
oeir..lifferens/sle· (Mik in Plaa,]Ike Beituurtre/pa.8 

g Thank>ou, Mr President. 
rd, 95 e.erile priorilit. muartot dus•er hetd,ur nogab- 

•oluut iliki gehour nle. Dit laat li, my '11 Reinet van 

ed/mlield in verband mel dictoekons ian Muntilpale MNR N S BOTHA : Bloenifuntm 
|ngei,ieunen . mnr Ri,h•n self in sy rereraat uitgewys 
hat dra dll hiE/naumd nie hy tot die motlvering M nr die Pred,lent. m M Rob•Ii het in ian %} referaat up ver- 

ikete Mani"personceinie. aspektc klem Re/6. Sodal,il d# ons •n hele dall nodig 
bou he {im person,·pladmi,gis/rasie behourlik te bespreek. 
Die kumhinnsie van ··melise. gpld m die organiial/i,se 

MI Pre,ident, MI· Rolw.on /d in his paper thai ... Mrukfuur" ih heklernicion. Tereg i. die brvorderin' pan 
imployer ilionld he pli,ced in / job in line ulth his abitilies dnel/re/endheid en mi,tivering van pen/neel uit:/III, as 

and inter„t,, I con„der this ¢0 11/ the i dcal pomtion, hui,n hal betangrik. 
practle. ..ifirally in smaller to/ni, ever,Ine is u.... 
trai,1/ todu all hg work applicableto hl,group,imply for 1% dit nie ecter I, dat personeelbe·,luur op urganlhering ¥01% 
the• r el„un thai .N,imeone hus gol to do it in theabsencd th, mie? 8 ni, ;illde,•i•ni ,lie? 
other M ployce who norinally d„es Ihat job· A In i,ith the Ii. 
miled m "Art avail'bility ilis n,)1 Un]Ikely thaty/,1 nliv M p Op blarls, vitr vern,• Innr Rnbaun nul die karrekle keuse 
poilit an enlinl:.r ina vacant position who is really more in· van Ikeghnuers. My 'indervinding mellynbetuuider,§1 1% 
1,•re•ted in un equi valent Billk,n which haN alread• been n]- - alhoe,ve[ enx tkief dat ander hued:ini:11'de vall tucpdaying 
led. Thim mean, thn, the optimum level In whicll productii. 1§ by toehigh.iner, .6 b¥/oorbeeld dir mkman-dat dit 'nfelt 
ity can bu raised will be /0» er t hun 1 he ideal positinil. bly dal die ke,k nm-nwal»ef up die bhte alnbugh,nan Il,1 
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W bewriter;ug. Die iria/bly derhalwe watter etirks,u 'n 1>le vrang, wat Redoen gaan i,ord on, die ander bevel· 
aunNIelling(,rhevordering l in ·n.4„akker vakman. muar king,groepe mak,imail I benut, kan nie makllk 
dalk get IM:ter toUghoucropdie res ¥an 'n penane,•lkorp# heantwoord word nle, Indien almal hier teenwoordig met 

hierdic ,raag huiqw/arti, keer. i!.dit /1 n go; ie begin. 
Om terug le keer /11 berne/differenslasie. /1/ ek in die 
stevt,dien, iN dit w/ar.Nkynlik *uks/N¥01 vanwee dit· grixit CI.11. MR VAN DI H VE[. nEt Cap elown 
h/eprelheid poste 2/ ellic grnep groot en b ulgbaar maak. 
El, het ineer kommer in die Munisipale wese dat dll mi,kien Mr PreRident. il iS an ace€pted faa that South.Arrica ;8 
sallellot'11 vermipprring. toin; through a depreuiun, the xerioiline„ of which is ¥lili 

lobefelt b> the man in Ihes(reet. 
1 }le referaut van m,Ir Rvihhm hil nip lani +404•k ni, dic warirde 
va!1 Clarene.· 1/.i·i• wai cenrna,,1 0 het: It has been Maid, and I Hubscribe to that view. that the 

number of employee; in th,! public wtor ; growing rapidly. 
··You can buy a m:in''time. alind e/ponentially, and that the growth is unfortun„ely 
¥uu ran bu) a inan'% phy#al presence In a Ri m place. inversely pr(>portion/] to p/,dutti/iti 
Yi,u can e,en buyu mmured number ofskilled m,iti,in, per 
hour,]rper day. What h• our Npeaker to m about the number, „f the 
But y„,1 ca„ ni.1 buy ent hu,iaim . employeeN oflhe pri,•tesector? 
Diucann(it huyinitiat/. 
¥011 ;an•(it bii, which b ki'allv 1 would likete know the tail and which iM the dog. ... 

¥m, unmit buy ihe drintion of hearts. minb and s,1,1. 
¥{iu have Iii earn *R Ihinwi. Can we not rely on the pri•ate sector ti) Nuppl, Ih: necessary 

re,ources. bolh perN//nel and machinery. in times of 
emergene> ? Should we not be semng up guidelines which 

RAAIN [ D WAR JAN BURGIER: lohanne·burl can communicate with the private ,/clur. to obtain Nuch 
staff in timeN of emergencie without the normal tender pro- 

Mnr die I'r„idell. rk wil mn, Robson /1„kwens met ·n cedure. 
uilta:ind, refcriat. H> het die groppe werk num, rs veral up 
hatuursdak. hui permoei en prej.tahieg met groot kun· 1 w,/d [iker„know 11141) Whal criteria wepla,·01, the//m 
digheid uitget•. D U i, M, dat<m, werk <kt in„„e, met d; e m. of a line manager. //asit not too 0/2/ been number Of Nt// 
di, idu. Dit ¥crintrus m> ietwat 11:11 cinh iniskien te haastill in hi, empli), an,1 not netee,arit, th, pri/uclivit, /f his 
gega, n hel w die poi,W,van die enkeling. department? 14 11 n,it a proud factor thal we in Cape Town 

cili boaxt th, 1 wc producH mega• att per person {11' encrlly 
Om ierk'·er in 'n unielit· pi,Nisieindic Republiek van Suid· nilire thin we d to thirty pears ago, In ulher burdE. it 
A friki mel ,> w,keid,nheid mense. C),imelukkig is hulle. lakes less personel toda, to product onc megaw/Itot'eler. 
die 402//. kleurlinge en /hierb *wak vi„)rherei Ur hui tricily. A i, aliian a problem and ha% tern mentioned bi- 
lence,•lauk fep (11,4 the efficient and exam eng,neer 1% prometed ti, a 

man..rial positinn. I think .. . .hal we haie to watch 
Wat Maan m dkien {im die poinsiaal ian hierdie karig oul for in our staff. [t happen, in the privale and publ/ *De- 
„p /·lei de /rl) it/,11,4 inak,imaa 1 le lienit? I.. 

Il.DTHUYS:Germiscon 
MAR It(}BSON 

Mir die Pre,ident. mern ninr Rob,wn dat diar 'r te groot 
W Pr/,dent. wit• rtlt,,ritopinr u,¢4/4/.m, feeUng Raping lumn die ver,medingpaket vir 'n spegifieke brrnep is 111/1 it iN better to the / de,ignation •ihich 11/ a rele,inci in die owerheil/klor en die priva/thektor iN? Indim vrel. R 
to wh# a man dueN. 1 :in, ine lined £4:,gre e ,%ithy•,il lhat an daar korrektiew, maiatr/16 wat getref kan waru. 
engineer should be called an engineer, an architect ,•houtd 
be c.illed an architect. whilt and admini,tradir should bc MNI{ ROISIN 
i·/ le·d anadmin•trillor. 

Mnrdie/resident. met betrekkIng lotgrne in openbarein· 
M/ verwy *14 aa ntur 8/ha # graait. kan/k meld dit A / - dlen'.nemh,2 6 iets *:inrn,, met *root ierantwo,/delikheid 
'n ine/8 begin mel 'n behoefte wai bevredig inner #ird en gekyk moet word. Daar k b/e berigte in die pers wat xer· 
dan ·ikep.i> '1, Arganis,Ni om.iou behic fte le be,redig. 1)an /2/1 / wanneer dit gaan{,or die toenum, in ge alle mens, 
mod jy begin im menhe in dien·. ti, neem rim da:mlie he- in /ens vand,/0//nbare·seklor. 1)ikwels word vergel.ykin# 
hoeft,·lebe,redin. · 

mel ander lande gel/f #at ulters /0/lik I In die VSA 
by,·,wirb/Id is die gro{•tste hue,/Ihied polisie nic in die,Is 

PerN(ineell>ht/ur /•IM dus/argan•cring. [Meecn l/k A w dic #a nk maar in diens vim pla/ike owerhedc+ 
nic belangriker /% die ander nie. maar die perhaneclbewur 
aMpek ih opilie lang dul,r die kritlke aspek. want di[ bepaal Dear moet el,ter wiortdurend g,waak word ren indiens. 
of/e d„elwit hereik k houding,an wplus w/rknemers, 

Die keuse van 'n toesighouer IN moeillk. Ilierhy moel A.11] die kritici wat kia oor die gr„</te ¥anowerheld,dien•te. 
9 k itt•il 0„k in ag g,nic ni •ord. wa ek die waan: Waar moer on, begin verminder? Daar 

moct gekek word waar die grootste k,]11*entraBie •an per- 
Ek dink uit 'n begine@el oogi)unt muet gek,k wurd /u die s,int·el is. Moct vermindering kom by die weirmagof by die 
Npc.,Incke poN en dic •raal, Ile,ra *ord: walter tipe permon 1•/1/ie of by die midiese en verple,/dieite·.' 
en hoedanighed, 1, nodig in die pos? Die poi en sy iii houd 
moct dikker w# henodig word. Indien 'n hoc premic Re· It A u %/gge/ion to eninkler that 1/21 authoritie, sh/uld 
/laas wordop [,18„gl„iliding, 1/himrl ·n per,Ii)/1] inet gock /nly La rr¥ the Maff really needed kir n,irinal ·,ervicvs and ob- 
Ilic•.igh,]uer•,hiuflanighed" aang"tel le w Mil, 6 help from the pripate Nector un a contract bal during 

emirgene·ie%. 
Bert,48difterensiNe kan. tranne, r dit (wirdnrword, lei [,1 
iennippering. 1"' Ino, Men<, definNE· ..e• met he· 1 agree Ikh coun;illor ¥an der Velde th# mii.,gers •hould 
/0,/[|i|Terel,Niahle. wd/ alle belan,Irike berue/groepe be #heENed in terrnw of p[,Mitlie resul„ and notmereb on Ihe 
8 idcnlitiNeer word en 11,1 waarde kan hehandet ward. sizeol'theurganisation 
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Met verwysin, na Raadslid Bu» se vr•,144 our die gaping in 
perwkding. wil ek meld dal bar u n te grool gaping kall 
44·es nie. lanneer die gaping te groot is. sal p]"blike Ill"ll"ll'.,1- -0,1,12 4 
owerhede nte werk nemer, ht nie· k SIMEL - MALICO 
Kortlite; wi] ck interess,nihcid,halwe num dat dit die 1IIl11 ,|uatsdim se beleid k dat daar 'n redelike mark irrwan· L.V. 1//d INSULATED mott *ees, Die //atidleng wil niedie be/r bitu]"rin • 
•lielandweesnie,maariwiknk·diessial[.slenic. wantdithal • 
die ein/le inn die owerheidsdienite heleken. # BUNDLED CONDUCTOR 0 

Die NETWORKS •- • 
nusionale vergoedingskoers word vir '11 bepanlde he- 

roepsgroep 1,•paal i,it npr/ma deur konsultante en dic 
'ta. vir Gei·%tesw.tenikaplike Na,orsing. :ad.,t die %('14 Ram,bare gemidde'le koers bepaal i•. Bord 
doen, want daar A Irc posiliege faktm e in die dienqpak "82*2/ • 
ket vun ·n impinaar wai die wrminderi[IM r:grerdig- 

0 ** 152/ 11\ 
•111 .4/ 

1.--/ 

D A.M.E.U. APPROVED 
8 Manufactured in accordance with 
French spec UTE 33 209 
El Widely used throughout France for 
over 10 years 

11 Quick and easy to install. system 
allows consumers to be connected 

with lines live 1I!ll1l11/1,11ll1.ll1,/111 using insulation piercing 
connectors 

9 Only two pieces of hardware 
needed to erect bundle 
0 Phase and neutral midspan #ints 
preinsulated allowing connector to be 

crimped Through insulation eliminating 
need to insulate joint after crimping 
0 As system Is totally insulated wire 
throwing and tree trimming no longer 
a problem 
3 Bundled conductor consists of 

1 • 3-phase cores, 1 lighting core. 1 

neutral/catenarY core 
8 The most economical overhead 
insulated cable system 

EBERHARDT MARTIN 

1ll/11llll.ll. 111.11'1111*1111.11,11.01,1,11,11.1111.1,1,1,1....111.1,1,1.,1,11 (Pty) Ltd 
PO Box 85027 

Emmerentia Tvl 2029 

Tel (011) 782-2176 
Telex 4-24031 
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INTRODUCTION OF MR R LUUKONLAHT] 

w W RARNARD: PRES;DENT 

i Mr Luilikar,lah,i „ frorn Nlokia Colporation Engineen, 
] Iel'inkl, where he holik ¢ he post 01 d,rector "flhe in'talt, 
tion dcpartment. 1 ie has had wide o'.erseas experle m, 
particularl) In the Mimile EN & compal'y W.I 

emploved hy th£ Mimittrv of m:,1 cle,trifil ation in Fyypt 
and gr 1 illikanl:iht, 9,ent ··oille 4 yeill, m (hill C,Unnry „ 
project m,inageL 0,1 4 +Ieine fur Ihe eledrificalion ot 
•,inc 350 F.gy,inan villages 

His paper to be prew[ed ti*lay. which ,6 enlitled ' Rural 
Elcctrlcit, Supply Fam and [Las, .could twi,e applkatim 
to those'li,6 'calonsible lurrura] eleit,ificallon [ 11111 Sur¢ 
that [he Mibject d be of inlerest to all of u, 

3 

r.* 1 

NOJOI...i.L./17 

RURAL ELECTRICITY SUPPLY - 

FAST AND EAS¥ 

During Decombel 1983. rho African Technology Confer- From 1960 in the pre·.ent date, over 150 000 kilome·tre·h 
ence wa• held atihe Bari University in Imly. h 1,/ been Nwailed „, F[mand /une wl(h a fu,/1/1 22 coun- 

tries thr,itighnut the /0/d taking i,dvantageuf Ihe systemm 
Profeison. O Cafuro, 11 Malone and P. Puglie,le presented under dkeussion 
papers on the electrical reliculatton (cchmque. they 
though, mu# adaptable and reliable m the rural areas fin 
the cont"lentof A frica. In all instances the advanlage of se It·sup/, rig overhead 

cables enmpared to bare conduct- m the deciding fae- 
ton Thr papers preseI,ted at this confurence indicated the use 

of werlal bundled,able,aq onc of the most suitable for these 
en viron mentlyconatioi i rural Africa. Nat anly wasthlb Tbc adyaniage, for the 1]Se of•Ir-supportmg ci}bles have type af reticulation in I he low volt,ge r,Inge *xpen,ive Init been detailed ac follow. 
furmorc reliable than ofn |ine constru/ion 

Duri14; the eight years prior 10 1983, Nokia Engineer„g 1. IMPROVED RELIABILITY 
have In.talled maily thousands of kilomerres on the A frlean 
Continent with eumplete reliablhty. Cal) I Jninlerrupted distrib/10/ can be guaranteed to 

the end use, Ir spite of rain and lightning 
Nokla InginecTIng,/ Helhinki Finland was the first cocn. 
•iy in Europe to man„fa/ure and in/all aerial bundled (b) Unint/rupted disinbution should Ihe able 
cable/these firs, ingallarions [aking'Jace i. 1960 bec<imc det:.ched from ib pole /amp „.ppl}rt. 
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1.IMPROVED SAFETY age and to keep the cable rigid for handling under 
ilitticult conditions Stranded enducors arc corn- 

Self-supporting inKillated aerial hiindled cables don/ pacted [a reduce the risk (,f damaging The insula- 
cause m danger [o humans or aninnabs thu, accident. tion and to Inake ·.fripping an,1 joirlting ea6[er 
are reduced decisiveh. 

(d) The insulatian of all conductori and the tnsulaled 
3. MAINTENANCE COSTS REDUCED ile.trill Con•sts of an extruded laver of blaek 

.eather-res,:tan, polyed)[en: (low densiry. high 
(a} Matenance costs reduced by 50% compared to de mity orcri»:s-linked). 

unin,ularcd hare mnduclors. 
(e) The conduciors are eisy to identi fy b, tho number 

(b) [n third worl,[countrul min(crance „/the up of I.ingitudmal ridges on their Insulation plus lei- 
most importance where maintenance Btaff are in I·ring reque.led h the SABS 
very.hort <upply, 

4. 1.OWTOTALCOST 

(a) Insulated,/'nduciersarenarurallymoreexpen.ilve FU;.1 
than the uninsiiIated Dne, but when we oh•erve the 
m 11 amount and low priee of installa' ion acces. 
Mories. Ihe total cou will be lower than wtheorres. 
ponding bare conductors 

Ch) In addition to thiut is al,0 che,tpor than bare con- r# 

ductors in oper/inA and maintenance costs, This 
makes ihe Aftem ver> economical in the long 
term 

(c) The research made by the Finni,h Association of 
Electricitv Supply Under[akings in 1982 proved 
that [he wl,1 pnce for action of Ihe ABC •> m m 
m 25% lower m average than [he erecrion co•.ts 
of a wrespanding hare conductor ncid. 

(il) A, to the operatir,g and mainte,lance costs the re- 
·.earch mit,le by Re on Sah k n •howed 58% sading 
for the ABC »gem compared to hare conductor 
network 

M The demandon the ele¢frical lines is (haf rhe rouce 
required shall be as narroi ax po„ible to reduce 
the compencation ce!:ts / Mting tree,; which may 
be vcr, valuable for the Vnlage inhabitants. An 
overheadcable needs no special route 6. ACCESSORIES 

(f) Aiwther advant:,ge of the „verhead cable Is the 01) Stringing up on wo/en poles has proven zo he :1 
powb,Jity o f uu ng I he ga mc p. 74 4 fir)r 1,)w and high simple and economical s„JitiOn in Finland Ind 
voltage cable, and lelecommunicationi. Several many other counirics for [hi.:able. 
linehean runin parallel and also existingpole• for 
Iree[ ligh[ing could be used This feature of Dier- 

he,d cable& may be par cular] Y useful in small vii- (b) Suspension ind dead-cnd clamps are as shown in 
11/4 and in 01/r parb of cities where riM Zan€13 under- Withtheseclamp„tring.ingup.inval 
ground cables would betoo complex and talion can easily bc accompli,hed in all p<„sible expen- combinations The .IN,ension /1.imp 1,1 made of Slve, 

aluminium allov for an uninsulated messenger, 
and for the insulated messenger,he lower part of 8. LOW ¥01.TAGE OVERHEAD CABLE ·'AMKA" 
Ihe same :'lurniniurn alloy :limp E p[:ls,ic coated. 

(a) An AMKA cable (Fig ]) cons,"s of two to five 
plastic-insulated al/minium /inductors. stranded 
around a bare or insulated aluminium allov meg- 
senger. The messenger is alw the neutral conduc- FIG. 2 -Suspension Clamp• 
for 

(h) One or Iwoot the insulated conductor£ in thebun 
dle are intcnded for strect light,1,#land have a *ann. dard cross«ection area of 25mm· while the main 
ph" enductor•can vary trom 25mm to 185mm. 
depending Dn the load currents, maximum accept. 
able voltage drop and short circuit ct]Trents re- 
quired in the network. The size of the mesbeneer 7 4 (neutral conductor) 1, determined bv [he muchani- 
cal and electrica[ conditions 

(c) The ph/e conduciors are made from h3rd·drnon [r,ill.INMetgenzil UninsulnI. M-.1 
aluminium lo reduce ihe risk of mechanical dam- 4 2 SU!·]•e ]6]Ull Cl,Inlph 
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FIG. 3 - Dead·end Clamps rial. According to the test and experience% of 
Nokia. ihc insulation material based on PE is Ihe 

besi. The following materials have been sludied 

I.GPE = Low dersitypol)¢thylenc 

1414 
XLI'E = Cros• linked poly'mylene 
]IDPE = 1Iighdenx/) poly/thylene 
LLDPE =Linear low densily Polyclh>lonc 

€% (c) 1.DPI i, suitable for inK[allation·. in cold clima/ex 

because it has eood resistance again,1 low „mper 
atures (-45°C). A[ lemper.unrecof + 15'C 1.DPI 

I[ihi,1,• Mi·wi•·n Ki·r "tili•u[J[cd Me•LI]vi softens and loses ith mechanical abrasion resis- 
. 1 De,1,1 en[. Im. t.„ice 

(c) Two lvpe, d dearl-rnit i lanip, Hre 9141 m.mif (d) Thirs wh) we are studying the uxe of HDPE. £ind ic 

tured. The fir•[ one is suitable for an Uni!16UlaICd XI.PE for tropical use because both are smable 

mes·,enger and th¢ other for an insulaid mine [o theirIhermodurne nature. mcg- E*peci.illy IJV- 
radiarion i, dangerous for the Plastics w.ed:u. insu. .enger 
Mtion malerial on overhead eabli. Th, problem 

(d) Conneclors are of screw type and are made of wa„tudied in liV. le„ cabins in the:,trh [97( f 

aluminium alloy profile (Fig. 4) 
Ce} Accordingto ihe resul„. FIDPE sccms [o retainils 

mechanical propernes hetier than XLP[ when the 
FIG. 4 - Aluminium to Aluminium Connector Mamples were exposed ki intenbive solar radialion. 

Because of this. I[DPE w.16:hosonin 1975 (obe 
ihe mutation maierial for AMKA cables to be 

u,ed in th, trupl„. T he firs[ laree ins[:ill:Inion look. 
place in [eypt in 1971,. B:Cal!32 rhe plash, niate. 
riA were used in the AM m ire.i, where the solar 
radiation I A highes, in 1hc wrld (220 k cal/m 
per year), the Alcce. of the in·,[allation i.of ere. 
interat Experiencesof thexe iniallations will be 
dicussed in Paragraph 9. 

8. ALUMINIUM CONNECTORS AS A PART OF A 
RE ZABLE NETWORK 

..D ta) Theu#cof.,luminiumawmaterm] forconductor 
wab Dbstrue[ed for a longtime bv unreliable con- 

ne,Nion [ochniques which were used in the 195{)'s 
When thm problemswereconsidered carefully. it 

7. RELIABIL[1¥ ANA]YS[S OF MED]UW AND LOW M F sible in th:ear) 1970·4.loachieve.onnce 
401 TAGF.NETWORKS tionsas reliable in all circumstances as when u,ing 

copper. 
(a) Asprove,ibeft,re, itisevidenttharthereliabilit„of 

di,tribu tion nclwork in¢re:„cs qubstantially whin 
proceedii,g to ubl inxulatell c[)nduc[ors (b) Nokia has ali, conspicuourly been working wilh 

this development. With twited overhead cable< a 
Di•urbanceN caused by InICrruption ot ·.lipply wa. decided are m use con n:ctor, made of aluminium 

extremely diffieult to clear up in •.par.:elv popu alloy profile w/h hoh tightening 
lated areas because of the long diblance, Thi, 1 
4 (he goad reliabilil ofihc insulated e ndue (c) Wh/nusingtheseconnectors iticnece„arprn peel tors has great in portanee 111 the counir, elect'Icity the conduclor ingulatior[ at the c.mnectm Brit 
network. When the connon>r i, correcth tiehtened. 11 i's 

very reliable Peeling„fcable,inlended fort,opi Bare cond uet,irs cause immediate interruplic„„ of cal use ix rather difficult This i, why the piercing ser'.ice if g„,wing trees ir thelrbr,nches co„1: 1111„ type conneeton were recently "u,lid very inten. 
contact wlth them. Mcially in are.as whele hively· These canneclor·: 11/ve not. howevei, been 
growl' 0[ 'reeN is rapid.,his kind of (litu,bunce ,• as reliable as th081 made by peeling the 1,•111;11!,Dn 
u&ual, 

(b, insulated conductors, are coated Mt mater,/ 
gh,ch ]Ills :, hlgh re'.1•lalice ugainst chaffing of (d) AR©ing tests done according to European van· 
hranch/0 w the cleaning of wayleaves „ not so dards have prmed to he •eiere enough to gu/in- 
urge / and frequeni. Because of th e Oc„irrence „f tee a long life fur the connection'. Expeciallv the 
interrupt,(ins on medium voltag ¢ lines, the Use of Shon circumi te,1, where th, con,hictor bea I upto 
twited overhead r:Ble. has incre ased especially in 25(PC. have forced m.rn, c.inn:clor t>'re, out of 
iropical lungle are:„ & Malay•wa Tile SAXKA the markcl Ju•t recently some pie.ing type con- 
cable developed by &/13 1, P·•rticul,Irly su•table nectors which pass thi, 1,51 have come Onto the 

for this furpo,K An e„ential facto• when ratking markel. One of these is type /.11 manufactured 
abou, rehability 8 the choice of,nsulullon mate- h Nokia. 
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9. EXPERIENCES DUR]NG EIGHT YEARS OF him tol,e with u.,ti,day. 
VILLAGE ELECTRIFICATION USING AMKA· 
OVERHEAD CABLE SYSTEM IN TROPICAL 1/ come' aq a <upprise to man, ufus lam Nure. to learn th. 
CLIMATE CONDIT[DNS Finland has been in the forefront of developme/t work an 

bundled condmors for many • ears. having started. as he 

During 1976 - 1977 350 villap were elecirified in has pol nted out. in 1960. 
Fgypt The Nokia AMKA Vem with H DPIL in,ula 
tiongused Alotal/f35(nk,lomermofcableswere Because of Its reletive newnes, 011 the Sollih Mri£an ene, 
ins,ailed.mostlyd„:ellyon the walls. The Ministryof there is some doubt in my mind I to the accuracp of the 
Foreign Affair, in Finland •tudied in the autumn of .statement Ihat the *1 price Inrerecti,inof thi,/P ,•f cnn- 1983 th, condition of [heidallation in six villages in. dul toris 23% lo,irer than rorres/londing harewire n/works stalled in 1976 The study wai carried out because -as slated in paragraph 4{b). I gould suggest that prospre. Finnish development aid #ai used for the materiak live ars look closely at their local mndi[„in, before ern 

The reAults ware ver, positive & to the gu,-cess of the bartang on any scheme on •hat hask,kine. 
sitern in Egyptian circum.lancell. No aging of the 
material used was /dicated. 

The mar» /her/diantagesorthesystern must obviously all 
be evaluute,1 and 1/ken into account. before any decision is Nokia has been following rhe ziIuluion continuou* 

with laken. the Egi·Mian et¢c/,cit> authoriies. The mou im. 

portant target for the follow-up „ the· pllage of El 
iTorok in Assuan. Perlaps the /04 contri •W part of these s,stems W the 

ske of the neutri] conductor I.V three phase systern. Stan· 
We have taken samples from the real in/allations for dard South African praclice is lo use neutral conducton of 
m laboron,ry 128[j. in 19A0 and 1984. The rei•uits for eqi,al 'ize to Ihe phase condlictors on mi>st distribtion M. 
Ihe tests in I 980 khow that U V. radiation and all other teins. Cle,arl) overms pnctic£ A more flexible in thiN re. 

Fossil[e troubles huld caused no change, in the chara- gard and it seems co me that {11/re /ould be merit i/ 1 ook Ing 
reristics of The insul/ion miteria[ into this aspect more closeb. because of the obviuus 

•conomir 'dialtages which exu. [ wauld like Mr 
The %amplestakenin 1984.lreal preic/inourlabora[· 1 uu knnhlati to r,imment on this, in relation to the practices 
ory under te,;ts and the re•,ulls will be released shortlv. innther countrie' 

li addirion ta Egypt Nokia has executed,imilar pro. 11 woutdal,obe interestln/tohearto »hal eitentb/ri· mul· 
jects in 21 diffuren, countric, Al„, thrie proiects ure ral conductors are used on these bundled conductor systems 
followed carefully and all results until now have been cornpared with the insulated neutral version, basedon fac· 
good tor, production run'. 

10. SOME NOTES ON FUTURE TECHNICAL 
SOLUTIONS FOR D]STRIBLION SYSTEMS Bearing in mind that these systems pre·supposed the use of 

reliable insulatIng material and. the effect or local condi· 

As mentioned above the in,ulated [wi,:ted overhead tions on any insulanl. particularly UV radiutlon on "pla,tic' 
cable'. Ni!1 Ruper/de the h;,re conducion in low vil- typi·materiah. 1, would beinter/sting Inhear what work has 
Ige networks. Many couniries like Lnland. Sweden. been done to determine material-suitability and antlip/ed 
France Norway. Turk" Syria, Irak, D"Bodesh. life at hi/h altiti,des and cliniatic condition#, 1„ finind for 

North Yemen, M/lay.inand Indone,ia have proceded example on the highield. 
to USC mlu?.ivel Y twiled overheadeable, In new instal- 
lation, and many more countries are makine „milar AE[have saidon deedions, pre¥i,ius ocra'ioni, [ am convinced that the 

u• of this type of system will play an incr/"gly imporlanl 
role on mal»·ofournetworkN, 1,articularly fo, Al,0 1 V di,tribu. in medium vollic ne,works 12... 36 KV corres tion. It IN up t. us . engllei·. Ii examine ene·li type 1/ it ponding Ly/ems have been used during the last 15 
becomes available, clear any prilhlems In a vears. Nokia hax develop,1 it, own SAXKA- v,stem systematic und 
rational way and applythe o newhich is heitgmed kinur re· which ix alread> In lige, in addition to Finland, Syria, quirement'. Malaysia and Saudi-Arabia 

The medium w)][age twisted overhe£,d c,Ibles are Perhaps the bigge,/ problem that we are going lo encounler 
economical in forest area, where wayleave malnte i, that caused by the proli feradon of accew/ies and il iN un- 
nance / difficuk and especially in rocky areas. where fortunate that the meneas manufaclurers hnie apparentlb 
excavation is difficult and expen, ive. not been able lodevelop"/undard"or'·universal"t>pecon· 

necton and otheraccesgorieN, something thatcould be u,ed 
with confideme on any of the urlous bundled conductor, of 
given size, irrexpectiveofmanufacturer. 

DISCUSSION Should the - BESPREKING AMEIJ, In collabor,lion with ESCOM and the 

€ IR and SABS Met up some fnrm of investigation, to de,pr 
mine the c„tent orinierchanteabilit> betw*n e•isting,•im. 
mercially atailable system· and their aaessnried Thi.i 
could be an ing/nable exercise and would enable uN to re- 

duce *ckholdings, ag well as eliminate many of theopera- 
M}till CLARKE : Randhurl lional faults, wh;ch are bound to occur in tirne. a' mainte. 

nance and con,truction staff use more and more of the 

Mr President. in opening the diSCUbien on Mr [ uukinlahti's equipment, 
paper, may ].on your behalf, thank hirn nnion!> forils pre- 
Nentation. but alho for taking the trouble to be wl/h /3 al th•, Mr President,thispaperisanothervaluable andtimely cnn. 
our linh Technical Meeting. I ahk him toconveyour thanki 1/bution to the work of our Asidation and [ Ihank Mr 

to his company for making him avallable and for enabling Luukonlahti for his contribution. 
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MR C CROMPTON : Johannesburg Importance of glandards cannot be under estimated, irone 
connpar¢% the difference between Nokia cables and French 

Mr President. Although in Joh,nnesburgw; do not do much cables. 
rural electrification we have had weral >ears of experience 
w ith aerial bundled conductors. There are many similarities, bul there are also ferne de•,ign 

differences and they should be noled 
We have used bundled conductors, not for the reticulation of 
new huburbs, hui rather to replace the old conventional Insulation thickne,% 
owrhead maing. in suburb, where tree' ca/Ne cnlitinual "petel 
problern,- Replack/ /h// mains with a bundled conductor Impulse test 
s>stem not unly resu[14 in a more reliable Nupplh but also Markings. ep /lly with Ihc neutral 
ma 0 from having to hack the trees continual]>. to pre· 
pent branches from touching the mains. 

