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OFFICIAL PROCEEDINGS AMPTELIKE VERRIGTINGE 

lith TECIINICAL MEETING 1 le TEGNIESE VERGADERING 
1-2 SEPTEMBER 1986 1-2 SEPTEMBER 1986 

PORT ELIZABETH PORT ELIZABETH 

TABLE OF ATTENDANCE/ 
TABEL VAN BYWONING 

Honorary Members 8 Erelede 

Guests 22 Gaire 
Local Authorities 24 Plaaslike Beslure 

Engineers 110 Ingenieurs 
.Associate& 8 Agoshlede 

Affiliates 166 Geaffilieerdes 
I.adies 144 Dames 

Staff 14 Personeel 

496 

Apologies 7 Verskonings 

OFFICIAL OPENING/'AMI>TELIKE OPENING dit is 'n groot vergadering en Inder the leiding van die 
Allerhon/re kan am nie 'n sukses daarvan maak nie 

Ds O. J. Fourie het die vmigtinge geopen met skrif- 
lesing en gehed 

Dames en here, Raadsheer Ben Olivier ix die Burgemeeq- 
MNR J A LOUBSER : PRESIDENT reT van Port Elizabeth. Dit is niu vir my '11 groot voorreg 

om vir Riadsheer Olivier ie vr, om hierdie vergadering 
Baie dankie ds lourie U weet 5005 wat u self gese her, te open 

WELCOME BY THE MAYOR 
VERWELKOMING DEUR DIE BURGEMEESTER 

Die Burgemeester, Raadsheer Ben Olivier 

Mr President, dislinguided gue#, ladie, and gentle- 
men. Dit ver,kaf my groot /noee om u vanoggend in 
Part Eliabeth, '·Die Vriendelike Stad," te verwelkont en 

Me 
te open. k T•n ee v=ga•• ng van die VMFO amp el 

ftetkorin;t ,/'•.,'1"&'.'A"'.,di'••::•LP•ersk.ItZ'2 b:• 
sentra van Suid-Afrika - nie alleen munisipale elektro- 
tegniesc mgenleurs nle, maar ander verreenwoordigers E,31 van Parastaatsliggame en die Handel en Nywerheid. f• 
Now in its H ls,year, and having grown in qize from 2 x Roadshee, 82,1 Oh'vier, bummwier m Forl ELizu- 
400kW DC ger.erator•in 1905 loasystem wirhaloadof belh en .410: M. 0/ivie, s.am m., Mnp J. A. 1/ubier, 
almost 400 MW, we as a Cour,cil are justly proud of the President =i die VMEO er Me, Mante Loubier. 

undertaking as welf as having beell associated with your 
A.ociation not only since its founding as a foundation 
ruember, bm, with / humility, as the actual A,under. ·Die Verenizing hel M stand gekom as gevalg vaii 

'n brief w# deur John Roberts aan Dr J H Dobson 
In substantiation I would like to quoie from various geskryf iE, niaar die eer om st/ter van die Vereni- 
extracts of yaur proceedings where / was stated ihat: gil,g te wees berus by Bernard Sankey " 
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Dit i. duidelik onderstreep deur andere op die *ste ke,1- sien dat dir nie weer 21 jaar verloop vmrdar ons as 

ferensie in Dos-London toe gae is: gasheer vir die Vereniging kan optree lie. veral - en 

daarvan is ek oomig - nadat u twee wonderlike dae van 
"Dir Was deur sy /Ring, toe hy nog in Port Eliza· gasvryheid in die 'Wrlen delike Stad" ondervind het. 
berb was, d• die idee van die Vereniging gebore 

" 

19, Whilst appreciating your heavy programme will keep 
delegates hard / work with no grare time, we do hope 

Well you obvioucly guessed by now that Bernard Sankey that the progran,me we have prepared for rhe delegates' 
mus have been Port Elizabethes Municipal Electrical wives, whi/h probably can be likened to a short travel 
Engineer. and as a red of his and other m.nicipel tour of Port Elizabeth. Will /I]able all to take note of 
electrical engineerC effor™ rhe Association was formed in some of ils nwirrous attractions, and the Mayoress and I 
1915 and duly paid its first visit to Port Elizabeth in look forward to meeting you and your wives at the 
1920 omcial reception being held tonight. 

Asthe importance of the Association grew, +0 invilotions I 
to hold conferences in other centre% grew and Pert Eliza- trmt your stay will be enjoyable and hope thos:e of you 

wb•o Inight n¤t have known Port Elizabeth very well will beth accordingly had to wait util 1933 before it could 
now plan to return and spend u Inuch longer time in the host its second conference and until 1949 and 1965 for its 

third and fourth visils respectively. "Friendly City." You may make use of this opportunity 
to look forand buyyour retwment house, flatortown 
house. Prias will not be as teasolable for a long time. Dit blyk nou dat Port Elizabeth mondig geword het 

deurdat 21 jaar inrus,en verstryk her en u nou in 1986 

konferie in Port Elizaheth hou, al is di 'n iegniese It now gives me great pleasure to declare the 11 th Tech- 
ene. nia[ Conferenct of the Association of Municipal Elec- 

tricity Undertakings duly open and may your delibera- 
Mnr die Presideni, aangesien ons nie i naam "Die tions be highly sucgessful and your retm home safe and 
Friendelike Stad" wil verloor nie, versnek ek i am toe re pleasant. 

MNR J A LOUBSER : PRESIDENT 
Mnr die Burgemeester, ek bet van daardie advertensie Ek moet vir u r hy was ook 'n Elektrotegniese Stadsin- 
#hou war u sa tussen in geglip het maar ek glo nie u hoef genieur, hy wat, lid van die VMEO, en toe her hy by die 
dit rep nie want ek kan vir u seas ek ky k na dieaantal deslydRe "v·yand,r' Hvkom, gaan aansluit. Nou ek g 

mense wai hier verte/nwoordig ic, dan is dit 'n rekerd deslydse vyand inaar deesdae praat ons nle meer So nie, 
aantal mense vir•n regniese vergadering en u hoef nie re Deesdae /an dit baie goed. Baie welkom, Mnr Stofbergo 
adverteer nie - die mense hou van Port Elizabeth en dit ek waardeer dit regtig dat u hier i.. 
is baie aanger,aam om hier te wees. 

Ek het ver,koning van twee urelede ontvang: Ralph 
Baie dankie vir u riendelike wn/iging en vir die moni And/80„ Val] die W>iNR -- hy het 'n moni hriefie 

woorde wat u nan m serig het. geskryf omdat hy nie hier kan wees nie, en pas 'n 
telegram van Dr Strameker - hy het vir o. 'Regret 

U weel een van die probleme w:,i '11 hurgemeesrer het is unable to altend. Send greetings and good .wishes for 

- hy weet nie w·at hy moet coen me, al die mansjet success of Technical Meeting," Ek wit net „ ek waar 

knope wet hy het nie. Maar ons het deer at tog gevoel ons meet hierdie verskonings. Dit is goeie :riende van ons, 
vir hom ietsie gee wat hon, kan herinner aan hierdie daardie. 

groot muss, mense wat „,idag hier bymekaar 6. names en Here. nou kom ons by die eerste referaat wat 
gelewer word deur mni Beaurain en mir van der Walt 

ame& en here, 1/at ek nau begin deur Idelik vir u ie se //amenilik Mnr Reallrain is Distribusie Ingenieur vam 
2-5 

ie welkom hier. Ek is besonders beindruk deur die Pretoria Manisipaliteit en mar van der Walt is 'n Privaar 
2 enge 

w" hier i.. Ker,sultant Ek /el hulle nou dadelik aan die woord. 

To me in a ple„m because all mY friends are here I Mnr Beaurain 
know some of you may gy "why do you need enernies 
with ferne of thei friend," maar daar i, 10.• I paar 
treu rlge o emblikke wai ons nok moet iets o ors e en ek 501 
I nou I et moet heri nnerdatongeveer 'n week getede het 
Jannie van der Walt, een van ons vinnie Pre#dente, 
skieNk heengegaan Ek vra u om asseblief'n paar minute 
op te staan en net aan hom dink Baie dankie. 

1/ier is '. paar 'pedale mense vandag nier en een van 
hulle I = fberg van Evkom I really apprenate his 
rrefence here today He would not have been here but 
when I asked him to plear be here. just forsupport for 
myself. he immed/tely *reed to ir. 

Mor Stofberg tree eer, van die dae afl Ons ken hom almal 
baie goed en ek dink regek d dir waardeeras hy nec 91 
opstaan Godat almal hom kan sien 'n Gedeelte van die /root lefal 4/etmard:,des. 
11 AM[·U ·rECI INIC'AL MFFTING - 1986 



PAPERS -REFERATE 

./ 1 1. 

. 
$ I. leawa•n 1 "In 

TOWNSHIP RETICULATION DORPSBENETTING 

C Beaurain Pr Eng Chief Distrubution Engineer C Reaurain Pr Ing Hoofverspreidingsingenieur 
Electricity Department Elektrisiteilsdepartement 
Cily Colacil of Pretoria Stadiraad van Pretoria 

S J van der Walt Pr Eng Nienaber & Van der Walt S J van der Walt Pr Ing 

1.0 INTRODUCTION 1.0 INIEIDING 

The ·Guidelines for the provision of engineering Die 'Riglyne vir die vomiening van ingenieurs- 
service in residenrial townships' was published in diensre in residensiele dorpsgebiede' is in 1983 
1•*3 by the Departmen, of CAmmunily Develop- deur die Departemen, van Gemeenska/,entwik- 
ment, Section G of tlie Guidelines, which deals keling geruhliseer. Afd/[ing G van die ·Riglyne 
with the electrical network, was prepared by the wal handel oor die elektriege nerwerk is deur die 
National Building Researih Institute (NBRI) of Nagnale nounavar,ingsilistitult (NBNI) Van di 
the CSIR, assisted by the AMEU WNNR voorberei met bystand van die VMEO. 

This section was based on the Rritish "Chief Ilierdie afdeling is op die Britse 'Chief Engineers 
Engineers Conference Report on the Design of Conference Report an the Design of Medium 
Medium Voltage Underground for New Housing Voliage Underground Networks for New Housing 
Estates'. E//es' geb/eer. 

The 'Guidellnes' have been used by various or- Die 'Riglyne' i, deur verskillende organisasies 
ganisations mh as municip,lities and colisulting soos munisipaliteite ell raadgewende ingenieurs 
engineen, for rhe past three /5. This IS there- vir die afgelope drie Jur /bruik. Dit is dus'n 
fore an opportune tinie a[ thls technical niecting of Ernie geleentheid om by hierdle tegniese vergade- 
the AMEU to excliange ii,formation on the prob ring van die VMEO inligting uit te ruil oor die 
lems and shortcomings of Section G of the probleme un rekortkominge van Afdeling G van 
'Guidelines' die'Riglyne'. 

We h,ve [bought it well to present thit paper to Dns het goedgedink om hierdle referaat aan te 
imriate the process of mformation exchange. bied Drn die proxes van mligtinguitruiling te begin- 

1986 - VMEO Tr/,MESE VFROADER140 9 



2.0 COST OF COMPONENTS USED [N 2.0 KOSTE VAN KOMPONENTE WAT 
UNDERGROUND RETICULAnON OF GEBRUK WORD IN ONDERGRONDSE 
RESWENTIAL TOWNS}{IPS RET,KULASIE VAL RESIDENSIELE 

DORPSGERIEDE 
In an attempt to establish the relative infuence of 
the different components of a township rericula In 'n poging om die relatiewe invloed van die ver 
tion Agem on the cost of the rericulation, Ehe skillende koniponente van 'n dorp,benettingstelsel 
costs of reliculation in several towns in the PWV op die benettingsko/e te bepaal, is die benettinge 
area were analysed by the consulting engineer kostes van 'n paar dorpe in die PWV-gebied deur 
concerned Ii, son,e of drse tog,15 the consulting de betrokke raadgewende ingenieurs ontleed. Bly 
engineers had been involved in rhe reticulation sommige van die dirpe was die rudgewende 
design. but in other cases the lay-outs had been ingenieurs by die benetringsentwerp betrokke 

kindly supplied by the Electricity Deparments of maaria ander gevalle i, diellitlegre goedgunstiglik 
the Town Councils. The results obtained were as deur die elektrisiteitsdepartemenle van #ad,rade 
follows: vounien. Die volgende resultate is verkry: 

In all the Mwnship reticulation schemes the 11 kV In die dorpsgebiedretikulaqieSkemar was die 11 

high voltage had been done with ring feeder&, and kV hoespanning met nigvoerder, en die laespan- 
the low voltage with radial feeders. ning met radiaalvoerders gedoen. 