1n the cas,•of markil. this muld cause Conf/51(in between 
'rhe exigting Rd poles are re-used. ah are the evisting the ser· Iriou' %75(ems, 
vicecable*. Wetherefore had to de,elopa s>stem tosuit our 
existingnetwork. E]centre Control Sysierns have taken the liberty of produe· 

ing a comparison /art. ihowing the differ/·ne/ betweenthe 
1 he conductor configuration of our synern has therefore :>Itimi available in South Africiand it IN/jailable liere for 
been designed to fit in I ith an exls/ing network. The system puurinformalion. 

eomls of three phai m/uctors. and,treel light conduc· 
lurs. .ne neutral. 0 'eparate earth and a separate'u pporting The client lou. the member) should take care. when pur. 
member. ehaving. [1(it to mix and match items of. say. hardware d 

connectors from various systemns. This -Id give pri,hlen,4 
We are fil' experimenting with different accessories, but in the future. We look forward title drawinit up,/ the 
would welcome a SABS specilkation for Aerial Bundled SABS specification on aerial blindled c<introt *,slern*. 
conductors and would certainly be prepared to adjuu where 
possible. 

MR P BOTES: Roodepuort Mit LUUKONLA[ITI 

Mirdie['resident. dit ib ¥irm nuusdat.lohannesburg hler. Mr President, wil r/gard to the que/ions asked, [ wish to 
€lie stelsel eerste Rebruik en ontwerp het. Roodepoort he[ comment'%folkiE 
hierdie sisteem lankal in gebruik. Dieper,(ineelisopgelet en 
hulleperkies hierdietipe lyne. As re/rds the size of the neutral conductor at 10,4 voltage 

Ihree phame ,>stems. according to European standards. the 
Ons gebruik dit vir ].ae Spanning retik,]lasie. ook op 6.61,V 0>nductivily ofthe neutral must be alle/Nt half the conduc· 
in 11kV leidin/, i,l,ar dit ekonomies regverdig kan word. tivity of the ph/e conductori.. Becauge of the lower conduc· 

tivity o faluminurn alloys. the neutral conductor i, ent 61.e 
Onlam het i)ns ·n kitelling gep].1.0 vir •n 33kV sisteern, bigger than thi phai conductor. 
Nat gel,ruik kan •ord indien ian 1 33kV bogrondse [>ne 
dalk be/adig raaken 'n lengle dringend gespgn moet word. The bare neutral conductor ib widely applied in overNe• 
])it word net #ebruik *r '11 nood t,iestand. countrieg 8 here 2 phase system are used, nd al,u with the 

m of wooden poles the bare neutral isquitesafe. [Nirsteel 
MR L SILVERMAN : Affiliant poles and /all installationg an insulated neu [ral rondutor ix 

reet,Inmendid. 
Mnr Pre,ident. Nokia m to be cornpleniented on their 
pa per. Indeed, aerial bundled cables ha¥e made dramatic My /,impan> produceM both bare and insulated ainducton 
4 rides forward in the last 20 FIrs. a„(irding to cuslomers' net,dj. 

In South Africa. i,eat El©ent/ Control SystemNhiefeund We found the markinf of our produrt to h' m.ir, di,rable 
a very wide degree of acceptance for werbi bundle control and #ble /han the common painl markin/. Man, cnim- 
»stum am,ing,t |(,eal authurilies during the last three Iries originalty specified paint /.irkin/, 1,011 1,„e now 
years. changed to ridRes. 
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SIGMAFORM HEAT SHRINK PRODUCTS 
POWER DIVISION 

TERMINATIONS FOR XLPE AND PILC CABLES 
Materials to ESI-09-13 - Anti-track - Flame retardant 

Low partial discharge (XLPE) - Weather and UV resistant 
Valtages to 33 KV single or three core - Impulse withstand to ESS 

Dry/wet test to BSS. 

JOINTS FOR XLPE AND PILC CABLES 
Fully screened across joint - Low impedance change 

Water-tight under all conditions. Available as flame retardant halogen free 
Available with "Panzerbond" metallic split internal casing 

Earth bonding to B.S. - Impulse withstand to BSS 
Screen-isolation facility available - Armour-screen isolation available 
Single core or three core voltages to 33 KV - Transition PILC/XLPE. 

COMPONENTS 
Boots - Anti-track or semi-conductive. 

Angle·boots for bushing terminals - Rain sheds - Caps for cable ends 
Heat shrink glands - Sealing materials - Bonding materials 
Heat shrink tubing - Anti-track tubing - Thick wall lubing 

Semi-conductive tubing - Stress-control tubing - Sealant lined or plain 
High shrink ratio repair wrap.around patches 

SIGMAFORM {SA) (PTY) LTD 18 A SUBSIDIARY OF SIGMAFORM CORPORATIO N USA INTEANATIONAL 
OTHER SUBSIDIARIES A•E LOCATED IN 

UK. FRANCE GERMANY. ITALY, SWITZERLAND. SAUDI·ARABIA, DUBAL SINGAPORE 

RESEARCH AND DEVELOPMENT LABORATORY 15 LOCATED IN LUXEMBOURG 

HEAD OFFICE and WORKS - Slgm.lorm SA (Pty) Ltd. 
23 YAAMON *. . GLEN, ADODEPOORT • PO 80)( 32 MAAISaUAG 1740 * TELEPHONE 874 12-ln'14 • TELEX *™20 . 

SALES OFFICE DURBAN - SIgmaform SA (Pt,) LId (Nitil} 
EC UMBLO AOAD DU•BAN, PO 80.,71,5 CONGELL• 4¢13 • TEEPHOy... 

SALES OFFICE CAPE TOWN - Slgmalorm SA (Ply) w (C••} 
*..MALHOUSE VICTCHIAAOAD WOODSTOCK. CAPETOWN I PO BOX ,•WOODSTOCK•9,6/ TE•EPHON'.••* 
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fessionele ineenieurs 

BEKENDSTELLING VAN PROF. D DE VOS You him all received my circular teller on the re/gration 
of profussional ¢njuneerr. which i.going / be applicable lo 
all organization; and more parlicularly to municipalines iii 
1966. This circular le"r wa,; sent (Ful in conjunetion faih 
Pri>fela,or de VW talk 

MNR W BARNARD : PRESIDENT 

Professor de Vo. will briefly,ummarisc rhe position of the 
M. nere, on, her die voorre cim Profe«or de Vo,hier [ehi municipal Ingineer :md ...'..·ert':in ma,[e. as far I 

orn ons w / Freck in verband m¢, dic ree m.,sic ..m pro. Ng,gralion of municip:de en'llneers ts etinecrncd, 

THE PROFESSIONAL ENGINEERS ACT 81/1968 
DIE WET OP PROFESSIONELE INGENIEURS 81/1968 

Mr Pr•ident, tharlk wu farthe in,itation to Addre« voi, Slegs in 'n eeval w:Lar ·n persoon werk ho sy bevo:gdheid 
Vall.if Mei 1986 Fal die Wet or Pral:«innele ingeniem dion en dil het misluk. sal qi n 41£,k in 'n hof besli, Inoet 

# ok op minipultleile van toepal,··ing weel. Dit hcleker, w<)rd 
at die werk, wal gereserveer is v. profe.ionele in· 

01g nieur., 

deur profe.Ic nele ingenictwA ge,Ii,en #al mnet Die maairea moe[ dux ecrder a, ·n afiknkmiddel gesien 
oid :ed. 

If//want /0 read Thc .ictual re,erval,i•n of -rk notice, Some as certificated engineer; ire q,ill worried. BuI [ wan, to 

far /. it applies to profetdonatelearical engince,wnd then a.sure¥,uth/there™noneedto, concern Theairnof he 

] Will'Ip]/LI rebervations war to en'lize th:it 'h e ci,gineering profes•ion 
receives a fuir 6hare i,f the lah,ilir m,irket 

(Profe·,3 0, de Vic here ¢ ad out notice R3063 iii terms o[ 
Section 7(M of the Prit'/mi 1 Fngineer, Act 1968 which SA CPI. prolect,; the u te/0 (11 the publicand F['SPI prn- 
415 gazened on R Augug 1969.1 teers the inlere,[4 of The profuv.ianal engineer 'rhes. tgo 

fic organizalions dree orn m /led no, 1/ upx/. bul ra her [o vur- 
it km ei,lilik hierop neer. in bate kort terme. dat die porI induscry. eovernment and ihe rel:Lied profu•ionh 
Crk wat geremeer is ¢n wat virvergoe dinggedoen word About 10 ve.irs ago. rESPI addrew.1 :i lilter ti. ihe pro· 
randermen.. werkix wat ·n profe'llnele ingenieur. pinces asking chem not 1, 1,™/ <m a profuswnal engineor 

€>pleidine nodig her. Met finder woorde. werk op ·11 vlak for a lown Electrical En,ineer'. /11, where the post doch 
Han beparal word dcur die vier larige Baccalaureui gr:ind in nol require prot'exxional engineeri knowledge 
Ineenie•ir•wne 

A profe*,ion i. a body ,)f peor! le gharing:i common body of 
n Gedi planleerde ingenliur kan doin waannor .4 „ple 11 knowledge. sub* 1/ i, minimum standard of eduaion 

ing eli ervaring hom beki:./am Diexlfdc verei// geld vii an d training, iubmittine to a code i,f conduct administered 
nprofes...leingenieurook Ity 'llet.lf hed// If hv b) their pee„. Four profemon, in the eng,neeringcontext 
hekj:„1, e, em die gerk re doen & dan nie arc identified. namoly professional engineers, engineering 

gchnologist. engineering lechnician•• and certified 

Afg™en Illervar, E damr 'n p.lar beskermin,wma.ltreek len cneineers 

opsigle '„111 die ge,liplomeckle ingenlcur. 1ndien 'n gedir 
4 i,eer dc ingenie,ir werk d,)en wal lemand ander nordeel I order » r.ike /11 four Calceorie, a[tra/ivy and to build 
dit behoor i dit wer k van n profess„nele Ingerlieur them te up. the Profe«ional wee*. Figincers· Act Wis changed to 
lan die yed,plt,Illeerile ingenieur hom verweer dat }r, in provi(le for three boards of control, in additian to the 
lenne van die regulade bekwaam i om die werk re doen Council for Profe™onal/neineeme onehoard foreach 
armgoilm hy sv kenni: op n ander wyse as die voorge,· group· This /111 enhance th, stature and image Of all four 
krew e eksamen op gedoen he[· Caregoriei There E therefore no lieed for a eert] fied[:d en 

gineer to hattie to be reptered rhe four mentioned 

'n Ged,pkineerde ingen,cur. categories are hu/*ferent It will wle se aansock equal he necessary fo, om registrage 
niegestuag het mon w.,1,/or 1969 recdswerk van hierdie certificaied enginee„ to be legistered / the boa,d of /4,1, 

trol. moriler uard yedoen hut, 11.dubhel ve,11/ to build lan[ nadatsyaansoek ne up the,tatu* of elle'hboard of control 
The aim will he farthe four b•>die, of contrul lube co-.ird,- Rehlil" het nie, moe' SAN PI be•fult he t dat itte werk w'al 
nated 

hy d„en, nic gcre,eneerd, werk 16 nle 

There :irc ire, areas. where 
erk illc job does not require a pro- wat wei urn No n aard R moel gedoen word deur n lesbionalen,incer bliu,iliticat,un Iliciet/Te.whirethejob -#·24 ofe»:ionele ing.nicur Dithet n innplikasle vlringenicur, reguirement,4 :ire not of u high level, a per·.0,1 with the re- 
at geg. iducerd i< en zat kwallfihe¢r om te· regibl= quired knowledgi. sh<,uld get I he Job ndlen hulle werk van hicrdic aa rd dnen. kom dit gotgon, 

(tolin„ie neer op ,Dorgehkrewe werk en < 11 billie le<·n Mei Managmeat und Maintenance are noi specified iii theregu- 

'97. 
cestrecr muet wee• lai)11, A In/m/r does nor need any technical qualifica tioni. Arly person can thewfore be:i manager. Only highly 

To er moes alle Ingenicurs, wat '.oorbehoue werk sophisticaled m funkrn:ince work is re,;erved. Other mainie- 
doen. gerecultrcer wee, . Profess.nele ingenieu. nance work can be done by any person, 1, long ai h/ is cap- 
(redurende die afg/lope ]5 Jain. sedert die wet m werking able of doing it The intention is zo reser•e the title of civil 
Retrec liet he[ nog geen geval vooreekum d.i lemand engineer, meellanical eligineer and elect "al engineer for 
Ial'gekld is nie regislered prok/3/ eneineen 
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Forinstance. wher:/he scrviee.of a regi,aered profession.11 Die jigenaamde "ou p," klou sule 18(4) fa) •eld deurlopend 
eneineer arc not required the authorities sh„i,Id c„ mi.le, ten op•te van persone wat ouer as Sn jaar is, wat 25 Jaar 
changing the name of the post of town electrical eneineer lank ing/nieurs werk gedoen heten , irdielaaste 10jairver- 
to. say. mmager ofiha electricity dep,riment antwoorde]Ike ingenieurmerk gednen het. Sodanige per· 

None wurd belikou op die /lak van profe,donele ingenieur te 
Thanky-Mr Preside/. • men kante eniget> d aan,oek rlm·ni,in registradeas pro 

bu,Mle ingenter. ·u Ek&·amen, watdie ilak van huldenke 
en toepasdlvan die basiese ingenieursbeginsels heonrdeel, 
word /f/le ·.0(irdat registrasie plaa'/ind. 

DISCUSSION - BESPREKING SARP[ is besig om te on,wre,4 0/ die ouderdomsperk nip ver- 
laag moet word nic. 

SARPI 15 hate I}twils daarnin dat on, nle menie wil weg. 
dreineer nie. Ek is bli om tesien, dal die kandidate vir die 

MNR N S BOTIIA : Bloemfontein mtilikiat van lievoegdheid toeneem, Die aantal kandidate 
mi xedurende die laasle paar jaar dert die wet argekon· 

Mnr die Preqident. vir sommige men.he isdit mi,eilik dig 6. genneg meer as ¥,Dorheen. Die duel vandrie beheerradeen die 
om in •r=1 vol mensete praat. Wanneer'n faaksoos hier- Raad 1% om die totale spektrum te trek na die 1/genieur, he- 
die •der be•preking ts. wat,0 bale mense [oor diehele landi ro•p un die ingenieurs,pektrum. Enigeeen, afhangende, an 
raak. dan A dil nog moeiliker. Nietemin, mnrdie President. sy kwalink/ieg en anderv inding, be hoorl 'n plek M 1,/n d ie 
W dankie dat u professor de Vos iandag hierheen g;nooi Ingenicurstier{•p. 0,1, i,il.inis „1 vi.4 [nense z moontlik 

het orn torligting w hierdie belangrike wak te kom Ree. Ek betrek. Ek is nie bang. dat ons men,1 sal wegw,8 deur die 
a.,waar dat daar vir bak n groter mate van sekerheid 'tring 10Lpay'/g van die registra'/ vercistes en as profe'. 
levredenh•id Regee 6. B> andere Nal die onsekerheid sionele ingenieur nle. Daar is alternatiewe moontlikhed/ ejiter en 

bly woorehe!,taan. %latus. 

Ek wi[ trial 'n pair me aan profes,orde Vos Mel: MR ]. F KM:Al.E : Amliate 

Eers,em: 18 di• ··deur" finaal toe vir diegene wat nie die Hi,w doer Profewor de Vn, ge thu p./ition of Electrical 

geleentheid daarloe 1/had het en wie wel die heripeer i>u 4"rai·ton, pho have always inwAved themilies in wn{1 
konaando'/ have lindertaken Ihe derign, Nupply, initallation. testing and 

commkdoning / electriral installatium in building rue. 
Tueeden, (>p ·n Nekere,tadium wa, SARI'] bereidom '11 lories, town reticulatlons. etc.? 
sekm kundigh/1/5/lak en marings¥]ak vii loelating as 

profes.bnele ingenicur le aanvaar. Desnicteen.laande If an ele,·tric :1 c,intraclor / registered a, " en'ineerin' 
tegnolciggim 9/,ruitgang die afgelope dekade, k die kim- Ixhijicini, or·1,1„I·r engineer technician in terms of the Pro· 
dighelds,tak waorna / verw) hui. nk incer vandag aan· *win:,1 Engincers Act, is he preilu€led from Undertaking 
vaarbe/rnie. Kan u a„eblief t</lig·.' 1he .ilime merlkmed work? U this 18 the use. then we as 

elecirical c..tractors will haie lu apply forexem ption. 
Den*ni; F.k aanvaar u R,/ 14 1,ct jious hlrdic iereniging 
bekommerd nor die blanke ontvolking van die plattcland. PROFESSOR DE VOS 
¥ oorsien u nie d.lt die on•ekerheid wat beitaan en eise wai 

Restel word, nle ' n b/druende faktor kan WeeN lot die weg- Theare* that Ilr Kncale ha mentioned. probabled,• not 
dreinering var, munihipale elektrige ingenleura na ander require 2 prormu·al engineer. Thistype of work will noi be 
bednwe nie? regened for protoxioni] eng ineen, UnleR, it ihsophi# lated 

i irk (if a level required in the fourth warof an engineering 
/.Mifing: Is guering In ka,ididate op grond van kim. course. Thereis onlya sm]I percentagenrengineering work 
digheid. ervaring en bekwaamheid in die all,emeen mr that will require thiN type of knowled/. I Iherefore do not 
moontlik Ilie? Ons weet Inm kwalinkil,5% 6 maar 'n enkele for'see'lly problem . 
fakir wat tot he,oegdhe;den bruikbaarheid lei. 

An entineering te/nician k reli,tpred with the board / 
Baied,nkievir u gedu Id. control 116 :In en#•ineering lechnician or as .1 profeN/on,,1 

Ingincering technologi' or :1' a rertificated eng;ne r. Thehe 
PROFESSOR DE VOS pe„pl /re allowed to do the work #hich is within their 

capabilities. 
Mnr dic Pre/dent. na aankiding „n mnr Bothase vrae wil 
ck daarap wy, dat daar nle van lidrn.Intskip //ul miwt MR D H FRASER : Durban 

•ord nic. Die Raad regiwIrcer*/ p/,fi-(]neleingenieurl 
Mr President. would 11 appe,ir *hal wh,it Proft«ir fle Vi• 

Die ··deur" 18 nle finaal lie *Ir per,fine iat Ilie our·die nodige h"wdkthat. if • p•rsonintharge/amunicipaleleclric- 
kiialifill'll b://I nie. 1/./....tine wy... re- ity undertakil has been di,ing hi. work hati Nfactorily, bur 
0//Kie / pr/$&// //ni•ur. haN b•·n refused re,Ntration as w profe,sional engin•r, 

then hib work tammi be re/arded /0, he; 4 re,/rv / for Ira. 
Die·eer/egeregi,trusienloontlikht·,IMI» w»e wili dic·,wor- fessional en Hineers? 
brill:gings kli)UNU], 18,+ h, waar¥,ilgen·. '„ pl,r·.u,m winr 

1969 virl laar werk van profesgionele ing,•niem :Mil ge May [ propose a hypotheti,al exampli· nf lwotowns/,imi 
di,en het. Sodani#e per„ine kan. indien hulle win mening lar size with electricity underiakingM 1/ similar complexity. 
was dat hulle profeuinnele ingenieurs werk xedoen hit, aan. The person inchargect,uld at pre,ent, in rineinNtance. her, 
wk di,en vir regixtrilsic aN profes/kle ing,nieur. Indicn fined registration un the grounds of in,ufficient academic 
die Rad *irdeel, dat die pers€,on •e werk pan prafeN,;ion/le qualiticallons,and in the <,ther instance lic reghtered on the 
inge,lieurs aard was, A die permon In'wr. [lit hal vir ground, „f having the required qu•]i ficati,in' and training. 
werk xeducl vour /969 In/mntlik wee• i•in, in [,rrnc van Doeh it follow that the work * hich & first I doing i, riot 
klimule 1/14> b. aansoek le d,fi vir regi„ral ,„ pr,irs work relierved for professional engineers. and Ihat being 
mo•eleingenieur. don, by thesecond issoreNerveu. 
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I am under the irnpression thal. when the Act was inter. geregis/reerde professlnel Ingenieur aan te stel vir 

duced in ]969 and applied offi•ialy to engineers in prlwate sodanige werk. wat tan, deur opgelaide tegnici gedoen 
practice. per,A",A currenib pra"icing as Consulting In. word. 

Kineer, obtained registralion wilhout possessing the 
acadernk qualification subsequently called for. Could the 

e principal "t be applied to municipal Electrical En- 
eers, when st<tion 21(11 (al of Ihe Act & dended to PROFESSOR DE VOS 
nkipal acti.ities? 

Mir die President na aanteiding van mni von Ahlhen se 

r Presidem. may [ a,k Profe// d/Vos whelher theappli· iraa#.Dil is nle moon[Mk vir 'n persoon wai professionek 
catinn of section 21(11 (a) In 1986 to all sectors willneedto be ingenieurs werk doen nm as professionele ing:nicur 'regi.- 
publicled in the Governine/Gazette? treer sonder die nodige kwalifikasies nle, leniy hy die werk 

•irdriejaar voor 1969 *doen het. 
11 will pregimably be nece•ary for Towneouncilstodeter- 
mine thoq, posts In their senicc. for whkh professional jan mir Murphy kan ek *datindiendie werk wathydoen 
engineers ar• required. The definition of wi)rk reieried" van professionele aard is, niernand hom summier kan 
for professional engineers is perhaps unaxoidably vague. aankla dat h, Berk doen wat h, nie veronder/0 is orn le 
but mu]/ Prnfe«or de /05 advise how such a determination €teen nic, aangesien hy nie as prnfessionele Ingenicur 
should be made? Reregistreer is lie. Mir Murphy kan sy kennis opdoen op •n 

ander wyse as formele stud/sen h, is op grond daarvan be· 

PROFFNVOR DE VOS *oegorn diespe,ifieke werkte dnen. 1[, moet net nle werk 
Ienwaar¥ our hy nie bioegisnie. 

Mr Chairman. ] thank Mr Fraier for those quelions. lilli 
In die 

/art with the Id one. The regutallom have already been geval van lirmas wai hywoorheeid retikulasie stelsets 

ontwerp. is dit so dat die spesifieke werk gedoen kan •ord 
gazetted in /rms of /(itice• Rt/and R1142 of May 29. 

sonder dle 1981. nod&, ingenieur,kwatinkaies. Thm noticesspecify lat frorn 5 yea• after May 19, 
198 1 local authorities muslcomply. 

Whenthe leteaineintonperation itapplied within'm,inths 
MR KEN MURPHY : Somerset-Wes ¢o engineers in pri¥ite practice. They were gi·,en a chance to 

apply and it· they had been doing profeysional engineering Mr i,ork for President. three problems have been >ears. the· were registered. People who hild experienced In the past in 
been doing co-Itant work obtaining the / a low,ir acidernic livel co,ild apprmal or Provincial Authorities for large 

EngineerN. with,ears of experience in a wry on. Those engineers who had been roing ¢apita] projecls. consulting 
uork •hich ws not judged lo be work ··reser, ed" for particular field. were told /0 have their designg and spe¢iff· p ro- 
feuinn / cation vetted and approved by a reg,Mered profe:ional el- engineers.,ieres afe. 

gineerorconsultant. 
A certified town engineer will be allowed to perform work 
»ithin A [hp framework of hi% knowledge. For work herend re,ou going to isille a guideline to the authorities con- 

111§ fie ld of kn ow ledge . he w 111 have to obtai cerned? Particularly under the new n th dlpenution' e Ner¥Ie,of n 
'rofessional engineer. 

MR J K VOI AHLFTEN: Springs PROFESSOR DE POS 

Ek wi[gri,ul ·,1 r,guit vriagaaill'rofes,or de ins Ntel. In- 
Mr Presidenl. I am aware Ihat occur in the dien 'a persoon bew,M kan lewer dat h> this problem did 

werk van 'n pri,fe,- C•pe Province. ·rhe feder•tion warned the authorities in the sionele aard kail doen. sal hy kan ng,Nreer /8 ·n profe, 
sillellingenie/r? /'ini,1 to specify tha, certain work should be done by a pro· 

fe/ional engineer. The boards *contrnl will be ableto help 
i th problems like this. by taking I up with the authorities. 

MR KEN MURPHY: Somenet-Wes 

Mn r die Prexident. ma 11 / ook Profeigor [le /(ih bedank vir 

s> #en/4/rdigheid hier vandag en hy ¥riendelike Yer- MR J DAWSON : Citenhage 
duid/likine>. 

On behalf of the Pre,ident of th, AME lund all theengineer 
Gelte Pro/§,or. as ek „reg vcrstaan dan word 'n ger,gi,- mem bers. ple/Ne accept our sincere /hanks for attending this 

1,·rerde ingenlu r, streng *exproke. %]egs Yereis waar suiwer meeting and explaining ihe implications orthe imp/Ementa- 
n...ing, gelofi•ikeerde ontwer' fli [•boraluriumwerk lion of Scrtion 21{1) ia) of the Professional Engineer, Act. 
*din wird. 

A number or nur membpr, were very concerned that 
1] 5/ dat ·n elekir/•gnir,e xtadsingenicur nie geregis,reer SACI'E'S propeul woull be to their diNadmnlage, but 1 
hoef te wees nle. Ah gediplon•eer,le Ingenicur is ek i,11 aan· hope that the> are ninw mi,ch h.ippierafter lixleningto>olir 
·diek nle geregihtreer nie. Aantle•en t'k iliebelfde I,irrk di,en explanalkins. 
as my kullegal wai wel ....ecr I, moet el daaIvan anei 

// ek Of gereRistreer m,let wee, i•f dit / nie nodig dal hi,Ile I a•ure )/u that the /MEL is very appreciubir of th, snc- 
ger./Ireernillet wees lie. rifices you have made iii gi„„W of >our time to attend today'; 

meeting nd as Chairman orthe Technical Training Corn. 
"Mar is wri, m dip ierlede ges/, dat sells firmaq wat mittee. 1 *ould like to place eli record my thanks to.You for 
1},Mirbeel,1 elektriese tueru/ing gous %traatligt·, kahels. attending ourcommittee meetingulithe ISIh June. 
ens, vervaardig en dan 'n gral ontwirp met die #brilik 
M hui luerlls,ing vir kliente di,en. wrplig sal wi•rd om 'n Profewor de Vos, thank pou ¥er, rn,lell. 
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Dr. John Ledger, Endangered Wildlife Trust. means of protecting the v,litures fro),1 electrocution. 
It was decided to avoid using hazardous pylm 

designs when i outing ],ew li•ies dirough a] eas where Like so mai,y o f oul country's ii,digenous birdj 
a,id vulturesoccur ani,nals. the Cape Vulture isanendangered species, In:jiticalareasspecial perches were fitted 

to more than 400 Some it was discovered tliat pytons, years ago Cape greatly „nprovingthesituation. 
VultuIes wele Mom recently experiments with insulators Imve been beingeteetrocuted in large numbers as a callied out in an effort to finally eliminate thid problem. resillt ot roosting on 1 he pylons of live powerlmes, causing The ready cooperation betweeIi Escom and frequent power failures in certain aleas. environmental teellucal interest groups has removed one Iii lying to solve what was origi'ially a major 

hazard h otlithe life of oneof nature'i nlost []Ut]Call{. w•[d p,oblent, Escom'sengineeiscolisulted with a group of Creat-CS. 
expertson tlie behaviow·and habits of the Cape Vulture. This is one way Esconi tries to min.'ize the Escom established a Bi,Il ResearchCommittee intpact of its activith 011 the invir{)1ime.Il. to conduct ongoing resear·ch into interactions between For further hdo: niation birdsaI,d powerlines It was impe,ativetotryaild·prevent writetothe Public RelationiOffice any furtlier fatalities not oid> miting tlie Cape VulLIC, I)/ at Escon . RO. Box 1091, mongallb,rds Bur),nguipowerlineswa, outof tl,e Joh:Inesbutic 2(}()0. question, because of the vast expense - csti„]aled at 
hundreds uf millions of Iand, WImt was needed wassome The power behind tomorrow. 

2KDO: 
Gn=,M,UPS eLINTr,JNIJ•• &•.1F7•D43 
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TOPICS FOR DISCUSSION 
ONDERWERPE VIR BESPREKING 

There are noind,eations[hat thisislike]Ytochangein 
1lic liear future. What the figure showwhnt th• mar- 

AN ELECTRICITY PREPAYMENT METER ket is expandingbur we have ro dl deeper to find out 
USING HOLOGRAPHICALLY CODED wh'. 

TOKENS 1.2 Poluicallnnuences 

By P S Hiliberd HS .B 
1- [ee, ionie, I . Ker I an diq & Ar I imitt•,1. 1 K As Ims been indicaled abow. to the local supply 

author,[v the pre-payincill Inew 1 a necessary but 
unwanted c:pense, they have been quie happy,In,h 
thesocialstigmaassoe,atedwithit Howe•er.in [980, 
the ABSTRACT LK government at the time decided that th,1 
attilude was nol in Ihe public interest and applieJ 
polilical presure to the El¢.11]Cil¥ /{,Line.•, who m The I andis & Gwtoken pre -pa,menl nieter offer€ ggnific- 

an advantage *over the /quivalcni :hanged their code of pracliec to & effect [hat min operated turn 
system In 

any/ne who wanted a pre-payment metercould have loris of security against fraud andiandalism. When (his onc. on demand The effeet i, shown en fic 1 £1 .1 technique D coupled with the adiantage, of tnodern cleo· rever,il of [he Ironics additlinal .te/dy decline In pre-paynient meter, features can he enjoyed by both the uter 
and 'ho supply authority. 

The sigma phenomenon i, nog reittice,1 ..5 M 
l,<TRODITCTION everyone who ha, a pre.paymen, meter i, i bad 

paper. The multing positive feedback effect explains 
the risc in the pre-pameat meter populatin The Generally speaking,There are Iwo ways of paving for a pro- 

duet ctlect E iupported by the so·called world ree-on nr ·;enice. You e.in ··pq a, wii /·· or if yourcreditis 
good, settle ur an „i/,tanding debi after a given period. where people have lesA disposame income to meer 

largeinfrequenlbills 
Traditlonall) the former method hai been prevalent. credit 1.3 Sociall/nuence, being a lux,iry enjoked by i./1,, the wealrhirr member, of 
society. When electricily became widely Nvailable The erc- 
dit The w wan the 0,1[yecon..Inical way ./chargine forcon- %lignia phe,ion,enon ha,8 atread> been me adequateli 

diicils,ed .11!hough it i• iin da /bled ly a „oci:,i inil• sumplion alid wa„non a,-cepted. The higher cost of inhtal- ence Ifthz, effect can be turned around, i e 11 8 so ling and maintaining : min operated pre pawment meter 
und the inconvenience of collecting the mon© has clall, meant advantageous to have apre-pa>ment meier. rhe 
(ha[. unzit recentlY, it ha, on]v been uged zo collect population curve (fig, 1 ) may be affected dramati- money 

cally Bee:,u,: of th: basic competilive n:ihire of The from bad payers when al[ other melhods (e g special bud· 
get accou/s) have failed and diseonnection is the only al- human being. he Likes [o be one vep ahead af hi, 
ternative. Irideed, often the [hreat of inttalling peer,1. better car. hi-fi etc than the a prepa neighbour, 1 f hi, 

meier can be pul Inro The ·sm[/ Af the ment meterissufficient art to persuade an awkward ..r. pai high 

up. Not surprisingly. the Pre-pa)ment meter has accrued teehnolog " bracket the consumet may be tempted ta 
con'iderable social have one even i[ he does nol need (ine, parlicular h if em 

the control electronies :re contained in an ae,theti- 
It these fact, „re cm,pled wilh the growing acceptance of cally d /•igned hou,ing niount cd in the kitche n or li 
living on cre<lit (vi,i:red„ eards. Nhopping acco unt:. cze.) ing room rather,han bing hmished to i ,-ellar. gar- 
anit i grartimt move toward, the "ashless sock[Y" the uge or cupboard under the mir, where rhe metering 
futureof the pre pay/¢/ meterlooksbleak. 19 usually Nituated lf. in addltion, the word ··pre- 

payinent·' ix replaced h, a more <impathetic one such 
i, ··budger the stigma 1 THENEED FOR TI]E PRE·PA¥'MENT METER phenomenon m.i> disappeai 
altogether. 

Fo! consumers who fin (111 difficul, to budget for the /04 Thi, all coullcome [o nothing /lhere were noadvan i,f their m / the pre-paymen[ metcris the onlysolutlon the rupplY authorn> After all, why del„le replace ib expe„·+e ar,d incon·.e nience (when tages for compared 
an inexpensi,© reliable cred,1 meter with to meter). In ordertounderstand oh, a pre mi ordinar, credit pag 
ment meter which. apart from gaining revenue wl,Idi a token lire- pairrielit system of the „pe described.nihii othcm'„C migh, be diffic/, hold•. no ad inlage? paper cim not „„Iv ·,impersede the traditional coin system 

for 8,6 tipe of p/,1,12„ fuit al,i offer sufficient advan 
tdge to both 11,/ user ind [he cupply mhonn 1 4 10 0/- Suppl, Authorit> Innuences 

weigh the increased cost it is necessary m Investigate 
prese,11 11:,age / * pre-p'menl meier. Apart from the higher un' cost 'herc are man' dis- 

adiantage, inherent to [he coin t,pe pre payment 
1.1 Populalionof pri•.paymen, System me„r wh ¢ n compared with [he credit meier. 

]n [he U,illed Kii,gdon, there arc eurreily approxi 1.4.1 Expend,eserv,Ir' 
mately 1 3 mllhon pre-ravment electricity mcierq 
whigh repre„enl 7% of the [/1/1 meter population Being inechinicat, they are subject / wear and tear 
Fig ] shows the /pul:#,n hu. varied since 1977 A and will peno,lically need servicing. This needs skil. 
gradual Jecrease „farolind 0 3% per,ear reversed in ted lechnicians und can be expensive, both in parts 
1980 81 and now shows a dmilar rate of increaie and time off circuit 
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1.4.2 Costoreollection 1.S.S The holographic [echnique hap; been <pecifically 
chosen I a bav tora pre-paymenl metcrhecau·=of 

Clearly the cninx must he collected periodical[F. its inherent high level of securizy when compared ro 
Sendine I man to •ite co·.ts money and large theintrinsiccostofthetoken. It„alsovirti:/vinert 
amounb of cish are alwa>ga temptation lothe more to external environment influenceq (eg heat, sun. 

dishon¢.t mcm be„ ofs//1/19. light. ele,IriC Or magnetic fields. radia[ion etc.). Ir 
can be shown thai without clgnificant ca[,ital in•e!,1. 

1.4.1 Dam/due to altempled friudortheft ment and technkai experti= it i, impisitile to pro. 
duce a fake token which can be accepted by a token 

Any box containing in,iney Ls potent/19 open to meter Converselvit Is impoi/ble to interfere with a 
anous degrees of attack token moter in such i wav thai it will accept fake to. 

kens. 1 he technique ]6 tlius fall safc andis the mo!,t 

1.4.4 Calulation ofstandingcharge secure system for this type of applicaIion 

Where the consumer·, i,riff incluile, a „anding 1 6 Advantages/the Landis & Gyr System 
ch/ge billed Irre,pective o[ [he amount of electric. 
ityconsilmed, ihis must he collected hy:,/3,1,;tingthe There are of course other modern 'oken meier '.4. 

unn rate so thal over the billing period the standing rem, available, each with their own characterktics, 
charge is collected. A /ardard h/11 k then produced butit is worih considering fora momen, ihe particular 
from the meter r cad'ing and the difference between advantages thc holographictechnique holds 
the bill and the ammuni of money in the box may he 
returned to the consumer a, a rebate Holographic token& are at leait as secure as onins of 

the realm and could be used ar such. in th:„ iho can, 
1.4.5 Security for example form part of Bel fare pavments lo the un 

emplmed or /herenilled group, Apicallv, coin mechanisnis check [he validity of 

coins on the basis of size and weight. It can be possi. Once the value on [he holographic token 15 ,]ced the 
ble to produce metal ··tokeng" of *Imilar K/e and tokenibcra,ed:indcanbethroinal-„ Thusthereis 
weight rn.ire cheaplythan [he face valueof thecoin nothing lo collect or · recharge·· hyrhe,supply author. Frequently a lower value foreign coin which fits c.in ity be found. 

As holographic loken, are inert. 
In no Mial handling extreme cases the combined effect< of the abo/e 

precautions are Accessar¥. Thuy can be handled and 
problems iniall, preclude the use of coin xype pre. digributed in any modern /nvironment b, persons paymern metering as a mean'of billing with no specla[ skills and thu. could be made available 

M the user thn,ugh ourler, other th./ the suppl, 1.5 The Landi; & G,r Pre.payment Meter aulhority it,elf. cy. Post Offices. superm,rkets etc 
1 andes & Gyr have develotled. using holographic Not only does $ technique have significant advan 
teehniquei, a means nf encoding value information 

uges over coin type %*tems, but it :,li, offun the 
onto a plagic gtrip The infirmation Gin he .imply introduce icad and enpled by,he pre-p©ment metering pre-paymon, meier. The opportunity to 

de· 
•Iler, 11 hai. nor been feaghte m the B. [mls of both the holo/aphie encodine technique and 

the pre-pavment meter arc diseused in the r,ext (wo 
2. The Holographic Token •ections. but ir is i,Uer™ing to show the disadvan- 

1.iges /the pre-payment meter menti••ned in secti,•n Al,hough an indepth unders,andingof hologra rhy i• M 1.4 can be aoided with thii s¥„em. neecs,iry to tu III .appreciate the advantager offered by 
this technique a brier description of the fun/amentak 

1.5.1 Solid state components have an increasing reruia may be helpful 
tion for being more reliable than mechanic:,[comp/- 
nents. However. Ihis apart. solid Ntate e:tems can 

replaced more 2.1 Creationof 
usually be cheaply th:in they can be Holograms 

repaired and sa hiphly Nkilled [echniciar[• are not which is detectable bv the naked 
required eye covers a In theor,· electran[/ [tiodul¢:6 could 1,1/hz he 

replaced on d by the Infra-red and although there are oiher i ange of frequencies bounded 
reason' 

ii[,ra- violet regions 01 4 thi: mav not be d:Whle theelectromagnelic spectrum. 
1„ general all vi,ible light i. a mixture of theke fre 

1.5.2 Astherearer,(,coln•nthepre-pa,ment(tokensale quencieq Coherent light, that IM lighu which coni,ists 

rhisicall) eraxed) there .s no need m Ind staff ,olely of m energy of a single frequency, does not occur 
the consumer'S premises to ,(AtecT money Indeed, //w/4 and haK /0 be m//factured One d 

c/herent light „thc laser. No'. itiacharac· as tokens have to mrce of 
be hought in advance the •pply teristic n f colicrent light Ihal it'I•,0 0/ h co herent authority w / receive their light money soo•ier than w]111 a sources interfere w th each other a spalial pattern of coin &,1'tem 

high and low inten,41/ n)ne• i, produced which ian be 
1.5.3 Clearti recimled 4/ M photographic plate Thix interfurence 

/ an in,/rument which does not /ore 

money. except perhapx electronically, the·re „ Uttle paltern h unique kilhe Jight sourec,% prod/on£ iiand 
its photographic reproduclion i, called i hiplof ram. incentive [o physlial attack other thin p/Le van 

dalism. 
To proillice the holagram of an object ihe technique 

1 5.4 As the pre-paiment side of [betoken meier is con. outlined in fig. 2 can be employed A coherent light 
trilled by micro-electronies a vinding charge <,1 source.whas:1 law, i.sel up<uch thai it illumicalck 
taction funeti(in has heen cailly included 15 a •an both a :11,rn ir and a pll„rogniphfc plate The mirmr k 
dard feature of the token meier. Any value prog so anglert lo reflect incident light onto the objec[ 
rammed into [he ins,rument will he gradually which agam refleci the ligh, anio the photographic 
decremcnted from aU[able :red„ irrespective of emulkion The plane wive from the lafier (the refer- 
the rate of use of electriciy. ence wave] thus inierferel with the spherieal waves 
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arking from the multiple refiections ws ihc surrace of neceqgarily in the gme plane), and its •:ize in proror- 
the three dimensw,nal object. One such reflection ts tion to the zero ord€]r reflection Is constant. This is 

shown emanating from point Pon the obice in fie. 2 irue even in the case of the Jirt·, or xcratched token 
The interference pa[tem is thus camured on th: shown by the do[red curve Det/CrIOn of rhe first 

ph(lographicplalc. order reflection £nd its proportion to the zero reflec- 
Iion forni the h.r·is of memuremen' 

Fig. 3 shoos how rheimage of theobject eanbe repro- 
duced. The hologram is illuminated by a plane refer- 
ence wave Imilar in nature to the one lital produced 2.4. Coding and Erasing the Token 
ir A three dimensional real or virmal image is ob- 

1/ined exactlk reproducing the khape of the obiect in In 'his sys'em two types of Ioken are used. a value 
Ioken which can he sr:ice of up to three different values and 
is used to · buy·· eleciricity and a service [aken which 

2.2 TherropertieNof][olograr.1 i. used h' a repre'entativc of the supply authoriry to 
curninc and perhap, alter warlow, operating 

]Iolograms poists many int/Testing Al unique p:,rameters /1 [he [oken meter Clearly there musr be 
propertic, and a definitive Int 1 b:yond the wore of a way of diffurentialing between the types and values 
this paper. Several of these properties are however ofroken. I Iow thisis done i, quilecomplicaled bul in 
rele mt to the di•.cussion o f Ihe holographic token. simple terms more than onc hologram is used to- 

die fine thetoken All:ire illuminated toe/herand / is 

1 Inlike a normal ihe combined effeets of all phoi,graph the information re- ihc holograms which is 

corded i, measured. To determine v.,luc the loken 
not an ima,le bu[ a spatial rat[¢rn dictri- is parrially 

buted over the phniographic plate Thus all the infor- erased and [he offects d [he rcraining holoerams 

mation measured. necessary toaccuratelyreproduce Theimage is By comparing the 1.0 measuremennx the 
available from i very smal] area of [he holo¢ram. This composition of the original holograms ian be deter- 
mcansth" the holograinis pmle ularilyinsens,tiveI' mined and [he value / the token identified The 

dcfuets in ihc recording medium. dirt. ser:„ches and token can then be completely er:Rd 
ever,manufacturineinaccuracies. 

Erasing the token I. in principle. [he !:imple. part ef 
B:eaus c of thisspacial distribulion ofihe holograni it the system. A small clectric heam ne ckinc / in close 

follows Ihat ihe pOSM[ion of the image is mdependanL conia,1 to the holograin is heated ver, rapid]• 10 11 

ofpositionofrhehologramilsclf Inotherwordsifthe high temperalure. ihuh melting rhe hologram.This 
holoeram isshifted sidew.lys the imhlge will not niove. 1,roce•* c,u» a localied colour change on the token 
Precise so th.i[ 

optics :irc therefore an eraxed loke n is not required 'o read a Easil, recognised. There i: 
holoeram. no way by whi. h th¢ h„logran :an be recon,[ituted 

Under ecrlain eond,lion, rel.ivel' dmpie image·,can Irl.mmary it can bc slated that holoerams are dif- 

be recionstouted trom holograms wing cnmpact an,1 ficult to create, and impossible [o imilite. Onee 

cheap non-co heren[ lighr source,. In other word, in. creaucd rhe• can be easily and cheaply mass produced 
form•tion un be atracted from j simple hologram and can be re# by inupe ns,ve and readily available 
1/ng, farexample. a light emilting d,oile •ource ci•mp,int·ntb 

Fr,im he £,hove dLS,u,Skin we can conclude that al 3. THE PRE-PAYMENT METER 
though rom¢ fairly expensive and delicate optical 
ciluipment, coupled with significant experlise iii the The token Tneter it,elfrandili of.10 induction typeelee- field of coherentoptles ts required /(,prnduced holog iricity meter. a Inker, reader. a microcomputer circuit i am, the ba·k hologram Itself can he repr/uced and a ranticlor.:irr.inged 1,hown in the block diagram. ful/, e:l·,ily tor Ibi,ut the game cost .9, print„W , 

t,g. 7 All.iremountedin :13;ingle enclosurcasshownin bar,knalc. 
ligure R 

2.3 The Landis & Gyr Pre-payment Token 
3.1 Comp,inents 

The pre -paymen[ Riken. shown / tie. 4. cn/:4 
holographic:Illy encoded digital information :M 3.1.1 Electricity Meter 
tained m u ,mall area of the token. The informati,in 
presen, conslsts of a fumd¥ code. [>·pe ede and a The electi,clt, meter is a standard Ferraris type 
value „ide. This Inform:mon is rcad by mean• of 11 •Ingle phase. two wire, ¢1914 2 metcr fitted uith an 
luminatIng the relva/area of lh: token by meansof iptiea] impulsing device. providing an impul:£ 10 
an Intra-red light emittine diode and by moni[oring the microcomputer /reilit one per revoluti,in of tile 
the inlen•·Ity of the re ficetion by incm of solid Q[e meterdise. 
dclee,ors, Fig 5 4,<,8 a „pleal arrangement 11 

•hould be noted that the dlagram i<an over-slm pllfi 3.1.2 1·oken Reader 
cation in thal 11 only represents * dimensica 
witerc:N th,; refle/iii,ns From a hologr:im mai not Thix unli include: the oplo electronic parts for mea 
nece„anly he in the plane of the inddent light Ako. suremon[ and provides a digital signal to the mic- 
ihe ho]0/am 1, re:ul through the token .15 11 i, trans. rowmpuler unil correspo nding ta ihe recewed light 
pal ent to infra-red radialion. i/ens/4 retlecled fiom tile lok,·,1. 

Referring to fig . 5. 1 f n plot Ls made of rene ed light 3.1.3 Micrommputer Circuit 
inten,411, aguinst angle of reflection (Y) a graph um- 
lar lothat „f fig. Aw/ be pr/duced On / plane re The circwit boa•d Coll[,11,1• 21 bingle chip mierocom- 
ilecttilgslirtaLe onc •o:I]d o•ly:IN tosce the large puter whic h perform,; all the „/ations incessary to 
iero ordel peak. reducIng rapully as the angle X wab control the accounling and houGekeeping [unctions 
pa,Ked However I the presenc, of the liologram asciciated with pre-p,i,meit metering and certal,1 
there is always a first order reflectian (allhougli not olher special functian' 
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3.1.4 Contactor This facility„ particularilv liseful if the userruncout 
of tokens + atimc when the normal source is unav- 

The ailable (e g. weckend,) cortactorused in the meter isa 240 vok, 81}amp 
resistr.e hi<table type ind d e,introlied by the mic- 
rocomputer circuit• The pre-pavmenT meter can alsn be programmed to 

collect a standingcharge With,his facilitv the mid- 
ing charge amount is gra,·16,ajly darren,enzed from 

3.2 Modeof Operation the cred/ register over the billing period. This facil 
ity can alio be used to collect previaus debts or hire 

The token meter hal! Mo posible modesof orcration purchase aere:ments, 
depending upon which type of token 16 uaed There 

are two possible lypes of token, the value token and 

the servicetoken. The former : the only ty,we of token 3.2.2 Service Operation 
available 10 The user and the lauer is used by the qup 
ply,luthority representative A service enginee r (or other 1,/t> ern Flayee) wh e 

hs a service token mav examine or charge various 

/rameters of the token meter [Jnlike [he valile 
3.2.1 User Operation token, rhe service token is re.usable and is never 

erased. Once the tokcn reader detects the service 
loken c instrument goes into scnice mode. In ser- 

The arcan have up ti,three different value tokens •ice mode the emergency credit bullon is used to 
To·buy" clectneity with the token it must be in. 4 the display through a xet of re,wers con uning serted into the dot oft the front of the token meter variousparameters, forexample: 
(fig 8) Normallv the meter will 'i'play th' aniount 
of unused credit available b when :1 hok,gnim i< 

deleciad in Ihe slot of [heroken readerthisdpirlay is 
replaced by 3 le&ting gmhol fol!owed by an indira- Register Code Digits Remark 
tionof,he result of Ihe w 

Tariff 1 1 xxx xx Costper kWh 
C /riff 2 2 xxx.xx CostperkWh) 

Normaldisplav,4 12.34 Standine Charge 3 xxx.= Coe perquarer 
Emergencyer:di, 4 xxx Credit available 

Token delected 0 
TOTAL{value) of 

Token accepted A. valid cards 5 XXX'X Reset table only 
Curren,Credit 6 x1xx xx,Rescttablconly 

or Token rejected nt'Ace 

Token removed 13.34 (fi,rtokenvalue Note,halvalues in tracke,sare op ional 
1 00) 

or Token removed 12.34 (ift€ikenrejected) 
As Roon as the service token i, removed the pre-pay- 
men' meter rezurn. lo normal mode. 

The token accepied v,mhol i, accompanied by an 
acoustic signal to confirm acceptance. The token 

plue conia ined on the accepied token latransferred 4. CONCLCSION 
m the logic orcuirs a nd the credit register, which i, 
int/graied in the logic, incremented according]V. 

As ha• been sho# n. holopraphy provides a very effective 
h„is for pre-pa,ment of elearicily It has beendemgned 

The credit reeisir is decreme nted al a n,te propor to lie attrile,Ne not onl) To the ·.uprly authority bull also 
tiona! to theipeed of roution of he disk of [he Fer- to the wr ind haq manyal rn,agesoverthe traditional 
rark meter ] f the valuent thecredit regi,ter reaches coin type pre-payment meier 
or falls below zero the contactor will open. 

The lechnique of encoding digital in formation by means 
A facility available to the user is ··emergency ore- of hak,gramb k not new. bndis & Gyr have been using 
dir· If the User'!. credi[ lies between zero:ind apre- this technique ,;uceessfully fr>r a number of year5 in the 
determined value the w.er haq the aption of boirrow Pl IONOCARD" prepaid card operated telephone. 
inf anamount of credit (de„mined by the wpply currently being used In quantiry by British Telecom. Al· 
au lhority . The avail:,h 1,1, of emergency creili I k In- th/igh adi fferent applicalian, the busic technique is [he 

ated on [h: dihplay and if „i desired [he user:an same und i[ 18 rapidly hecoming reeognihed throuehout 
/ the emeriwncy credit hu[Ii (•ee fig R) This Europe asa secure and reliable means of billing, il[ increase ihc cred,z displa> by th: amount ber. 

rowei. A blinkine difi'la, indicates borrowed cre- 
dii. 

E 1 0(]Emergenqcred,[available 
Push bunci 2 00(blinking) 

Emergencycreditreleased 
0.10( blinking) 

Credit almost fully used 
1 /Viteady} 

Credit used, supplyoff 
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FIG. 1 - Population of Pre-payment Mete-s 
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FIG. 2 -creating a Holograrn 
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FIG. 4 - Inlographically Encoded Tokeng 
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FIG. 7 -Token Meter Block Diagram 

·PUSHBUTrON 

VALUE 

TCKEN --='*f--« 1 
1 | 

TOKEN 

Ferarris Mater Wit• I 

Sing/TariffReu,5 te, • 
·Andlmpwlsin0O•i•e 

it 11 1 

FIG.8- The Landis & Gy r Pre-paymant Mete r 

1 I 11=imm, 

192.1 
1 1 

Bu•get Male, 
*wr,Dh•,Il, •c.- ./• •- 

DEMONSTRATION UNIT 1 

.e /9./ 1„ leNDON E.CTH.r, BOAA' 
& 1• •6;•6 

AMEU TIX HNICALMEITiNG - SIPTEMBFR !984 85 



Britain, where accounts are generally rendered quarterly 
,lnd not monthly. 

DISCUSSION - BESPREKING Flectricit, m ings gampsare houghteither fromelectrlcity 
area board onices or certain post oflkes and used towards 

the payment of accounts. 

Under the pay-as.you.go system, you pay what you like. 

MRDC PALSER : Cape Town •,hen u,u like. Unfortunately, nointerest ispaid onan> cre- 
dIt balance. 

I personally have been interested in token.operated prepay. 
ment meter for a number of years now and while on an .As rar as the LEI is concerned, the various e/sy·payment 
..erseas study tour some 'ears ago, ] in™tigated var'us s>/ems are quite popular. with aboul [5%of all domestic 
different systems. In point offact,sorne d·< yeariagn. [ suh conhumers opling for one or an,/her of the various alter- 
mitled w culnpreher™iN report /0 my Council on the live scheme• available, with the budget payment and coin- 
economic. Nocial and practical implicatus of whi in-the·slotsystem being the mo,1 /pul,rat the moment 
operated prepayment meters and recommended that a small 
num ber be purchabed 5nd installed in dorn a I premises, in ln con/]wion Mr Prosident. I would like /0 put 180 certain/lected/reas, onatrial bas/. quep 

tions m Mr Hibberd. 

M> Counci] adopted m, recornmendation. hut unk/Innate 
h no meters have yet been purchased and installed, the Firstly, reference is made to decrementing the standing 
remn being that up to the pre,erl nn suitahle, reliable met. charge gradually owrthe billing period. Is the available m· 
m have become commercially available. The main disad· dit decreagedcontinuously erin discrete yteps, [rthe lalter. 
/antage of al' 8,8[ems so far hug been thai none ha, proved Ihal I the usual decremental period? 
secure againht fraudulent use. 

M> second and Mnal question concem the reference to the 
The author has now described the system adopted b, his 

fraudulent production of tokenm. Mention is made in the 
comp:,nh which /ppear, to huve overcome all previo/ ob· paper•·thai withouts#Il ficant capital Investment and tech· jections. As he mentioned. though,there areothersysterns nica] e,pertise" it wil] not be pohsible /0 produce ralse to. Hvailable. th/principleones beingthe followinR: kens. But /themarket fortokenmetersin Britaini„cen as 

being likeb·toincrease. and if a figureofaround one million 
Hotographic token meters, as whaged, is likely. then assuming an average 
EAROM Key domeNtic· consumer bill of R4O0 annually. Ihe potenlial mar. 
Magneticallyencoded/rd ket for faWe tokenscould be in the region of uns of millions 
Plastic coini i)f Rand mnally. Surely such a potential market would be 

most tempting. 
While in Europe a month ago, I took the opportunit> of 

Vain discussing th/c parious sy/ems and other related 

matt,rs with the London Electrlcily Board (LEB).The LEB Could Mr HIbberd. therefore, give /,ome idea orthe likely 
6 In the forefwt of reheareh into the UNCuf varioustuken. capilal investment, leaving aside the question of lechnical 
operated prepayment systems because of the conhiderable expertise. required to produce a/eptable false toka. 

problem they have ™perienced with the lower social level Should the market apand as expected. then this could *ell 
consumer in the London area. The LEB currentiv has become a problern. There is alw// someone read> to try to 
around 120 000 coin·operated meters in ger,ke and experi· beat thehystem - H the monetarY return is right! 
uces a 1/,1 of trouble with theft, with in average of about 
10% to 1 5% of the meter, being broken open. They are ac- 
cordingl> looking al various alternati,e MR H[BBERD easy-/>ment m- 
lerns, wlh a view to phasing out coin·operated meters com· 
pletel'. Mr Premic/. the glandard charge h debited in fixed incre- 

mentb every Iwo hours in the particular device. A Ealue is 

The [.EB is presently carrying out trials wilh two different programmed into the device to be decremented over a 3 

token-operated systems, namely the holographic system and month, period •hch is allo the billing period. 
the ke, syslern. Thexc two gystems are seen /5 superior to 
magnellcally encoded systems and plastic coin%, because of In order to prevent false tokens from circulating. a special 
the higher degree of securlo they offer agaim fraud. token will havel be prod uced at very highcost and would 

require very special expert knowledge. Tokens are however 
1 agree with the author that because of the socialstigma Mt- (,nly produccable by highl> sophisticated equipment under 
tached to the word ·'prepayment'·, some form ofalternative special environmental conditions.It will therefore not be 
terminology Hhould be adopled. He has menlioned "budget feasible to produce these tokens. no matter what the re„ard 
meters" and this is the term als©favoured bythe LEB. -illbe. 

But the prepayment meter »lern. be ihe) meters coin· or 

token·operated.is onlyont ofa numberofeas> paymentsys· MR C ADAMS: Port Elizabeth 

tens offered to dometic conqumers in Britain. The follow· 

ing three §/tem are @]60 'pailable: The prepayment meier described by Mr Hibberd & a very 
Interesting dielopmeni. Bad puyers are / problem M any 

Monthly budget supply authority, and the useof prepayment meter' Ls one 
Electricity §* ing'la V of reducing the problem. V 
Pay-US·you-go 

A considerableamount of research is being done world-wide 
Under the monthl> budget system the consumer arrange, to 'Id a system which ellrninates the old problem of having 
for regular monthly paymenls sumcien[ to cover the likely cash boxes broken into. The technique used by Landis and 

unnualcost, either by way of a banker's stap order or n,ing a G>sis very novel. and W it isassecure as Mr Hibberd¢laims. 
pe# omci Glroaccount. This/lm habelearadvantage, in it could be the solution to the problem. 
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This meter however, itill has one big disadvantage, in that MR n KNEALE: Amliate 
Ihemeter records the value of thetoken und is programmell 
fo decreasethibstored vallie ataset value per kWh's. When Mr President, lenvisage Ihat the prepapment meter would 
a tariff chale takes place, it will be necessary to visil all the he installed b, the coniumer's electrical contra•tor and that 
consumers and reset the value per k/h to the new larilf it would form part of the consumer's digiribudon board in 
vall,•. Ai tariff •hanges can acm quite frequently, and at the,1/ofanewho•e. 
least uneca yeur, this will be a cons/crable work load rur 
the supply authorilp. In my vie w the meter would bemuch In thecage of an existing installation. theelectrical contrac- 
more acceptable. ifthe tocens wm coded in multiples of tor would add [he prepayment meter to the conimer's dis. 
kWh:: tiriff el,mlges could then =:ly be accommodall# ¢ribution board. 
by ultering,he priceor /1/ token. 

MR FORTMAN : Boksburg 
Mr Hibberd hai iaid that the man„faclure of the tokens 
•ould be m apensivt. Does thi, mean thai the token Mr President, ma> 1 ask how does the price of the prepay· 
#ould have to be purchased from Landig and Gyr, or would ment token meter compare with a slanderd 80 ampere or 
they Mell theequipmen, for making the loken? 100 ampere single phic meter? 

MR MR ][[BBERD IRBERD 
Mr The President. trial model of sucha meter has been de· device [ showid on Ihe /reer ix designer " he onl> / a field 

be trial model d-loped forthe I andon 1 anticipate that more Fle tricity noard, veloped. a prepa>ment meter will ar- 

cxpendithan a standard single phaE meter. Cording to their Npeci//atlors. It wastheir requiremnt that 
the tiken ihiwild have a m„netary valuelindthat thetariff he 

It will also be more eipensive than equivalent magnetic sys· programmed Into the inglrument. The instrumenican also tems. But to balince the cost be prngrainnied Ar kWhills,ead. you will have highersecurity. 

It is For re·nsolis of securili, i do, 1 fo]·e_%e, the poisihilit, that n/[ really fair tocompare thisrneter price for price Bith 
a standard credit meter. One muit bear in mind that this local Huthorities Bill be allowed to produce their own loke,5. meter 18 a sclf·contained billing instrument. bee"'e it 

charges and accepts money from the consumer. You Nill 
MR R R G]l.MOUR : Arfilinie therefore save the cost of producing a bill and collectingthe 

mom. The nee,gity lo disconnect und reconneelconyum- 
Mr President, I haie been invnlwed in the slud, a prepay ers whi donot pa> theirhills. also falls away. 
ment meters. including the token-operated versions. 

MR D FRASER : Durban 
Mi exi:ting mele,· i. located in a commun puyilion in n rubi. 
cir or ki,i,k mounted in [he public road towhich consuars Mr President. the current trend in consumers/nding pat· 
haie 1,0 occm. tern, Ippears to be in favour orgreater use oferedit. mn 

for relatively sinall purchases, as eildenced by the grou·ing 
Sholild I elea to appl> for such a meter to replace the credit popularity of Iheerediteard. If ··Holograms" tokens were to 
4 meter, wiN / have I bear the coN, on,jter,m,B /0 my bea,ailable only farcash, thisfacilit, would nolonger hi I. 
dIstrih,ition hm lo accommodate the meter? Are separate ailable to the pruchaxer and po/ibly there would be an ex· 
prepaymen[ unt/,aitable and if o. would a p//cable he pectati,in for the tokens to be a¥ailaWe ata discount. 
requtreu. 

Problem # ith non ·payment of accounts arise more often In 
Mit Ihe UK than here. H[BBERD since thi are normally onl, rendered 

quarterly and it is not the practice to require al] consumen 
Mr President. meters in u cubide will be a problem berawie 10 /y depa,irs. In general. only consumers wlh a bad re· 

cord the coniumer will have to go outside to Put the token in Ihe or payment are called upon to gipe delits. 
ins,rnment. With more than une meler in thi gmc cublcle. MR W BARNARD : besiden[ 
it might happen Ihat the con,urn,r puts the token in the 

•iring instrumell. Mr Fraser, I have already been negotiating with •'Pick-'n 
11 s„ that the housewife ,·An will be beller 'f Ih' t••ken meier is installcd in the Pay", hily her token, tligetherwith eon. 

s,inres hourp. Shihilig ef the meier d prohame iniohe thegrnreries, ever> mnnih. 
thela>ing / pilotcable,. Aboul having to pay in advance and not Retting credit, [ 

think that people arc already paying iii advance today hy 
MR BAR/tRD: Presidenl virtue of ha,ing to pay a de/Nit. which I think inowl local au· 

thoritic' im/se on their consumers andon which no intemt 
I would like tohL ihe in//ation of a che'p not nere.Hrily is paid in many cases. 
*Le,irate ver'io,inrill L typeof Ineter:,110-r Johannegbi,/2. 
The present meter in {he cubide will be kept aN a check So by bu,ing a tnkm 1,1 ad,wnce the /(™Nomer 15 not he/er 
mi·ter. to make adjai'iments Incea year. -worseofflhan before. 
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BEWAAR ONS OLIE ! 
Die Republiek van Suid-Afrika het die hulp van u industrie 
nodig virdieterugwinning van 'n strategiese bron. Olie! 

Chemico, die grootste herrafincerder kan 
in hierdie behoefte voorsien. 

U. die industrialis kan Suid-Afrika on uself miljoene Rande 
bespaar dcur u gebruikte smeerolie te laat herraffineer. 

Tplaform: Randi Vol l) 762 2481 Ourbon (0311 482341 

Port Eli:,aheth (0411 41 21 46 Kaapslad (0211 95 2693 Oos Londen (04.1 20770 

Bowunronsiondsebronne 

CHEMICO 
Conscrveljeresources ofour hind 

CONSERVE OUR OIL! 
The Republic of South Africa needs the help of your industry 

for the recovery of a strategic resource. Oil! 

Chemico, the largest re-refiner, 
serves this function. 

You. the industrialist can save South Africa and yourself millions 
of Rand by having your used lubricating oil re-refined. 

Telephone Rand(011] 762 24831 Durban (031148 2941 
Port Elizabeth !041 j 41 219€,Cap, Town (021) 532693 East i ondon (04311 20770 
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energised by a backup recloser or circuit breaker Because 

a xeclionalizer is not designed to interrupr fault currents i[ is 
MODERN CONCEPTS OF RECIOSERS AND alwar,i used in veries with a backilp fault interrupting device 

and bum 1 does 
SECTIONALIZERS AND SYSTEM cot interrupt faul„ 1 ha, no zime, 

current characieristicK. This is one of it, maior advantaees 
CO.ORD]NATION OF DISTR[BUT]ON w. it makes it 029· toapplit o new or ex<mingco-ord1na,ion 

SYSTEMS schem« hui I must add that a <ectionahzer is designed for 
load breathult make conditkins. B.I G ..ikeT 

Sectionalizerscan he w for 1,2 or 3 ¢ount,.tooper in order 
to co-ordinate with other protective device•. 