KOMPONENT VAN INSTALLASIE FERSENTASIE VAN ]CO,rE 
COMPONENT OF [NSTALIAT]al ./:NTAGE OF CD. RYGEDRA DEUR 

CONTR!mUTION mY 
KOMPON]ENT' 

COMPONENT 
1 Ui•griwing 5 (hon'll/klik la./ Irmasie 

E•.•v••iunb .d, w. forn/, 2. Hoe,panulngkabel 20-10 
2 111¥11 v.,• * 20-30 

3 M]mutuu[Nu•t=le (met *hue- 
3 Minwiure hut:.12[i•n jvilh • Inad h. s%ing/a.... 16.25 

.11.,i WI/*¢.) 1025 
4 1224punning/bel 16 

10/ PUJI•* Ll,Wr 16 
5 Huihildil•[u]1]ngh g 

5. Huu-=i= 8 

6. 6. M•terkn4ti• . Mewr ki•kb 9 

SEr•wl I,•li• 12 Slowtligte 12 

8. Gri# R -1- ple-Lon Aardi.g, ki•.•r...nrherr,•ing 4 

It mu„ he emphasized that these figures can vary for Daar moet benadruk word dat hierdie syfen k'n varieer 
differen• tonhip lay-outs and they should anly he used vir verqkillende dorp,litlegre en hulle moet slegs gebrnik 
to illustrate the relative coxts of the companents. word om die relatiewe kosle van die knmponente te 

illustreer 

3.0 HIGH VOI.TAGE CABLES (11 ki) 3.0 HO•SPANNINGKABELS (11 kV) 
It 8 clear from the table Iliat one of 'he largest Dit is duidelik uit die tabel da, een van die 
eost factors is the 11 kV distribution, between grootste kostefaktore die 11 kV verspreiding tls- 
miniatge substations W between miniat•ire sub- • miniatuursubstasies en tussen miniatuursnh- 
stations ar,d feeder substations It is therefore ap stwies en voerdersubsisies is. Dit is dus paslik 
propriate to discuss M apsect first The analysis om hierdie aspek eer/e te hes/reek. 
of the township lay-outs showed clearly that, in a Dit het uit die ontleding van die dorpsuitlegte 
number of ille township reticulation schemer. the duidelik geblyk dat in 'n aantal van die dorpsbe- 
il kV able sizes were selected to m/ch the fault nettingskemas de 11 kV kabe)groottes gekies is 

level and nol the load requiremen,sof the 11 kV m by die foutvlak en nie die lasvereister van die 
ring 11 kV ring re pas nie. 

The reason for this must be sought in the inter- Die rede hiervoor moet ge,Dek word in die inier 
pretation of the data from some cable manu factur pretasie van sommige kabelvervaardigers se data. 
ers. Manufal:turers soI,ietin•es quote through-faull Vervairdipere kwoteer somtyds deurfour 
current rating for 1 sera kAirm factnrbatedan stroomaanslag vir 1 5 of 'n kA/mm faktor wat op 
1 s. Another reason why cables wilhal s through- 1 s haseer is, 
fault ming of 250 and 350 -MVA are uied can be 'n Ander rede waarom kahels met 'n 1 s deur 
found in Standard Specification SABS 13]9-1981: folltaanslag van 250 en 350 MVA gebruik word 

'Cros&-linked polyethylene (XLPE: - insulated · kan gevind word in Standaard,pesifikasie SABS 

electric cables'. in Table 35. This lable is shown in 1339-1981· 'Elektriee labels met isolasie wn 

Fig t. kruisgebinde pcli@tileen (XLPE). in Tabej 35. 

The implication, particularly in the note below ihe Hierdie tabel word in Fig 1 Retoon. 

table. 5 chat one 'hould not w. cahleq 'maller Veral die nom oi,deraan die ratiel het die implika 
than 95 and 120 mm' on 250 and 350 MVA sys- sie dlit 'n mens lie kabels kleiner 3 95 en 120 
Iems, r•pectively. mm op 250 en 350 MVA stelsels respektiewelik 

maet gebruik nie. 

Cahle' can however withstand higher through- Kahels kan egrer hoer deurfouts,rome vir korter 
faul, currents for shorter periods and, where ring tydperke weerstaan en waar ring,Derders minia- 
feeders serve miniature substations, there is no tumubsm/ bpdien ic daar geen rede waarom 

reason why the higher values cannot be used, as daar nie met die hoer waardes gewerk kan word 
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fuses are ubed in miniature substations for irans- nie aangesien daar in die meeste gevalle sekerings 
former fault protection in most cases. Discrimina in miniatuursubstasies vir transformatorfout 
lion between the fuse and the ring overload pro- beskerming gebruik word. Diskriminasie tl™•en 

tection can therefore be easily obtained. die Kekering en ringoorstroomheveiliging kan dus 
maklik verkry word. 

In Fig. 2 the through- fault capability of a 35 mm 
Ing Fig. 2 word die deurioutvermae van'n 35 

•able is shown as a fuxtion of the duration of the mm kabel getoon as 'n funksie van die duir van 
fault. die four. 

From this figure one can Ke thal the 35 mm cable Vanaf hierdie figuir kan 'n mens sien dal die 35 
can be used on mm kabel gebruik kan word op 

3.1 3 250 MVA system, ifthi fuult duration islimited 3.1 'n 250 MVA stelsel, indien die foutduur heperk 
word tot 0,15 to 0,15 s and s, en 

3.2 'n 350 MVA stelse[, indien die foutduur beperk 
3.2 a 350 MVA system, ifihe fuult duration is limited word tot 0,07 s. 

m 0,07 S 
Die rotate breektyd van 11 kV stroombrekers is 

The total intenupting tm of 11 kV circuit tipies 60-70 ms met die gevolg dat deurfoutrye 

breakers is 7pically 60-70 m, with the result that van 100-200 ms vir roevoerkabels na miniatuur 

through fault times of 100-200 Ins can be used for suh„asies gehruik kan word. 

supply cables to miniature substations. Dit is dus duidelik dat in hykans alle gevalle die 
grnotte van kabelrnerders na miniat,lurguhsta,;ies 

It ic clear therefor: thal in almost 011 cases the size op termiese aanslag geba/er kan word. 
/ cable feeders to miniature substations can be 
based 011 thermal rating. 4.0 DORTOI.LIGHUm IN KARRI.VOERDERS 

4 0 REDUNDANCY IN CABLE FEEDERS Met oortolligheid word bedoe[ kabets verrig 'n 
bystandsfunksie. Dir is goeie praktyk om in die 

With ·redundancy' is meant cables performing a ontwerp vir cortolligheid in kabelvoerders voor- 
stand-by fwiction. It is good prnctice to inake siening te maak om die betroubaarheid van krag 
provision for redundancy in cable feeders in a voorsiening te verhoog. Die oortolligheid word 

design, to enhance the reliability of the power egter teen bykomende bte vaorden en moet tot 

supply. Redundancy is however provided at addi- die minimum heperk word. 
tional cost, and should be kept to a minimum. Fig 

the its Fig. 3 toon die ring feeder systems, each wilh ring,oerder-, die 
3 shows drie'halfring' 

redundancy. In all cases it was assumed that cable voerder- en die vier 'halfring'-voerderste]&eis, elk 
sizes are selected in accordance with thermal de- met Gy oortolligheid, aan. 

maad. It is therefore clear that the cost of minia- In alle gevalle is aanvaar dat die kahelgrootte, in 

ture substation feeders can be reduced by using 00/enstemming met die termiese aanvrang gekies 
these half-ring symm. is. Dit is dus duidelik dat die kosle pin miniatuur- 
The following cost advantage was achieved by substasie-voerders verlaag kan word deur hierdie 
replacing a ring feeder with a three half-ring 'haing'-5telsels Ie gebruik. 
feeder. 

Die volgende kostevoordeel is verkry met die ver- 
vanging van 'n ringvoerder met 'n drie 'halfring'- 

Ring feeder 
voerder. 

11 kV cable, 952 
6 500 m R331 500-00 Ring·voerder 

1 1 kV Kahel 95 mm2 6500 m R331 500,00 
R331 500-00 

R331 500,00 

Three half-ring feeder Drie '•lfring'-voerder 
It kV cable, 35 mm' 1 I kV kabel 35 mmPTZPT 

7500 (R30;'m) 1130 250-00 7 500 re R30 m R130 250,00 
1 x '/4 Switch R14000-00 1 x Ti skakelaar R 14 000,OD 

R244 250-00 R244250,00 

A& already pointed out. thls can only be achieved Soos reeds uitgewys kan dit a[leenlik vir alle ge- 
in all ca/8 if smaller cable!; and shorter through- valle verkry word indien kleiner lubels en korter 

fault capability ratings are ased for 5ystem• with tydmilae vir deurfolltvermoK gebruik word vir 

250 and 350 MVA Aymmetrical fault ratingR stelsels met 250 MVA en 350 MVA simmetriese 

It mus, be noted however that where feeders foutaans'ag. 

5upply other types of substations, with for exam- Dir moet egter gelet word dat waar voerden 

pie circuit breakers, co-ordination offhe protec- ander tipe substaics met bv. straombrekers in- 

tion will necessitate selection of longer through. voer sal kw/inasie van die beveiligting, veroor- 

fault times. saak dat langer deurroutiye gekjeR mae word. 
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5.0 FUTURE SYSTEMS AT HIGHER VOLTAGE 5.0 TOEKOMSTIGE STELSELS TEEN HOUR 
e.g· 22 kV SPANNING BY 22 kV' 

Verspreiding teen 22 kV kan verder .ny In die 
Distribution at 22 kV can further reduce the cable kabelostes van miniatuurwh„asie vr>erders. 

costs Of miniature substation feedern The main 
reason for this is that 22 kV cable iG only 20-30°4 Die hoofrede hiervoor is dat 22 kV kabel Ele& 20 
more expensive than an 11 kV cable of the same 30% duurder is as 'n 11 kV kabel van dieglfde 
cross-sectional area. But such a cable can carry area grootte, So 'n kahel kan dan magen/g mee 

approximately twice the power that on 11 ky mal die drywing van 'n 11 kV kahel van diegelfde 
cable of the same size can. grontte versprei. 

nere would be a cost difference between 11 kV Daar sal 'n verskil in kostes tussen 11 kv. en 

and 22 kV switchgear. but if 22 kV were to be 22kV-skakeltuig wees maar indien 22kV meer al- 
more generally used. this difference would be- gemeen Rebruik word sal die verskil kleiner word. 
come less. 

6.0 MIN1ATUURSUBSTASIES 
6.0 MINIATURE SUBSTATIONS 

Miluatuursubstasies word algemeen gehruik in die 
Minlature substations are in general use in electri elektriese benetring van m/MAiele dor/gebiede 
cal reticulation of residential township<. They are gebruik. Hulle is die tweede duurste irem in he- 

the second most costly item ir, such reticulation. If netting van dorp.gebiede. 
the costs of miniature substations, with on-load Indien die koste van miniatuurs,ihstasies met vol- 
switches and fu5es feeding the tran,former, are lasskakelaars en sekerings, wat die „mformator 
broken down into components, they voer, in komponente opgebreek word lyk dit sons appear as 

follows: volg: 

COMPO><ENT PERCENTAGE OF CO' ROMPONENT PERSEN•ASIE VAN 

CONTRIBUTED BY KOSTE 

COMPONENT Dell KIMPONENT 
BYGEDRA 

Il kV bu.Lih/ar 40 11 ky S..... 40 

Tr0mfu[.r T.Irrn. 40 

E,16-re •I lew 0•ulw] en 91:•kullu•K 
Voltal 2D 

vir ic.nnul 20 

T]•ese figures may vary from one man,[facturer to 
another, and they are dependent on the complex- 
ity of the low voltage switchgear and the type of Hierdie syfers mag varieer van een vervaardiger 
street lighting contralgear. na 'n ander en isook wfhanklik van die kampleksi 

teit van die laespanningskakelruig en die tipe be- 
Observation of ihe <ervm of the high viltage 1/er ian die straaiver[igting. 
switchgear in the miniature substation leads one to 
the conclusion that on-load &witching is seldom Ind/n 'n mens die diens van die hoespanning 
uqed. skakeltuig in die miniatuursubstasie beskou kam 

'n mens tot die gevalgrrekking dat vollasskakeling 
If use is made of•half-ring' designs where switch- selde gehruik word. 
ing is needed at the node of the half-rings. the 
requirement of switching at even' miniature sub- Indien gebruik ge,naak word van 'halfringe' 
station becomj even IN. onrwerpe waar skakeling by die node van die 'half 

ringe' benodig wards ward die vereim van ska- 
Another proposal & to tme an-load high vo[/Re keling by elke miniatnursubstasie selfs nag 
switching on every second miniature substation. minder. 
Fig. 4 illuslrates this pr()p,•sal. 

Nog 'n vaariel is om vollihokpanningskakeling 
The goal of the on load switching facility is firstly op elke tweede miniatuursubstasie te gebruik. Fig. 
to ahviare 2 far as pogible unnecessary interrup- 4 illu&treer die voor&tel. 
tien of supply. consumers in cage af faults or 

whei, work is required on the system, and this is Die dnel van die vollasskake:fasiliteit is eersten, 

therefore a factor in the continuity de5ired by rhe om sover moontlik onnodige onderbreking van 

consumer and something that can only he com toevoere na verbruiketE te vaorkom in geval van 

mented on by electricily supply authorities. fouie of wanneer aan die belsel gewerk moet word 
en is dus 'n faktor van die bestendigheid wat die 

If the consumers, particularly the residential con- verbruiker verlang en iers waarnor slegi elektrisi 
sumer, were prepared to accept a lower standard teitsvoorsieningsowerhede kommentaar kan 
of service. one of the two on-load switchesal the lewer. Indien die verbruiken en veral die residen- 
miniature 'ubstation could be done away with, si,le verbruiker bereid sou wees om'n laer stan- 
wirh direct connection of the cable o the bushars daard van diens re Manvaar, kan daar moontlik 
of the fuse switch or blade links in air When a weggedoen word met een van die twee vollasska- 
length of cable belween two miniature subvations kelaars hy die miniataursubstasie met direkte vet- 
has to be idared for some or other reason, then binding var, die kabel aan die geleistamme van die 
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©Illy one miniature substatim would have to be sekeringskaketaar of lemskakels in lug. Indien 
diconne/ed for the time i, takes to uncouple the len/te kabel russen twee miniatuursubstasies om 

r,her end of the cable or to open the blade *. een of ander rede afgesonder mod word sal dz 
Such arl vrangements can effect a 10% reduction dan dems een miniatuursubstasie uitgeskakel hoef 
in the cost of miniature substations. re word vir die tyd war dir neein om die label se 

ander ent te on,koppet of die lemskakels oop te 

Another option that manufacturers and uker! maak 
should consider 18 no-load swit:ling at miniature 
substations. One would hope that with develop- So 'n rangskikkhig ku, 9, 1056 vermindiwing in 
ment this could be done within the transformer die koste van miniatuursub'asies meebring. 
tank (.ith or without cominon oil) I think every- 
one will agri that such an assembly would make 'n Ander op,ie a wat vervaardigers en gebruikers 

maet 0/rweeg is nullasskakellng nea• compact unit. by mmitumub 
stasia Met ontwikkeling kali '11 mens hoop dat so 

A lowerill of costs of high voltage switchlearin iets binne dietransformatortenk gedoen kan word 
miniature substations will tend to reduce the opti (met of &0nder ge...skapIike olie) Ek dink clk- 
mum size of the miniature subtation. By opti een Ral saamAteni dat 50 n samestelling sal 'n 
mum size we mean the size that leads to the lowest nethese kompakre eenheid sal maak 

cost for the gculation of th, township. In its 

turn this will kud to smaller supply areas for 'n Virlaging in ko/es van hoespanningskakeltuig 
low in miniatuursubstasie wl miniature substations and therefore to shorler neig orn die optimum 

.ittage cables. grnotte van die miniatuursub,tasie te verlang. Met 
optimum groorte hedoel ons die grootte wat lei tot 
die minimum koste vir die benetting van die 
dorplehied. 