INTRODIJCTION 
Ar ihis psint I would like [o gmve a *imple explanation or 
de,cription of a bchemo gr.·ing co-ordination wilh a Circuil Reclosers und Secliona zers havel)-1 Lised on recloscr. secti,inalizer and fuse and in this inslance have 

diqtribution *ems m lh, Republic and ne,glil,4,uring ter set the reck,Ber 0 4 operations to lockout. usinga 3 fast 1 
riton", tor more Llial 30 yell .il' tremendoui . ee44, delayed sequence. with rhe sectionalizer m on 3 count,; ta Nnd are recognised as valuable equipmen, for providing 

opea. •]mple ecnnornle:.1 and *able overcurrent protecticin by 
reducing the numher of power fallure' 1 would like logive 
a brief oveivio. of the Application of recloxor, and iee 

tionallzwr' 

E LOAD 

RE Cl.OSF.RS 
SE*CNEFAST 

A recloser. as defined in the star,dard<. i, a Aelf-cont nned 
device for autamaticalli inter•upting and reclo•ing an AC AND•-OPEnATIO. C 3 
Crcuit wl,11 a predetern/led hequelice of opening di,J 7sEcTioNIL,zi 
reclohing fullooed by resettine, hold cli„ed or lock,3,/ 1 5ET 

THnEECOUNTSTOOPEN 

Sludies of overhead distubution cirwits have 00,•firmed LOAD --- - »--,•--1 that „ Iminy a 95% of hults Are tempar m of which 

approximately 80% are between phase and carth and arc 

u•lallv c•u•ed b>: 
LOAD 

1. Win,]hlownconductorstouchineon/another 

2. I.,phtningN,irre, 112„hing over" ina"[ator 11 is assumed thu we have a fal MI X wh/h coul,1 luive 
been cleared hy /he fir/ recto,w operation causing [he 

3. Rird*. reptile: or <mall .inlmals comacting between sectionallier lo count am, but if iii the event „f the fault 
energised line. and eanh being permanent ihe recloxer, which 1 now ona del,iyed 

time. muld glve the fuse time to blow, .ind woilld mean 

4. Tree branche• ,indevcn Awitching surges creating tem- thal only & fll,1,/ pnnionof the line would he ®luted 
porary faulls. 

Il can he appreciated that, depending iin the leneth of line 
When a fault occuln [h: reclosertrl/oropenxit* conta- and lake off poini, n number of reclop.ers .ind Kectional 

and interrup" the current After a brief Iime inferval the izers wauld he liged M give the be,t re„]1tb. 
conlacts close :Lutornatically :ind qf ihe fault has been 
cle:„ed lhe re,]iher mechanism resets If the faul, ;, .11|| There are numerous co-Drdinativil xcheme: in „se at pie 
presen, ilit reclk.Ner conI,nucs ils programmed„equence of ,;ent which .,re a, follow. 
....close 'peralion·> g.ng lemparary flultx repeated 
/a·i/cle.trorheclearedbydownhnedevices Fot RecloNer/Recloser Co·ordination a 

primment 1 1,1, the re¢10%01· comple(c% its programmed 
.equence Ind lock' Its contacts In The open po'ition This N acquired by either selecting different tr, p valur. 

of reckhers in series or setting the back-ur reclocer far 
Recle,en can be ser for 1. 2 3 or 4 ciperation. 10 [„,kout onc operation morc than the down line rectoser Co- 

and are also de/gned 10 /ve .1 com binalim, 1,1 62,1 and ordin:,lion c m a w he achieved hy using ilifferer[, cle:,2 
delayed ope m times in order to ob=,in co-ord,na,ion w ith ing times on the reclo.en and in wome instances it i·, 

•41!er prote·ctive device'· such ,•s tu•.c•. necessary [o use aeombination of currentsettings, i,me 
settings and number af operations to lockout. 

Bald on statibtic· approximately 88% o f [ault......d 
on the brst recloser opcracion followed by 9% „n the Recliser/Section/ber Co·ordinalim 
Keond and 2% on the third with the bal:ince of 55% being 
permanent Poss,hlwhc mar .imple. „ the /etiomalia:r ha,w no 

time/current character=es and iN ser to operate 2/ Inc 
it can 1 u apprAcialed th:/ 111 the event ot a one *hol de„ce operation less than th< reelo,er. 
Mlch :A :i fuie or non re# mgck# hiefiker being, m I 
led WiIhiniI ruclu•er·• thail 95lIt of fauli operie•,ced would RiT]o/ri'Sectionali,er'Fuse Co-ordination 
mean, repairman beine callcdoutta replate w blown fuse 
or ro„[ a ci„unt breaker wh/h 1, nal onl> cos,1,· hui Ide/ly the characterMIC curves of the fuxe link Mhould 

1,011-ingtooll•silmers, full he Men Ihe fa,t and delaged Orneof the recloser 

SEC IONAI,[ZERS ]n aclual prielic there are interse,non points Ihich 

provide a range of co-ordination and for all current values 
Ihisicallv a seellonal,7,er 18 a circuit opening device that between These two points The recloger and fuse woultl rn 
automaticall> op 1 it' contacts while the circuit fs de. Irdinate 
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For mmple, when w periencing high magnitude fault, a shot to Inckout. provides an economical solution with an 

fuse mild Mr within a few milliseconds whereas a added benefit of overcurrenl protection.even when the „a- 
mechanical de,ice Ruch as a recloser hah a minimum clear. tion batteries are flat. From experience of having installed 
ing time of 30 milliseconds plUK. This would abo apply co several thousand of these units on 8/bution systems, 1 

low fault condition/, e.g. 22/larn/ fuse linka,209 percent have 190 points which will be of inkre,1 to member here 
overload would operate in approximately 300 secand, taday 
wherea5 a redoger with I mnit delayed timing would have 
a clearing,ime of approximatelv 10 seconds. 1. The majority of failures which did occur. and that was 

not (/en, Indicaled thal lightning arresters md be In· 
Di,ring the· past )'earq a lot ,/ improvements hawe beer, stalled, and in some cam on both sides of the units. 
made to reclosers and sce onallzers which include sensitive 
and/or earth fault sensing, increaged reclostng intervals and 2. The Sensitive Earth Fault feature has had a maximum 
instantanenip. Inckout norinallv uied lo avoid reclosinginto lime delay se/ingof 11 seconds. T his time delay is imuffi. 
faults of high m:gnil,ldc cient to allo» stafft,>cloi all three links out on the over 

11/ad &,Itern. 
Mos, /these accessoriesdo n/require external sources of 
power and are comple/4 6/f·//tained. Could Mr naker comment on ihm twi, areas of coicern, 

Further dn/opment has allowed increased inlerrupting MR I.BAKER 
ratings hy Ihe elimination of serictripcoil, which limit the 
fault level New designs provide interrupung ratings which Mr President. you should have Nur# prot/tion on both 

are not dependent on the load current. iides ora recloser and preferably as/lose /s possible to the 
bushings. 

Other impravemer[1• to some recloqers have made it pm, 
ble to change current rating and clearing times without Reckders can be delayed. Electronic restosers can be de. 

havingtoremove the reclosenfrom Nervice as (11//,djusl· layed up to 120 secon€Is. I don't think that one should delay 
men•s are doneexternati,/ 6 MCnAIr IN iong. My e,perience i, that from half a sec· 

ond tu ene Mond Is sumcient.I do know thai you will not Ret 
A lot more refinement has come about with the use/f solid mrdination #;th thefuse link. 

state cam/nents. which aG a matter o f intere/, have been 
w.ed 1,1 rectihe r·: in the Republic for ne /ly 20 ycarrq There are certainpoints orio-ordination, where Ifonetries 

to protect or co·ordinate with fuse links. under overload 
With rhege developme/ls il hai• m.,de it possible to have conditions one'§ recloger will lock out k,ng before the fuse 
more refined co«dination •chcmes making 11 /,sible to link uperate,- In theopp„,it, way if one· tries I w-ordinate 
men orcl,Ae reclo,ers na remole or wilenihor) systerl<. fuse links with recloher; under high fault conditions, one will 

•ind (hal the fuselink will k the recloser. Thereisthere· 
This i, particiiIarly useful where lohng shed.ling 1!; fore Upinco·ordiantion. 
required 

MR D ]FRASER : Durban 
CONCLUS]ON 

'Ihe paper states thal / many / 95% of faull are tempor- 
Re¢I,Mers and sectionalizei are mo.1 essential tools fur ary. or which apprournately 80% are between phase and 

electrical <upply authorities in :inairling their princip:,1 earth. 

objective• in ,;upphing electrical .ervic© conlinwity simply. 
reliably and econom/:illy. How were these statistic*,iblined and on what t, pe, i,f con· 

.,tructifin ,>fi,verhead IJne? vii 

1. Line with earth wire 

2. Semi 
DISCUSSION - BESPREKING lligh [mpulkewith woliden pille€and woodel, cros,- 

arrns with insulator pills bonded together ti) pre""t 
burning of cross arm. 

or 

MR .1 1 ATH : Amliatc 3. High Impulse with wooden poles and wooden crok, arrn. 
and insulator pins not bond/. 

Mr Prm/ent. 1 would likellic,infirm Mrlaker's climmenis 
thai pole mounted auto-rechrs and section•1181:/4 have Based on stati•.11,5, approximately Sll'%. affaulliare cleared 
provided a simple. elegan/ und //nomical protection and on thenrst recloseroperalion, followed b, 5% on,h; *turn,1 
control facility un dktributi(in Vem formany years. Re- and 2% enthe third. *;th 1}115 bulante „f 5 % being permn. 
i·ently. theaddilional feal u re,or„cuumcontacl. regulting nent. 

in low maintenance, external ailiu,tmen/,ircurrent rating• 
and timing sequ;nce. ha¥/ •d,led lu their value. Hn,¥ are these ligurim oblained? 

We ha„ found two particularly useful ws for Ihe guto re- In my opinion. th, frequency of Igick-t ol re£ 121% 8 and sec- 
/1(,ser. Alth irni•h [ do not re/,immen d 11 as good distribution lionalisen with no permanent cau,e beinge/ablished, i ex- 
design practice. I am hure there are many Town ngine.·r, cesslve rin the: Durban 1 k/ and 6 61,4 9,1.·m. D,/riHy th© 6 
here. •ho ha.erural feede r fed from home point ona IlkV month period March to Aupust 1984, fi,r example, 16 9/0. 
town ring feed. The uNcof an auti,-re•]oNerat thiN paint will re·[osers and 46 sectionalikers locked out for ni, obvi„„h 

obviale many interruption, tu the town /mumerm. re'%,in. l'his repregents u hil:h proportion of the lotal 

number l.e. 104 reclosersand 15S sectionalisers, con, ridling 
Again in the oul,kirts / Ihetown or *mallersubstation, il the 743 km of ] tkV und 6.6kV overhcad lines. 
ma> he necetxary to pro i l le an HV tran Jormer Mwitch w il h 
I ihort time tripping facility. The lut'·recll.er • r. Ine Perha/ Mr Haker could orminen, on thi in his reply, 
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MR LBAKIR MR WALTER: ESCOM 

Mr President,during 19/some 40% of outagesoncircults, 
Mr Presiden[, with regard to the *ration of reclosers and controlled b> reclosing breakea, were found to be what we 
mionalhers, I would Hke to say :hal for many years we ai ESCO M refer I @s •·closed on·load faulls".11 means that 
found the sectionalisers were not accepted, •specially by Ihe breaker has locked out after following itsnormal re'lose 
municipal engineers. because *y came out under false cycle. When the breaker was reclosed manuall> b> an 
counting condmon such as magnetic inrush currents nn 8/rator. Inm time later the breaker closed in and stayed 
swilchinglnatransformer. In. 

'1'his indkate; that faulls do last for wme con/derable time 
We found about 2 9 hile storms are passing through. paritcularly in areas with yead ago thut the / wcrc numerous open a lot oftrees. ends of sect•onallzers under storm conditions. We managed 
to adapt the sectionalizers to ignore inah current as a i would like ask Mr Baker. irit count. U possible to exlend the This has elim inated a lot of false lockalt to on sec· 
fionaliser' final dela> before l'inal reclose to up 10 10 minute. 

MR L BAKER 

The statliks I use were taken from worldwide statistics and Mr President, m. we hine hum in an adjuitable time delaY 
mulddiffer fromother persons' records. for up to 10 minutes. 

POWERLINES IN SOUTHERN AFRICA 

I Electrification & Structural 
Engineering Division 
designers & manufacturers of 
steel structures & creators 01 -rry 
0 Overhead powei transmission lines 
0 Radio & microwave towers 
0 Railways electrification supports 

0 Components division 
manufacturers of 

BOLTS & NUTS 
DROP FORGINGS 

.... 

ALUMINIUM GRAVITY CASTINGS 
ELECTRICAL FITTINGS FOR 
TRANSMISSION UNES 
I HOT DIP GALVANISERS 

POWERLINES (PTY) LTD 
HEAD OFFICE: 122 De Korte Street, Braamfontein, Johannesburg 2001. Tel : 725-5350. 

FACTORY: Bickley Road, Pretoriusstad, Nigel 1490. Tel: 739-2251. 
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1 f this iz done,in L,11 1,igh voll:iye/.tilled equipment fined 
With Thc ilece<!mry drain c,icks or sarnpt„18 valve·., the in· 

THE TREATMENT OF ciden¢e of unforf.een breakdowns cm lie reduced zo a 

TRANSFORMER OIL minimum 

Bly 'AR ly-Pr F. AS far as Oil trentment M onerned, 01/ cannol do lieller 
thu,n adopt the heitiv. u. uum process of purification wh/ti 
requires the w.e & expensive plant and well-trained statf 
The trequency / tre·atmen, 2,110 whether punl,ar[(,• 

INTRODUCTION should be done hy U[le'%st:iffor by /·pur,tication con tme 
[ar•. is largeN a n,atier of econornic,;. defendant on olie's 
capit[,! und laboilr re.,o,irces 

t one Ihire or another moN! of us are involved in the 

I.> indl,ng or use of inhutaling oil - commonly known as 1 he ab ove i, .i hi·ie f culline Of Nome of the fu,torb in volved 
an•former oil in the troatmen, of tran,fornier all lind I trubt thck Will 

encourige san,e heahhv ,/im„10„ 0,1 this Rop, r 
Weknow 

(a) / must he handled „refully duringtrailiport,md when 

filling transformen, and Michjwar. in order / pe 
scrve iIi in•.1./ tingqua Itleh 

DISCUSSION - BESPREKING 
(b) il needs periodic ¢hecking to mon„or its condi/ion 

(c) / needs reconditioning mer u has been in Ervice fur 

some>ear'. 
MR J C VAN A].PHIN : S.ins 

What we don'l know is what i·.the general a m//r adopled 
hv enginecm mday in the Ire itmer,1 (if tran,fnrme, oil |t ia now nore than a de//di· al:,i, when t·NCOM dec.d ;,/ 10 

order from then iinward % riltribu lilin (,·1„I former, to SA AN 
Such que•tion•us, 780. havq a weld/ cover. Thl deciwin w,,M not taken 

w ithout a thoroug h j.[ild, i,/ I ht· h.1 i ril / • 1 r:„13.for mer lie- 
1. How fr:q u:nily *houll one cheek [he cond,[ian afoil? cominga pre'surevel.1. 

2. Should one bother IDIC„ [he condition©foilinsmall 
tran Jr>rmer, Relowl[5kVA)9 les™ were di}ne lin a /1-operativc basis between the NAHS 

and Thel'Mt [>epartment of the Johannehburg [dlectrielt> 
1 Al whal [inms ef dialectric streng,h. mop:ture conteni Dep:Irtm,Int. Betwee/no·1//d anda moderate overload con· 

or acidity shoi,11 one ·Nrear' - i c. purth - Ir:in•fiirmer dition. pre,//re, Einly /han/ed muderatel, and bithin Bale 

. lim,14. Thii „38 parlly the rii,U of thpinherentnexibility of 
transformer tanks with fairly Ii,rge Ink walb. F.ven when 

4. Whal ar: 1hc most advantageous me,hods of the tran!,furiner lank #11% [re.1. considerably i.tiffened. prmur• 

ine' variations remain•,1 acc™able ah a result of gasabsorptionx 
i,hen the pressure inside the tank m positive andihe F 

5 Al whal ·.1.1,1////Id onc rot w.,ste tinte and ninne, on , 8 evoluting. i,hen the prewre waN Inegatipe. l'hm. re- 

trealmen[ hui completely Inim and remt oil·in/,lated su,i g m lat/1 verifted b> Irther ta condu•led / the 

cquipine,•t? S.A.B.S. 

The purpo„ of introducing thw. topic for discilsion k to A- The Natisfac kiry performan, e / 1 ran,formers with welded 
tain AMEL' Me,nher.' vi¢/6 on *main issuarelmine to i·imrsupped to have i·onfirmed [li• 4•i.Ndom of 1*(·(}M'v 
thelre atmenl ' transformer oil. de/Mon, which K beinl, /dopted b, an Icre/ng number & 

UL,1,1·N. 

The follewing unfornumon W given at, a hack,rt.und to h 

.Ple: 1 he use of welded roven i• Ilinited to 630//A. bul i,bove 
OkA L hurnieticallk sealed translormers with domed 

The need to•·tre•t" tran,formeroil /„,crm can be u,ed In the upper limit (,f SABS 780 of 3 

]SokVA. 

New tran'.formeroil complping wil SABS 555 ise<t,tmel> 
Furc bit noriethele,•hiphIV hygrip.topiC:inil i, 1.1//11 11 Muld therefori n/appear to he ofecon„mic advamage· tu 
t.iminated when in conzakt with air. paper anct #re consider oil treatmentof scaled tran+forrnerb. 
inbulation. melal, and ¢<unpound*. 11 has a ten,lency m 

abhorbox >gen. moN ure, libre·, and oiher impurmes /hi h MR l BAHNARD : PreN,dent 
/.wer i/ dic le/[ric ,[rength lind produce a,-i./ i,rid ·.1/,ige 
tha[ imrair its co/ng propertic• Mi own philmphE. 4% fur as 111· mainte],anceof tran,for· 

mers i, concerned. A t„ make inre Ihat They' are comple/rl> 
I hi·, deler/ramin in condimin can be ileteeled tiy regi,1.11 Ild. We had Nonic of Mr tran·.ri•rrnerh weldi' torn- 

/st//0,1 sampleN and when .//pre-determined lim/4 pletely' From ex,·rience we found tt" a tran/t'ormer 
are reached the oi] cm receive ir,Jauncni " 8"" i[' which licompletely xcali/ with nooil gauges or d ip,ti•kx. 
rurily B itlla Nt froin 40 10 50 yinriwilhout .iny maintenance. After 

6 /·riodthetran/ornner willcollap# completel> 1//ause 
A rational maintenincepropramme or r//*si•c corrosion, 1 think that k a /,0,1 litb,p:rn fur an, 

lype of electrical equipment wilhnut any mainienance. 

A planned maintenance programme k highly desirable and 
ille kal costly rmlihod 1, 10 Carry out re•11|.1 lubb, oil 0,1 1 »o/ld Ilke lo ask Ir [la>nal th, hize],mit of Iransformer he 

samples to #Mn'ine when m.,Inler,ance IN neces:,ary •ould recommend. thal could be healed completely. 
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MR D A GAR[>NE R : Al!111'te 1ran/ormer lank. to be tested. H filtrath is necessarv, i[ 
should preferably be done with a mitched off trandormer. 

Mr Prewident. I would like to /k the rollowing questions: 
ESCOM was the Arst to weld trans farmen. The Skill han 

1, H„* many tran,former, h,Ive fuiled due to rcintimini. stipulatedthattran/ormers can be,eated 0/.up toasize or 
tion of lili 61.Vt 

2· /111,1 tel are,on// red tobethe In<•timportant: The on of a transformer N an insulator and anything that 
lowen the Inhulation value nu,1 be rtgarded as important. 1 

Moistwe te,·t. dink that th, moislure test I Ihe most impurtant. With the 
Sludgetest: or modern 4 /oil. sludge i, not a ver> big problem. Acid 
Acidity te,5. haia [on,tterrncorrosioneffect. [t¢an•often Inqulation, it 

can make oil more hygrosmpic. but SCid IN more like a bad 
3. How doe, i>ne decide when filtration or purification ofthe cold-ilwiI]notkillatransformer. 

uilihould heral·ried,)111 
Regarding filtration. every two years is very arbitrar. t.ike 

4. The disc,INsion ha been limited to Iransfurrners. but a ./.rear, onednes not need lochangetheoil ever, 10 000 
• hat about ¢11· iii inswilchgear, which NA,bjecitncar- kilometers. h depends how one feas atouttheequipmen[.It 
ben c,intaminuti,11•? 6 better to filter thi· oil than not 10 Illter it. 

MR RAYNAL 1 f switch/ „perate quite often, one gets dep/511, of carbon. 
Mo L'tire iN normal not a problem, ..... .witchlear 

&|r 
*$ 

1/e,/dent, Bith regard to Mr Van /]phen'• quainn. 1 doM not go throuph thehame lernperam re cycles as a trai· 
ould not suppnri the theory thai if u trin•foinner h.8 nul Arnner. Generallyt„da>, Iheoil kcomplete], drained from 
*en lie nded to for 10 years. k should be Ift I it is. The theswitch and replenishedeverySor 10yeary. dependingon 
rst ytep Ii]1 be to take a Eample fr,im the bi,[tom of the the iervicelife ofthe equipment. 

Rand:,/OFS 11 22 44 88 132 
Natal 11 22 33 88 /2 

THE XTANDARDIZATION OF VOLIAGES Cape 112233-66 132 

IN SOUTH AFRIC.1 WITH SPECIAL 
Because of the benefits lo both the manufacturer and the REFERENCE TO ESCOM'S VARIOUS 
tiler /mm h:p: evn]'.ed,i rang, of •andard transtormen 

SUPPLY VOI.TAGES TO LOCAL having rhe p.•ranieter, listed 1, ']Uble 1 
AUTI[ORInES 

Of Ille,e Ilie preferred or rec,immended rating, fur most 
By J C .an 'Iplien Pr Eng applications are those lislcd in Table 2 

:e l)' R.npirle/r. Snulh ./.lean .i,reau 'if 'Indard. 

11 B. Nurlia' Pr Inr. Excom /40 Knindardi,ed its circuit hre:iker rail ng, as given 
Chier[.mee,bvs# PI inning in Table 3 

The ratines a „andard iran,f,irmer< were choi en such Ihal 

St./dard two uniti of Ratine 1 or four volt,le. un its / lating C coutd be con- I, electricill Sl,PI,1> i i, Su/h Africa <16 neeted to a bu.bar with/1.1 11,0 fault level exceeding th.11 Npecified,n SABS 1019··St.indard voliaees .mile i rent,10, 
curre Tonding to the highewandard circuit breaker ming elcit,ic /wer burrlY and whuch /re in i ,]rrent z„,· m , 
TWO unith of R./inglor fou• unit%of Ratinu lmild he con nunlher of svgle,n• u f ES COM and local authoritieh :,re the 
nected to a bubar wirhom rhe. fiaul, 1„/ exceeding [hal folloving: correxpon/ing to the 1„Wor st.mn, 1 ird cire„ 1 brcaker raling 
Thin Jormer, of Ratin g 4 :Lic used where hm.1111 1,1, .lie in 
volved. Forver) largelimilsit w po„ibleto wic three,Inli 

High voltage Nominal phase.to.plia,e of R ating 1 with olily two wlinecled to Ihe 111„lial, 11, re- 
forequipmcit. vollage. mailing unil being *witched in on]F „ the event of loss of 

kV kV [)no oflhe· conne•ted uni' 

7.2 66 
12 11 Thils 24 22 using Ikeom 1.,andard 1,11,™foriners zind i.wilchge,ir 
36 33 the maximum lo:,d. th.it ea,i be Nupplied trum one *bar 

'll- 52 44 ure 11% 

72.5 66 

1(K) X8 

145 132 Secon,•ary,lo•tage Max·imu mload. 
kV 245 22() MIA 

275 6.6 20 
420 4(/ 11 40 

22 80 
33 or 44 160 

Most of the reju ons of ESCOM's suppl> network h/ve iii 66 32() 
the %01(a ge range up m 132 kv a limited choice which , ·. of 88 630 
historical o,lgin. Fo] In:tance the follow„,g voit:,geS JI. 132 1 ()00 
available: 
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CONCLUDING REMARKS TABLE 3- Standard Escom Circuit Breakers 

The choice of a Ndard vollage for local aulhoritia i, de- S.....minal Faultcurrent ./ .Irrent, 
termined by exisling wipply voltages in le di,rict and al'o •oltage, I,V r.ting, k. A 

on filture Imd demands The ahowe information which is 66 andbelow 12.5:20 800:1600 
based on /,com prnctice may help in making the most cos, 88 16,23 1250 2500 
effectivechoice. "132 16:25 1600.2500 

*220 201. 1 600: 2501) 
SARS 1019 is under revision and will include information 

*Becaubc i,f ar, coniumun /·ing wilinec[ed ki [heN- I-mi fuul: curreni with regard m standard inE, ition levels and insulation lin,ill wc,u .,rnel,m¢, c•.cclcd I : re™lt .[ fu,@e faull rn Acds |lim coi-inch 
rn-mdination The revixed ,/cificalion will be known ax e:use SAIS 1014 ··Standard vokages currenIs and insulation 4 0,•s p,/blenh/%©m -n•w , in·.•ed ihe ful.acnI t.,lii,# L 

2Sk'and' . t/ l,2 kV.,1,6,2•kv .e••Ln•,e,1•i,Li,• ,i.cd I.lin•C•b 
levels forelectric,t/supply" and,hould be available from •IL|y,Ipp|v ILIA&JI 
carly 1985. 

TABLE 1 - endard ESCOM I.arge Power Transformers 

Nom•41,1,m,Re, M•it rn•in:ni»• "llp,2.06.. 
lertin , Tal DISCUSSION - BESPREKING 

H. L. Tillry 1 4 Min hill. 

4[][275 8D[FlD 41*4,1 1,1 13 OLT. Y.,i 
40,22[} 6/40 /5 I] 2.,351 400132 /•1'lu 2*In !23CD l' 16 ' 15% VJI 

11/4/ I«I,20 u I i .Hv. 
1./.' MR D 11 FRASER : Durban 

275132 22 5.....1.. 11 143 0.0 
275 88 22 Mr Durban 

Sh 
15% Pre,ident, the Carpora[ion Electricity 1)epart- uf 

2201 50(1'·0 2.41] 12" D , 11.7 .... mint's al/,Ing and proposed standard transformer ratings 
220 22 1... 8[Vi[1 41]il arc detailed in the atwhed data sheet and differ wid,ly frorn 
/2 IR' •41] 16!•0 80,10 the recommended ratings in table 2 on page 4.11 iN not prop· 
132 •2••.11 .- HI." 40% 9 1!.7 osed ti /hange our standard tran,f/riner si,/ for the /01. 13' •2••11 m]/Ill• ®/ID' 20/q• 10 12 5 

lowingre:-nN: 
88 44 '220.1 %0,10' 4.. 211:'· 8 /4 

(i, :32 33 110 40 21 01.Tc As it is not Intended to expand the 33 kV s,stem ap· 
1,1 11 preciable in the future. WiS COn,idered preferable to 

132 11 20 10 10 /,5 -/t' /here to Ihe existingstandard departmental Nizes for 1326h 1,1 10 12 3 H• ir, 16 
9'el m limited relnforcement of this sistern. 

33 80 25 
**%89 0.1 onal 

22 
10 5 0 1125 .1/% {Ii) The largest rating / 132/11kV .Insform/rs recom 

15% mended in table 2 i,20 MVA. This size is conxider/to 
88 22 

40 20 1,1 5 8 1/0 he tw small for m• applicalions in a high density 
' 2, 8 1[1.0 urbandislribution»stam. Fault level limitatim and 

tt Iheconsiequently high impedance 1[ 211 10 5 2' 7 8,75 requirement, mke 
6.6 I 13 Ine use of transformers larger than 30 MVA unde,ira- 

ble, but if it were not for thi•, limitution. 132/1/kl 
l !0 1 I. I 9,8 01. 

transformers of up 10 40 )19 / could we]1 be used in 
0%0• Y• aregs of high load density. Owerall, th Durban #an. M.,i,1 

dard of 30 MIA Isstill cDn,idered to he the best corn· 
promise. 

221• 

6,6 5 

(lib [tiseitablished polic> that for corrosion reasoni, 
•.IlkVup•,•1 Durban Corporation Electricity Department will u "Who eon load IJp.••liging 1. Icq•,re• the iaw ii +S% 10 ·15rku In 14]••Cp 
.•ihc•m-&gechanges.7-8,71*,an- 7,5%iur]3 kVandnkV aluminium alloy conductors for all new tranNmission 
,™1• vely lines. The largest standard and uctor for all ne 

S. tranimission lines. The largest standard conductor 
thlt,pe is ·'1'ew". with a Iwin rating/706 MVA 2 
275kV and 75 C maximum [emperature. When ron 

of Zililll transformers, 2 x TABLE 2 - lecommended Raln# of Power Transformers sidering the raling 
313 MV A tran.dormer, matrh the line rating mi,re 
closely than multiplesorthe recommended 250 MVA Primiry Secoodar, Terlary Apparentpower rating.MVA rating. In addition, as fault level consi/ralicado nat volt.Ke ,oltage. */. - place an exce/ve impellance requirement on 315 

nnee. MIA 275/132 kl transformen, It li con,idered thal kV 2 3 4 
315 MV A unit, are moreeci,nomical than Ihe equiia. 

22-44 66 ID 5 2,3 lent capacity made up of 250 MVA unils. Itshould be 
22-132 1t 2(} 10 5 25 noted thal both 250 MU and 31 5 MVA are prefurre:d 
66·m 22 41' 20 1o 5 valies /termsof 1£9 171 and //·76 
88-132 33 80 40 20 

88-132 44 220,+11 80/10 40/10 20/5 MR K VAN ALPHEN 
132-®0 66 22 or'11 160/20 »10 40/10 
132.400 88 Her'11 313/40 160/20 80/10 
220•400 132 22 500/40 29)40 125,20 Mr President. these standards given hy ESC.OM are haAed 

on typical FICOMpractices. ESCOM alsotried,osundar- 
•The 11 k·' raling i. di, I Iril'Jvelerliary vul,u,e when ihe pnmul volt"' diz• avery lawge number of underakings. The/e standard; 

are not mean to be the only and rigbi choice. 
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1 he aim of RSCOM 15 10 bring thifitandardization to your Due to the large number of under,akings of ESCOM. the 
attention und not to impose it on the AMEU memberE. main reaon forstandardi//tion is to standardize buying or 

cquipmenl. 

DURBAN CORPORATION 
TRANSFORMER DATI SHEET 

l'UINCIPALSUBSTATTONS 

MIN,Ml,MPER!.,T'™Dg,•*r™ CaST•ClmAN.OKME. nOPOS.•FOIUMERS 
leAT[O 'Herol DIAGRAM n•TING *r .Fil 

N,en S,•e-& le-h.' L V ..11 Th-lk*1 
f.,ri.mh•.it,-'- ..1-m 

I V I a.v, ir.r. A In [A Ii*n. *.dlelat-.d-m %» {11|./.JIWI'll 
n V huille¥,1 

Wlrl •a• LS,?I ...VA 90% ..0.5/ 

8133 5'MMI' 'g,"VA 2.• 25% 1.U.MVI 7... 

42 25. 

'1:11$ 1 .2/VA 664%t 2g,780 80+ 

1 1-19//A, 

MAJO.,IJBST,7]ONS 

.lUUMPE....SYS.M r,(imNG™•1•svom·(ERs .C/•TIA,Apoll- 
DIAG•AM ItATIN•; FAULT .r•EL 

N.....C.-& 11,1,-*1 Inpeh.•,lo•e 

(1 V J "V,•) .. 1., *rallel.Imm•um 
"1 I '.1,1,1.¥.1 

A •'y• 1, 4 71661VA 3glk,VA 'limMVA -le' 
/1 SkA ...A L# ADMV'• 

2 
14 2'rio,•%/ 3?5Mv, 

3311 15KIMVA '51•MV. 7alli0% 27•MVA 

/2. 18'kl 2a,14.n' 2.%4 4.1;3 70•' 

GOLID 
thiL 13 6 "% 

0% ll#!,MVI 

A >14 latle,DI 375 MVA 16.67% 
13{JOUVA 130MVA 2*}MVI 

.A 
SOLID 15 32 Di& •SOMVA 7 J,Bur· 

.'1 U 10% •00•VA 

MRMI T AF 1 Ff-•D 

K - 11109.4 STANDARDFOAMEASINPARALLIL 
M„ HIO]1•reh[AULTLE•EL 4mANSFORMERSINPARAL_EL 

lb/'51/L['ALILTLEVE[1 NEU™ALFAULTCURRENTU•TEDTO800AMPSfER™ANSPORMER 
CHA-SWORTHSU89•ION 

I CAPACill#™ANgPORMNER' / MeMLLAWSSLETATION 
X TR•NSFORMER]MPEDANCE SPECIFEDPE,•M!89181*AANGEOFIMPEDANCEIEXPRESSED,NOHMS 

(61„I AS•IEWEDFHOM™EHVSIDE 
IMPEDANCEEXPRESSEDASPHASETO•EUTRALEQUIVALENT 

oul due to tran,ient voliage <pikei, andalsosuffered frorn 
EXPERIENCES WITH EARTH LEAKAGE the dc fect thal the Bellingwastoolow tobepractical How- 

ever. mosi of these defects now appear to ha·.e heen over RELAYS IN DOMESTIC INSTALLATIONS come, 

Should they lie madie mandatory in It is most ditficult tooblamang fatisticsin regard folhe op 
cralion of earth le.ikage rchi/, hiit the inspectorate of the 

existi"g premises? Pietermariliburg Flectricit, Department has.over le pasl 
Ry F 6 -1- few years. monitored the Mal!.lion of earth leakage le 

lays in dime M premises and in our experience thrn: hab 
been or,Iv one fatatil with an in•tallation meorporating an 
earth leakage relly. hui IN was subsequently diertai„ed 
that le earth Earlh le,ka# re Invs w /e fir,t introduced in Sinith A fna Inkage relay was fault, when m,alled - by 
an unlicens:.1 clectrician - and the In unfortunate victim had 1968 and therefore a great wealth of operaling experi- never used the tes! button Durban, I bellow, have had no ence should be available. The baw funclion of the earth such accidents. 11 is. leakage Tchl, 16 to avoid electrocilled arld however. pertinent a peThon lieing to to cnquire how, 
many fatal acam have been avoided by the w of earth prevent file due to earth leakage currenE Whilst these re- 
Icakane circuitbreaker;, but this is 

qU]rement, .ire adnitiable, in practice any equipment 10 U question which K be 
heve wl/! newer he answeled However. Imm Pro,ide for this would not be acceplable if it resulted our m c,wer, 

ence. 1 believe the earth leakagerelay I•as rehultedina sub- 'lumerous spll,Jol,6. unnecessary operations I believe that stanlial reduction in the minber of fal:,lities. some of the e,Irly earth leakage circuit breake,s which were 
marketed. were *ub,eel to donnage by lightning, totripping One polnt that chi,uld not be overl-ked is that Ihe earth 
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leakage relay will not operaie in the event of a person Dit. mnr die President. 9/ck nuu /nom het. bring my by 
touching hojh the phae and nci/r:11 conductors if there is die praag of aardlekil@/ verpligiend grnaak moet word in 
no earih leakage curren! bu, experien,:e will show that thus bestaande huishoudelike installayies? Mnr Davies van 

type of occurrencc isrelalively rare. INeterrnarit/burR het in dic verband 'n sinvolle en werkbare 
benadering ¥norged 

The que„ion posed & whelherthey 8hould be mandatoryin 
exiting premises? In essence. I do not believe rhal an Daar is Iter by In> tw>fel or daar in die werld simolle 
legixla on should be madc retrospecuve and undoubtedly stalltiok oor aardlekreles. en dit wat daarnee .•aamlam, 
the filling of ea„h leakage relar I> some of,he older m. by/hou word. Alhoewel daar whelded konhensus is dat 
stallations wired with V.I.R., would not be practical - the aardlekre]06 noodlottige on@elukke met = 60% verminder. 
earth leakage curren, would In m©/ cases be exceeded. bly dit 'n g/val dat on, grootliks baluite neem volgerk, m. 
However. it Is these very installation, which pose the m'/drah. 
higger threat of fire:in,1 cle/!ric ihirk, and I do nor bolic v 
that it would he prac[ical 10 1,5181 on what amounl to a Derhalwe, mnrdie President, wil ek voorstel dat die VMEO 
camplete re-wiring af an older dwelling because of a man- oorweging daarawn behourt te skenk om ·n projek te kiod, 
iialor) requirement m initall and earth leakage relay On u aar diar op sinvolle· en uni formewy* 51•tisdek bym/kaar 
the other hand, it Bould ce rt, in 1 v he in the in le re,,t of the gebring word our aardlek/105 /11 dit wat daarmee §/am- 
can,m e r !0 doso, ankl perhaps ih IN re-wiring could be paid laan. 

for over a per#1 of time, i e. through an assisted init/110- 

tion Iheme. Perhap: if the installa,ion ofed leakage re- UR die lard „n die Naak sal hetroubare inligting en kennis 
layv were made m.indmory, they could initially protectonly tnt 'n grnier mate bydra tot die be#eiliging van noodlo/,ge 
ihox circuith which did no, cal,Ne oper.Ition - al lea* 1/nic <ing [ukke en Irderi• ditookonont becrlik/rdll korrekk 
of the initallation Wililil ihen he orniected. with a proriso tegnie• ont werp van die toeru,ting. 
that the remairlingcircuits be brn/gh, „pinttand:ird within 
a period. MAR / BOTES : R{lodepourt 

1. Aardlekrelis h,t foute iiat nk deur die normalet,jetse 

van dic SABS ofier,wardiged Angew>i kan word nic. 
Verldicrelernct Inuween die problerne A opgel/%. 

DISCUSSION - BERPREKING 2. Deur ons in•tallasies onder hierdic rele· bneiliginp te 

plaas kum m••cilikheid te //k. 

3.1./at dit liewer aan die ing/nieur our om stadigaan die 
MR W BARNARD: Prehideni mensc bewil, te maak van aardlekhehocftem. M, per„mn· 

like geviel is dat ons '11 fout gemaak het m aardlek· 
I wan, to make olic poiniclear. I added the 11/ Nentiner m bevelligingierplil,lend te ma/. 
the title:·should they h; made mandatory··. Il was noll m> 
intention to maker/rth leakage relay, m:indalur) for the Die kiate is hoog en hier het {m 'n mollilike vraag, veralin 
whi,le iniallation, hui for.•,cket outlets only. dielig vandie huidigeekonomieseklt,naat. Die vr/ag;j: wai 

i.diekoste 'an'n le„e? 
MR A M[DDLECOTE: Honorary Meml„r 

Wanneer 'n aardlek apparaut gein·.tal[•er k word maklik 
Mr Pre/dent. I wi•uld r/her hive spoken later. :Iner all ge,6 dit d ie btallile W ilig 14. D it li nli· %(i nle. mi r dle ]' reg· 
other i (im "11'p· ident. 

H,i.w·Yer. 1 woul like In·.:ir that 1 heli, ve[I,ate:/thleakage Mit WAI.TER: ESCOM 
relays haie done a rery /,od .inb and we ihoold appreciate 
thib. Mr Praill•nt, [CSCOM hax recenth hild a fal# accident 

which „crurred on an inglallation supplied by us. The earth 
I agree with [he pre„dent that earth leakage reta>, should leakage relay was dereellie, It m found thalthe tel hu tton 
irnly be mnade comp,11'or> on ne,4 in41,11:¢ion, A 'thi cuic 4 5 * me;hanital operation i) he relay. h dr,e> ni,1 
at pre,cri), 11 would uke „ pery bad in,tallation I leak rriv, [ ha l ear c h fault cu rrenl weli Id eau.Ne the pr „tecti on 10 
2(Im'. 'In·rile. 

One thing is true.electricaccidenlare le/ than 1% „fthe There m a Hecond case re•entlb when one of our ungincer• 
tutal dome/ie ardlents- fewer people are killed by clectrii- round ihe wrih leakage de,ice defective on hs own instal[/- 
it> than by takingpoison. Ii,in. The de/ke did not operate under actual faull condi· 

Mns, 1,/ did „/mi w ith the te,t butt„n. 
1 h 6 1, 1•causeof·the re,/in,ible· attitude of in,/allalion en· 
lineer.. Ine(if th.i• iN I pronnotetheu.or,he very 'heful 1 believe th:11 tehting Nhould be done with a /Ipply plug. 
earth le,kagerelay. by r,guiring thison at] Mockel ou Itebon 
ni·w trwtallati{in,•. 

MRCRO MPTON : Johanne,burg 
MAR N BOTHA : Bloemfontein 

Mr President, I Mr Davies has already menlioned M have 

Mir die Pre%ident. in dieonlangse jare is veeli,tudie gny no mea m of k no* inghowinally accidents have b-n a void,d 
aan die effek van elektrine stromn en energie op dic 'll"wi dw / thee//lenceofele•Irierclays. 
dic Revolge van di,od under he/alle omstandighede 
Nodanlg. dat ons almal weet dal die men,like [IRMaam in Mu, 1. however, givesonne Ntatislics of reported acrirleni in 
wrrklikheid 'n bareklikt kompl·k e elektroliel is en datdie Johannesburgover the past !2 yum. 
mologiew effek van eliktrillit liepaal word deur ver.%kil- 
lenA faktore. Na g/lang van mstandighede A die gr(•(itte / fatal and. non-fatal accidens haielieen reported, a Intal 
'um die •trilorn, dw dillir •1.uirvan, die enwrgie w:it w,rki. is of 41. Of these. 30 were eau/ed b) plug.in appliances. Al] 

•ord m dir bu,In -larlangs dit ¥kiei. ul, die bulan,Irileitc wo,ild have bven /4/ided if the inNallation had been pro· 
fakli.re· le,ted by unearth leakage relay. 
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YOU'LLNEVERCOME 
SHORTWITH STEEL. 

Whether you're installing a conduit 40 mm and 50 mm outside diameters 
system ina mine, highrise, or housing to suit any of your required specifications. 
development, w,u can't beat steel. Easilock, however, is a lightweight. 
When y(,u're in the busines, (,f speci economical, quick and easy to install 
fyingsafe and reliable elec- steel b, , conduit bys[em that is ideally 
trical systems you can count suited for use in both domestic and low 

„n steel. In rcitentially i cost housing projects, Wall 
hazardous site situations stee tilicknesses,f 0.9 mm give 
moduit can withstand all Easilodkits lightneS while 
mechanical stresses and Re• increasing the inside diameter 
temperature vanations with{)ut foreaxier cable drawing. 
breaking or cracking. • Easilock boxes and acces- 

Steel conduit maintains • 1 .i /1/ sories can beused withboth 
positive earth continuity which [E31 4> •• 1 Powercore and Easilock con- 
gives you that extra margin of 11[J) • . • 4 ' duit. allowing you ti) install safety k, minimal coefficient I f them with just ascrewdriTer 
(,fexpanbion clinlitiates the use // 
of expansion coziplings. And •1• V/•/A Steel conduit has been around 
being steel and rigid vou'lluse /•f alongtime. Always will be 
and install fewer saddle . // 929A around. Becauxe you know 
Clamps /1 Ift youcantrustit. For 

MRT Bart„ns manufac- 
.• - reliability 

tires tw,) bteel conduit •. - performance system and they're available - durability 
at any electrical whbiles,lter. •' l - versatility 
Powercoreisa steel conduit IET • * there's notlinig quite 
system fc,ruxe in w aretiouses,1•••• I like steel. Sowhen 
factories, highrises, decking 2 youre installing a con- 
and the mines. It's available duit sybtcm, specify Nteel. 
in 20 mrn, 25 Inm. 32 i1 min, You'll never come short. 

1/ MAT \ 

•BARTONV 44 easilock 
LTU-OPI•DIVISION*20 povercore 



Of the remaining 11 accidents. some would have been avoid- 1. At 12rni, ittripsat200MA; 
ed if the installatiom had been protected by a earth leak· 
le relay. These accidenl included touching a live #ashlin, 2. At 18 ms, Ittripsa,58 MA; and 
and working M a llicinstallation. 

3. AljOms,itiri//24MA 
In receni year, we have not experienced an> damage to re. 
lays die te tightning. We hive ale had no prolem wlhthe Dange/0 Heal Ventricularp·,brnlation is al leaN, 300 ms at 
relays tripping due to lightning ;n Ihe vicinity, priwided the * 105 MA. 

surge arre„or I mounted on the line side /the earth leak- 
agerelay. Therefore. if an earth leaka# relay M installed, the prn- 

b;,bility of heart failure, duc 10 electric shock, I negligahle. 
Mr President, we *ould support the /c,immendal- th.,1 
earth MR G[I.MOUR : Affiliate leakage relays be made mandatory. 

MR D C PALSER When : Cape Town introducing me thi, morning, prior to delivering my 
paper on corrosion. the Praident mentioned thal th,6 6 the 

Mr President. without in any wa, detracling from theun ¢hird piper I was presenting to the AMEE My fir,t paper 
doubled adiantageh dealt with u f earth leakage relays, [ do 1,01 the subject of electrical accidents and that was pre· we 

in Nenk/ at thecon•entian. held in Margate,{luring May 1963. South Africa have t•nded ti, go a little overboard in the In promotion ofth I excellenl deflce! this paper. I pre,ented graphs equating eleetrocutions 
uith total con,umption of electricity und numbers of con· 

I fulb agrce'hat theprovihionof carlhleakage sumers. lnareport h thechairmanoran /eclricalcontrac reta>Nonn" 
d/mestic install.,tion, tor'N should be mandatory amelation published in a Cape Town a, pre,entl> ne,upaper re· 

provided for in the Wiring Code. buthonestly cently, 1 similar relation belieir that was given, according t„ which 
there appeared to be their installation also maidatory on all exislinR in· little changed in making 21 >cars. 

stall:lims / quite u{,warranted! 
In 1963. earlh leakage relai were virtually slill in their in- 

We. in Cape Town. prolmbly hm· more dom/gic consum- fulle> Ind considering Ihe quan,ity / rel.Us in,talledidnce 
Ihen. I wonder if the crs latest figures are correct and how and Ihan any other municip/ electrieity undertaking in the i,hcrc 

countr> - currently elk,Ne on 200 00(). But oper the pas: 30 Ihcy were obtailleu. 
years ar In, I knt,w of only 180 ingtanceN wh•r' electrocu- 
lions MR BARNARD : Praidenl could piellil> have ken pre•ent•d had earth leakage 
relaysbeen Wallit. 

If 1 may j u# muke u *hort com men[. 7111# 15 1, subject w ith 
1 hich [ Al pre,enl we ©¥timatc thal well over „ Ihird of have W heen pery deep[) involved during the ]/st few our 

d.im<tic in/allalions i,ithdouble are now I o¥/red b, earth leakage pears..lohannesburghas a fully earthed 6¥stem pro· 
teeth. Under the carlh wlreg on pre,ent - Irnd qui te alleq unite - provision low voltagu overhead lines. 
of th, Wiring ( ode, I believe [hat i/will not be unduly long 
before· moqI initallalions Since 1940. an earth connection haN been provided to the art· proted 

municipal earth system on the rinsulner'% premlses. Prior 
I 10 1940. we did a/nordingly Ne„ no need Ii, make tile proi/on or earth not pro,ide *his earth /•innection. A large 

m*M on nuniber IMkw 6/ of con,iumers in al] existing i,wtallalion*. the older suburbs had to make u18£ 

of their cold water sy,tem as their ma•n earth, More re- 
'rhen Mr Pre,;ident. a, fur 11% ,¢1:,tiNtics cently. with m.dor problemwith the water supply in Jnhan- are innierned. >ou 
mighl be ava re of the no, ti, mihip Mitchell. Plain, n„hurg. the Nte/1 a cit> water systern was replaced with non- 
for metallic 250 11(10 people and 25 000 himea. Al[ these how;es water mains. In all buch i·(in,umer areas. th con· 

were 
without equipped wilh Larlh leakage relayi. Our %,Imer iN left un corth whith record, indicate cmnplies with the wir· 

thall{M) of thee relays faikd during che guarantee period ingregulati<ink. 
and were replaced by the manufacturer, Thl is a failure 
ralrof,25°•. In /udyinf IL, problem. [he Johannesburg City Council 

hag taken the decision that we will provide an earth conneo 
MHKNUSSE:Affiliate lion to all our consumers, at a cos[ of R600000 over the nexl 

3,ears. 
Mr President. in reply to Mr Walter. I would like to make 
1he In f€,11(iwingcommci,14: the inicrim. th; comumer will have to make,Ure Ihat his 

systcm willoperate under certain earth fault conditions. 
1.In niost earth Ic,kalle unit% the ist button i,perali•>n will 

mmulale an We recommend earth fault and n••t trip the unit to mechanialy consurners that they inNtall a 2S milli-amp 
carlh only. twkagerelay. in order tocomp[} with theregulations. 

2.1[kinemarninitiwill fa i lutrifthe releage mcchani,imor MR i M]DI)].ECOTE : Honurilry Member Ihe unit hecornes faully. The pwer •uppi, 6 inierrupti·.1. 
Iii%turicall, w; liuve develuped ,1,1 exeellent prndul We 

MR PrOLMAY: Affille Flarted iIi "53 and wer©PU u·er' inthew<'ld."Berien· 
Ihi,Nid,>tiL and went a lillie larin our wnxitiviti - 'Liwn 10 5 

Mr Pre/dent. SABS '67 of 14*2 i, tile le,1 ad, rir earth millinimm and,uffired frinn mitabilit>. But Iheyears have 
leakag e· relays. The SARS Curve· and 1,/ „rf di ne / given us a g,Mid produa. 11 i: stablcand ] belie.·irour man. 

1]fu(qurers combine to apply .mild quably c,il,trul. we will 
1.50 ms a pplying 300 MA; have limetrouble. 

1. 200 m%app]>ing = 52 MA; and I believe that wilh [he presenk <11•.idard ofearth leakage re· 
lays-and IheSABS ran cunli,lue to imprimthe standard - 

1.30(Im•applying=24MA, it /6 ad)·ikable in th. inierit ur public Narity tocontinue io 
prornote 11% use. 1 bellie. aithe President, 11™1 111/ hhouId 

TeNA by the· SABS (in nur earth leakage relayh areas fol[,m continue lo be made compulsor, lin all inen installatin,h wnd 
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only be made compulsory on socket outlets. It is actv•ahle MR P BO·rES : Roodepoort 
thouoh /0 take precautions againit 'purious tripping or for 
eumple supplies to refrigeration or essential lighting cir. Mnr die Pr/dent, ek steun u ten de. Wanneer aardlek 
€UitN. bewiliging aang¢bring word in n huis behoon dit net op 

sokultgan• te Rees en nie op ligle- en stoon.Appplings „le. 
MR I BARNARD: President Problelne word ondervind met die gehrinik van die aardlek 

eenheid, wai as s[nolkakelaar *ebrlink word ter wilie ian 
Gentlemen. we hme H major point of difference. 1 suggest koblebesparing. Dit is nodig dal die installering 1/ 

enpulsor installalion of earth leakage relaystl,al[K•,•ket aardlekeenhede slegs op sokuitgange, so spoedig moonitik 
outlets for allinstallations wilhin Ihree year,. verpligtend gemaak word. 

into account the effects of unhalance and diversity in 
accordance witti the A.C E report No. 13 (19(/,) on 

RETICULATION OF NEW TOWNSHIPS ·'The design of medium voltage underground netwarki 
for new hous/gesims" acceried bythe !9660,nfer. 

Ry f K wl, Ahlfic• Pr Fng ence of Chief Engineen of the Electricity Area Boards 
in the Unhed Kingdom. It i:. however. accepted that 
the unbalance and divers„ correcdon facto„ taken 

This topic re re n to the guideline, fo, the proviNion of from en the report will require fur,her examination in the 
gineeril,8 •er.ices in res/lential township. ig ued in 1981 by liphl of Routh A frican experience, but in theat,Rence of 
the Department of Communit> De.elopment and expen specific data similar te that offered in the A.C.E. re- 
ence and feedback 50 far gained uith the applicalion there- F hwas decided maCCept Re chartused by D,irhan 
of persuant ta #he NBRI.CSIR Seminar, Guidelines for Corparation Electricity Departmen[ as astarting point. 
Townymp Services th:it were held in Pretoria, Cape Town, 
Port Ellzubeth und Durban dullfig Febrliary/March 1984 The comment thar th¢ calculated voliage drops u,Ing 
Repem Seminars in Blocnitontein and Windhnek are being the data within the guidelines doeq not agree with the 
conlemplated voltage drops obtained when uine the chart contd 

however not be sub,[antialed a, The chart proves to be 
/n the firs, mince it mlist be recorded Ihit the attendanre sufficientlv accurate for thi• purpose and incorporates 
by AMEU En@ineer Member, at tlms/ Seminars wi- most unbalance and diversity factors which varY accordingto 
d]Happolting in comparison to the attendance h¥ Consil the nilmber of consumers an/ the ADMD applied 
ing Flectr,eal Enginee.TR and the municipal feedback there- 
fore vcr>limited Howeper, tho followng poinic did:wise 
after the preint:illon and dirm„ion af the electrial (lk- Mr Ken Murphy. the We•.tern Cape AMEI 'represen 
Dibution seclion of the guideline whkh may be of interest #50 on the Ele¢!rical Workme Subcommince. com. 
te Engineer Member&· me/ed th/ w/h ele/ric cooling commonpla<e in 

South Africa and our reasonable electricity iariffs for 

1. DESIGN ADMD doniestic enniumerf, rhe use of M conditioninV on 
donneslic premises is becon,ing popular and cans,de:r- 

Consulting engineers e,:Fre».ed concern regarding the ing these factors andaclu,i load readings t•ken, the d 
possibility of overdesignine the 1/4 g o k age distribiairn, wity and unbal//Ce figureR men in the euritelineR 
network if [his is designed in accordance with the are considered realistic. Wr Pa[ Mwidlecote of the 

guidelines an d paramelers given SARS at the recent AMI%il C,nvention dIAD made re- 
ference to the /DIMIdurable valtage fluctualion experi 

11 wim ubmit/ed h) Mr. Dan I lull i,f Durban Corpora- enced m this cou/rv which confirm, tha, low voltage 
6 Electricit) Department. the Natal AMR distribution networks are often underde,ig,led or soon 
represelitati•e on the Electric:11 Wnrking Subcornmit- become overloaded. 
tee, that thehe contentions require careful examination 
and further information will be required on the ha<ic 1[ •o,ild there fare appea, thalliestatutory percentage 
ADMD, unhalance and divenity par:imeter• used in wittage drop laid down for Ihis mintry in/1/ing tile 
the:xample. Theguideline: onlyprovideguid,mee for pr€?sent standard voltage may need !0 he reviewed to 
the helection of ADMD·s considered appropriate fur enhance more economic low vottage &„bution nci- 
luture residential lawn.hipx in So/h Afr/a but ,[re„ works for future re,idenial tov,n/[ps 
the wed to m,/1 4 [hese in the lighl offunher Joca) in- 
vesligation and experle,uir. 

3. SERV]CE ARRANGEMENTS 
1ndicatlons m (he ADID, coilld wary signific:intl> 
for groups of eonskimers whoa[ first sight would 1/ teml, of appear the guideline, xer,ite cables ean be le/- 

to fall 11!10 a particular calegory or grouping and iointed oreolmected tomin,-pithirsor meterilig kiosks 
€)bviously a ehoice of a too high ADMD for design situated on the erf pur- boundur> und the poinl of supply 1 
poscs will rehuk in oversized cables andiner/afed cost. considered to k where,heservice:ablecrossest he erf 

boundary 
Local knoiledge and experience will therefore he 311 
Important in the final rhoice <1 The ADM D for design 12 was however the genern[ opinion eipresbed by 
purposes [aking into conf.ideration the application of Engineer Members at the Semlnar·· thai this point 
any load man:LF""nt #ems and accepTable .0]tage should he the hupplien metering point on the err boun- 
variation, applicable to low voltage datribillion net- dar> or at the mete, cabinet where Ihis is provided on 

work, 1/ South Africa. the Mside wall of a dweding. At tliebe pollislatutory 
voltage check, m.* readiN he made Membeiof the 

2. VOI.TAGF DROPCHART V/SPOLTAGEDROP Commitlee which drew up le guideline, felt th/ vo]- 
CA[,CilLAT]ONS tilge checks at ihe point 'f supply w.re not essential. 

The point of elm could also bc a buried joint on the 
The voltage drop chart included in the guidelines takes boundary 
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No doulit diNcussion •ind turiher opinion, by Eneincer DESIGN ADM]) 
Members on (hus inue will he appreciated :91 ihi, 

Te¢hnical m.e,in,.md if n«:hury the guidelinc: could 'lie deNign Al)MI) figures in the guide lille* h.m prined 
be upda/d decordingly quile realiMIie and give Ihe dehigncr *ri,imil• Nrope ti inrel 

indi,idual cir/11,1,•tances. 
4. EARTH]NG 

In the c,!He /r Mitel,elk Plain in Ca / ·rown, a /·i, In,in nf 
The carthing 01 111, electrical v,„em as prescribed iii 25 1)00 holl,I·N. the rete,ant dexign fignre nt / I rt !118 
u r iou, code..m d / N /,it ions a. wel l ,% th e 51:, b 1 •h· pro¥/ glista/ton. Ihe ae,u.,1 lAure .11 Ihe main •111•tati.in 
ment of 18 uitable earth as recornmended ill The being.7 kVAperconsumer. 
guid/ne<. found gener:,1 uecepi:ince :ind eould b¢ ex 
tended further by Ihe guideline prc.ently being pre- MM·F AlkkAN(•F.ME•'IN 
Fared bY a Sub-commince of The AM/.I] for the 

earthing .in d prolection of & d# overhc:Hi power rhe poilit of »upply i K liket, to rimain ,1 2·<int:nili,„s i„„e. 
hner in ihe event of a brnken or fallen conductor in We prefer 11, de,·,inate th, point Of,upp] 0 2, Ih, poinl of er 

1/rm, 01 re,ulalion (56 of [he Faciories Act min,/lon {in Ihi c,inhurner, prem INes, But one could prob,- 
1,1.y argut·,hal making the point of x,ipply th,· errl,oundar, 

5. STREETILIGHTING a|M, hah •ertain advantage•.. 

1 he ,[ree Il,gltrin, To bc /,0 ded m pure[, r„identi,il ]f il 1,1%not /]ready liM hme I woul{I,ugge·/thai ai,urh- 
roa.1, :11 8 ]„wer leve 1 1 h:in (hmil pre•cribed i n the SABS 1/mnair, 1% addr/,ed 10 2,11 .AMEU' inern/,·r* ri,quiring 
Cock of Prnenee for 1411,lie [ I 1 [ing 5 recommended „hich %. tem they follon And ih; re/,0,1, ,•11,. A prn,er 
hv ihi· Working Sub-conimiltee w,IM not gener:ill, am,Im„1 le p/041,[Id con,Ulh ec(inoinicand praitical. 
:mp ble. h w:/mencianed at the Scm/:min (·ape could then b; undertaken m a balanced and rational inar· 
lown .,ad Port [-1[ A.·ch Il n linluen[ reque,h are ncr. 

being received to rrov,J: a Ineher laelo[ ligh,ine in rc. 
hide/[ 01 lown/,px for 4:,fety .Ind ,·coril, re,bon, 'INEET I.1(:11'ING 
e,pce]:111, in to-™hips for [lie ct)loured /©plilitlon 
gr'.Im 1 ti,tally Iip/ne· any rn've li) red'ce lighting 1,·irk liel" 

/ m pr,·Nenlb laid down in ¢ hi·.SABS(·4/· 1•railice fur 
It wa, 1 lie refore recominended I hat rhe SABS C.,de be 114· 1.ightill•,)1'14]blit Road,A, ,·miainl) in urhanareai. 8 
M.imentled»provil· forlower lewlsolsneetlichi- 1 hr e,in / rar> . ., cm· mild prob:,1,1, b L /1,,d e 1•,11 /•)1· ine rt /,· 
inc iii re'identialrown'hip'. init I'vel iii Ihe inter"I ')1'.Necurih . 

6. I.OC\IN)>.OFil<RVICES [N RO.Al)kESFRVE.S 10( A rION OFNERVIL I'N IN ki).U) 141:SERVILS 

1 he A MI tl J 111,1 h„ kl H r:ineh dul not lind ih, i,ro»al Iii Cape Tim/*i·Ii,vefi,und / lie.•t top|•ier•Ire,4 |i•|ili,1,1 
m the guiddin„:ic·zeph,hk 11:11 .[reet light pole, he pnk, on /he properl> 1„14„,11/r> . with appripri.itc out- 
/1./ed :iguiln[ 11/ crt bound:in i rurely re,idential re/cht'%. ii: /hr 1.>wer s,/1.1 1 cla,4 are·.1• whered.rni.1/, dir Iii 
rn:,{IN where·A th,· E!,gincer Menillen pre...il (lie mix prcullent. In ,]pperin,»mrarea™here thrinrid,m 
Seminarh 111 ( 1,/c Town:'/ 1)111·1).in ladi 11,1 * e·won of dilinage 6 fur 10*rr. 0 kip hinh·rn' m] the kerli h."·c 
and Jo in f.lat 1,1.4 The lial s #ell b./ k all:,ing th :r pr.-1 guilt· Mat./.ry Ind is le pre'.ed arral.:mtn!. 
ho,Indan in reqdernial lownships [o :ip,id whtricling 
rede'[ran (raffic .1 well .16 4. h cul.ir dan ige 1.) t„„h 
th¢ miles tot i.,c•lightin.g aill lor lot, vollage Ive•- 
lie,id di'[riburi,in networks, 

STRANDED COMPACTED Al.UMINII:M 
runher orinions on thr, 5411¢ WL!| Iheretore be wei- CA1 1 I.EVERS LISSO I.]HIALCA[; I.E 
Ming .L, Ihi, mee zing .0 11 r fluil prop•„%||, c,„1 be .ub- Ih i B Mirl I 
mi,[:d [o amend (11, p lell,le. 1,1 *ili[ [hereduireinc M 
:ind re«hot memlic, untkn :ikings:ind [30011. 

7. GENERAL 
Sohaconduclorpowercable, iii 1,/ge/+Awric firs' E,·d 
am·ing World War 2 in Berlin In conctil,lon hy Br.WAG. the kie. 1 .„ppl, / can be saidi lh./ ihe' Ruide!,ne£ forele,·- aulhority tricil ..1 :in 

i....ion f.[ind Keli'ral .....il ... emergelic; nie :-re nlev were.howeef, .'cer- 10/ d ,/./1.1LI,Nor . able» :ind the ide:i w:t, .11,/ nilimed,/ the t.ince .11 dic Saminars :ind Li is. lu,red te),iI with 1 unher ellot the M'ar [irenilined w kl Alill ¢ edluik tron er,incer inembel r -Rh the phictical m ,FLA:110 . 