7.0 MAIN LOW VOLTAGE DISTRIBLTION 
Op sy heurt sal dir lei rot kleiner voorsieningsge 
hiede vir miniatuursubstasies en dus kerter 

There are two main approaches to the nlain low lae•panningkahels• 
voltage distribution in townships, namely: 

7.1 A,adial system. 7.0 HOOFLAERPANNINGVERSPREIDING 

Daar is mee hoof henadering& ter die hooflaespan- 7.2 A ring 5ystern. (This is not covered in the 
ningvegpreiding in dar/gebiede naamlik: 

Guideline.) 
7.1 'n Radiaaliteket. These day, townships are planned to have mini- 

munt „reet-leng,h per erf M that township lay- 7.2 'n Ringgrelsel (hierdie word nie in die riglyne 
outs have far fewerstreetsthan townshipsplanned gedek nie). 
30 years ago. 

Dorpsgebiede word deesdae berlan vir minimum 
INg. 5 and 6 bluslrate this staarlengte per erf sodar dorplebieduitlegre heel 

wa[ minder strate het as dorplehede war 30 }aar This trend has created additional costs for the gelede beplan k 
main low voltage distribution and makes Ihe ring 
distributi" system less attractive. Fig. 5 en 6 illustreer hierdie. 

The method of calceating voltage drop in the Hierdie •endens he, bykomende kom vir die 
main low voltage cables as given in the 'Guide- hooflaespanningverpreiding veroorsaak en maak 
linel' I the best available ind originated in the die ringverspreidingsisteem m„ider aantreklik. 
'Chef ENgineers Report'. 

Die metode om 9,anningsval in die hoollaespan 
Atest programme has been started. in co-opera ningkahek te hereken wat in die 'rig] ne' uiteen- 
tion with the City Council of Pretoria, to test rhe gesit word is die beste beskikbaar en het sy oor 

constan,5 connained in Tables 62 and (D of the sprong in die "Chief 6/neers Report'. 
'Guidelines'. 

In samewerking met die Stadsraad van Pretoria / 
k waq also commenced to find a simple iest 'n t..program begin om die kon/antes vervat in 
method for evatualing the maximum demand after Tabe[ G2 en G3 van die 'Riglyre' te toets. 

divergity and the Inaximun• demand of different 
consumer< in a specific township. Die [oetsplugrani is ook begin om'n eenvoudige 

roetsmelode te vind em die maks,mumainv/ag 
Initial measurements indiwite the possibility (Int ra divers„eit en dle maksimurnainvrjag van ver- 
the maximum demand of a consumer, over the skillende verbruikers in 'n spesifieke dorpsgebied 
peak period, can be r:pregented by a single biatis- te evalueer. 
tical function with a maximum, a minimum, and 
an average v'lue Su'h a representation can great- Aanvanklike metings dui op die moon,likheid dat 
ly simplify the test method· die maks'mumaanvral van 'n verbruiker, oor die 
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I,Irther measureinents during the winter peak piek periode, deur'n enkel statistieqe funksie met 

}oad period will confirm whether tile repri·senta '/ mak,imum, 'n minimum en 'n gemiddelde 
tion is uible or not. As these prelin,inary tests waarde voorge/el kan ward. So 'n voorstelling 
will only be con•pleted during July 1986, the re- kan die Mmrade aansienlik vergemaklik. 
sulit will be handed out ns an appendix to this 

paper. Verdere meting• gedurende die winterpiek)"pe- 
riode sal heve.trig of die voor&telling hruikbaar is. 

Anngesien hierdie voorlopige taet.e eers in Julie 
1986 voltmi kan word sal die resuitate as 'n bying 

8.0 STREET LIGHTING tot die refernat uitgedeel word. 

At 12% of th. costs of tuwnship reticulatio]1, 
8.0 cheaper street STRAATVERLIGTING lighting in reside'ltial tow nships cal' Teen 12% van contribute die koste van 

to the lowering of reticulation .oqt. dorr•gebiedretikda- 
sie kaii goedkoper straa.erligting in residensiele 

The dor/•Rebiede hydra tor die verlaging van typical cost contribution of the three :Impo relikulagiekogres nents of a street lighting lav-out I given here· 

Die ,OMPOMENT tipiese PERChNTAGE. OF COST kosiehydrae van die arie kam/mente 
CONTRIBUTED HY van 'r, strantverpligtinguitleg word hieronder 
•OMPONe>IT gegee: 

L=Ip ROMPONEWT PERSENTAS]E 

PO. I KOSTE 

C.bJu 13 HYDEA DEUR 
ROMPONENT 

This division of costs is based on a street lighting I-p !1 

defign with 125 W mercury vapour lamps and a 4 46 

Kil' 43 mm',3-phase cable from the miniature substation. 
From this Eost structure, it can be seen that nne Hierdie verdeling van knste E gebaseer or 'n 
has to look for cheaper alternatives for street light "mialigtingsantwerp met 125 W kwik 
poles and cables. damplampe en 'n 4 mm ; 3 fase kabel vanaf die 

miniatuursubgrasie, Uit die knMestrukruiur kan ge- 
A, first glance it appe,r, promising ti, feed street sien word dat 'n mee; na goedkoper alternatiewe 
lighting from the meter kiosk and thereby save the vir /raatligpale en kabeltaevnere moet soek 
separate cable between streer hghts 

ny die eerse.wign/lag lyk dit belawend om 

1 f the peak demand period of the township occurs strmverligring vanaf die meterka, re voer en so- 

after sunset, there will he little to gain 19 rhe doende die aparte kabel tussen straarligie re spaar. 
capacity of the main low voltage cable would have 
to be increased to carrY the additional load. For Indien die piekaanvraagperiode van die dorpsge 
townships where the mimum demand occurs bied na sonsonder•ng voorkom sal dnr min te 

during daylight it can be worth the trouble to feed wen wm aangesien die hoonaespanningkabel se 

street lighting from meter kiosks. vermoe verhoog sa! mm word om die blkomstige 
las te dra. 

Ir should be interesting lo compare costs ofs,reet 
lighting in group housing schemes with those of Vir dorpsftehiede waar makimumaanmag gedu 
conventional street lighting as shorter poles an€1 rende daglig voorkom kan dit die inoeile werd 
different light fittings are used. wees om striatverligting vanaf meterkaste te voer. 

Bit behaart interessant te we.eis om kostes vir 
straa"erligting .van grne/behuising,kemas te 

vergelyk met die van konvendonele srraatverlig 
9.0 COPPER LOSSES IN THE DISTRIBUTION ring aangemen korter pale en ander ligroebehore 

NETU'ORK gehruik word. 

I[ is part of the oprimization process to inclzide 0.0 KOPERVERLIESE IN DIE 

electrkai loaes in the determination ofable sim VERSPREIDINGSNETWERK 

The minimum total com occur where the interest Bit is deel van die optimi•ering&proses om elek 
on the extra amount spent an a cable is eq,111 to triese verliese in te sluit by die bepating van 

thesaving on copper losses asa result ofthe use of kabelgrontres. 
a larger cable 

Die minimum totale koste sal wees waar die rente 
Fig 7 illustrates Ihe principle. op die ekstra bedrag gespandeer op '11 tubel gelyk 

is aan die hesparing aan koperverliese as gevolg 
The break-ever, point for high vol•age cables is far m die gehruik van die groter kai)el 
below the therntal rating and is ther,fore tiot 

practical. Fig. 7 illustreer die beginsel. 
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For low voltage cables the break-even point i' Die gelykbreekpunt vir hoeips,Iningkabels is ier 

nearer, but still below the therrnal rating. onder die termiese aanBlag en is dus iiie praklies 
nie. 

Vir laespanningkabels 6 die gelykbreekpunt m 

Evwn in the case of single-phase house connection aer. maar steeds onder die termi.e aanslag. cables, thi· economical current nithig is •till below 
tile thermal rating, mainly biause the load factor Selfs die geval van enkelfage h,li••alisluitingska 
in a house is so weak. bel,; is die ekonomie•e stroomair,slag nog onder 

die termiese aanslag hoofsaakhk ontdat die lasfak 
tor van 'n huis Go swak is. 

This type of hoi,se connection has the additional 
problem that it is diffi cuk to reduce the fault level Hierdie tipe huisaansluiting het die bykomstige 
at the consumers di/ribution board to f kA (in probleem dat dit mneilik k om die foutvlak b, die 
the vicinity of the miniature subtation). This verbruiker se verdeelbord Int 5 k A te verlaag (in 
problem ts overcome it three-phase connections die nabyheld van die minlatuursubstasies) Hier 
are made to houses. die probleem word te howe gekom indien driefase 

aansluitings aan huise gegee word. 

In the case of street lighting three-plme dislribu- In die Reval van srraarverligring wen driefase ver 
tion winb on both capital costs and [asses. spreiding ap beide kapitaalkaste en verliese 

10.0 GEVOI.GTREKKING 

10 0 CONCLUSION Dit is moontlik om die koste var ondergrondse 
retikulasiesrelsels vir dorps/biede te besnoei Die Jt is possible ro cur ibe cost of underground ret ic- 

ulation systems for townships The most advanta- med vrugbare area le in die hoespanningsretiku 
lade. Om / die hes/aring& le realiseer sal verdere 

geous area lies •n high voltage retici,lation. To 
nivoginA en onrwikkelingiwerk henodig wees. 

re,1137 811 the savings will require fu rther regearch 
and development work. Ons hoop dat die refernat nie Res,en 112 word as 

kritiek op lede van die VMEO of op die 'Riglyne We hope that this paper will not be seen as criti- nie 
Lism of membea of the AMEU or the 'Guide- maar a, 'n paging on 'n iweede fm le inisieer 

waar die ·Riglyne' uitgebrei lun word Am die 
lines', but rather as an attem pt to initiate a second volgende in te sluil 
phase where the 'Guidelines' can be expanded to 
include: 

10.1 41 11 kV kabeluitlegontwerpprosedure wat die 
10 1 An 11 kV cable lay-out desiglk procedure which voordele van drie- ec vier- 'halfr'ing' stelsel 

spells ou, the advantages of three and four half- uitspe[. 
ring systems. 

10.2 Voldoende data om die gebruiker in graar te Mel 
10 2 Sufficient data to enable the user to select a pro- om 'n beskerming/tels/1 vir die deurfout/anslag 

rectian s'stem for the through-fault rating of the van die hoespanningk@bel w'at Ir, wil gehruik re 
high voltage =ble he wi•he' in iise kies. 

10.3 Information about the selection of high voltage 10.3 Inligting aangaande die kits van hoespanningsska- 
switchgear fir miniature substations thar link• up keltuig vir miniatuursubstasies wal aan,luit by 
with 10.1. 10,1. 

10 4 A method of measuring ihe maximum demand 10.4 'n Meetmet„de im die nlaksinlumaanvrallgfunksi: 
function / the consumer. bble, such a: Gl, van die ver bruiker te hepal,L Daar inoer lieD: weg- 
whi,h glves maximum demand after diversity a' a gedoen word met tabelle sons hv G I wal mukt 
function of income, should be done aw.4 with In 

mum amraag na diversiteit as '11 funks,e van 

the RSA, with a rapidly changing community and ink'me aangee In die R SA- met n vinnig 
a range of clim/ic condinons, such as claaifica- veranderde „melewing en 'n -ske,denheid van 
tion has gmall chance or remiming mable fur klimuattoestande het so 'n klassifikame mir, bic 
long. A inethnd of measuri•ig <hould rather he om tank torpastik re wees, I)aar meet liers van 'n 
used in w]Mch local inunic,pul•ties can ditermine meermetude gehn i k gernaak word sodat rlaa&like 
the maximum demand function of Their munisipal/eite die mak,imumaan,raagfunksie van 
con·•umer%. hul verbruikers kan be//1. 

10.5 A calcul/mn memod for vo![F drop in which 10.5 'n Berekeningsmerode vir spannings"j walr lie 
the constants ob/ined in 10.4 can eN]v be konstanies in In.4 verkry maklik ge,i,korporeer 
incorp"rated. In,n word 

Met hierd/ hyvoegings behoor[ die 'Rillyne' 
With theseadditions the i,uidelines' should make vioniening re maak vir alle tipes residensiele 
provl,lon fur all types of rildent],1 lownships. dorpiebiede. 
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FIG 3 
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FIG. 5 OLD TOWNSHIP LAYOUT 
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en 8 kV.A vir hoer inkomste behuising. Leiding 
word egter nie in die riglyne gegee oor hoe om te 

BESPREKINGS - DISCUSSIONS besluit of dit 4 of 6, of dalk 8 kV. A moet wees nie. As 
in gedalte gehou w·ord dat die keuse van die maksi- 
inum aan,raag van 'n ver bruiker die finale koste van 
die verspreidingstelil bepant, is die nodig dat dit 
korrek bepaa[ word. 

MNR LDMDE WET:Bok*urg Ougetukkig is die sesukate van di¢ toeisprogram, om 
'n eenvoudige toetsmelode ie vind vir bepaling van 

Mnr die Pre6ident, die ontwerp van vempreidingss[,lsels die maksimum aanvraag van 'n verbruiker, gedoen 
viI woondorpe is 'n spesialis gebied. Ten spyte van vele in Kamewerking met die Stadsroad van Pretoria, nie 
voorskrifte deur verskillende instansies oor die ontwerp be,kikbaar gewees voor die vergadering nie sodat 
metodes, is door nog vile " grysgebiede" en dit is dus belial kon word wat die uitslag daarvan is nie 
verblydend dat dur nog mense, soos Imire Beaurain en 

van der Walt Q wat navorsing dinen refetate skryf in 'a Die maksinlum aan,rang rn 'n huishoudelike ver- 

poging g uiteiendelik daartoe sal lei dat 'n optimum bruiker en die diversiteit tussen die verbruikers kan 
ontwerp gedoen kan word egter op 'n maklike manier bepaal word deur lesings 

te neem van die makemum aarwraag op venkillende 
In die referaat word verskillende "gry,gebiede" gemeld labels war verskillende getalle verbruikers voer. Om 

en ook die stelling gen•aak in die gevolgtrekking dat baie dit te kan doen sal dit natuurlik nodig wees oin 

navorsing en on,wikkelingswerk nodig is voordat daar maksimuln aanvi/g ammeters te installeer op elle 
regt,g v,r 'n optimum netwerk untwerp kan word. Hoe kabe/voerder m 'n minisub om sodoende die lesings 
dieper ingegaan word op hierdie spesialis gebied, hoe te verkry. 
meer word besef hoe wiar laasgenoemde stelling is. 

Beskou 'n kabelnetwerk Ind k'*.h meters gehuisves 
Baie aspekte oor die onmerp word aar,geraak in die in die minisubs ei, die pit*arkaste soos geroon in die 
referaal mar ek wit my kon,mentaar beperk tot die sketq, aanhangrl A 'n Mii„sub (M/S) voorsien krl 
voliende aan '11 aantal pituarkubte (P,K) d.m.v 4-aar kahels 

war op hu][e beurt weer 'n aantal ondergrondse ver- 
deelkam (ViK) d.m.v 4-aar klibels voer wailrvan- 

1) Die optimum graotte van 'n miniquh. daan 2-w kabels die huis¢ voer. 

2) 'n Meetmetode vir die bepaling van die maksimum 'n Lys, aanhangs,1 B, word hierby aangeheg wa[ 'n 
aanvraag van verbruikers, asook die diversiteit nis 

mon,ter van Eulke maksimum aanvriagiesings weer- gn verhruikers, en 
gee. Die le,ings is geneem in 'n blanke woonbuurt 
met ho-gemiddelde hehuising en is die lesings vir die 

3) Die gebruik van 'n inanlike berekeningsmetode vir winter maande. 
die herekening van spanningsval. 

Deur nou die fasestroom lesing en die aantal huise op 
1) Die optimum grootte van 'n mmisub Wardie fase telken,in'n rekenaar, Wat statistiese 

berekeninge kan dnerl, :song wat die meeste pro 

grammeerbare sakrekenaars kan doen'„ te voer, kan Oefeninge van 'n raar jaar gelede het daarop gedui 'n vergelyking bepaa! word tussen die tolalc stroom dat 'n minisub grootre van 2(*) tot 315 kVA die en die aantal huise. 
laagste kone per wooverf meegebring het. Die rede 
hiervoor i, da, indien groter en minder minisuhs 
gebruik word, die vermeerdering in laagmannings Daar is twee tires vergelykings wat bepaal kan word 
kabelkestes meer is, as/volg van die langer en en dit is ai volg 
dikket kabels henodig, as die besparing verkry word 
deur minder en groter minisubs re gehrilik. 

a) Ingarkmiese regressie a•alise waarcit die vol- 
gende vergelyking verkry word: 

Word scortgelyke oefeninge deur S„dsrade gednen 
en indlen wei. is die resullate daarvan vryelik I Totual = 60 x beskikbaar? MC),59 met 'n korrelasiefaktor 

van 0,40 en tweedens 

2) 'n Meetmethode vir die bepaling van die mak.,mum 
van 'n verbrulker en die diver•;]teit tussen b) Linere regressie analise, wmuit die 

aanvraag volgende 
verbruikm vergelyklng verkr> word: 

I die merode wat Tomal = Sommige inense is 50 + 21,6 x M jug onseker oor met 'n ko•reiasiefak- 
tor van 0,81. gevolg moet word om die malqimum aanpraag van 

'n verbruiker re bepaal. Die bestaande riglyne gee 
wei syfers waartusseit geldes kan word, bv. tussen 4 M i, die aantal huise per fase. 
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Die korrelasiefaktor vir dieeerste vergelyking „ ma- Vandag, in 'n tydperk waar feitlik elke Stadsrand our 
tig wat dalk te onakkuruat ib. Vir die tweede veric 'n rekenaar beskik en waar persoonlike rekenaars al 
lyking is die kerrelasiefaktor bale hoog wat daarop meer gebruik word, 3 dit vir my teleurstellend dat 
dui dat die vergelyking meer akkurnat is. die Riglyne vir die ontwerp van woongebiedveni- 

preidingsstelsels nog 'n onakkurate iii/ode van gn 
Van bg, twee vergelykings kan die volgende .:rge fieke anees voerskryf in plaas dairva,1 om 'n meer 
lykings vir die diversiteit afgelei word: moderne metode voor te skryf waarili 'n rekenaar 

gebruik word. 
c) Diversiteit MO,41 vir vergelyking a) en 

Ek wil dus 'n pleidooi lewer dat daar dringend 
3,3 x M aandag daaraan gegee word dat die VMEO, of 'n 

d) Diversiteit = M + 2,3 vii vergelyking b). ondernernende R[ektrotegniese Stadsingenieur, 'n 

rekmar program opste[ uf lut opstel wat d:ur almal 
Dk eersi vergelyking gee '11 stream van 60 A vk 'n aanvaar en gebilik kan word vir die onmerp van n 

enkele huls teenoar 71,6 A vir die tweede vergely k ver,preidingAnetwerk. 
ing, L.•asgenoemde ],k unrealisties en meer data 
moet moontlik versamel word om 'n meer realisticse Met die gebruik van 'n forinule wal i hierbo 
vergelyking te kry. Vir laasgenoemde vergelyking hepaal word, is dii die aangewese metode orn n 
vermeeder die diversiteit ook rue soos die getal ver rekenaar te gebruik in die bepaling van die slroom 
bruikers toeneem nie. Eersgenoemde vergelyking is per fae vir'n aantal huise. 
dus meer mvaarbaar vir gebruik. 

Tenslotte wil eknet noem datek self al 'n program 
Grafieke van hicrdie vergelykifigS vir d* „room as geskryf he[ vir 'n persoon[.ke rekenwar w,t so 'n 
'11 funhie van die aantal verbruikers per fae word ontwerp kan doen Die i,jigling van deur die pro- 
hierby Ingelleg as .anhangsel C gram benodig word is di: volgende 
Om meer betekenisvol te Ii:es, word 'n grafek vir 'n a] Die forniule vir die stroom in die kabel as 'n 
Mwipstrooln var, 60 A met diversi,elt Roo, genoem funksie van die arnital verbruikers per fase. 
in die referaat uor di: ontwerp van Soweto ook b) Die aantal pilaarkaste op die voerder. 
getoon op die grafiek. Die formule vir die Soweio c) Die kabellengtes 
ontwerp I d) Die aantal liuie gevoer van elke pilaarkas. 

© Die inaksimum spanningsval vanafdie inlnusub I Totaal - 60 x MO,6285 met diversiteit tor by die huis 
MC),1715 

Die prograin bereken dan die volgende: 
Vanaf die grafiek is dit duidelik dat die verskillende 
formules redelik naby aanmeknr is. a) Die stroom in elke kabel volgens die aantal hulse 

gevaer deur die kabe] en die formule 
Om te toels of die formae in a) enige realistiese b) 'n Kabelgruotte wilt die ni•lige imitwi 
antwwrdeoplewer, kan 'n geval valt / 8 huike per moe het vir elke kabel. 
fase beskou word Vir die formule 4 Die totale spanningsval Fdic kab¢•s vanaf die 

minusub tor by die huis. Indien dit gruter is as 
I Totaal = 60 x MO,59 is die spanningsval in e) hierli gespesirI,Ir, word 
1 Totaal = 205 A vir 8 huise per fase. die kabels, beginnende by di, eerst, cen, elke 

dag met een groatte vergroot totdat die totale Dit is Ingeveer 140 kV A vir 24 huii versprei oor 
drle tases, r... w. 5,8 kV.A per verbruiker. In spanning'val kleiner is as wat aanvanklik gespe- verge- sifeer k. 
Iyking met die Riglyne fe 4-8 kV.A, lyk dit dus of 
die formul, korrek is. 

Ten *te word die resilite deur die reker,aa· wit- 
Op hierdie manier is dit dus moontlik vir elke Stad,i- gefkryf 'n Voorbeeld va„ so 'n burekening vir ka 
raad om vir 'I] spesifieke woongehied en klas ver. pergeleier kabels, word hierby aangehcg as aanhang- 
bruiker die mak,unum aanimag per verbruiker en set A 
die diversiteit ms/n verbruikers te bepail op '11 
wetenskaplike manier. Deur dus '/ rekenuar te Rebruik vir die ontwerp kiln 

die ontwerp ver/maklik word en herhwalbare resu[ 
3] Die gebruik van 'n makllke berekening&metade vir tate verkry word. Met die gebruik van die grEeke in 

die berekenlng van spanniligs//1 die Riglyne 19 dir niondk vir ver,killende persone 

om Ine' diese!/de gegewens dieselfde antwoord te kry 
In die Rigl,'lie word die gebruik van grafieke vir {lie weens die inherente onakkurnatheid wat voirkom 
berekening van spanningwal vourge•kryf en wat die met die ailees van die grafieke. 
gebruik van grafieke hetref, wil ek 'n ietwa[ om- 

strede stelling oak Fk vertrou dat hierdie kommentair daarloe sal bydra 
dat on, in die nabye toekoms 'n voorskrif sal he 

Die riglyne 15 opgestel aan die hand van A C E waarvolgen,· 
Report No 13 (1966)" verslag. As In aan,nerking 
geneem word dat dit Inaklik 3 toi 4 -navorsing a) Stadsra(ie self die inak,innum aanvraaR van 'n 
neem vourdat so 'n verslag in xy· finale vormverskyn, verbruiker en die dimiteit tussen verbruikers 
kan gie word die verslag „ ongeveer 24 jaar oud. kan beraal en 
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b) 'n Verspreidingstelse[ op 'n maklike manier AANHANGSEL C 
entwerp kan word om tegnies en ekonomies aan- 
vaarbaar h.die? te wees. 

Dankie Mnr die preAident. AIM•MeEL L 

/ H·24 
'1...11. 

AANHANGSEL;, I 221 /»e 
KABELGROOTTEBE•EKENL•GE 86-OG-26 2211 - ./f -6* n 

.., •.t.-•1• •, vmlgi /8 
/ 3*21,6•It 

C31-!:L_Ip-'••u,k•-11.-0 $ 1,1 - 

LU I1 1-•-1 IZe L..•J I= Huis *111 - 

H1 H2 
,121 - 

1,1 - 

*.-b 0 •a p/k•• • 

•v--t,it *n- .0-0 -- 

IiI unt,-I.F.01. per ... - 60 A :' ..7 li• k**## i. 15 VO'9I 

L-,t' 120 40 '1 
1•n..,i.b.1 

120 60 1 2 5 1 
12/ .. A•tlt •ui,i/f@50 (M) --) 

d. W 410 L,7 2.14 

™t.-p•n•-0•a-. - 10.•8 • ¤f 4,6. 