Man|e' R.'C. [.' Ill|• md.....·'I M 
intple Incniaii,in Ther'ent th:it e. ploil the ./dill• The, c ineven,i:.,11* hr lip pilic .11-111]um in ifie tormol 41:ip,d *eekin fer low w[- dal. w nill th/lhrl:il .ind....mic ne./ . all 

t.•ge¢able,(! woliderif:Lii dele:'·ar reniembenti,in hum 
the [0914 obc,1 Huleli Aluminium N is knom'n :i• the 

Al,iminiwn' "4:in• 4'f Sauth A fii•.,) 

11#'lhe late 195(11 !4[:inle, • :i. wi„kin# 101 he Atimimim, 

IndUSIN in Brihil.. prainolingthe /•e Oi'.ill,miniimi iii :lee 
1)]AC[UNS[ON - I]ENPREKINC; trical *pIle.Hionx. but /:14 110[ h.- IR much .ule e.6 m [te 

e ble indisiv He rehned the ide.1 01 ih:, „,1,.1 al,in,nium 
eonductor in[.1 a lo• doltage threernle obleal .*·linite|v 

a mour 'imprising 11:/11|11/Imiumwir, 1 1111. Cavecic./le 
©1 minimum dialne['·r wilth no filler, ind I,EN.1% 1•Al.NI.14.('lle 'h' lili Ill,110!LU]11 

amou [of mul:Mgma[' rial, Ihil.parti.,1 |6 i,ft .ellinellk· 
W d.,1 the I.1401 4,ze of :,lumimurn ent.]¢, re,Ul[JI m 

l'hi· followilig c,imilit·,11• 1,11„/ m Ii,ir e,perierre m (·ape more *I:ition mater!:/ being required A ke' 1//11 In 
lan,nniln bral intorc 4( hi, . 9./;114 N':I ·1]M.[bat 11,Lh L 11111,4 v.Ludi lie .1,(Ilm,111]y 
101 '. MEOTE€,vl t,E VLROADERING - ST l] Ef!15[ R WN.1 
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INTHE CHEMICAL lAIMJSrRY 
f: I. SOME THINGS CAN'l BE 

COMPROMISED. 
Tliere are tools of every Ira.*, that are 

Co vital to the I mining of an operation. Like the 
r .> 041.· range Of ' wlichgear, controlgear at•d 6•dugnal 

*em> •rf , I e!,rtionics lioni Klockne, -Moeller, renowned , 
for thei, i eliability =1 operational integrity, 

ti#3 1 R) yovule thal your power usage i, opli.ised 
withotl[ b,·dikdown or di•rupli•)n. 

: (./ 11* 1 34- A VIA : And wh a nationwicle network at' 
tech,iied of'fices. factories and diStributors, 

)4 \ ic" RE're alway• on ha,0 to provide expellise and 
migtmee. Wilhin' coiripmnise. 

N#53 a 
lE,11 Mi,[•ir c "I. Swliclwe:u . 1,+INili@ 110:1,0,1,4 

•products] 3. 



simple m make, not requiring wire drawing and stranding fliamerer. more difficult to bend and le,& economical. Sec- 
eqi.ipment. and that they could be produced b¥ manufac- ondlY. full> anr,ealed cable cores are not kine used which 
turers engaged in ihe produclion of hare overhead trans- also makes rhe cable morc difficult to bend. This facor of 

mi,ision line, hy the addition only of equipment forcxtrud- ease of handling is becoming much more important today 
ing Ihe PVC insulate and la ing upthe cable cores This a, with increaxed loads much larger cables are being uied 
strategy was succe„Fill in th.lathe firt British manufacturer than when the idea of solidal was first conceived. 

of solidal cables w„ Aluminium Wire and Cable Company 
(AWCO), who had previoush ont# produced transmission There have ako over the intervening year, been condder 
lineconductors able adiances in cable making technolouy. Particularly as 

regard, the manufacture of cable cores. we now have ¥cry 
In South Africa, the first manufacturer was Scottlsh Cables high speed wire drawing machines cap,ble of drawing all 
who had the advanlage of being cloxe to an aluminium 6 wires for a stranded core in [ess time rhan it lakes zo 

e*tru€ian plant in Pietermaritzburg. which could produce pm;h a wlid core our of an extruvion press. Then. there 

solid sector, by extruding them Thc first large iniallation have al*o been considerable adums m machines for 

of aluminium cable in South Africa was b/hu Municipati,% stranding and compacting cores and h now pohsible to 
of Bloc m fantein . whii,/ 196(] Installed / 00(lfeet of 0,2 in- pr„duce a stranded core with vlmo/ as good a space faclor 
cable in what waR then the new suburb of t/mve„itas At and shape /5 a solid core. finally, cable crimping 
the time ihis was Ihe I argesl insallanon inthc world for this techniques for aluminium cables have been improved to rhe 
type ofcabic. ·.tage that it Ls possible to obtain better joint!, on „randed 

than on molid cable. 

This was all rather a longtime ago and ihings change with 
time and 1 am wondering whether the wlidal cable lS nor In Europe. wherealuminium cable, are used ,]mit exclu. 
hecoming outdated. Firstly. two of,he original concepts .ivel. for all sizes over 2.mmt solidal cable' are 'llually 
hawe not been followed,hrough The concentric neutral' unknown. They sccm to feel that with the larger sizes of 
armour for L,se on prOICCUve m u kirk carthed Sy/Cm, has cable used loday. the greater difficully in handling and 
noi hee,1 wirlely adopied Four corecables with round wire bending salidal cable, outweighs the %avings, if any. cam- 
arm,uring have been preferred resulting In a cable of larger Fared to compacted and shaped „randa d cables. 

PROGRESS REPORT 

VORDERINGS VERSLAE 

4.3 Hem 4.2{dn Nuwe 16-A-kontakpropen -sok 
Die ]/Ilandevan die be trokke IFK.k•imitee moe! nie 

SABS CO-ORDINATING COMMITTEE later nie as Oktobir 1984 oor die voont:He vir ·n in- 

REPOR'] ternahionalc •[andiard kontakprop en .sok stem 

(SABS mondelin,16.) KOORD]NERENDE SABS-KOMI'l'EL 
VERSLAG 4.4 Item 4.24:1: Gebruikskode virdic bedrading van per· 

sele 
Fugenc Pre,iini,• 

44 1 Subitem [li): Stopkontal,te w[oe,nere /an „oan. 

*ae. 

][ierdie aunweleentheid i.11 heelwa:irsk/nlik. a• ren 

1 Die led: van hierdic Konlitee is mnre J A Loubser. J K w bac item op die betrokke agenda, deur W<54 
M Ahlften en E de •· Pre!,iriu• 6 Imer,•eper). (van de TIonfk„mitee) hespreck ward /p 49 

cers'olgentle vergadering in Oktober 19*ten enige 
2. T ensy and¢h veste!. dek hierd c ver,lag die tydperk 1 aanbe veling Mal daarna na die Hoofknmiree ver/,4 

Julie 1983 to, )(1 Junie 1984 ( V or,ge elae he die lyd· word xir 'n finale bes[uir. 0„k die kwessie van indi- 

perk ¥oor 1 Julie 1981 reed• gedek.) vid,]ele nardlekrele, vir elke wonni:, s.,1 LA heroor 

weginggenecm word. (SABS mondelings.) 
3. Toten met 10 Augustus 1984hetdie Komiteec kier ver- 

/der. Op 2 Maart 1984 + migh,ire me.prekingN met 4,4 2 Sub [tem (im: Regulation5.4.3(b)(6) 
die SARR gev{•er ,••r di,e••t, ailligeleelitliede. (Rietittionmet.Aliewirew:GO 'Th/SARS,ubm/led 

ihe following proposed amendment M the Main 

dieverslagaandie 198.1. Kirn,en Comminee (by correspondence) "Wilh the 4. take nirlprullend uit excel)- 
sie, 

tion of ,er[ical runs. wireways in,„Hed under plab 
ter #all he in I,illed not more Khan 60 m m frome il- 

ligor 12(K) mm from no/r,and rol les, th.in 100 
4. I Iii·rn 4.libl: Standa•,rdlaebpanning. inin from ceilings Aoors and the vertical sides of 

Die H„eveldrak het me[ 'n iwirwrld,gencle meer ili,or frame. and window orenineR. All wireways 
i I r rhc id besj uit l een di e .1 in be ve l i ng v. i ii d i t· K u m i l e c under plaster <huill be :ithar ve / ical or horizontal" 
noamlik dat die VM[/ nie die oor//ketiny na ·n 
RfA·£1/ndaardspanning van 230/4110 V rn lilaa,, van According !0 verbal inform.ition from the SABS. 
die hindige 220,3110 V. mun nie. 6 propal met with oppoRition or adverse com- 

ment fromeertain mcmbers of the Main Committec. 
4.2 Item 4./e): Slandmard spesifika* vir /nof:,ansluil. The r,laller will now be thr:„hed oi,1 hp WG< at •16 

ers(·l,untakiukkel m mec•ing scheduled for October Ihis year. 
Ile SA BS hot 'n v.,orvervaardiginjusender·.nekwae 
ly, i,an allc bela,!Rhebbendc pariye ui,ye.tuu, 5. Diverse iangeteenthede 

1(]2 VMEOTEGNIESEVERGADER]NG-SEPTEMBER 1984 



5.1 Die SABS het besluit om n enk/le Komitee op die ruarp 1985 meeting: publication will follow shortly 
been te bring om ·n oarkoepelende stan. thereafter (M P P Clarke.) 
daard,pesifikage vir elcktriese kabels en geleier€ op 
ie Atel wal Ingevee/7 beraande kabelipes, fikal ieq *al e J Projek nr. 791/30170: SARS 780-1979 

saamvat (o.a SABS 97. 15(len 1339) 3 spreidingstransformators: 
Wysiging nr 3: Die spesifikasie i€ ge/Ysig deur 2' 5.2 In opdrag vin dle VMF.0 9/ I litvoerende R.„rl is 'n Hrandering van die verwysing na omgewing,fugte 

per,nek /an die SinG geng om die Gehnlik8kr>de p r pera•lurf.re') ;,1 die vere.. .an m.:jimum tern· 

die Redrading van Per,ele so ie wy,ig dat'n voor- poratuurstyging, die toetsmetode vir die meting .an 
siener die reg s,1 ha om re verei• dat 'n elekiriese in- nullasverlies en nullasstroom en die voorstelling ian 
stalla,le dcur <lu#ingsweerders, op die hoofverd//1- n tipiex driefasige prim/rewikkelingsverbinding, en 
bird. beskerm moct word. Die AABS Ree aandag deur sekere knrrek•iefaktore u,epaslik re. maak 
hieraan gedure/de'n ter,[per:/uu,stygingstoets 

5.5 Die SARShetsykommerternoormynitiespreekoor 6. to Projekno. 791 50310: LV Nistemearthing: 
die noglopende kondonoring van Rekere voor- The preparation of a Code of Practice for PME. Sys· 
sienings,werhede van die instal]:ring van onder an- ems 8 starting and will be ba,ed on the AMILIJ and 
dere kabel, er, ge·.ormrich.il·./roombreker, wat nie SAIR/. recommendation, Iti expected toheavaila- 
voldoen aan die betrokke SABS-spesifikage nie ble for eom mentin 1985 and I not,%/ected,o involve 
It aie hi ervan 1, VIMI• l w·, fe [actige Reh alte en ve, ligh eid . protracted approvals process (M P P Clarke.) 

VMED led: word versoek nin hierof' hedag te wee, 6.11 SABS 0199: Design and installation of earth ele¢- 
Ir(*les: 

6 Vilr,le.·ingN,er/:ie/Progre•, repor, A Completely new document has been prepared and 
finalized. It will he submitied [o ihe SA BS hoar.1 f/r 

6.1 Projek nr. 712'50220: Mohil'lf knmmi,nikasietoeri,+ approval in (}ct/ber 1984 and published thereafter. 
ing ulandgebruik (M P P Clarke) 
Die konge/pe·.ifikasie i. op? AL Wqus [984 deurdie 
betrokke komilee „orweeg. (SABS.) 6.12 A draft Code „f Practice for larthung of Induxtrial 

Power Swems has now been prepared and will be is- 
6 2 Projrct no. 721/501140: Ti,Ing,ten filame,1 IS electric sued for commen, shorlly (M P P Clarke.) 

lamps: 
Amendmen, no. I: The specification has been 6.13 Ook aan die volgende projekie ic wysigingi .non,e- 
ainended tri In,-reabe the tolerance in the requircment bring: 
tor initia l power. (J K w A h Ift:n ). 721/5()1)60 Minne·armati,re virtloures,/crl:impe 

721/501(]1) Ball.gIevirtluoresseerlampe(SABS) 
6.3 pr,*ct n.. 721/50120 (SABSS 1250·19793: <·,paeit.•, 

for use with nuoresce,1 and otherdischarge lampbal. 6.14 Van die betrokke legnie·.e komite/shei .<,rnmige ver 
laits: gader: ander w/siging„, hy wy,e van kirresponden. 
Amendment no. 1:the specificatlori has been sic af/handel. 
amended to change the requircmerus for the c:,plici 
*80[ c.,pacit,ir e|emen[b al maximum tempera 7. Ek wil my dank betuig [denuor dic SABS en die be- 

lure. ,/paL/„, A,*m. and the cond/lon in reSpeCt Of Rke VMFO-verteenw Miligen vir ommige var, die 

Auppli voll.ige of the endurance in (A Txd Berg inli/ing in hierdie •en,[ag. 
verbal) 

6 4 Projek nr. 751/51)010 (SABS 01412):Gebruik,kile ;ir 
die bedradii,/ /an per/11: 
Wy·,iging nr 2 Dte k„de 1. gens,g om ilic inae 

ligineprosed,re (·authoriza,lon pr,/edure") te Des. SATEKG-VERSLAG 
iwiedig (VMEO-led, is deurmiddel van die VMEO. lilli 'tuh 
hulletin van hic* mlig in kenni' ge·del ) 

6.5 Pr(dek nr. 7St/50110: Halidlugbreukskal,elaar, 
Algchele her„, ning vaii lokument 2 en 3 is op ]984- 

Soos reeds aan die Rvoerende Bes,uur,lede verstag ge 05-23 aunvaarm, onderhoeke Wal die SABS versock doen is. word sekere verbruikers. bOOS 
•alom teancernecm (J K von Ablfien.) hospitale. 

ou/e h uise e n soroortj . 9 n d l e voorketirly< ili rge,]m I 
6.6 Projeci no. 761/50020 (SABS 97): ln,pngnated paper. Dit 1, dus duidelik dat ins nett n klein ulat 'd 'Etric coble' auntal verbruikerb. in· 

Amendment n, 4: The Npt:C]fication has been dien enige. kwahtiseer vii noodking. 
amended to ch:inge the detinition for •·Ac·c eptable 
and certu,2 requlrement, h.1 marking 0 K Noodkrag, dit u von l. wanmeer minder as 30% opwek 

kingsvermne beskikliaar Ah Iften). isen ook net gedurendeitie eerste 
48 uur, sal na alle waa sky,ll,kheid voura fjwgaan word deur 

6 7 Projek /r. 781/50150: Feiligheid van i·lek/ri/Ne toeR n algemone kragonderbreking wa[ te,1 millste 'n paar uur 
sal duur. W·anneer /]le: lerogge,kukel meet word. moct ne, ilie 

Die formaai en besiek van die SABS ve,ligheid· von,keurverbr uikers leruggeskakel word 
'pes]fikasic sal m stren# aangeras word m 

0.•reeniernming met die 11:K Spe•,fik,eue stinder Die Namorale Noodkragplan w grooti,1,5 ·n plan ian hoe 

en,ge wyslging·. (J K von Ah[fte•·) loevoer Inin primerc vourkeurverbrulken herqieisal word. 

6 8 Project m. 79[1500111 i SABS 03): Protectionofs,rue Vir die Mekondere voorkeurver,ruike,b, di[ wil se, indim 
ture'apiN tial'Ing: m-*Ien 704> opwekkingv.crmoe beskikbaar is. sal 
C ommitee work h,r, been compleled. rhe final docu eer/en, die krag adn die voorke,irverbruiker:, ver•,INif 
ment will be submilt//0 0/ SA /5 board al the Feb. word en die halan w dan eweredig n,ider die sekon/re 
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POLE MOUNTING BOX 
WITH DAYLIGHT SWITCH 

• TYPE SDL 

D 

t 

»094 

•Eliminatesneed for time switch 
• Automatic switching of street lights 

at predetermined light level 
• Suitable to switch loads in excessof 

daylight switch rating - via contrac 
tor(40A resistive 24A incandescent) SDL 1 - single phase mit with in- 

• Easymounting tocross arm, pole or tergral daylight switch 
porcelain insulator SDL 2 -singlephasewith PROVISION 

• Fully Insulated, gl•ing excellent for plug-in daylight switch 
dielectic and mechanical SDL 3 -single phasewithaplug n 
properties daylight switch 

•Suppliedwithsingleorthreephase SDL 4 -threephasewith PROVISION 
circuit breaker for plug-in daylight switch 

• Available in 5,15,20,25.30.35 & 40 SDL 5 -threephasewithplug-in 
ampere ratings daylight switch 

•FIVE different designs available 

HENNEIVIANN 
HYDRAUUC MAGNETIC CIRCUIT BREAKERS 

AND EARTH LEAKAGE EQUIPMENT 

.# 3. 



verbr·uikers verde/1 word r.Ike voorgeningsowerheid <al Daar word beoog dat hierdie. die derde vanrke urlys. teen 
dle e le kt hilell aull hom toe Meke,1 verspre, 60 goed as wat die ©inde van September 1985 aan die Werkskomitee van 

prallies moon IiI: 1 en na sy eic goeddunke me[ die veron. SATEKG voorge[8 word en op 1 Ap,11193(,in werking,f.+1 
dertelluit dut priniere veorkeurverhiuiker• tioopte tree. 

Frilriteit val voli sien/ng sal ge'let 'n Pra raia kwota sal 
Reld wanneer 30°4 - 70% kit be,kik baar gogtel word Die beoo,de Wy£igine, aan die workeunmelys sal op ·n 

pergadering,an SATFKG (Krag) 0/ vir 19 Oktoher 1984 
Die voorkeurverbruikers 68 tyste sal bygewerk moct word pereal is. venprei en goedgekeur word. 
en 'n vereenvoudigde waeiv,sal ken die einde vandie iwar 
adn die verbruikers *sluur mow word. Na die ·18 uur noodlocR[and verander die prioriteite d.. 

lies. wanncer ander prioriticte soos die rerskaffing van k 
Alle nuive aansocke vii liligting op dievoorkeurly, en die aan die gemeen,ka p. hospitaaldienxe en ander gemern- 
perandering *,m huidig¢ voorkeurtoewy!,iging!, moct voor skarsdlenuc. meer noodsaikhk word as die verskaffing 
die einde van Apr il 1985 ingedien word un kragaan die primOre voorkeurverbruiker 
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STANDARD]SATION OF STANDAARDISAS]F VAN 
ELECTRICITY TARIFFS ELEKTRISITE[TSTARIEWE 

INTERIM REPORT VOORLOPIGE VERSLAG 

D.·'..Plle, Dolim• F.I.LI 

You will recall,hal 'tourConvention in .loharine•hurg IN U Nal on,hou da[ ek berlede /ar iv:den, ons Kingres in 
year I opened th, discussion on the subject of [he pogsible Johanne.burg die b:.prckine 0/ die onderwerr virn die 
bland„rdi.alion / electri¢ily larifts and prop,Med the mo on,hke St,mdaardls: sic van ¢Ick[ri.Iteitstarle 96 inge ki 
appointrnen, I £1 e.mnlittee lo linc•ligal: illi' inalte, hclen die aansatine van 'n konmee om hierdle 68.Lk te on- 

dersock. vooreestel het. 

I fir/ rald Ihi• subiect at Ihe 1),irlian Ainvention in I975 E k hctin 1975 virdie eente maal hierdle onderwerp b, die bul unfortunately nothine further w.i, dane at the tune Durban-koriere€ geoppler matir ong,·hikkig 1, de,Mdk niks The Eke,UtiVe Coun,MI. however, al ]D. meeting fi,Ilowing perde r daarom [ren[ gedoen i e . Die 1 Jitirrende Raild hel 
last ycm' Convenion m Johannesburg con<idele,1 the egler op sy rergadenng wai ge,0[g hot op verlede jaar „ 
miter and appoinled me „ a one-man cominittee Kingrexin Johannesburydic saak oorweeg¢n my a.'neen- 

inanskomile¢aangesIcl. 
As a fir/ stcp I drafted and ili,lrih,led a elic „lur Lo lili 
A.M E U. members. In thi AN 'n eers,c sulp her ck ·n om,endbrief opeestel en vcr- 
tive i,f the sprei. ] / hierdie exerei•e and 

•™221%,25'2Mt'21 am,endb rie f hel A die doe 1/]t ·.an die / /- 
and an> imuler .·<imli•e•]t4 1 he y Inighl Lure to make. dericming in hoofirckke be,kryf en het afskrifte Yan die 

[ede. tariewe cn eniee knnimenl,wi wat hulle row woo 
lewer, ge. ra. 

In re,ronse thercu) replies were rcce„ed from, 93 iii 

thoritie'.. that is Allb*[.intiallv le». than half Ihe A M r U 11! reaksio daa, op is van 92 /werlwili intwoorde on[vang 
membership .ind on]> aboutaguarier of the tor,11 nuniher wai :[:11™i¢/ik ininder ds die he[ftc v.in di¢ led„al van die 
of eleelrieity under,akings m ihe eounlry. A luriher .ip· VM E O. en stegs ·n kwari v.in dic TOId|2 :lan[/ elek 
proach. therefore. willt be madc to tho£e authoritie• who tr/1/1[Nonderne,ning,1 in die land k ·n Verdere beroep cal 
did not reply in an attemp• to im rm : Ihe return gedoen word up d.unlie owerhede wat nit: 0/.intwi,ord het 

nie 

Nevertheless, dehpir: rhe rather diappointing resminke. Ten spyx van dle effens teleurs,ellende reakilie her dere cert:tin [rend, have emereed in respee:t & the Ihree main nelgin'& nielemin ten op.'ele van iii·,1 tariffgrt>up,>. name 1, hooftariefgrnepe 
na•imlik 

• 1 luishoudellk 
. D.'elic 

• Algemeen en Kommer,aic:t 
• General and Commercial 

• indu:iriele en Gro.„ Gebriliker 
• Industrial and Large User 

na vore gelree •416 
The relevanI figures. expressed a. per.cniages of the total Die iocrailike ,>;fer Lillgedrnk al, prr·,ent:kile. van die m- 
number of authoritieb wht, re.ponded, ..re :15 follow, ™le aania[ owerhede u *reageer her, 1, as polk 

4;/1/Il 1,1•uxrlu] Al,le.•i ..,ille 
l•,n•r•· [r &,r (ir }akl•,r •.Urge 1.••delik Kimi,i,e,· 4;lilli 

11'ier Pr' Gebru•ker 
I. 196) 196' I. I. (%) 

Inimum 'ind/or Se•ice 
0. Ch,rge 78 79 Min,rn,Im ini,•f Dions]•etting ..... 78 79 71 

.•Uit Biua kerraptwity Hi·ffin,•.Dp•mbrek. 
Ch 

L.KL· 
?1 15 

* k.ip;i·.,ie, 
23 

'sTAT:."man .... }leffinpi,pmaksinillrn•(in•raag 
I 92 Enk•1 1, . 

Mul.le 8 M •Ii}u,]112 i . 

E.t·i••('1,•.c 
•Ingle 75 '2 F nk el 72 
Mu[!,ple (or Block> 25 6 I.er,#...... . 16 

[From the abow e figures,he follinwinggeneral fact m.l, be Ull die bogrinklnde xyfers kan die valgend¢ feite afgele; 
ded/eed. w(ird 

DOMESTIC ]WISHODEL[K 

Clearl, the moqt popular r:itc is the conventional·.ingle, Dic gewildste [aricf is onge[wyfeld die konvensionele. 
fixed energY r.ge coupled wilh a minimum and/.1 ;enice enkel, va„gestelde energietarief gckoppet :lan ·n minimum· 
charge thi·. rate being f,voured by aholit threequarier·, of eli/of diensheffing. soo: deur ingeve:r driekwalt w 
Ihu),e who re,/,Aded Less popular, being f.„omed h diegene wal gereage/r het, vcrki/ 15 Minder gewili en 
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{inly Ahoul a 1111;lrter e „ the circull breaker ,_aracitv /:gs deur ongeveer ·n kwart verkie,. iwi, die heffing op 

charge irro,imbreke,·Icap.ilcit. 

A[.GE MEI·N OF KOMMERSIFF]. 
GEAFRU OR COMMFIC·lAi' 

Die palroon i. hier b.,ic !,00/g¢hk aan die v.in die 
The p iltern here Ls very •]mil.1 0 01,]L [or 111/ di)[1]/I„ hu i.11011 d. ]ike gr,ep die e ggic E er.kit syide d., m e:r be- 
yloup. the only difference being Thal more inter,Nt was 1.ing.gelling in 'n m.,k·.iminia.m r.uglal'ief. liaamlik die 
shown i n a in:ix„num den md /,iree. n,imelv the ligal gew,ine (weedeliee in.ik'imum a.invr..igtariet. getoon is, 
tw:.-part maximuni demand tarift. Even su. imk 16% lietemin hc[ sicgs 16 % hicrdie wrin x:mnt:irief verkks 
favoured thuh form of #ir]11 for t] /4 c],i• of cm /ncr 

INDUSRIELE<)¥(;R<)(YI •;El;HU]KER 

IND{.NTRIA],OR LARGEINER Soc„ 'n men, 1.,in jeriwig het, 1. die konvensionele milk· 

.imutnaan + rauglarief wee r eekoppel jan 'n ininimum- cly 

Cle.uly. / one •vt•uld lia,e /Vieeled, by fai the,noitpopu of dien,heffing. on/rufuld verreweg dic mees gewilde 
Ilir rate, i Ilic coi„entional twi. part m.,Nimlini denland •aricf. 

tar L ff. co„pled ag.dit i,.ith.min,mum .ind orservice churge 
Die hogenocmde i.'der. en komine/:„r „ sle# bedoel om 

The al,ove figuies .ind comment' are inle/:] merely ki or hierdic •adium ·n bred. algemene Indruk / gee. Die 
m a hroad. eener,il Impression atthi. '11:,ec Thi miger volginde star I om hierdie verskillende tariewe in meer 

is In ,lud> tlit·he vuxoub tariffs in inore detnil .ind tocom- be,onderhede te be„ud¢er :n om op hulle woor- cn i del¢ 
ment on their rapeclive pro. and 00,3. :1101,2 with an 01/ kommentaar te lewer, saam ret n be•preking in bree 

lineoi the·und/rlyingprinciple; „f 1.ariff formulation trekkc w die onderliegende b./in:e|s van t.irietvasste|. 

ling. 

A further matte, tobe considered /8,11,1, at a 1.aer flage n Verdere wak on, ic <Hirweeg - moon,Jik :ir 'li 1./cre 
1, 1 h e question .2 In whether tariff r.,1,1 : h null be h.„ed 

gadium - 1% di¢ vraail of lariewe gehascir behoort le wor,1 on higorical mi. in the a,iblkhcd traditional manner, or or historiese koge.. voleen. die gevest®de tradibic,ne]C 
un marginal cosis arld cu Trent co.1 or inflationar> aceount. 

nianicr. of op gren» en lopende kik· / inila,ionihtie•e 
Ingpill'ple' bockhoubegin,eis 

It ]Fied tul„,1,eut *a [„ mention herelhuil rhett M F. Dit magook van bel:Ine w# m hier/nound.,1 V M. B. 
21[ a recent meeting .t!.0 considered 'hi, que·.tion of Ihc h 'n mlan,he verg/crine nok dic kweec 9 11, die quin 

hlandariti.:,tion of 01:Clricitv tariff*. I undorst:ind. r houah. daarili.axic vanelektriNL/„St.,ricwe oorweclher Lk ver,· 
Umt :h !1 WA thought th ill 11 mighl prove d]110]1 . apply tain egler dat a.ingen dil die mening was Ual dLl 
/andardked tariffs with // dcure & uniformity.icross moottlik moeilik .ou WCC, om standa:ird[:triew, cenvor 
the countri AN a whole, 11 w & resolved Ihia no further „C mig dcur die hele larld [Oe / 1,11. dir aanv.hir i. dat geen 
tion 1.0 laken now, Init lh,it :11 .1 later „aee colidder.ition verdere or/ed, t.ins onderneem iwrit ine. mair d:/ di[ 4 
might igain he /1,2, m leterring his m :9 cr back to the n ]:tlere ge Icen[he d ooni.e:ga word om d c s:m k terugle 
U M F Actior, Commiltee and lin approaclimade lo hoth •erwv, n., die Aksiekomite van die VMB en heide die 
the A.M F.[J ,indI MI A. fortheireomment, V M E O. en [.M.T R.xen:[dcrvir kommen[aar. 

1 waul,1 #rev. howc.er. [hai whal i, being ink/#/ed is Ek wit egier beklemmon dat wat (undersock word. is die 

the ponsibility of offering cer,/in b.lmc gll'de lines for prnp moonthkheid om „kere have.e rigi,ne vir vooreestelde 
eNed gind ird lariff structures. Thc emph.1.5 here k on st:indaardiarier/rukiur¢ :win re lied Dic klem 52,1 hicrop 
gructuies·' Cle,Irlv „andard or unitorm monetar, rate, "£[ruklurc··. Di[ is duidclik dal stan/.trd- „f eenvorm,ge 

acro,/1,0 countr, are no[ po„ible hecau,e of differingc,irt geld tariewe nor die hele l:ind nic motinilik „ nic ,„ gevnlg 
I'nIC[LI[eh LIS We•l ah becau,•e or diffurcm political Nd in- van ver,kille in kostestruk ture. SOW el:„ wce niverkillende 
Cial eu,N,dints which lend i diciate a degree of cr///ub- politicke en m mt,k:,Flike dwing wa[ neig om ·n mate van 
Sidisation between tariff rate'. wi*selsubcidiering lussen lariewe te dikteer. 

In w,iclus,In I Imild mention thit all being wei / A Ten %10[te wil ek meld dia[ as /]es goed g.mn, ck hoop om'n 
hoped I preswi, a more detaild and comprehens„/ re- meer gedelailleerde en on,vattende verslas bv volgende 
port al next yeill• C,invalion in Bononi. Jitars,Kongre,; £ Be®nitelewer 
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CLOSING SESSION 
AFSLUITINGSESSIE 

MNR J [.Ot.I,SER : Aangeiew. Pre•ident To all of you who have contributed in one way or ani,[her b> 
presenllion o f papers or contribution #ist your presence 

Mnr die Presiden[, dame, en here. ek ieel u berei u nou being here. thi„k you pery much. 
voor vir die afylmtingsfunksie. Voordut u %over gaan, dink 
/ dit 6 01 %, 2/ hier teenwoord 1% is, Ne voorreg om nou u 
dankle le· s/ vir die hale hekwame manier waarinp / die &60 muht express a word of /hanks to Bennie Yan der Walt. 
af@elope twee di hic rdie ,ergadering gelei het. R has bm bul organisingand planning this meetinlror 

month, and his involvement over the 13,1 twi) days. 

Ik weet nie hoeveel poorberciding dil u geknx het nic. ck 
peel (lok dat u vir dle rexte inm,egal danksic/. Ek i„van When it com„ to my good friwd Nico Botha, word, fail me. 
menin, dat u ·n na[[urlike talcit h¢t wat 11 mihkien on. I think he k unbelievable. A pergon who. ,·an beso PUPUf1 r 
der,kat, Alinal van ons 6 berndruk mut die wise w -op u e lth 1,11 council, m ake one a bit Huspicious. I think h, h/4 a 
dir vergadering gek·i h/ en t,i[ net vir us baie dankie daar. wr, good council whi•11 appreciate, a /od City Electrical 
•Of 92. .gineer. 

MIR W BARNARD: I're,ident You know Ihut Nico had acrilical paih nndlogi/kaiplan for 
thi• meeting. with ·in much hack-up prot/clion thnt nothing 

1.adie, and Gcntlcmen. the amliate members of,he AMEU could go wrung. 
area ver> important part of our.•ialion. 

Nico. baie. bale dankie r alles wai Jy ged™ n hel. 

I fu,vi Iried ti, prop-cl an im,lge thal thry arc ni)1 in ally "de 
here t„Ner„ m uther member orthem„c'ia/in. We are in 

A.in m du PlmiS en m/r Lombard wil ek elk ·n 
8 klein geN- U)/t h e r a n d we a l l hu e a rol e to play. 1 w an t t o m 10 kendieoorhindig, 1 'n lit,k vanwaardering¥ir wathulle our iff,11/i member, 1,/im weare ver> appri·ciatiwinrthe ged,ien het 'im hierdie vergadering 6/0,{i] te laat verloop. role thi·> play. Thai / wh, I hmnimenled (,11 a number 
4 /,1,41,1, 1,11 the dirpluy, they have put up / the hinteli. 