STADSRAAD UN BOK/URG - DEPARTEMEIll ELEKTRISITE]T 
UNHANGSEL B 

MAKSIMUM UNVRAil,GLESING Ili MINISIJAS 
1986-08-25 

DATuM: 86-01-22 

/./8 VOEItD' MA (Al AAPITAL HU1SE TOIALE AAkTA• 
-REr I,ELL BLOU RUM wrEE- EX- HUISE 

1. ....... Parkrand PLAASLIK 130 /0 /5 5 5 5 16 

/ 703) (630 ./ PILAARKA5 ERF 381 130 166 175 6 6 5 15 
PLLAARKAS .F 400 & 346 215 215 140 
PILAARKAS .F 426 170 220 246 8 8 

/42: 
2........, Parkrand PLUSL[k 150 165 170 5 5 5 

I 202) (630 WA) PRAARKAS ERF 509 190 160 160 7 6 6 

Em/¤ PILAARKAS .F 493 250 256 310 10 10 10 

: 
3. '. der Post Noord. Parkrand PLAASL[k 150 165 130 6 6 5 

I 283) (300 k.) PILAARKAS EAF 765 110 195 146 3 4 4 
PILAARKAS 'F 766 136 150 146 4 5 5 

I==# 
' 

' 
4../ der Poit Suid, Park,·Ind PLAA'/ 180 176 170 5 5 5 

(K284) ODD WA) PILAAIKAS ERF .6 140 130 165 5 5 5 
PILAARKAS ERF 796 150 170 148 5 5 4 ==J 

5. M'llinslld. 'oord, Parkrand PLAASLIK 185 145 160 5 5 

/288) :500 WA) PILAARKAS .F 1021 290 180 220 8 8 
PILAARKAS ENE .36 23' 230 205 1 7 6 min// 

,• 
• 
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MR J R FATH - on behalf of T GAUNT, Amliate 4. The authors have not mentioned other impoitanl 
ways of reducing the cost of an installation by adopt- 

The cost of rownship distribution 15 influenced by two inga design which takes into account the particulars 
major fetors circ:umstances of ihe project and makes ute of ade 

quate, bi,t not over-rated equipment Faut levels, 
- the demand and diversity for which it is designed, and protectionschemes and even the voltage rating of the 
- the way in which the system is designed to meet the HV cables con be modified by changing the design. demand. We mention thae examples because a 'Guideline' 

will never entirely replace the skills and experience 
HKS engineers have commented at other AMEU eunfer- needed to solve engineering problems. ences on the parameters incorporated in the guidelines 
for the design of electricity distribution networks in One of the problems with guidelines is that they can 
re&idertia] townships. We believe that the application of be restrictive and also slow to adapt lo changing 
the guidelines results in sys, ems which are unnecessarily ,:ircumstances, We are already concerned that the 
expensive. In this connection we have found some public mninittee which Was to have updated or amended 
authorities have adopted the SARS 0150 demands and the Guidelines after the one yir trial period (after 
diversities but relax the design voltage variation to fig- thev were published in 1983) appears in have taken 
wes exceeding the plus minus 5 % laid down in the no action yet. Therefore we recommend strongly 
regulations, which is one way of reducing costs. that the Guidelines should not be expanded as pro- 

posed by the authors to include some of {he ,vry 
Today'& paper takes a different approach to reducing the many techniquer used in system design We believe 
investment in dirribution grems and we commend the that sucha Mepwould bea contradictionof the spirit 
authors for trying to address this large subject ofsystem of this paper - aimed at reducing costs by proposing 
design. We have some qu.tions relating to the proposals new approaches to design We would appreciate the presented in the paper and would appreciate clari fication author's comments on the role of guideline docu 
from the authors. ments in engineering design 

1. The authors appear to proloe that the overload Mr Ptesident, our questions touch on only four aspects of 
protection on ring feeders could clir faults sum- this paper. The authors have tackled a large subiect of 
ciently quickly to permit the selection of cables with interest to a wide audience. We thank Mr Reaurain and 
a fault current rating of only 100-2(*) ms. Weare not Mr van der Walt for sharing their provocative ideas with 
sure what protection scheme m associated with the US, 
circuit breaker, but we believe tbat such short rat- 
ings are inadequate for most overload and back-up 
protection schemes on distribution cable rings. Fur- MR MPP CLARKE: Randburg 
ther information on the protection system would be 
appreciared I would like ro add niy thanks to Messrs Beaurain wd 

van der Walt for the trouble We would they have taken in mention that for Motherwell. just outside preparing 
Port and presenting ihis very interesting Elizabeth, the distribution Kystem waq designed paper today 
so that thermal loadings and fault curren[ ratings led May I highlight a few points which struck me when I to the se],rtion of the same size of conductor. This studied 
en,bles maximum use to be made ofthe cables. This the paper, firs® by direcling attention ta a pal·t of their "conclusions 
approachls very similar in efict m that de,cribed by 
the authors of today's paper but does not raluire They have found that cutting the N of lown,hip retlcu. 
such short fault clearance times. lation can most advantageously be doae by further re- 

search in the 2. We high believe //t rhe proposed omission of voltage one part of the network. on- 

load switch frim the stundard ring main HV switch This in wn •ows from of ench mini-substauen 1,·ads to complex operating their commentb inter alia on 
cable through-fauft eapabi•ity und the possibi•]tvol'using procedures and will not dow significant cost sav faster clearance tms fer prowive equipment. And ings. Could we havc an indication of the cost savings my 

comment here is that designers must not lob¢ sight of the achieved in practice? faa that over the years fi eld staff have tended to become 
We believe that a much greater saving could be less skilk! and often less truned thin in the pgst. By 
achieved by doing without In' swilchgear on some implication their wderstanding of the nicetie& of correct 
of the transformers on a rlng. The saving from and •ccurate operation of prote¢live equipment becomes 
adopting this approach is about 5% of the total .0. less discerning and the consequences of poor or *de 
of the electricity distribution system. quare maintenance and operazion procedures becomes 

more serious in the long ter,1. 
3. The Guidelines (SABS I[5(1) us: thi economic level 

of consumers as a categorisation of the demand func Maybe this is not quite the same as the // /on' of the 
tions ot the a/erage Individuaj conn,mers. The housewife who solves the '*blown jUse" prob•em by 
authors propose that this categorisation be done inserting a hair clip , but let it not he *,verlooked. 
away with in favour o f -ing measured values. How- 
ever, at the design stage assumptions 11ave to be And let me remind thiv of you who ilttended last year's 
made regarding the electririry demand whlch may convention that Author J D van Niekerk, in h/ paper 
develop, Can the authors propose al alternative to and later comments on the discussion n connection with 
the economic classificatlon, tot use In ininal system outdaar quhstations". clearly warned that al[ related 
de'ign? aspects of innovative design concepts muM be fully eval- 
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uated before a final decision is reached kali boils down moet dit vervang word wanneer 'I ander vorm van 

to the fact that we get nothing for nothing in this word; beheerapparatuur gebruik word el dit iaag joi instand- 
there is virtually always a price to be paid in the end. houdingskoste op Daar is feitlik niks anders te doen nie. 

Die gedagte is ook daar dat 'n sekering nie kan faal nie, 
Which brings me to my second point, namely, the price dit meet dan afskakel under foutstroom toestande, dit is 
consumers may have to pay for other aspects of these and '11 verkeerde alleiding en gevolglik is bystand beveiliging 
other saving, pa„ibilities. 1 refer to paragraph 6.0 Mini- en beheer baie belangrik. 
Substalion and in particular M the comment 'lf the 

consumers, particularly the residential consumer, were Onder 'oortolligheid van kabetvoerders" word die idee 
prepared to accept a tower standard of service, etc... " van "halfring'•-voerders aanbezeel w# iii Roodepoort 

in gebruik was, maar dit kan alleen in 'n nuwe gebied 
While this may be possible in some instances where less vooruit beplan word. Die ontwikkeling van dorpsgebiede 
qophisticated people m using electricity for the Est wat betrokke is in die gebied wat beplan is, gebetir met 
time, I have serious doubis about the introdmion of rukke en stote, waar die eerste dorpe gewoonlik op die 
some of the concepts described in the report in older uiteinde van die gebied geproklameer word. Tussenin is 
establifhed cammunities. daar groor gebiede waar nog nie eers beplanning gedoen 

is vir en selfs na tien jaaris daar nog gate in die prentfie 
1 have said it before and I believe it is worth repeating, en is die kringe not nog nie voltooi nie. Gevolglik isdaar 
electricity i, the 20th cenlury; uses are continually be- nou 'n stelse] in gebruik wat net nie voltoni kan word nie, 
coming more sophisticated and the need for more reliable omdat sekere dorpsgebiede net nie wi[ of kan ontwikkel 
nol les, reliable supplies is surely rising. Air President, lie 
we ignore Thi, at our pe,il and to the detriment of our 

profession. Daar moet kennis geneem word dal hoe kleiner die 
kapasiteit van die mini-sub, hoe minder diversiteit mee 

By all means let us go forward with research, investiga gespeel kan word. 
tions, probing, trying, developing, but let us always keep 
in mind that there is a price to be paid sooner or later "Omoad" isolators are available on the market and have 
(and thiR price may nor only be m monev terms) and be been exten&ivety used in Roodep»it fw quite a number 
sure that we have properly evaluated the full implications of years. They are of the polymer-type, compact and 
bef/re making our final decision. l.et .l designen pleax specially designed for use in mini-suk 
take thisto heart! 

The ultimate design on the low voltage cable and meter 
I thank the authors for st/,ulating our thinking in these 

boxes is such that only radial cablesare used, looping in 
mamers; i can only be beneficial in charting the optimum and out of meter boxes designed to be directly connected couri ahead. to the two adjacent stands. This is economic and very 

pract ical and hac numerous advances. 

MNR P J BOTES : Roodepoort 
Divers/eit word beln/loed deur "lasbeheer ste]Aels 

Wanneer die verspreidingsingenieur 'n kabel sien slang waar dir in gebruik is en die gebruik Van Roortgelyke 
Moos 'n Loch Ness Monster bo die grond, dan moet hy ste[selsgee 'n mate van beheer wat die voorslener het oor 
weet foutstrome liet 1,01]1 gehap. die diversiteit 

Reedq sedert 1970 her Roodepoort sodanige .Inte wal Om praktiese en veiligheidsrede is besluit dat weggedoen 
onder be,preking was in die referaat aangespreek, be- word in Roodepoort met die "hallkring" ide van 

pjannings gedoen en in werking gestel met verskillende kabelvoering. 
mate van sukses Dit is om die rede dat ek vir u hier wit 
inlig oor die praktiese ondervinding en instandhouding Ons mort erken dat riglyne daar gestel is en dit is nie 

dgiede ly ne vicarvolgens beplaina,g gedoe,1 word nie. van sulke stelsels. In 
Roodepoort erken ons die riglyne en probeer on beter k 

Sekering-*akelapparatuur is nie beskikb/r nie. wei ap doen, 800% Disself voel op die mees ekonomix pralties 
paratur vir die bevelliging van trans formatore, uitvoerhare en en mees instandhouding goedkoopste manier var, 

tal in kringformaat vorm met twee anas-skakelare vii die elektri&iteitsvoorGiening. 
king en een sekering skakelaar vir die beheer van 'n 

transformator. 

MR J D VAN NIEKERK : Affiliate 
Die polimer-tipe paneelsekering skakepare vaii '11 corsese 
fabrikaat her na 'n aantal jare aan die brand geslaan, wat 1. INTRODUCTION 
'n wonderlike rookskerm veroorsaak hel soortgelyk aan 
'n atoomhom, war my kollegas in die brandweerafdeling Mr Reaurain and Mr van der Wak are to be congrat 
in vervoering gehad het. Ilierdie lipe toerusting moes ulated on their paper which is very timeous as a 
vervang word. Die staato„ihulste skakelring, geskik net review to the guidelines as everyone i' prese,tly 
vir kring toepa,ging. moes Ingepas word, en dit was juis engaged in efforls to reduce costs. The exchange of 
hier waar heelwar probleme ondervind m en sekere van information is Iherefore very necessary. 
die probleme her ook gegrens aan onveiligheid en toe- 
ttande met groot gevaar vir die operateur. 2. COST OF COMPONENTS 

As 'n kabe[ geinstalleer is met 'n kleiner foutstroomver The cost coinpor,ent• in township radation de- 
moee. wat eintlik net beveilig kan word deur 'n Kkering, pend, however on the following factors i.e. 
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1. Layout o f Township 12,5kA M the new standards, by traifirrner 
sizing ond switch:g arrangemen's' 

2. Nearest point of supply 
b) Use the 1 secand fault rating but size the ring so 

3. Ground condilions that the connected load (all miniature substa- 
tions) exceeed the cable raling up to fifty per- 

The figures quoted.e generally agreed with except ent The reasons for this is the normal load 
for street lighting which we have found to be 4 to cycle expected in pure residential areas where 
5% /aks last normally not more than two hoursand 

where rhe thermal rating of the cabf will not be 
It is assumed that cost components refer purely to exceeded. 
first cost edi that no lifetime costs have been 
included. 3.2 Consideration shall, however, be given to the cable 

inipedance and distance to the protection circuit 
The desig„ philmophy however should ike into breaker, l establishing clearing times for accurences 
Mount the life cost of the mticulation It is neces with lower ault valuei. 
.fy in a *tem which could have a life of 40 or more 
years if for sake of relatively small savings, the cost 

of increased maintenance, outages, etc is considered. 
4. REDUNDANCY IN CABLE FEEDERS 

3. HIGH VOLTAGE CABLE 
The followjng iernarks 

3.1 The high voltage cable selection i& always a concern 

as no, to over design. a• Makillg of half ring feeders complicares 
The design philosophy should include: switching. 

a) If primary supplies are included it should limit b) Additional switchgear in substation and or mini- 
the fault level to 250 MVA or shall we say ature substalions is needed 

My Ron Staten: Mr J· A. Feater 
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c) Co-ordination of protection times may necessi- S. STREET LIGHTING 
tate seleclion of a longer through fault time and 

thus a possible upgrading of the cable&. a) Portion too high 

5 FUTURE SYSTEMS AT 22 kV b) Poles without an outreach not only save on first 
cost put ,•sibly on maintenance. 

This is a long term solution, but what abou, L V. 
reticulation at 900V with small transformers to feed c) Street lighting is more and more becoming a 

say up to fix hours at 380/220V. The normal L.V. security aspect and cannot be compared with 
cable d rben be berta· utilized group housing area lighting. 

6. MINIATURE SUBSTATION 9. COPPER LOSSES 

a) Agreed that ON-I.oad Switching is seldom used We agree that this is a neglected area which needs 
more attention. 

b) A lower standard of service without a definition 
is very ralative, Lastly the paper hasservedas stimulant for future action 

but we must not allow the guidelines to restrict 
€) Using the figure of 10% as reduction on minia- i.noval./. 

ture substation means an overall reduction of 

2% ADDENDUM 1 

d) Reducing optimum size of miniature substations INT....... DIV. FAn' 01,1•EADE EYK..E.ros FAI:To• 

result in small supply areas and saving in L V. [5Cos getoop I (SCOS 'hru•k in / 

TAE . 19n VERGLA@ 
cables but more ininiature substations would be 
required. t i.0 1 

2 1.•7 '160 
Again what about increasing rbe statutory volt- 

5 a 0 05 
age varbrion of plus minus 5% ta plus minlls 

7 4% and allowing for possible overloading of '0 2 17 0.46 0 46 

the miniature substation and L.V. cables during I al 0 42 0. 

peak times? 
I 2, 56 0. el 

7. MAIN L.V. CABLES lop EN IEEA 2,63 0. 038 

£ Agreed that the layout of town.hipA i, a c-t 

factor but it can be reduced by having cable TABEL 1 ADDENDUM 260 
servitudes on stand boundaries 

£) The cor™ants of table 62 of the guidelines BESKRYWING AANGESLOTE 
should be tested as the figures have been taken US (W) 
from a reporl of ours written in 1977 for the 
reticulation of a black township. In this report Sloof 7 000 
we used coincidence factors which is ihe inverse 
of the diverhity fu,·lurs but this was for a 10'70 GeyseT 0:2) 6 000 
Joad factor which .1. plays a role •is is 
shown in addendum 1. Ligta (14 x 7WV) 1050 

The actual loads ofall appliance5 should be taken STOPKONIANTE 
into account when calculating the laad Wosmosjien 2 000 

For this reason a cheap thermal type Ielay rated Poleerder 800 
at 54 connected between the *tive and the gey- 
ser in each will reducethe connected load and so Stofs.ier 800 
the ADMD This may offect L.V. cahle •izing. 

Ketel 1500 
Ir may be time that AMEU actively through 
rheir members and other bodieR pernle [he clari Vanvolmer (2*) 2 000 
fication of this important aspect of the de£ign on 
electricity reticulation so that scientifically deter- S.'Bte' 700 
mined factors can be used Using Ihe pessible 
connected loads for the residentiol areas, the Yskas 300 
table' ABCinG2 becomes irrelev•]1. See 
Addendum Il of method used Tejevima 600 

We link forward to see the results of the tests Buitegeboue 125C 

heing performed. However to help the informa- 
tion in Addendum III is relevair Thi3 is a posd TOTAAL 24 000 

ble suhiect for a ft,ture separate paper. 
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Die gemidelde aangeslote las vir die klas verbrulker is MNR E. de C. PRETORIUS: Potchefstroom 
dus 24 000 watt met 'n verwaste lasfaktor van 10%. Dit 
beteken 'n MWh (eenheid) verbrnik van ongeveer 1 1 Ek wit die outeurs gelukwens met '11 weldeurdagte, 
1,2MWh per maind. Daar is sekere erwe wat'n hoer praktiese referaat. 

aangestote laG kar, h/, maa• aangesien die in die minder- 2. HOESPANNINGSKABELS heid 1, Sal bogenoemde syfer as 'n gemiddelde gebruik 
1*ora. In Pot,hestmom maak wis die afgelope ingeveer 20 

jaar met groot sukses gebruik van 16 mm'(koper) 11 
Indien by elke huishoudelike verbruiker 'n eenvoudige kV kabets wat dew.HBV-sekeringskakeltuig beskerni 
termiese laskintrole re!; wat in Suid-Afrika vervaardig word, Slegs olie-geisoleerde skakeltuig word gebruik. 
word installeer word om die warmwatersilinder (geiser) 
uit te skakel as die stoof aangeskakel word, kan die Die aangestote trasformatork,pasiteit op 'n ring- 
aangeslote las met rot 4 000 watt verminder word na virde word beperk tor 1 030 kVA. Die beskermende 
20000 watt en die lasfaktor vermeenier na 16% HRV-sekering& het 'n aanstag van 70 A. Ons hit nog 

nooit probleme gehad met stuwingstrome ("in-rush 
Statistics is aangetoon dat die aanvraagfaktor van'n huis currents") wat sekering' lant smelt nie. 
Ingeveer 0,6 bedra, Die gemiddelde mak,imum aanvia,g 
vir 'n individuele huis word dis 1200 watt wat met Omdat 11 kV aardfoutstrome beperk word w 400 A 
220V 'n stroom van 54,55 A beteken. geheur dit •oms dat 'n aardfont on 'n ring die hoof 

ring-OSI unk[ink, maar dir gebeur baie selde: dit is 
Die gelyktydigheidsfaktor vir huishoudelike verbruikers 'n geval van die knal id die eus werd. 

met 16% lasfaktor en berekende individuele maksimum 
aanvraag word in tabel I mgetoon Die laaste kolom van 3. OORTOLL]GHEID VAN KARELVOERDERS 
label l toon die mak,imum aanwaag per firbruiker na 'n 
25% groei en iroorsiening van 6% verspreidingsverlier. In Potchefstroom maak ons gebruik van die "drie 

halfring-voerder"mode. Dit hou beslis k€Etevoor- 
TABEL 2 ADDEVDUM 200 dele in. 

4. TORKO,iST[GE STELSELS TEEN HOER Gelyktydigheidak,ore volgens aantal verbruikers: 
SPANNINGS 

Ainlal Gel'fk- MIm .0...00 Mel Villiese Ek betwyfel dit of die besparing op die koste van 

Ve,- t,dig- vI, *.1.19 6% kabel - as daar 'n besparing gaan wees - gaan '•mel 25% greel brul- holds- N opweeg teen die ekstra koste van skakeltuig en mini- 
keri I.ktor sublasies. Sal 22 kV mim-substa,ies nie uitermate e. 

2• groot wees nie? 
kW 1,W 

5. MINI-SUBSTASIES 
1 1200,15 12,72/ 15.90 

Indien van enkelpolige belaste ringskakeltuig, soos 

9 0.8 9,60/12 10,18/12.72 hm»rbeeld die wai rlaastik vervaardig word deur 
Interswitch, gebruik ge"ak word, kan heelwat koste 

3 0,75 9,00 / 1 1,25 9.54/11.93 bespaar word. Ek is daarvan bewus dat sommige 
onder ons sidder by die aanhoor van enkelpolige ska- 

4 0,72 8.64 / 10.80 9,18 / 11,45 kelingop 11-kV-stelsels;*lim weeteknie want dit 
iq vry algemene praktyk in Europa, 

5 0,68 816/102'0 8,65/10,81 
Indien die ring deur HBV-sekerings beskerm word, 

6 0.64 7,68/ 9.60 8,14 / 10,18 hoef die mini-substasie nie eers afsonderlike besker 
ming te he nie. 

10 0,62 7,44 / 9,30 7.89 / 9.86 
'n Verdere hesparing is ook moontlik indien die oor 

20 0.58 6.96/ 470 7,38 / 9,22 hebwingvermoe van 'n transformator, wat w hoogis 
as 130% in resideng/Pe gebiede met 'n retatief kort 

30 en stondige kruinlas, uitgebuit word. 
Grok O.57 6.84 / 8.55 7.25/ 906 

6. HOOF LAAGSPANNINGSVERSPRE[DIN(; 
ADDENDUM 3 

Ben van die twee faktote wat die grootte van Hoof 
]Mgspanningdcabels bepaal, isspannt,gs,·al. S,/urer 
word dit neergele dat nominale 220-V-verbruikers- 

•m•EM.'.0 
klers/annin# nie laer as 209 V mag w,3 nie. Indien 
hierdie laer linlie, in die geval van huishoudelike ver 
bmikers ve,Ing kon word to: 200 V -en ek 1 5,·ker MS Kt K2 K3 
dat dit seen buitensporige ongerief sal veroomak nie -0 

- kan daar heelwat op kabels be'paar word. ..1.Em -K08 

VE=OMER 200 V is 9% Inderkant d;, standaaspanning van 

? 220 V. Dit k nie buitensporig nie gesien in die lig van 
die Internasionale Elektrotegniae Kommissie wat, al 
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is dir dan net 'n tussentydse maatreel, 'n toelaatbare ities have in the past indicated their disagreement with 

spannings'ariasie val plus-mills 10% vir longs*n- the "unbalanced" factors as shown. 

ningstelsels nelle. 
The authors' practid contribtition in this aspect <hould 

'n Ander gedagte wai by my opkom, is of die bepaling help to clarify the South African porition. 
dat die toelaotbare afwykng van plus-minus 5% van 
die standaardspanning nor,kry m•g word vir aaneen- It may be interesting to note that from questionnaires 
lopende iydperke rot W minute nie tot voordeel uirge sent out to municipalities in 1 980, that ir was gleaned that 

huil kan word nie. Weer eens moet ek daarop wys dat the average life of P[LC cables wis indiated as 37,9 
die kruinla van huishoudelike verbruikers kortston- years and that cables appear to remain in better condition 

dig / and last longer in ther larger town.. No reasons were 

forthcoming for the 1•tter deduc[ion 

7. ALGE.MEEN 
MR V A RAYNAL: Affiliale 

(1) Ekstem volkomewm metdiereferentesestel 
ling •'Daar moet [ieR weggedoen word met ta- 

I congratulate Messrs Beaurain and van der Walt on their 
belle soos bvvoorbeeld Gl war maksimum aan 

paper and the useful information provided therein. 
vraag na diversiteit as 'n funksle van inknmce 

aangee." (Rk onders,reep.) Wat word hedoel As a meinber of the Steering Committee that formulated 
met hoe, middel en lae inkomste? Wair is die Section G (Electrical) of the Guidelina appear to have 
atknypunte in R per jaar? received general acceptance by AMEU member, and are 
In 'n dorp kry 'n mens in alle geval selde homo- heing implemented: 
gene inkomstegroele 

<2) 'n Problem war die iongste tyd sy kop in Potch HV ring feeders 
efstroom en seker baie ander dorpe en stede I V radial feeders 

uirsreek, i, die (gemagrigde) oprigting van 'n Use of mini-suhs. 
tweede woaneenheid or 'n residensie/1 1-per- Personal choice in other matters, particularly the nleth 
seeL Hoe moel 'n mens vir hierdie eventualireit ods of providing low voltage service connections, is still 
herlan? the preragative of,he Town Electrical Enginees and at 

present there is a wide variety o f choices in this matter. 
R. Raie dankie aan die referente vir'n baie intereisante 
refer•t. In regard te Ahortcomin# in the Guidelines, I do not 

agree with the authors thal the voliage drop calculations 
are satisfactory as stated in their paragraph 7. 

MR A LAP: NBRI 
It has been con firmed rhat cable ter,peratura were omit- The authors are / be congratulated on the clear and ted from volt drop calculations appearing in the Guide- 

concise mariner in which the sublect was presented. The lines and a discre,acy of plus minus 20% exists, i.e. 
cast a/ect of the various components of a reticulation that volt drops calculated from the Guidelina are molow 
sy/em ha,ed on actual recent data is considered very and could lead tom under-designed LV reticulation 
impartant, and have heen highlighted in he papen High system. 
voltage cable is <hown to he the highest cost component 
with a 20-30% of rhe lotal cost. 1 should like to comment what is probably the first 22 kV 

underground cable residential reticulation installation in 
In the "Guidelinec for the provision of engineering ser- the Republic, on behalf of Rem. 
vices" [hi& cost implication of the variour components 
has indeed been re¢agnised but it was not ar/recialed Our experience indicates rhai the I [V iwitchgear compo 
that designers wauld hm rheir cable selections solely on nen• of the 22 000/400 volt mini-albs costs Over 66 % of 
falilt level as the authors have indicated. IIi fact, under the mini-sub and, furthermore, thirwitchgear is entirely section 8.2 ··Selection of cables", it is stated that "that imparted. 
the size of cble may he determined frmn a knowledge of 
the maximum time required ta clear the fault" (i e. Recauge reticulation / 22 kv eliminates one stage of 
multiply the 13 kA fault men[ioned in this paragraph by transformation, it is in the national interest that it be 
1,41 for 0,5 4 duration adopted and there is every indication that it is rapidly 
2,58 for 0,15 sec duration gaining popularity in the Republic. 
3,77 for 0,07 sec duration 

The autharC reference in paragraph 6 w the cost of HV 
This directive was nat perhaps clearly stipulaled in the switchgear iA therefore significan, and will be aggravated 
"Guidelines" and the authors should be thanked for if only imported 22 kV switchgear will be uvailable for 
pointing out this anomaly. failture reticulatioiiat 22 kV 

The authors aka mention a rest programme to test the It is therefore essential that local manufurture of 22 kV 
constants contained in Tables 62 and 63 of the "Guide- ring main switchgear commence as soon as possible. 
lines", namelY Diversity and voltage drop curr,stion 
constan„ far 1. V distribulars regfectively. Diversity In regard to niethods of providing LV service connec- 

was previously based on average actual data obtained tionA, I favour group@luster) metering as the method uf 
from various sources, but the Value, of the other factors providing 1.V service comjectioris that are environmen- 
containedin Table G3 derimrely requirea•tual confirma- tally tid, and that would avoid a proliferation of meter 
tion. It must be mentioned that variou, {,ther municipal- boxe, on erf boundaries. 
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MNR S J VAN DER WALT - Geaffilieerde lid 

Mnt die President, dames en here, ek,s eintlik bale bly 
dat mirr Boles saam gesels het,veral omdat hy vertel daar 
is mums,pale owerhede wat reeds die allas-skakelaars 
gebruik. Ek reken de voorstel wat ons in die referaat 
gemaak het van een aflas of een nillasskakelaar of een 
vollasskakelaar ts nog me eers so optimum soos twee f 
aflas-skiketaars nie en indien iemand twee aflas-skake 11 - 
laars ha, dan het hy in weaikheid seker 95% van die 
verbetering of kostevoordele wat ons voorgestel het met 
die substasies reeds gerealliseer. Ek moet hom eintlik 
gelikwens daarmee. 