P,ni, ladie• and Iwntlcmen. that ci•ncludes thiN Tenth Tech- 
mical Meeting. 1 wish .,ou All a ife murile> borne. 

I wAh ti) Ihank the City Council of Blue mfuntein. all the 
amliale member and other ,»mpanies and organkations, 
who contributed in some or „lher way to the succesg of thi• Die mmadering hel om tch45 op [>insdaR, 11 September 
meeting. aN well as [he programme r,ir the [,die,. 1984.pe, duag. 

OBITUARY 

ARTHITR ROBERT SIBSON 
PAS']' PRESII)ENT OF THEAMEU 1952 - 19S3 

Rlibby. /6 he wa, affectionately kninin in Bulawy«, died nn Thur,day M October 9*1 in his 7Hth rar. 

lie was an accomplbhed tiectrical Fl]Rine•el· of di•lin,·lion, u hi) r,•achcd a gnal in bis pri,fp.xioli.11 curer, ni €'ily Ell'/ rit'11 
Eni,ineer - Bulaway o. when he gic,/A,fully pla,ined, c-strlicwd und commi„icilled dep:11·ti,Mblly. the Buluwayi, 13th 
•ventle Coal Fired, Power Station, the third M be liuili in Bulawaw Ninci• 1 M95 and (ine· •hicti ,/In.IN i,orking wit h Illinuit 
maximum capacit, today. m mi,ni,Inentle hisubility m truly profuNsional Engineer. 

1{' len the [ lectrial Engineering profewn,i 10 5tl,rt m,ther e mer as a successful m /sicilin, 1/,·4)ming 11 iri/tor or IIi; 
/c:,demy of Music and the Bulawayo Philharm,inir Orchestra i, hieh he had co-fou,Ided in 1937. 

He wa, alert and active to the end, working „ Depuly Dircetor and Lecturer in wind 1,14[rul.lent, 

He len- a widew, Dorothy and daughter Stell:i w,1.11 whrim we hhar, 1,1,r „irm * and % in„ re e(irld(,1,11,·eA, 
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TRI PS ZE, 
ON 2 

TIME ... 
LOAD 

TIME AFTER TIME ... 

Fuchs Seltronic circuit breakers -the f irs: 
mouidad Case C cultbreakers witt reliable /0/ 

FAU•T CURREI.1 

?UTSE••1226=8£. 0 
repetitive overloao 0, faultcond,tions .1'd sa'c•,•• N ' 

The MAJOR ADVANTAGE achieved bythe L.:aL SWORT O•.A, Starori c brealer ,„uper,orcoord,nation and 
selective Ir,pping with downstream oev ces LUR//1-- 

selon c breakers are suoplied with ad/Mable 
currenlratingplugs Thus,everbreake wflhe he short delay indicaled in the curve makes 
same nominal ruling can be adjusted on slie to thisd"'Ce,deallysuilable fo'd,recton line 
prevent the interruatio;n of powerto an entire starting 01 motors as it caters lo• initial i, Ah 
plant when one selion soverloaded currents 

The magie:ietrip levels on all three poles A test kit is available for field testing / this 
maybes,m.iltaneouslyadiusted The circu,!tweaker 
Inaracteristics of the short circuit range of tho Selt•onic breakers are complelely 
Seltrcnicstripp'nge,rve(e.g the MCCurve) Interchangeable vah the•requivalenitnermal make it ideally suited lor selective coord,nallon magnetic breaker frame sizes 
with convenlional circuil brizers (e Avaiale g. the KA) from. 

as•rdicated orthegraph Fuchs Electicallndustries 
Division of C u Fuchs Umiteo 

16 Seltronics T g svail/O.F S (0111 864·7940 (031)37-3665 
ern Cape·1021)931-3125/6 

[ern Cape (041)41-2931 
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LANDIS &GYR SERVES 
THE ELECTRICITY SUPPIy INDUSTRY 
WITH A COMPLETE RANGE 
OF ELECTRICITY METERS 
BUILT TO MEET IEC STANDARDS 

h 
1., E- 1 

. 

' LANDIS & 
GYR . 

The world's leading manufacturer of electricity meters 

ASH BROTHERS MEASUREMENT SCONTAOL[PTY]LTD 

METEAING CONTIOL GETEMS NUCLEAR SCIENCES 

1111,1,1• /•1 ••. 1111„111111111111111111111111111111!1'lili„„11111111„„11111111111„1111„ 
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MEMBERSHIP ROLL - LEDELYS 

CRONJE. W . Uennine/ra.,1 17, Graenklonf, helorm 
(1181 

HONORARY MIMBERS- IRE].EDE DAWSON, C F.le,·tricitv, SLippl, Cominnwrm P O IMI 
2408. Durban 4{K©. 
DREYER, \le Killinligar®r.MI 107, Welgemied7510 
DUNSTAN. RS P. O Box 150·14, Finer.,1,1 lilli Forl 
Elizabelh /0 1. 

ANDERSON, RB DR· 262 Thelcher, Field. Linnwood E.KNON. 1GF. P O. Box 24, Mare·,•te 4175 
0081 FORD. WP. 16 Abric, Road. Kloof;6(,0. 
BARTON, RW: P O Bin 29 185. Melville 2109 GAMBLE.JS: 114 rt;rmosaGardrn Villaee, 1.0 11/,416, 
BE[-51 FY W City Flecti ic/ En/]wer,, P O Bor 1//. Plencil'rg 13"·M[)0. 
B[,1.1,va,•• HARVEY. AO 71 G,irden qlle¢t Redhi,use. Pim 
DOWN]r' Gal. Rectary GUIdins, Broudlwaler, Wurth rlizabeih 6001 
ing Swa. England HEASMAN.GIG:P.O Bo):77. Fortliclori,Hi,ime 
DOWNFY. JC 10 Jes:,op Roid Selection Park. Spring% 1 HESS.]: De Roek Curhal I.m. Con„.intia /HOO 
1560. ]IONNIALL GT P O 1101£ 17[)11, G ,enkloul [)027 
EASTMAN. HA: ··'1 Jit· Bay VIA". GIN Rond, Muizen- LIEBENBERG, sl: 141.b,1, 9*. Prelorii, 0001 
her,7945 MOGOWAN, IM: (Ch.,irm.m) The S[and.ird Bank. P.O 
EWING, RG. PC) Bin 779, Emii 1.,indon 52(]0 h 173, Harnre 
FODI N. A· 4 H,ird> Rolld. Se borne. Eli* London 5200. MeGIBSON, 1 P.O Ii{)% 164. C'arletonville 25011 
FRANTZ,ACT 7 New Way M.'11,0/5,Cape-row„74•]5 McINTYRE, HA- 95 Gen *4 Rimil, Three Rive,h 
liALI.E. CR: 32 Connauglit Roud. Picterin•Uiurg .1201 Vereenging 19.1(] 
Itt,GO. H.1. M.„„1/ra:31 IPI. Ft„ 1/ 1 17111 MOLL. EW PO. Box 39663. Bramiey /18 
1 .EISIIMAN, R 66'ran:,Rii.wil, Finm.irent, i Fit., Johan- Me:WN.I.]AM. RA: 202 Nic]12.1,0,1 Strrel. Brutillyn. 
0 burg 2095 Prciori.'OIl 
LOMBARD. C Pti·.bw, ll81. Gorinli•.m-Sli,d 141 l. Ml r[.LIR, W.15 1 Ne!,er Street, Gruaf Reiue[ 6280 
MA]iSIi, TC: 11 Ho•ie Street. Rvnlield. 11:noni ]51%1 POTGIF.'i·FR, NA· Webb,traut 121 1. Oucenswi.d. 
MIDD[.r'.COTF, AA Private lag X191 Pre loria{*Kll Pmoru 0146 

MII,TON, Wll 14 Halford Avenue, Waverley Fu PSOTTA. KIJ W.1]herbestra/1 , 9. Upinek,n 880(1 
Joh•nne,bure. 1192 RE,1011[RT. Wl Pia Im e.qteit•ineeniew i '11]ve.,te'it 
MORRISON, l A : P O. Box 792. River Chih 214,g. van Kilap·:t:id, Priv:iatqi.k, Ri,i,delki,>ch 77*M 
Ml)[.LER, GJ: Wilenekwee 35. B[o:infonteit, 9301 ROSSI.ER. A: 3 Grcenwoii,1 Ri,ad, Pie•rrinaritzburg 
PLOWD[ IN. DC ] I Dch.1 Roild, Winston Ridge 2106 32()1 
SIBSON. AR PO Box,074, 1[ilkide.11,•rate RUSH W: 1.3.5 Emmen Sirce, P o Box 11(14, Viyhe·.1 
SIMPSON. IMO 71 Hunters Way Umgen, Park 4051 31MI 
SM]111, FI.· 1 Ror,Ic> Ross Siteel Aman/imtol, 4125 SCHREUDER, TP P.O Box 591, Vredc/:118160 
STEVENS, F 0 Apsiey Court. 44 3 M u·.grim Road. Dur SM[Tlt. AM· 12 Riwnemnith Stre.el, Suninwi,w.ind, ban 4001 Port Elli.abelh 6()01 
STRASZACKERI RL DR 240 Smith Street. S€'1101.ES, Fll 21)G:win Avenue, Finel>ark 5194. 
Muckleneuk, Pre[oria (]le WILLIAMS. JT P D. Box 1617, Pretari i 1)1101 
TFI 1 .FS..JR Maputo. Republica Papular. De Mocarn WEAKI.Y, SL: 41 1 [o,pital Street, Cradock 51480. 
bique. WYLIE. IUS: P O Box 217 .crn./.11(*1 
1·H[ RON . Gr. Reciho venstralat 7, V.inde /94 Jpark 191)0. 
TURNFR, HT 33 Heaton Nichalk Road, Kliot 3600. 
VAN DER WALT,jL Posbus 749, Garst,intein u[)43 
VAN WVK .IDN: Roo:atraa! 195 Meyer··park [)184 
VON AH] Fr/N, JK: 2,14 1.iltle Killarne> woonsteile. ENGINEER MINBERK- W:FN]11 RNIE DE Ne....1.eg. I I.kirl. SprIng' 156{). 
WADDY. JC: 27 M:bil]I Road. Athlo,ke. Peter- 
marit/burv 320 1. 

ADAMS, CE: City Electrical Ingineer. P.O Box 369, 
Port Elizabelh 6(/11 

PAM MEMBERS- VOORMA[.IGE LEDE AI.GERA. JD· rleklrolegnie•e St:,(kingerieur. Poshill 
16. Rustenbure 03(11 
ANDREWS, KI: Elektrolegnise Sladsingenieur. Postus 
lifi. Wd|Vls1•2•ai 9191) 

A·ITERIDGE. WH P. O. Box 369, Port Elizabelh 6000 B 
BARRIE, JJ 82 Pirbt Avenue. Dunvegan.Eden'.al/ 161/ BAKER. AR Flect,ical Eng,neer, P.O Box 20. Swellen 
BOB EK. KH. 61 We•ville Road, West.ille 3630 dam 6740. 
BOYACK. IF tl-15!h Streel, Men]•• P,irk 0081 nARNARD, W Chty Elect,·Lcal Ellglneer, P O Box 694. BUR TON, CR 54Nlemoria] Road, K mlierley 83()1 Johanne'burg 2(3(10 
CAMPBELI . AR P.O Box 3. Impendhele 45·15. n ARTI1O1.OMEW, WO: P O. Box 47, Kuffiefentein 
/1-INTONI. 8 p O. Box 4648.Johannesburg 20(K• 9986 
CONRADIE. DIR Posbuli 1009, R]oern funle,n gloo. BEARD. GR: Town rleclric,il Engineer. PO. Bux 176, 
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Oraham„own 6140. E 
BEKKER, MI: Elektrategniese Ingenieur, Posbus 96. EHRICII,.lA· Town Electrical Entineer. P O. Box 66 
Louis Trichard/'20 Standerion 2430. 
RECK, Ill: Deputy City Rlectrical Engineer, F.O Box ERACMUS PR-Flektotegnie€.c Ingerieur Po:,bu,2. Se> 529, East London 52{k) und: 2302 
ROOYSENS, 1 ' F.letrotegnie·se Ingenieur, Posbus 155. 
Vrede 2455 
ROSTIOFF. 11: RIektrategniese Stad,ingenicur. Posbus 3, FORTMANN, A[IL: Town Electricallngineer, P O Box 
Vandcrbijlpark 19(30 215, [loksburg 144[). 
BOTES. PJ Elektrolegnte,/ Ingenieur. Poshus 217. FRASER. DI]: City TUretrical Engineer. P O. Box I 47. 
Roodepoort 1725. Durban 4000 

BOTHA, A: f loof, Flektrit:Re Af<le|„lg. Pe,busl, Derma• rRFNICII. [.M· Rnmigh Eng,inety, P O. Box 712, 
22]0. Grey'(iwn 35(X), 
BOTHA. JJ: P O. Box 708. Welkom 9460 FUTCHER. L Municipal Hcirical Engineer. P O. Box 
BOTHA. NS: Elektrolegme,e Ing,meur, Posbu, 3704. 13. Kempion Park 1620 
Bloemfontein 9300. 
BOTH A. PJ Posbu,; 37, Vilio•n·•kroon 4520 G 
BOTH. A: Posbui 6. Delina• 221#) GELDENHUYS. PJA: Po,bus 17. Wolmaranitail 2630. 
BOTHMA. O: Flektrategniese Ing=leur, Posbus 25. GOUSSARD. PJ: lk>ofelektnsien. Posbus 11 Kopples 
Mosselbaai 6500. 954(1. 
BOZYCZKO. W: PO. Box 56, r,adysmilh .337(1 GRIYL ING, JPJ: Pohbu,23. Pict Retief 2380 
IRZERS, DB: Ftektiotegniese Ingerneur. Posbus 92. GROBEER. 1· r.lekrrotegnie= St,(|Ningenieur. Poihus Kroon·,lad 95(K). 551. Bohlehem 9700. 
BRINK, PSJ Town Electrical Eng,neer. P.O, Box 20, GROVE. CR: 1 loof-Illektroteenteic ],lgenicin , Pakbus 
H ermanus 7200 43. I[arrismith 98*) 
BRINK. 111: Grinepingemeur, Pabu, 288. Bloemfontein GROTIUS. RJ Po•bus 13, Dewelsdorp 994,) 
93()1) 
IR[ JMMER. IG· Fleklroteeniese [,48<nieur. P')41'us 17. H 
Stellenbo„h 76(*1 ]!AIG·SMITI I. D Town Ilcetrical Engineer, P.O. Box 

113.Oueenstow.532(1 € 
HALL[DAY. KWJ' Municipal Electrical Engineer. P.O CLARE, CA nornugh Elam:11 Engineer. p.O Box 5. Box 5. Port Sherione 4240. ] Ii,wick 3290 
]IAMMERSCHLAG, SN: Town Electrical C] ARKE. MUP Fnlineer. City Ele,trlcal Engineer. Priate Bag 1. P.O. Box 3. Bedforilview 2008, Randburg 2125 HARVEY.PH P.O Box 15,Esteou„3311) CLAXTON, tin Electrical Engineer, P O. Box 71. HEYDENRYCH. m Clektrolouniese Ingenteur. rosbus Graaf-Reinet 62811 14. Middclbure 1050. CLOE'IE. DJ Pr! 9 1.it•.kap X7, Vi,/01:, 9430. HUGO, Al]W: Town Electrical F,ngineer, P O. Box CLOETE. J Chief Flortric,11 Fngineer, p.O Box 44. 78001. SandIon 2146 Cer„ 6835. [Il]GO, JG: Flectriial F.ng,rleer, PO Box 51, Bred.iv CLOETE. REI Dorphingenieur, Pir.hi,$20. Senekill')600 dorp 7280. CRONJE, GP: m„/ Teg/eNe Be.wple. 7'04* 36, HUMAN. MJ: Elektrotegniese Stads,ngenteur, Posbus Duiwelskkiof 15, 0833. 
Brakpan 1540 CRONJE. PJ: Po•bw; 15411, Lichlenburg 2·740 ][l]NT. LE: Town F.!ectrical Eneineer P O Box 2 White 

CUNNINGHAM TPOBox 45. Heilbion '9050 River 1240. 
D 
DAVIES, F.r; Clt> Eleclrical Enymeer, P.0 Box 399. 

Pietermaritzburg JANTZEN. 12(/ GIl: El/kirniegniese Stad,ingenieur, Polus 
DAUTH. WJ Chief [Electrical Engineer, 29.Honneman 9445 P O Box 48. 
Vi,lk ust 2470. IANSE V RriNSRL'Ra, WW Pi™bw; 14(164. Renimi 

DAWSON. JD: •500 
Municip,i| Eleclrk.LI Engineer. PO Box 

45, Uitcnhilee JELLIMAN. CE: P 6210 (). Box 36.Fort Beaufort ¢72(]. 
DE BRUI,3,1 JORDAAN. DJP: [.I: F.lektrotegniese Posbus Stad,ingenieur. Pin,bus 35. Verecrieing ]910 
218, Randfonkin JORDAAN, 176(3. PW: Iloof Flektrotegniesc Afileling Posbus 
DE 34. Porgictersrus 06(M BRUYN, CD rlekinite g nie'e Ingenieur, pi,5/•s 1/1, 
Carnarvo/71// 
DC KOCK. Fr Pad,liN K 156, Virgini, 9430 
DELPORT. KOK. JA: JLFH F.le.ktiotegilehe Stadsingemel„, Pob ElektrotegnimIngen,eur, Poibus 55. Midde]. 
bu·.25. Eder,v.ile th burg 5000 / 

KC KREBS. WI DEKENAH. : Priaarsak Town and Clectrical Engineer, P O 23)9.Oti,•arrn,/921(] 
Box 33. Barbernon KR162. [100 W'A: Elektrotegn,¢Ne Ineenicur Palw. 14101, 
DERNIER. Venwerdburet)I4(1 W. Ele:trical Figineer. P O Box 20#, A liwiii 
North 5310. 
DI: PIESANIE. SJ P{»:hip. 2879 Brit, 0250 L 

Du TO]T. E. Elekinteeniese St./singenieur, Posh„ 16. LAAS. CP Elektrolegniese Ingericur. Po,bus 15. 
Brits 0250. Kenhard, 890(]. 

DIJ TO]T. an Ili.of, Elektriese Departemenl, Pr,Vi:LI„ik 1.F' ROUX, DE: P O Bm 2, Sturterheir 4910 
X3, Ilirclown 117 90 LEWIS. [.: Town Electrical Engineer. P.O Box 59. 

DIS TOIT. PI.: Poshus 34.O,kney 2620 Windhoek 9100. 
DE VII.MERS. EE:. Hnof-Eleklimniese Inge,„ru, UNDE. AP: Hoof Elektri#. Pol.bus 2. Frarikfo·n 98?Rh 
Poshus 1341, Preloria{KX)[. 1.OCTINER,IVAN S r.leklrolegnic,le Ingenieur. Posbus 
DE VRIES. GS: Posbui. 52 Rober[,0# 67(A Ill, Pictersburg 0700 
DE FRIES, .IM Hoof Tegnieke le,impte. privaaisak X 12. 1 Orr[ER. CGA Elektrolegnie„ Ingenieur, Po,hus 34. 
Vredenburg 73(10. Potgleter•ri,s ()6(]() 
DE WET FOURIE: Po,,bug 135, Kinros• 2270 1 GUISER, D PVP: Pir,hu• 27, DOUg|as /1 
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LOUBbER. JA: Elektrolignic:c liginicur. Po,bus 1014. SMITH. FH: Electrical Engineer, P.O. Box 42, Despatch 
B...15(JO. 6220 

LOUW, HAL Elektrotegnics¢ Stadsingen,eur, Posbu/2 STAPLETON. R Borough & Electrical Figineer P O 
PI:rI 7620 Box 37. Eshowe 3815. 
LOUW, L Posbus 16. Prieska 594(1 STRAUSS, le: Illektroter,/eNe Ingenielir Poshus 60. 
I.[ JUS. Al: Po,bus 52(I. Witbank 1033. Sa.olbure 9570 

SWART. JCP· Poqbus 29, Velddri f 7365. 
M SWAR·[.TL: Elektrolegniese Ingenieur. PoILIN 11).Glen 
MALLINSON. RJ: •lektrotegmes¢ Inern,cur, Po•bus 21, coe 2410 
Sumerset-00& .* SWARTS. J'rE: Ele kirotegniese 1,1,lenieur. PosbilS 201, 
MARAIS. CH,© Stads Elektrixiteit,/Megan],ne In 1 [cidelbe) 2400 
genicur../. stratit 30, Par,s 9565 
MeMILLAN, KID [lectrical Engineer. P.O Box 47. T 
Umtatu 5100. TENCATE. JI: Elektro tegn/se Stadsingenieur, Post,u, 
MeNAMARA, AB: Electrical Engmeer. PO. Box 21. 67, Phalaborw, 13£4). 
Komg,495[). THERON. TA' Stadsclektro„gnies, Ingenieur. Po•hu• 
MILLEN. r J Electric/Eneineer. P.O Box 24.1'zancen 48. Ermel(,2350 
08. 

MOSTERT. SA: blektrolegniese ingemeur. Posbus 19. V 

Geinge 6530. VAN DEN BERG. AJ: Elekir<,Icgniese Ingcnicur. Posbu• 
MOSTERI, AN Posbus 53. Swakipmunnd 9180. 94. Krugersdorp 1740 
MURPHY. KJ: Municipal Electrical Engineer. P.O Box VAN DER MERWE. DS: F.kktr„regniese Ingenicur. 
1. Solerset.0.71.1 Poaus 3. Witbank 1035. 
MYBURGH. 0. filektrolegn/se ln/nleur. Posbus 4, VAN DER MERWE. FJ: Elek,rotegniese Ingenicur. Pos. 
Kuruman 8450 hu, 1, Carlcton,ille 2400. 

VAN Dr.R MERWE. G: Posbus 96, Louis Trichardt 0920 
N VAN DER WFRWr. PJ. Stads & Elektrolegnier In· 
NEL, frF El/kiroicgnicic Sladsmgon,eur. Posbug 33, genieur, Poibus 21). St il fonteL c 2„ 0. 
King Williamstown 56l)+ VAN IR SCHYFF. GW Stad„neenieur. Posbu• 3, 
NORT] E. le: Elektrotegniese Slad,ingenieur, Pah,1, Rethal 2(61. 
145. Grrnil•ton 14(10 VAN Dr.R WA[.T, rS/: Priva:w:al: 5005, Kimberley 

8300. 
0 VAN DER WALT. PS Posbuy 3. Bul,fon,ein 967(]. 
ODENDAAL, MW Elekiroteg]114:4/ Stalingen,cur, Pos- VAN NIEKERK. PUS· Borough Electrical Engineer. P.O '84 Albe'[01] 1450 Box 21. Ncwcastic 2940 

VAN ROOYEN.HE Dorps·W/orworke en Elelaroteg 
P nies¢ Ing/mour. Munisipaliteit, Kirk wood 6120 
PAGEL PVE: Elektr/egniewe Iiigenieur, Munmpul,lell VAN SCHALKWYK. AP: A,;si•tent-Clekirote/iese 
Fletlenbergl/,6600 Slad&ingenieur. Po,bus 288. Bloemfontein 93(X) 
PALSER, DC City Electrical Engineer,PO Box 82, VANTONDER.CI F·.lektr„Iegn,ewee,Werltii,21:undige 
Cape T..,1 ... Ing enle ur, Pablls 21, Ch]©.r,da:d wl, 94/0. 
PETERS. AG Town Flectrical Engineer P O Bin 278. VAN WYK, AA Flektrotegniese inge/eur. Posbus 45, 
Gwein, Har're Nelspruit ]200 
PIFNAAR, JF Flekintegniese Ingenic,ir, Po•hus 10 VENTER, GA F.leknotegme,e Ii,genieur. Posbus 9, 
Glene//291/ Meyerton 196,1 
PIKE, E: P.O. Bnx 97, Vrvheid 31(IO. VENTER. JA Pophz„ 90, Thahazimbi 0180 
101 LOCK, T [,le,trical Engineer. P O. Box 3. Gordans VELDSMAN DF Flektrotegniche ]11:enieur. Privadiak 
Bay 7150. X7. Goodwood 7460 
PRETOR[US. E DE C: EIck,romgniesc Sladsingenieur. VIDLER. JA: P O Bin, 21, Jeffieys Ba>6330. 
Px* 113. Potcl·efstroom 252(). VON Alll FTEN. JK· Elektiolegillehe Ingerneur. Pu%bus 
PRF.TORI:S. PIR: Elektratognicic Stadsingenteur Poi 45. Springs 1560 
b= 35, Vrvheid '!600. V€)51 00. C Pok 628, Killiberlry 63(*). 
PRITCHARD. MR: Elcktrotegnicsc Slad•lingcnieur 
Prip:lat·.ak X7, Virginia 9430, W 
PURION, D: Town Electrical Engineer, P O. 13„-3 67, WZIEELER, DJ: P.,i,hu• 13, Burgendorp 5520. - 

Phallorwa 139() 

R 
RATTEY, WP F.lectrical Engineer. P.O Box 3, Strand 
7140 ASSOCIATE MEMBERS - ASSOSIAATILEDE 
RAUTENBACH, OF: Ilektrolegniebe Ingenieur, Posbuh 
99, Klerk,/orp 2570, 
RHEED]ER. RIB: Posbu• 41, Cathcart 5110 
ROBSON. KO· Ov [3[ectrical Engineer. P O. Box 329, 
Fast I =ondon 5200. 
RIMBECK, RD /*hub 39. f [00[>stad 2670 B 

ROODT IG Poshus 26 Rel¢z 9810. BAILEY. RV Acting Elecirical r.ngineer, P.O Box 72, 
ROSSOUW. GT Po,bus 241. Kcmpdorp 8550 Stanger 445(1. 
ROSSOUW, SPJ: WNDE Elektrotegniese Ingenieur, BECK. IID: Deputy City Fleetric/ Engineer. P O Box 

Mun„,palitent van Wellington. Posbus 12, Welhngton 529. Eas London 5200 

7655 BOSCH. LA: Elcktrotegniese Superiniendent. Poi.bus ]3, 
Bu•gersdorp 5520. 

S BOTHA.JN: Posbl. Fochville 2515 
SMALL, (21 R: roan Elenrical Engineer. P o. Box 9 BRINK. HJ: Groopingenieur, Posbus 288, Bkiemfonlein 
Beaufort Wes/970+ 9300 
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C A 

CLOETE. DJ: Po,hu, 99, Klerk,dorp 2570 The Town Clerk PO Hn,38. Adelaide 5760 
CORTZE[, C IF Ad>unk Fleklrotegnie.e St:IdsinBeneur. The Town Clerk, P O nox 46, Anwal North 5330. 
Privaatsak X30, Roodepoar[ 1725 The Town Clerk. P.O IMK -1, Alberion 1450 
COOPER-CHADWICK, [.· P.O Box 57. Ge,mist(in Die Stadsklerk. Poj•bus 71, Alexandria 6185 
1400 

B 
D The Town Clerk P O Box 11 Barbeiton 1 300 
DE BEER. W] I AdJunk-Eleklrotegnies© St:id·imgemeur. The Town Clerk P O BLK 9. Be:mfort West 6070. 
Poshus 48. Warmbad {)480 The Town Clerk. P O Ri,K 3. Re,/ftirdview 2008. 
D[ PLESSIS, C.I: poshils 8611, Kempton Park 1620. The Town Clerk, P.O [MK 15,11¢90!li 151*) 
Dl PLESSIS, GC: Adjunk-Elektrot:gnie,e Si:,ftsinge- The Town Clerk. P O BL•K 1, Beth.•I 23 [{) 
nicur. Posbus 94. Krugersdorp 1740 The Town Clerk. PO Box 13[). Relble·h,m 970(i 

The ToM Clerk P.0 nax 37(N Bloemfontein 9300 
The Te•naerk. P.O an• 215. Bok,13,1,8 ]460 

11.FTCHER, 1 : Deputy City Electrical Engineer. P.0 The ToMC'terk.P.O Ba, 1().Aminirvale•,730. 
BM 147, Durban k)(Ml The 'l'own Clerk P O RaK 12, Anthavill; 9660 

The Town Clerk. P O Box 15. [Ir:,kran 1540 
G Dle Stad,klerk. P,•shn·. 1 ; Brandt„.1 91{]I• 
WWIE. E: P.O Box 35. M:,latiele 4730. The Town Clerk, Pr) Rwil, Rredasdorp 7280. 

The Timn Cierk. P O Box 106, Br,15 0250. 
H The Town Clark.P O.1]ox [3. Burge™dn,F 553 
][I[1, DR City Flectrical Depurtinen, P.O Bug 147. Die Stadsklerk, Po·.bu; 1. Ilultfont/in 9670 
Durb.,n "ni) 
l]OBBS. 
C .IL: Depury Electrical Eligmeer, P.O Bkix 45. C ir:nhage 6230 The Town Clerk, P O Box 82, Cape jown 8000. 

I Thel'ownCIerk.P.O lk™3, Carletonville 25(k] 
The Town Clerk P {) Box =7 I.OPPER, T]: ]0, Carliarion 7060 F.le.ktiolegniese I:,gen,eur, Paibus lin. The Town Clerk. /.O 00.24, Carolina l !85 eidelber: 2*00 Thi. Town Clerk. P O n••x 41. Crre, 6815 
The Tan Clerk.P O Rox 24, Cradock 51Uto 

1.ARUSCIIAGNE, PHJ: Adjunk Direkieur. l'egniese 
Dienste, A[her„one„raa, 19, V:in de /4 4,ark I9(/ Die LAMPRECUT. Sidsktork. Poibir, 13. Danit kkilll 1405 BC Priva:Pulk X014, Benom 150[J. The Town Clerk. P O 1-EIGH, RaK RA: 42, De la, 7(H)0 Deplitv Ele,Hrical Fogineer, P.O Box 699, The Town Clerk. P.O Johanne.bur/200{) Boxe, Delrn.•s 2210, 

Die Stadsklerk. Po·,bus 42, Despatch 63'1) L[E[!ENBERG, 11[)(-1: P,i. budil ailybrand'Fll. The Town Clork. P O flo• 1 3, Dewet•dorp 9940 
Die Sladsklerk. Posbw. 211 Dorilrecht 5435 

M Dle S[ad,klerk. P•*bus 27, Din,glas 873(J. 
MILAN, JG: Ai•istent Eleklroteeniew' Ingen,cur: Pos- The Town Cle/k. P.0 [te,2 16. DW·Kekktoof (183S 
bus 13, Kempton P.•rk 16211 The Town Clerk. P O nox 76, Dilndre -10(*). 
MULDER.JAC Polus 60. riketherg 732(1. I he Town C']:rk, P O 80% 147. Durb,in 4(JOI} 

The S:cretarY. Divblional Colincil (,1 the Cape. P O Box 
1071.Capel••wn//] 

OPPERMAN, I).l: Adj,ink·ElektrotegnieKe Ingenieur, 
Poshus 45. Springs 1560. 

The Town C lerk. P D RA 114. Fast Lonutin 5200. 
T'he Town Clerk P D Box 25, Eden, ile Ibll). 