Dan die ander kominelitaar - mn' Clarke let 'n punt 
daar met die verlaging van standaarde Ek dink nie ons 
wil hier 'n beeld bring dat ons standaarde wil verlaag nie 
Die beeld wai ek vir u graag wil voorhou is die van n 
ketting wat breek met die swakste skakelaar el, ek wil 
grang die tern, gebruik projek-koordinasie of ontwerp- 
koordinasie dat ons nou al die dele or,twerp teen die- 
selfde ontwerpstandiard, of laat oils liewer se eweveel. 
Dit is eintlik moeilik om dit ilit te druk maar ek wil me 
graag die tell veiligheidsfaktor" gebruik, maar indien 
n dan so wil kies laat ons dan van 'n veiligheidsfaktor 
praar. Laa, ons met dieselfde vertroue ejke dee] van die 
mwerp doen dan optimixer on, de ontwerp en om 
daarby terug te korn wit ek nel grang die yriende van \ AKS hier noem, die kwessie van fout vermoe van skike 111111 4 laars. Indien 005 van skakeltuig praat' dan praa' Dns van 
11 kV s.kakeltuig hoofsaaklik 11 kV skakeltuig het die Mni S. J. van der Walt can die woord. vermoee om by maksirnum foutstroom waarvoor 4 
ontwerp is op die sogenaamde oombliklikheid klin 
king/klink,ye van 50 tot 80 millisekondes te bereik Dit 
is haie algemeen vandag om klink,ye daar / gebruik en 
nou kan 'n mens wel 4 goed maar daar is 'n oorstroom BYLAAG TOT REFERAAT 
beveiliging aan hierdieding gekoppel maar die punt 
waarogr ons gesek is die pint waar die Inakimum fout 
vermoe van die stelsel vloei. Dil is die punt waarby jy 
die outwerp, walineer 'a mak,imale stroom wat daardie MNR S J VAN DER WALT: 
stelsel voorsien, daar vloei indien ons ons beskerming so 
doen, dan sal die,kakelaar of die „roombreker op daar- PRAKTIESE TOETSE OM MAKSIMUM 
die punt op die gebied van oombliklikke klinking funk- AANVRAAG EN DIVERSITEIT VAN TERBRUIKERS 
sioneer. Derhalwe kan ek me 'n groot probleem sien nie TE BEPAAL 
om klinktye van in die omgewing van 100 milliseknnde 
of selfs laer te kan gebn,ik. 1. INLE]DING 

In n pming om meer inligring oor die laspatroun Dan 'n volgende punt wat hulle gemawk het oor die van verbruikers in 'n dorpsgebied te verkry is klassifikasie van woongebiede Ek wil net weereens die metings gemaak gedurende die wintermaande van punt benadruk: wat o„s voorstaan is nie 'n dok,iment 1986 
met 'n k]:issifikasie van woongebielle. Ons staan voor 'n 
toetsmetode oln el:kirisiteitsveorslei•ings owerhede en Die doe] mer die me•ings is nie om 'n nuwe stel 
munisipaliteite in staat te ster om gy Ne makdmum aan wardeR vir die "r,glyne" te verkry I" Irmar ·6·raag syfer op 'n goedkoper eenvoudiger maniE ie be- eerder om die toepasbaarheid van die "rigb'„e"te 
paal en Dns moet leer met die tyd. Indien 'n sekere tipe toets 
dorpsgebied in Port Elizabeth 'n eerste is van daa,die 
soort, dan kan hi gaan ken opsteek by ander mu.'ipati 2. METINGS 
teite wai naby dies©lfde klimaatstoestande is wat alreeds 
'11 dorpsgebied gebou het en hy kan hulle maksimum Die volgende lesings is geneem 
aanvraag syfers gebruik. Tn die tweede r"de wanneer hy 
die tweede dorp bou dan het hy al data waarmee hy V ele 2.1 Registrasie van stroomaan,raag van 8 huise oor 2 
ontwerp kan verfyn. As una Richardsbaai kyk dan sit sy weke perinde met 'n stroomregistreerder. 
maksimumainvraag periode in die somer in die middel 2.2 Registrasie van makslmumvraag m. bv. 
van die dig. Pretoria s'n is sewe-uur die aand in die maksim,unaa//riag ammeters by 16 huis, as<}ok 
middel van die winter, so daar is groot verskille Nen die maksimumaan,raag van die kabel wat die 16 
ons residensiete dorpe huise voer. 
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3.1 RESULTATE 

Die volgende rubultate & verk'y 
3.2 Fig. 3.2 tool die maksimum aan'raag lesings wat 

3.1 Fig. 3.1 toon tipiese laskurwes van die huise op verkry is op die 16 huise asook die mak,imum verskillende dae. Mi•,imumaanvrang is oorwe- aar,vraag van die toevoerkabel m die 
gend in die 17h30 tot 2OhOD. miniatuursubstasie 
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4. VERWERKING VAN RESULTATE Hierdie resultate stem nie ooreen me, die riglyne 
nie 

4.1 Vanaf dle maksimurnvra•glisings va• die huise is 
'n kinulatiewe distribusie kurwe geteken. 5.2 Die waardes wn seanningsval bereken uit die 
Op dieselfde grafiek is die normaa[verdeling inge- resultate is effens hoer as die bereken volgens die 

teken wat Direenstem met dic gemiddelde waarde riglyne. 
In dle standaardafwykmg van die data. Sien Fig. 
4.1. 5.3 Die konsep van 'r, statistiese veranderlike maki 

mumaanvrnag kan nie bevredigend saamgevoeg 
4.2 Dic kurwe van Fig. 4.1 is gebruik om makdmum- word onder die bree term diverqiteit nie, 

aanvraag waardes vir verskillende verbmikers op 
'n kibel toe te ken. Sien Fig. 4 2. 

6. GEVOI.GTREKKING 
4.3 Berekenlngs van lasvioei is gedoen en daor is ge 

vind dat die toedeling van Fig. 4.3 die spannings- 6.1 Dit blyk uit die beperkie voorlopige toetse dat'n 
val '11 maksimum maak. Suid-Afrikaanse metade 0/wikkel moet word om 

die ontwerp van resideilsiele dorp$gebiede te 

Die spanningsvd en katx·11/€ 18 bereken met ho. doen. 
stinde data asook met bchulp van die "Riglyne." 
Die waides word in Fig. 4.3 wierge/e. 6.2 Die metode orn die maksimum spanningsval niet 

die voormielde medeling van die statistiese 
4.4. Waardiendiversireit vaclben®huiseisbere waardes van huislasre op 'n kabel te bereken is 

ken. Hlerdie waardes word saran met die nareen- regnie, meer aanvaarbaar as die faktore van span- 
stemmende waardzy van die "Riglyne"weergegee ningAva1 van die riglyne. 
in Fig. 4.4. 

6.3 Di[ blyk verder dat die tnetsmetodie K·• in die 

bylaag g:bruik is voorge]A karl word vir evaluasie 
deurdie V ME O 

5. BESPREKING VAN RESULTATE 
6.4 Die toetimetode kan dan gebruik word om muksi- 

5 1 Diversiteit tus,en huise va,ieer russell (1,72 en 0.89 mumaanvraag (gemiddelde waarde, 5tandaard af 
meE 'n gemiddelde warde van 0,81 vir 16 huise wyking en diversiteit) te bepaal vir alle inklmste- 
en 'o gemiddelde waarde van 0,6 vir 40 hmse. en bevolkingsgroepe 
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MIR C BEAURAIN: Pretoria without surfactants quch asshae on their surface, are 
mixed into the low viscosity liquid. Upon gelation and 

Meneer, ek dink diris 'n punr wat mar Fath gemaok het, curing, this combination forms the composile solid min- 
dat '/ mens 02 le ek,klmef moet wees wanneer die lation 9tructure 
riglyne oopgetrek word nle maar ek dinkas 'amens gaan 
ky k ng die hele btru boek daar as 'n geheel, en jykyk na Araldite Epoxy Resin in the Electrical Industry 
die siviele dieme, dan gl iy agterkom dat die siviele 
dienste in great detail gehanreer is en die hele gedagte, The use of araldite epoxy resin as ins/lalon medium in 
soos wat dit vir my lyk, is dat die boek uiteindelik ir, die the electrical industry in indoor and outdoor equipment 
hande gestop kan word van 'n iong ingenieur wat nou net Us proved to be very tucceuful. In indoor equipment of 
uit'n universiteit nilkim• of in elektrisiteits geval waar the *39 years and outdoor in South Africa since 1977. 
jy baie keer kry dal in 'n kleiner dorrie, waar hulle nie The advantages that this insmation medium offers are as 
ingenieul of menge met ge'leg agrergrand kan hekortig follows. 
4 waar hulle daardie inligting kan gebruik walleer 
hulle dorre moer ontwikkel, en dan moet ons dink aan 1. Outitanding dielectric strength, both in the short and 
ons opknmendle Swar[ plaa,like 1,8'•lure wat nie die kin 1092 term, e.g. 20-30 kvimm. 
digheid het nie en wat nok van hille eie mense gaan 
gebruik maak en waar dir op die ou end dalk bel,ngrik 2. Very good te,bile. 11<xural and impact properties, 
gaa.1 wees oin vir hulle 'n dokument te gee wat hulle both short and long term. 
basies kan neemen 'n soort van 'n handleiding van die 
begil, tot end om vir hulle le lei deur die hele 3. I»w absorptioi• lhat is proses water readily released. van 

0,1twerp vir'n dorpsuitles 
4. Excellent ,nsest tolerance, e.g. copper, brass and 

swel. 

MIR I LOURSER: President 5. Denectiontemperaturesthat canbeadiustedtobe 10 
15 -C higher than the service temperature of the 
equipment 

Ek k,[ ,·ir u se toe die firma (Nba-Ceigy by die VMEO 
aansoek gednen het om geafilieer to wees, het ek dk w 6. The addition of special filiers to suit the most de- bietjie snaak, gevind want Ch-Ceigy was by Dns altyd manding application, e.g. SK and outdoor 
bekend as 'n aptekersfirma. Hi,!le het my egter een dag in"allationS. 
genooi om biepte pan kyk daar na hutle fabriek wat 
hulle besig w36 om te maak en ek m besonder bein- 7. With new production /chniques, components that 
dlirk, en dit is pre•ies hoekom mnr Thinus Fick vandag are free from any defem (inuernal and external 
hier is. voids). 

Mnr Fick, ek los dit vii u on] p / die meme te wys wat u 8. The ability to be readily moulded into the most diff- 
kan doen. cult shapes. 

9. With diort gel cycles at elevaled temperatures, the 
ability to enable mass prodwion of components, 

RESIN INSULATION 
Slide 1 -- Low oiI volume switchlear for 24 kV. 

SYSTEMS USED IN THE 
ELECTRICAL INDUSTRY The top and bottom parts are manufactured by the 

automatic prelibure gelation proces. This is tile method 
used to mass produce componem. The quenching 
chambers are glass-fibre reinforced· All these producb 
are produ,cd from araldite proxy min. 

MR L M FICK - Amliate 
Slide 2 - ThiN quenelliI,g /]lamber ir produced using the 

Mr President, ladies and Gentlemen liliest vacuum - APG process using a liquid araldite 
./·m. The tube does lot require any machining .fter 

Upoxy· 1, an organic material that is combined with inor- de-moulding. The dimensions of this tube· 
gam. fillers lo produce rigid insulation structures for I.ength 2,3 metres 
indoor and outdoor use. Cyclealiphatic epoxy is the ac- Outiide diameter 100 mm 
knowledged formillation fibr Midoor epr,ip applieaten. Inside diameter 260 mm. 
Cycloaliphatic epoxy Iypically contam 60 to 65 weight 
•rient .Kgalle fillers -rhm fillers are inexpensive 
dielectric material, that grengthen the ep,oxy and lower Slide 3 - The [ates[ '·maintenance free" technque, tor 

circuit breakers. This is a 24 kV breaker the from Merlin. =t per kilogram of the filled material as compared 
to the non-filled material. Typical fillers are silica, Gerin (France) The muno-block i, prodilced by the 
Sio for indoor m., Sin, W12 EST (for outdoor 156 and APG process. 

aluminatrihydrnte A 12(1,1Ir (for SCh (for Sliapplica 
tim). The liquid resin, liquid hardener, liquid accelera- Slide 4 -· The BBC 24 kV SF,- breaker with three 
tor, colouring paste and filler are combined under individiial srouts, These products are also produced by 
vacuum to form the filled epoxy. The fillers, with or the APG procm. 
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Shle 5 - 7,2 kV SIt- disconnector from Ablhom in Sllde 18 - 12 kV SF, switchgear from Reyrolle Parsons 
France. The mono-block 18 also produied using the APG The In0110 block is the largest component prodi/ed by 
P'OC.' tlic APG process in South Africa. This South African 

designed and developed product won the 1986 Tele- 
Technical data: ..hanique Design Award. 