P The Tmn Clerk. Priv.,le Ray, Empaneei, 3880 PEENS. JG'. Pabug t We«el&lirurl 96. The 'llan Clerk. P D 4 48, Frmee 2350 
PRETORIUS, JW: Act.tent-Flektrategniese Ingenieur, The Town Clerk.P O Box 37. Eshowe 1815. 
Posbus23. Nt/l 1490. ·]·he Town Clerk. P O Box 15. Estcourl 3310 

The Town Clerk P O nox 95, [mnder 2280 
S 

SMIT, All: Posbus 3. Bethal 2310 F 
SMIT, 31: Assistent·Elektroregnies: Ingenieur, Powhus 3 The Town Clerk, P O Box l. Fochi]1/ 25]5 
Witbank 1035. Thc Town Clerk. P.O BOK 36, Forl Reai,fort 5720 
SMITH. AM: 22 Boi,rneniouth Street. SUIT,merstrand. Die Stad•klerk. Po·.blls Z, Frankfort 9830. 
Port E lizabeth 600 1 
SURTHEES. SH: Deputy·nown Engineer, P O Box 215. G 
Bok,;burg 1460. The Town Clerk. P O Box 19, George (C. P.) 6330 

The Town Clerk. P.O Box 145, Ge ui:,ton 14(Jo 
The TownCIerk. PO Hw tO. G]eneoel.30. V The T#n Wrk, P.O Box 13. GobabiN 9140 

VAN DER WALT, CJ: Privaatsak X014, li,noni [5(I) Tho·['own acrk.P.O Box 3. Gorflo•INBily 7150 VAN SCHALKWYK AP: A«]rtenl-Flektrotegnicie The Town Clerk P O nox 71 , Cira:if Re,net 621*J, St,d,ingen,¢ur. Po.bus 28% Blocmfoilte,/ 9100 The Town Clerk. P.O It,K 176, Grah:win,IDWI 614(}. 
The Town ('I¢rk P l Box 71. (lieylown 3500. 
Die St,d,k[Irk . Pid,u•, l i . /.r<,at RnA •vies 6525. 

H 
I.OCAL Al]THORIT[FS - PLAA€[.IKE OWERHEDE Dle Sradsklerk. Pollp: Hi. Hartgwater 8570. 

The Town Clrk. P.O RL•K ll, Heidelberg 2400 
Die St.id,klerk, MLInlwlpa|/01| Heilb,(in 9550. 
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The To,rn C lerk, P.O Box 20. Hermunus 7200. bus4414, Johannesburg 2000. 
The Town Clerk. P O Box 29, Helineman 9445. The Town Clerk. P.O. Box 21, Odendialsrust 94A0 
Dle St:,UNklerk. Mumsipulaell. Hourtud 2670. The Town Clerk. P.O Ral, Orkney 2620 
Die Studs klerk. 11 vilatbak X3. Hopelown 8750. The Town Clerk. private Bag 2209, (®iwarango SWA 
The Toon Clerk. P.O Box 5,Howick 3290 9210 

The Tou'n Clerk. P.O Box 255, Oudihoorn 6620. 

Dle Stadsklerk. Posbs 241, Jan Kempdorp 8550 V 

rhe Town Clerk. P O Box 21, leffreyb Buy 6330 The Town Clerk, P O Rox 12, Paarl 7620 
City Electrical Engineer. P.O Box 699. Johamiesburg The Town Clork. P.O Box 359, PaOK 991(5 
200(j. N S,adsklerk. Po·,bus 1:. Petrux Stey n 9440. 

The Town Clerk. P.O Box 67, Phal,thr wa 1390 
K The 1 m Clerk. P.O Box 321. Pietermaritiburg 3200 
The Town{luk. P O Bok 174. Kak,irna™8870. The Town Clerk. P.O Box 111. Pietershi,rg 070[). 
The Tow,1 Clerk, P O Box 25. Ke/manshoop 903) The Town Clerk, P.O Box 23. Pi¢I Re[Lef 2380 
The Town Clerk. P O Box 13. Kempton Park 1620 The town Clerk. Municipality. Piketberg 7320. 
The To.in C'lerk. P O Box 15. Kenhard (C P.} RIO. The Town Clerk, P.O, Box 26. Plertenbergbaai 6600. 
The Town Clerk. P O Box 194. Kirnberlcy 8.41)0. The Town Clerk. P.O Box 13, Pon Alfred 6170. 
The Toen Clerk P O Box 33. King Wil],amstown 56(N). The Town Clerk. P.() Box 116. port Babeth 6000 
rhe Town C]erk, P K. Kirkwood 6120 The Town Clerk. P.O Box 5. ron Shemione 4240 
The Town Clerk. p O Box 99, Klerksdorp 2570. The Town Clerk. P.O Box 5. Postm„burg 8420. 
The fown€'jerk. P O Bo,21, Knpbnae?0 The Town Clerk. P.O. Box 113, Polch¢fstroom 2520. 
Die Stadskle,k, Pogbi:• 7, Koffiefruite,i] 9986 The Town Clerk. P.O. Box 34. Potgietersrub 0660 
l he Tow,1 Ci e rk . P O Boi• 21, Ko ingu 445[J. The Town Clerk. P O Box 440. Preloria 00()2. 
The rown Clerk. P O Box 14, Kupples 0540 The liead, Peri I Jrban Development, P O Box 1341. Pre- 
The TN„ Clerk.P O Et'• 302. Krm„•1.d 9.1500 tona 0801 
The rown Clerk, P.O Box 94. Kiuger,dorp 1740. Die Stadsklerk, Pabw 16, Pneska 8940 
The Town Clea. P.O Bilxt.Klir']man 8460 

Q 
I. The TownCIerk, P.0 80% 11%.Queeniti.wr•5320. 
The Town Clerk P O Hax 64. [.adyhrand 9745 
The Tawn Clerk. r O. Box 29. Ladism I 1470 R 
The Tow.n Clerk P.O Box 7, Lichtenbur/2740 Thc Town Clerk Private Bag 1 Rand burg 2125 
The Town aerk, P.O Box#,Ly/enburg 112() The Town Clerk P o BOK 1 39, Randfonkin 1760 

Dle Stadsklerk, Pohis 26, Reitz 98111 
M The Town Clerk , Private Bag Rlch„dN Bay 3900 
Die Stadsklerk, Pii,·bus l it, Marble Ilall 0450 The Town Clerk, P O Bm 29. River,dille 6770 
The Tin Clerk./.O Box 42. Mafikeng X670 Thc Town Clerk, P O Box 52, Roberk, 6705 
The Tov,,1 Clerk P O Box -13. Matati{Ele 4710 The Town CIerk,P O Bo,4217. h/,·poort 1725 
The To.in Clerk. P.O, Box ll, Melmoth 3835 The Town Clerk. P.O Box 16 Ruimburg [)300 
The To#n Clerk P.O Box9. Meyerton Gl 
The Town Clerk P.O Box 55. Midde]Mirg (C P ) 5900. S 

The Town Clerk. P.O Box 14, Middelhurg {TVL 1050. The Town Clerk, P O Box 78001 Sandton 2146 
The Town Ark P.O Box 417, Mooi birr ]200 The Tow• Clerk, P O Box 60. Sumolburg 9570 The To*M CIerk P.O Bo,25. Mos•el Bai 65(Jo Die Stadsklerk. Muftisipaliteit, Secundu 2302 
Dle Stad•klerk. Pt,KI,11'· 24. Mantagu 6720 Dle Stadsklerk. Po•bus 20. Senekal 96(K) 

The 'roon Clerk P O Box 21. Somerbet East 5850 
N The Town Clerk. P.O Rax 19. Somerhet West 7130 
The To•n Clerk P.O Box 45. Nekpruit 12(M}. The Town Clerk. P.0 Box 45, Sp,ing: 1560 The Togn Clerk P.O Box 21, Newcastle 29*). The Town Clerk. P.O Bax 66. Standerron 2430 
The Town Clerk P.O Box 23, Nigel 1490 The Town Clerk, P O Box 72, Slan,er 4450 
[)ie Slad 4 lerk . Pri a.,Isak 1(108. Nylitroorn 0510. The Town/lerk. P O Flo• 17, 5,elle:]bosch 7600 

Die Stadsklerk Po·.bus 20, Stil fontein 2550 
The Town Clerk. P.O Box 1. Strand 7140 

IC Ho„[direkleur. On,oikkeling·,raad Hoveldgebied. The Town Clerk, P O Box 53. Swakopinund 9180. 
C-CJC osbu 3 349. Sianderlon 243(] The Town Clerk, P O Box 2, Stulterheim 4930. 

1/ Hoofdirekleur, Ontwikke[Lng,raad Sentrial.Trans- The Town Clerk, P.O Box 20, Swellendan, 6740. 
laa], Priva•tuk X449. Preliria ./1 

ie Hoofd,rekleur. 0.1,1/ikkelinmaad Suid·'1 T ranhvial. 
Ivau K ik X2(Il{1, Stind< lan 2430 The Town Clerk. PO nox 21, Tarkatud 5370 

ic Hoo idirek/ur. Ontwikkelin/raad 00, -C70 Kip. Pos* The Town Clerk. P.O Box 90,11,/muimbi 0380 
·1025, Sidwell /161. The Town C·]crk, P.0 Box 33.Tongaat 4400. 

Dle Hoomireltour. On,w Ikkel,ng sraad Dal.-Transvaal. The Town Clrk, P.O Box 24, Tzanern 0850 
#wi '88. Nelspruit 1200. 
c Hoofd,rekieur. Or.mje-Vaal 

P3,9y Ont/kkellngsraad 
U 

•,iat,ak X(/9. Vandcrbillpark 1000 The Town Clerk. P O. Box 45. Uitenhage 623(>. 
c Hooidirckeur, On,-Randse Ontw,kkelingsraad, Pos lh,Town Clerk.P.O Box£7,Umtal.,5100. 

bus57.Germisk,Il !400. The Town Clerk. P.O Box 17. Upington 8800. 
DIc Hoo#rektour.Ontwikkelingsraad Suid.Ovs, post,u, 
2313, Bloemfontein 9300 V 

ie Hootdirekieur Ontwikketing„@ad Noord·Kaap, The Toun CIerk.P O no,3, Vanderbijlpaik 1900. 
ivaatiak X5(J[)5. Kimberley 8300. The Town Clerk. P O Box A, Vereeniging 1930 

Otu70 l¢ H,Motdirckleur Ontwikkclinl„aad Wes.Kaap, The Town Clerk . P O Box 14013. Verwoe/burg 0140 
rivaa"a k X7. Goodwood 7460, The Town Clerk. P.O ROK 37, Vi®cnskroon 9520 
ie Hootdirckleur, Wes-Randsc Ontwikkwlinesraad, pr,- The Town Clerk. P O Box 156. Vug,nia 9416. 
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The Town Clerk. P O. 130,48 Volk/ui 2470. € 
Die Stalklerk, &* 155. Vrette 2455 CARL.DE VRIES,# BRINK 
The Town Clerk, Prmi liag Vred//burg-Sildanha 7380. Posbis 2632 1. A rcailia (30(17 - 76-3746. 
The Town Clerk, Munizipality, Vredendul 8160 CA[I[. DE VRIES & BRINK 
l'he Town Clerk. P O. Box 35 V,ybur@ 46{H• rosbus 1079. B[Denfoutein ll. 7 8081 
The Town Clerk, PO Box 57, VIyte]'3100 CiIARI.ES ELVEY AGENCIFS (PTY) I.·rn 

P. C). Box 8082. Ii,h:„nesburg 20(10 614 6541 
W C]{AN(,r. HARDWARE ASSEMBLIES (FITY) LTD 
1 he Town Clerk P O Box 10, W,rrenton 8330. P.0 * 1586. Pielerm/mburg 1200 - (0131) 7 -1177 
']·he Town Clerk P •) 11),4 86, W·ulvis Ba) 91*1 CLINKSCALES MAL:GI IAN BROWN & PARTNERS 
The Town Clerk, P O Box 48, Warcmli,1,1 048[}. P O. Box 196. Port [lizabeh 6000 - m.11) 2.9711 and 
The Town Clerk, P O. Box 12 Wellingto,• 7655. P O. Box 570, Cape Town 8000 
1 he Tow n Clerk, P O. B,ix 708, Welkom 9460. COHEN. BAH R. LINDbht.L & PAR I NERS. 
Dle Sid,kler k. Pir,bu, 11, We/„er 4944 P.0 [30% 87366. Ilrnighlon ll)41 -4 I 5610 
Th• To#n (flerk. P.O. Bok 19. Webtomirt:, 1781). COMPLETE CAII] ING EQUIPMENT (PTY) I TD 
The TA'n Cle,k, P.O B••• 26. *inbur/9-42/ P O Box [07, Mon•leor 2111)- 83(*7029 
The Town Clerk,PO Box 1055. W,ndhock glll. CONRADIE DJJ & VENNOTE. 
The l'own Clerk, P O. 110* 3 Witturik i(]35 Posbi 17(]31. G roen kloof 0027 - 3.1 755. 
[ he Town C lerk, P O R 0% 2. Witriv ier 1240. CONRADIE DJR & VENTER. 
The Town C-[crk P O Bn,4 17, Wolmuranst:,d 3630. Posbus 1009, Blocmfoitiein 91(10 -7 1636,7 
The Town Clerk, Private Bag X 30-16. Worce,ler NOO CRABTREE JA (PTY) I .TD 
[>ie Slad.klerk, Posbu·,6, Wessel,bron 9680. P.O Bo% 413. Springs 1561)-56-7911 

€·U AL ENCOtNEEING irTY) 3 -rn 
P O. Box [8228. Dalbridge 4()11-(II ]) 21-0285. 

ie Sid,klirk Munisip:Itiliet Z.ast„in 9950 (11[.LINAN H ITTRICAI 
Prwate Bag 18. Olifut,[hfuntein 1665 - (012) 61-2551 
Clll FR.IiAMMI R ISA) I TD 
P,O.130% 14089, #tadeville 1422-34 9124. 

AFFILLATE MEMBERS - (;FAFF![.11<F.RDE. 1.EDF. 
D 
DE VILLIERS & MOORE 
Posbu, 472. Durbanvi]Ic 7550 - 96.1087. 
DR[WETT. I I BR].E & POKORNY. 

A P.O. Box 4727(I Parklands 2121 -788 5460 
ABERDARE CABLES AFRICA [.TD. DI TOITCA & PARTNERS 
P.O. Box 494. Port Elizabell, 6000 - (041) 4.5111 P.0 Box 4256, Pretoria (XM)1 -(012) 3 899 
AnCI LTD DI' TOIT CA & VINNOTR. 
P.O. Box [122..Ii,hannesb/,200)-975·HIll Po•,b# 29)9. K,zip/tad NINK) - 23.7221) 
Ar.G TELIFI JNKEN (PT'A I TD. 
r.0 110% 102*. Johanne.burg 2000 -786.1400. 
AFRICAN ('ARTIS l.'I·1} E 
P O. Box [72, Vereenigine ]910- (016) 4-5821 EBERHARIT-MARTIN (PTY} 1.TD 
AFRICAN 17.1.ECTRIC<PTY) I .TD. PO Box 85027, F:minerent,:1 2(179 -46-2!·76 
PO *14010.Wieville 1407 -14-8717. ELCENTRE CONTIAC)L SYSTEMS. 
ALUSAF, P.O. 130,4 252. lan•ilowne 7740- (021) 77-1492 
P.0, h 284. Impangeni 3880- (0151) 5-I tt!. rl.co AGFNCIES 
ANODE ELECTRIC'AL ENGINEERING & CON- PO.Box 22 139, Glenashic, 4022 - 52.5677 1 
STRUCTION CO P.() IMx: 673, Brakp:in 1 540-55 8370 FI.F.CTRICAI. C·INTRACTORS ASSO OFS A. 
ASHA ELECTRIC·(PTY) LTD P O. Box 33367. Jeppestown 2043 - 311-7988 
P I. Box [57, Bedfordview /K», - 53-9310. liLIC'TRICAL PROTECTION CO. (PTY) I.1'D 
ASH BROTH ERS (PTY ) I.TD P.O. Box 1034. IME+urg 1460 - 52--741 
P O. 80% 606 1. Johannesburg 2(]DI}- 834.3751. ELECTRO NETWORK (PTY) 1 TD 
ATW ELECTRIC (FTY) L,[D r.0 *8952. leppextown 2013 - 17-6018 
P.O Bo%2873, Johanne,burg 2000.836.05(It. EMAG ELECTRICAL ENGINEERING (PTY] I TD. 
AY('LIFFECABLES I [D P O. Box 27'29 'enro< 2011 - 6/1-8263. 
r.0 110 1558. Edenvale 1610 -609-4020. FRENCOS.A (PTY)['1[) 

PO Th)*32102Br,ianifii,•le,I'2017-724 1525. 
EVERITT. GERMIN] [[JIZEN & VFNNOTF, 

H Poshi• 4083, Joha,inc•burg /-25:11 

IALLENDEN& ROBB. ERNST & WHINNER MANAGEMENT SERVICFS 
P O. Box 787•4. S.indton 2146- 783.1038/9, C TTY) LTD ['. O Box 2322. Johannesburg 2000 

- 

ill KA (FTY) [ 1 ·1) 
P.O. Hello. 0]if.mfonte in [665 - (012) 61-1552 
BONNYCAN F] FC RIC CO F 
P.O. B{>% 10981 J<,hanneKburg2000 -942-11[0. 1 AINSINGER GS ASSOCIATES, 
ROSAL AFRIKA (PTV ) LTD P O k Y, Windhook 91(H)- 
P.O 110% 1652. Prcloria(•]111-012)73-1171 FARAD (PTY) 1. [D. 
ROW]11{)RPF-HIi[.1./RMAN DEUTSCH (•I·Y) PO Box 31220. Braaint:untein 20[7 - 646.4446. 
LTD· P O. Box 27063. Benrose 2011 -614-t ill. rtICIC; ELECTRICAL INDUSTRIr S (PTY) 1TD 
IRIAN COLOWHOWN, ODONNEL & PARTNERS PO Box 1758. Alrro/0 1451 - 864-IN[li). 
{PTY)LTD IUM APPLIANCES SA (PTY) LTD 
PO. Box 31757 Braam fonrein 21117 -3921376 r O Box 551. Pinetown 36(M)-{031)71-4114 
BROWN BOVERI S.A. (PTY) LTD, rt]1 MEN AFRICA (PTY) LTD. 
P.0, Bo% 15(k). Johannaburg 2(NX)-836·5791. PO Box 8021. [.1.inds/inte' I/6-36-5201 
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G P O, Box 83300. South I[ilk 3 36-613 572 I 
GARDNER & CARPENTER. MOTOROLA SA (PTY) [.ID 
278 Oxford Street Ea·,t London 5201 2 36'?[) P.0 Box 39586. Bramle& 2014 
GASTLRBINESSA (PTY)LTD. MRT BARTONS (PT'A LTD. 
P.O Box 39353. Booy·,ens 2016 836 84134/5/6 P.O Box 198, Bok#burg- 52.4376 
GEC CABLES CO 
GIC MEASUREMENTS SA (PTY) LTD N 

GIC DISTR]BUTION LTD. NORDLAND (Pl'Y) LTD. 
GEC POWER PKOJECTS CO. PO 110% 522. Mulder·,drift 1747 -666-2//2()01/4/5 
P.O & 13()24 Knighcs 1413 -126.6647. NORMAN CORNISH (MY) LTD 
GEC I.IGHTING PO */2525. Soulhdale 2135 -680-5541/2/3. 
P·O Bi•x 25696, Denver 2027- 6]5.6530. NKFIROIP 

GO! NIX Pl Yl LTD PO, Bri: Ifi79. F.denvate 16[0-609-4020/27. 
P.0 Box 342. Bellulle 7530- (02],95-2165 NOR™ & ROBERTSON (PTY) I.TD 

P.O 130:. 1(14, I ist Londun 52(X)- 2-7187. 
„ NEI ZIMBABWE (PTY) LTD. 
HAWKER-SIDDELEY AFRICA SWITCHOEAR PO Ile: 1975.11:,rare 7.imA.chwe-7412508 
(In-Y) LTD. P.O Box 417, Roodepoort ]725 -764-2566. 
11*WKER-SIDDIBLEY ELECIRIC AFRICA <FTY) 0 
LTI'. OAK INDUrl RUES (SA) (19'Y) LTD 
M Bux !4359, Wadeville 1422-827-345&9. P O. Box 1172, Pietermaritzhure 12/1- {(Blt) 5.Ill ! 
ll[) SIMONS MAN U FACIURING (PTY) LTD T]IE OFFICER COMMANDING. I·OURAIR DEPOT 
PO Box 63. Roodepoort 1725 - 763-5457 Tek{)133-(012)71.1411 X·181) 
H[.INEMAN ELECTRIC SA LI'D OGATIN (PTY) LTD. 
P O Box hm.Joh:1]inesbury ZIX) - 974-7033. P.O . Box i 14. Rooder„ort 1725 - 762·558 1/9 
IIII L. KAPLAN, SCOTT & PAR [NERS OVE ARUP & PARTNERS CONSULTING F,N 
P O Box 39643 Britmley 2038 786-4950. GINIFF:RS PO Inx 522*5 Saxonwo],1 2132 - 42-6624. 
1[t 11.LETS ALUMINIUM LTD. 
P.f) Be,;25.0]•Lii,t•fi,i,tein 1665-61-2201. P 

r[RILL[ GENERAL.CABLES (SAN IPTY) LTD. 
P O. Box 605. Florida 1710-674-2// 

INTERSWITCH (PTY) [.m PLANT[CI! ASSOCIATE INC. 
P.O Box /048. Johan,•cd)ur/NN)[)-678 [193 P O Box 20206. Alkantrant 0,105 - m[2) 86·6448. 

POWER ('INTRACI·ORS <Pl·Y) 1 TD 
1 P.0 Box 9236, Joh:wine•hurglll(*) 683.3330 
JACKSON POWER A INGINFFRS (PTY) [ TD 
r "Box 4814, Ore ...H/l P.0 Bal. Eprindi„, 74/ - 0/ 1 3 54-2681. 
JAMES CROSWE LL & ASSOCIATES. POWER INSTALLATtoNs AFTY) LTD 
P.0 k .M, Riv,inia 2.128- 726/7080/1/2 P.O. IU/.101. Fdonvule tal(]-53-0833 
A)RDAAN, HAYWARD & VENNOTE INGFLYF POWER LINES (PTY) LTD 
/0/blt. 1 /). // erton / 27 - {(]12) 86-2[)75 P.0 Bo•, 1989, 1011.1,•nesbuig 2(JIH) 725 535i) 

PREFORMED UNE PRODUCIS. 
K P O . B ox 910. Pirte I „Til],1/burg 32(H) - (A)331) 7 152(J. 
KARI PFISHRER ISA) (PTY) LTD. PROTICTIVE SWITCHGEAR (IN Y) LTD 
P 0. Brn, 65/I )uns/art 151/• PO.Box 8718. 1.lial'./.r' 20/I - K.*Il 
KEN 5}{EPSTONE & PARINERS 
1rt] Ft-, Fassifern, 35 Ridge Road, Du:ban 4(101 - 0131) RAY(111-M 29-226 (P ] Y) 1 TD. 1 P.O. Box 134. Oli .intante in 1665 KlRKPA I'ltIC SA (Frn LTD. -61-1628 

REEF ELECTRICAL & P J„hannibburg 2,K,0 GENERAL () Box 6869. - 1.4 284[. ING[NEERING 
MHO Barbara KL{K·KIER MOELLER (SA> Ro,d. 8:,nll.mr.·in (PTY) !406 36 25 I [ LTD REPUBLIC' POWFR & COMMUNICATION PO 8,1, It){J, Kempton Park 162[3 CO, -975 393·7. (PTY) L'['D P.O IM,; KWIKOT I IMITED lix, Beig,11/ 2012 786 50!0 
REYROLL[ P PARNONS O Box 1/9, Tknoni 13(N} - 892.]062. OFSA (PTY]LTD 
P.O 110% 8080. I kinikftintein 1-106 - 36-2 bea 
ROBERTSON FH & ASSOCIATES. I. 
P.0 Box 542' 

LASCON LIGHTING INDUSTRIES G"irge 65·30 (Fi Y I LTD (0441) 2981. 
LTD pO Box 7135 lid"n.Nburg24*)0-839 ROC[.A (PTY) 2341, P.O.11 01 92. MEBENBERG & STANDER R,indepourl 1725- 672-6621. 

ROBME (PTY) I.TD P,/,u,29 /.Ka.2/lad 8(NX)-(02[) I 24 8137/8. P.0 Bo·, 698. Ll'M F.X (PTY) I.TID nedtord•lew 2008 - 53-8600. 
1, „. B„x .1045 . Brainte) 2018 - 786-5122 S 

SA NATIONAL COMM]TEE ON ILLUMINATION M P.O. 110% 395. Prelona [*)01 - 79-7011 
MAR,419 GH & VENNOTE SAUK 
1)*- 17?ei. Pietorial)001 - (1)12}3-1651 Posbus 8606, Johanne,iburg 2(MK) - 714 95„ 1. MART!]INUSEN & LOU'ITS. SCITI ]SH CABLPS SA [.TD. 
F.() 1,0,: 4(1•)18, Cleveland 20(12- 25-8]67 P 0 11„x 2882. j„hannesbure ,(WI- 613 5845 
ME]u & McuE[ I AM P O · Box ! 88. Fletermar,iburg 12(M) - (i)33 I ) 6 1 33 I . PO. Box 31012. Br.amfunteln 2017 35.5751 Slt:MT·NSSA (PrY) LID. MIDLAND EQUIPVIENTIPTY } I TD. P.O. Box 45*3, Johannesburg 2000-715-911 [. M. Box 440, Kemplon Park 162() 975.5941 SIUMAFIRM SA (P IY] LTD 
MK El.EC[·R[r(PTY) LTD P O. Ho, 32. Mar.wi,hurg ]7(Al-674-1240/4. P.0 Box 14(). Rosslyn 020(1- (012) 58.22·38 IMPLF.X·GE LIO]IT]NG (PTY)LTD Mk ELECTRIC i PTY) L TD P O. Box 6168, Mar #,11!lown 21[)7 -838-7921. 
AM. TEC'HNICAL 'EFI'ING - SEPTE MIER 1984 117 



MR RR SLATEM. Managing Director. 
P O. Box 67452, Bryanston 2129 - 706.2717. 
ST[EBEL ELTRON (FTY) LTD. PAST PRES[DENTS / VOORM V.ICE PRFIDENTF 
P.O. Box 4613, Ronse, elt Park 2129 -(011) 678·5384 
STONE·STAMCOR <PTY) LTD 
P O. Box 50292, Rand h„rg 2125 -48 1150 
SULZER BROS SA (PTY) I.TD 
P O 1915-17 1 1 1 Dobson 

n=930, Johannesburg 2(KH)-37 21170. Johannesburg 
1917.19 SOUARE D ELECTRICAI *JRotieits PROMJCTi Durban I TD 
1919-20 'B P O. Sankey Port Eliza b/h Box 1273. Krugersdorp 1740 - 

1020-22 'TOW Dodd SWITCHBOARD MANUFACTURCRS (NATAI Pretoria ) 1922.24 4611 P.O. Box 40056, Red Ilill 407 qwingler l Cape·town 
1924-26 1 Roberts Durban 
1926-27 '8Sankev Johannesburg 

THERON & VIUOEN. 1927-29 'J M R. BOUWER [.am60 E.„,London 

Posbu• 1115, Up/glon 8800 -5481/2. 1929-31 'R Macaul ey Bloemfonicin 
THORN LIGHTING SA IPTY) LTD. 1931.33 I.LHorrell Pretoria 

p O. BOX 43075. Induiria 2(}42, - 839-2434 1933-14 I F Hickell Port Elizabeth 

TRITRONIC EQUIPMNENT (PTY) LTD. 1935.36 *GG Ewer Pietermaritzburg 
P.O. Box 1788. Verceniging 1930- (016) 22.4405. 1936-37 *A Rodwell Johannesburg 
TUBERWRIGI ITS (PTY ) LTD 1937-38 *JH /¥Ies Durban 

P.O. Box 1905. Veroenigine 1930- 1938.39 HA Ea,Iman Care Town 
1939-44 *IJ Nicholas U.tat, 

U 1944 45 w A Rodwell JohannesbuirE 
UNIP!.AN (PTY) 1 TD 1945-46 JSCIinton Zimbabwe ( I larare) 
P.O. I 0 7259, 2[*I - 22.8971. 'J W Johannesburg Phillips Zimbabwe (Bulawayo) 
UNIE 946-47 GJ Muller STAALKORPORASIE (SA} BPK. R loemfonicia 

Posbu, 48. Vereenling 1930 - (I)16) 4-5122. 947-18 C Kin Man Durban 
948-49 A Fodcn East London 

V 949.5(3 DA Bradley Porflizabeth 

VAJA PRODUCTS (FTY) LTD 950.51 CRHalld Pi.Irrnarit.burg 
P.O. Box 35247, Nor(hclift 2155-678 1614 951.52 JC Downey Sprin#5 
VAN N[IKERK.ID & VENNOTE 952-53 AR Sibin Zimbabwe ( Bulawayo) 
Posbus 50645, Randburg 2125 -46-6493 953.54 ,JC Fraser Johannesburg 
VAN NIEKERK, KLEYN & EDWARDS, 954-55 GJ Muller Bloemfontein 

Ml Divion 955-56 DJIiugo Pieloria 

PO 8=121.Siher:on()127-(012)86·1(l5. 956-57 'JE Mitchell Zimbabw/(Harare) 
VAN VUUREN J ll. Markerin@ Man 957.58 JLvan der/all V¢r. Elcctrical Pro- Krug/]sdorp 
duct, Division, 3M SOL'TH AFRICA [PTY) i TD 958.59 CGI)ownic C:,pe'rown 
P.O. Box 10465. Johanne&burg 2000- 36-3211 959.6(j 'RWKane Johannesburg 

960-61 RMO Simpson Durban 

W 96142 C Lombard Germigon 

WACO D]STR[BUTORS 962-63 *PAGile• East London 

PO. Box 461. Johannesbur... -29·6141. 963-64 JC D<'wney Spring' 
WESTINGIOUSEBELI.AMI]r (PTY,[.TD 964-65 RW B:irron Welkom 

PO. Bmlli hhannesburg®DO-864-2150. 96,5-67 -DMurray-Nohbs Pormizabeth 

WEYERS BOTHA & HUBEE. 967-69 GC Theron Vanderbii[park 
P.O Box 575, Irene [675- (012) 63·ll 14/5/6. 969-71 In·Turner Umial] 

971-73 JK von Ahlfic n Sprine. 
973.75 JC Wadd> Pic. rmaritzburg 

YORK F[BREGLASS PRI'SSINGS (PTY) LTD. 975.77 Edc C fretorius Potchefstroom 

P.O. BoN 39064, Oucensburgh 4070- (031 h 44 -7987. 977-79 KG Robi•on E//London 

YORKSHIRE 979-81 SWITCHGEAR (SA) (PTY) 1.TD, PJ notes Rooder™irt 
P O. B.. 157, Pinc:...3600-72-1501. 981-83 Dll Fraser Durban 

Z 
ZAKREZEWSKI ASSOCIATED IN('ORPORATED. 
PO. B•ix 859. Ean Londan 52(10 •*oiled, 
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Ferranti 
Measurements 

new single phase 
electricity meters 

F2K-100 SERIES SINGLE RATE 

I ..Il.I- 

e 

4.- A 

1 4.4/' e 

TreF2K-100seriesofsinglephase Tteserie•huvealongmeauring 
electrklty meter5 area further range andeinp]* high capacity 
development /therwell terminal arrangements The design 
/5tablbhed predecessor features high mec hanical stablky with 

rriairTteriance fT ee c:©inporlent.. 

SULZER Sulzer Bros. (South A rical Ltd 
Ml F•,or Aooess Cil!, Ba•n Foad 'Itm Ducirill,)r. R' 80x 93• Joharnest,1/ 2000 
Tel (011,37-417DT.kn[ 8-8•48 
Ci.pelk..i PO .....gotali./1/102'21 8650 
Du• PO*18•ling,4000. (pal)2365*1 

9•80 
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WHO'S 
BEEN THE 

HarTEST NAME 
IN WATER 
HEAT ING 

FOR 
75 YEARS ? 

When it comes to water heating. from 
domestic hot water systems to solar 

heating and heat pumps, onecompany 
has been doing it right for longer than 

anyone else Kwikot, the company that has 
kept South Africans uptotheirears in hot 

- water for 75 years 

rm.7.17 
THE HCITTEST NAME IN WVER HEe·UNG KR 75 YEARS. 

Be noni OIl]892·2030 Cape Town /20 54 369! Durbant-;39·]301 For:EU@beth 04 1 ,54-!512 

*1.-d*838·669• FAELLiRSHARPEm-[ 9•10•• 