Servic:e voltage 3.2-6,0 kV Slide 19 - Aratdite epoxy resin i, also used in the 
Rated iurren{ - 2010 A electronic industry in this particular insrance ¢0 coar 

Br•aking capacity - 2 MVA capacitors at S.T.C in Roksburg 
Arc uxtmition time - 25 milli-becon,6 
Enduram At least 100 000 movements For outdoor applications, we have the following: 
SF, - 1,5 bar 

Slide 20 - A 22 kV current transfirmer completely 
Slide 6 - The most up to d,te and exclusive metal clad encapsulated with araldite epoxy rein, 
M.v. SF,ditribution station up to 36 kV from Siemens 
(F.R.G., with vacuum breakers. Ten years' mainienance Slide 21 - A 33 ky voltage transformer from the com 
free and operation under severe i,idoor and protected pany ILS,A In thic instance, the tank iunetal and the two 
mdoor conations are guaranteed bushings are prod,[ced wi[h epoxy. 

Slide 22 - 22 k' in„,lator for drop out fuse. Developed 
Slide 7- A 24 kV distribution station with individual and produced in Sorith Africa 
insulated parts· 

Slide 23 - In this slide. we wee the thrnugh wall bushings 
On top - husbar connection. mailed „ the Witfield Aubstation energised at 1 1 kV 

since 1977. 
Middle - spout with an incorporated current 

tran&former. Slide 24 - Nole the shed design of *he insulator, for this 
particul. discennector inqtallation (Northern Europe) 

Bottom - spout with incorporated voltage transionner Since 1967 -- 300 000 unils -- Stromberg. 
and cable conneters. 

Slide 25 - An example of a three phase disconnectoi· 
Slide 8-A3 phase 24 kV bpout with directionnection produced by George jordan (F.R.G.]. 
Possibility to the btlSbar system. This excellent design IS 
2150 praduced by the APG process. Slide 26 - Different shed design for insulators used in a 

disionnector iII service in France. 
Slide 9 - A sii,gle phase 24 kV spout with ai' incur- 
porated current transformer. A simple but effect„e de- Slide 27 - An example of various bushings available. 
Aign far the future. The red post insulator ii an indication that the araldite 

epoxy r/sm can be coloured to suit the clistomen 
Slide 10 - This 10 MVA dry type cait resin power requirement•;. 
transformer b the geofol design and is in„alled offshore 
in South America. Slide 28 Suspension insulators produced by Stromberg 

(Finland). 
Slide ll - This 7,5 MVA transformer from Fuji Rlectric 
(Jupan) also produced with araldite epoxy resins. Slide 29 - Post insulators produced by Stromberg 

(Finland). 
Slide 12 - Thib tramformer from May and Chrisne 
(F.R.G.] is glass-fibre reiiiforced and impte/aued with a Stide 10 - A test station in Gerinany where the ingula- 
liquid arnklite system. This technique improves the tors are expo••ed to accelerced UV testli•g under stress 
inechaniqut performance and th, capaci/y can rhus be 
ir,creased up to 15 MVA. Slide 11 - Ten.ion inbulators on a concrete "true"re in 

Germany. Note the snow on the mulator·. 
Slide 13 - Tins cross-Rection of a SE high voltage distri- 
bmion st*([on indiates [!le numerous sp:•cers produced Slide 32 - 22 k¥ - 1 boo amp throjigh wa]1 nange 
wirh araldite epnxy resin. mounted hushing urd on a 22 k¥ circuit breaker kiosk. 

Merlin and Gerin South At·rica. Approximately 5[)0 iii 

Slide 14 - Here we have a 145 kv SE distribution starion ur Kince 1983 Supplied [u Escom. 
from Ca]Dr-Enag (F.R.G.). There IN als[> ibe poitbilin 
to design dislributintl stations for rated voltages up . Slide· 33 - 33 kV lension/.U<Dension lixidator with end 

800 kV uRing 'hif. technique. iaps fitted from Uie company Electrical Mou[ded 
Compole./. 

Shde 15 -- Thi,; is an exa„Wle of an APG workship at I he 
company GEC her Distribution, Shdr 1·1 - 33 kV tension suspenbion insulators install -2 „ Mabopane ollbide Pretoria This is a high vandiali g 
Slide 16 - A g[)ed exalnple of compon./6 produced m and dnce installarion no breakdown has .0 occurre 
wh waldite epoxy resin by the APG process. 250 installed - 1980 

Shde 17 - 12 kV vacuum switchgear from GE. Note,he Slide 35 - 33 kV pust insulator produced in South 
puts pr(>duced by rhe APG process. Africa. Electrical Moulded Con,ponents. 
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Slide 36 - 22 kV pininsularor produced in South Africa chemle,1 valve• and pumps 
Electrical Moulded Components 

SIde 39 -It is also possible with ara[dite epoxy resin to 

Slide 37 - 22 kV post insulator produced in South Africa produ.4 products for your sporring activities. 
and 22 kV mpension insulator Electrical Moulded 
Component. In closing. Mr Loubser, ladies and gentlemen, thank you 

icry much for tha opportunity enabling me to give the 
Slide 38 - Due to the very good mechanical and chemi- presentatioI). I hope that the members prese,it now have , 
cal properlie& of araldite epoxy resin s)"ems' il is now an insight into the applila,10/ of araldite epoxy resin in 
po.ible to utillse these properties in the production of their indu•tn· 

Slide 20 Slide 22 

A 22 kl' Clrio-alpham Resin Ins:,h,tor un•th built-in st/eis Curre,1, Trin,former comple„ty encap,11. cont,01 used " laid with Arahme nelu Epoxy Res,n. deign 4 22 hV Dete d,op-om 
und 3 phase trip-4-phas¥ mitomatic he Npw, sec- 

tia•alize, fABIMER (Pno LTD}. 

4 

Slide 27 

An examp je 0/ uorious hushing• 
md k*m *witable. Pro- 
duced hom Amloix B Epoxy 

Re.in 
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Slide 32 

/ kV · 1600 Amp ihrou/h wail 
.flange moun•ed buskin/. Supp•ied by: 
Rtectrical Moutud Component* (Pty) 

Ltd. 

4' 

contribution today is to add to the presentatioii given by 
Mr Fick. 

DISCUSSIONS - BESPREKINGS 
I have designed a new insulator for use in the fuse drop- 
out unit for overhead line applications up to 22 kV, in an 
application normally met hY porce[ain insul•tors, but 
now using the outdoor epoxy resin material known as 

MR N VAN TONDER -Affiliate cyclo-aliphalic resin. Thz, as Mr Fick stated. is a well- 
developed material resistant m ultra-vialet light and elec- 

The author h„ pointed out the many advantages to the t..] ern'ion. 
manufacturer ofepoxy redn insulation. It was impre"ive 
to note the roll call of names of famous companieR rising The slide of the fuse drop-out „sembly shows the ex- 

epoxy resin in electrical applicalions and i, is obvious tended creepage length of Ihis insulator. which is 500 
that the advantages have been Mognised. mm. of which a large part m weather-pratected by the 

rain sheds. 
It cumes as n. surprise that my company s design en 

gineers decided early on in the design process ofour new E[ectrical circuil breaker to use cast epoxy rein in the „unoblo, Mress on the surfie i, controlled by design 

housing the SF, gas and breaking parts. Breaking heavy using ejectrlcal field plots and consideratinn of the equi- 
curren: on SE. gas iri switchgear giles r•se to degraded potention lin. Metal fittings are fully embedded into 

the resin during the products moulding of the process, reduci,ig the 
gas- effect of corrosive weather, and giving lin Impulse level 

in excess of 150 kV. Some of these, the acids in p/leila]·.are found to attack 
the silica filler traditionally used in the resin casting 
process• Perhaps ibc .,Ihor cuuld enlarge on methed, to This insulator is light in weight, re, 2.Lant to impact and is 
overcome this to aysist Arly other designers benton devel- expected to be alailable 5hortly 
Oping sin'!ar :yuip.'eat 

The second slide shows an exlension of th. uhage ,>f the 
As noted in th, presentation, n•y company is a maior user bagic insulator which is now the base Umt of a nuw 

of araldite epoxy res'n ind it would be d,fficult to linda produer known a• a line '«•ionaliser. It is not n. intel 
Teplacement for by way of example the mono-block used i to widen the scope of this sam by discuss]ng the 
in our 11 k V I.MA switchgor illitr/ed in one of Ihe detail features of the new producl at th/8 stage, the 
4ides. in'ulator assembly now canles a meehan/al hnkage 

which enables it to be used as a three phabe trlpplng unit. 
Ma, I be the first to air the question which is no douh, A new al,comatic sectionaliser¢len,ent ib filled m place or 
exercising ho minv of the minds gathered here. In the rhe conventiona? fuse Eind when used m co-ordnation 
event of Nanct,1 reaching levels far more effective than with an automatic Lircult recloser, provides a new cm- 

now seems likely, how will »upplle; of rein be nomic whution to the problem of three phase 
maintained? Kectionali5ing 

MR G ALTON - Aflitiate In rhe meantime, / is sufficient [o sa v thac we have here, 
1 believe, two good examples of the appjicanon of the 

Whereas I normally speak to you on the suhieci of outdoor epoxy resin system to a very old product which 
vacuum switchgear, gluch has used enormous imount, will now update it with new debign con,epts and possible 
Of epoxy resm ver' successfully over three decades, my applicationg. Thank you. 
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MR J E TOMS : SABS scribe Diring the early 1970's it was recognised that 
the surface of the insulator was more readily wettable 

In making this contribution, 1 do not want to d:tract after a time in service, due to weathering. amd a new 
from che excellent mechanical properties of epoxy resins, formulation of the elvxy min was developed. The key 
but to qound a word of ca„ion regarding the service jife to the success of this new material is, as described in the 
of outdoor resin insulators, pa:·ticularly at voltages of 33 paper. the treatment of the filter material (Gilica Flour) 
kY and above. prior to mixing,t with the resin, has the effect of produc- 

ing a much stronger moisture resistant bond between the 
Partial discharge on the insulator surfaces causi erosion resin and the grains of the filter> which is highly resistant 
oftlieirsurfaces, although, being cyclo-aliphatic, nucar- to the effects of weithering and e]Ktrical stress Thi5 
bon track, are crealed. This erosion causes the insulator now prevent the coi,dition as descrihed by Alr Toins 
wface te lose i,5 hydrophobicity and Iherefore, subject 
to filmwise riher than dropwise wettlng. Also, the en>- Electran-Microscope photographs have confirmed the 
5ion track, ceated by surface discharge present a resi integrity of this bond even after prolonged accelerated 
dence medium for organic and other pollutants which weather cycle test5 
form elecdrrolytes when moistened. 

There reillains the quest,on of good des,g„ a, applles to 
all products but we can have every confidence that sur- 

MR L M FICK: Amliate face contamlnants will not significantly reduce the life or 
ek„rk,1 performance of these insulaton, 

I shall Pdart off by replying to Neil van Tonder•s quei 
tions. Neil's firs que:non was as lo the formation of Just 11 closing, Mr Loubser. ladies und gentlemen, thal,k 
hydrnfiuoric acid. if I am correct. on the surface in the you very much for thiS opportumity enwbling me to give 
SE application, he mentioned,he use nf silica flour, now the presentation. 1 hope that the members present now 
we overcame that by u,ing trihydrate of allumina where haw an insight into the applications of araldite upoxy 
the acid formation is not coupled to Ihe 0 molecule on the resin in their /dusry. 

silica Ilour and we do not have a problem now n the 
formation of hydrofluoric acid using the trihydrate of 
allnminaagfiller Wealwhaveanother g·em that has 
onlv latelv been deve]01,ed in the I K. Tr is The quick mix 
•asting resin sy•tem where a slightly ab/sive filter is 
used. Tests indicate in Europe and the UK that these 
companents stand up very well to the arduaus SF/ppli- 
cation. As a very 1/portant question is the sanctions, 
may I read lo you an extract froni the Ciha-Ceigy Corpn- 
rate and Social Reporl of 1986. 19 1 
The recent corporate and social report. a copy of which 
Nell and many of the delegates will receive, renects our 
pre,ent and future business policy. The Foreword by ou: 
uenerai Manager confirms our coimnitment to coiitinu 
ing business as usual in these dimcult times. Our jujrma] 
stock polic, of the te four months for Swiss origin 
rmducts will continue as normal since we have no reason 
to suspect supphes being disrupted in the future. 

Thls isa very nice corporate report and they state clearly 
that Switzerland win have nothing to do with sanction, 

We thank Air Toms for the contribution and his sup- 
port fur the mechanical properties that the el).xy r.m 
offer 

We c,Incur wilh Ihe view Ihat there h no surface erohion 
below 11 kV and due canddleraton should be givt:n tu 
design of 1nsulators ahove 33 kV Any partial dizhlirgus 
that do take place oil the surface of the ip.6ulators are 
usually a fixtion of over-„reg and varying degre. of 
pollution thai could he minimised by good design. 

1, 15 Irue that experience wilh eartier praduced insula 
tors, both service and accelerated test programmes 
showed the type of degeneration that Mr Toms de- Mn¥ Fich aan dle wooid 
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pbumaybeafraid of the dark. 
But it's the only time>oucan seethe stars. 

It takeb only a small shift of VISJor to sec hne communications js also available 

beyond the darkness Some people have it Of course, you can '190 use Re'tel %;mply for 
naturally Others willshift whentheyaretold of theinformation and services thatare already 
the bright stars in the sky And some will cont]n.le there. buch as the daily rews inancial 
to see only the darkness that surroundithem. information. restaurant guides bankii g 

It's much thesame with Belte.- one of the transactions and software packages These are 
inost sophisticated information systems in the on'y a few examples of the variety Beltel already 
world itis not only capable o[ providing has to offer 

information but is 3150 interactive Yo. can place With examples like hese its eacy to work 
riders, send mebbages and even gair access to out profitablcapplications for thesystemin your 
other computer systems that are linked to Behel bus.ness Because tharb what Bellel is - a 

Yet there are people who are wondering business tool that gives >uu better ir formatior 
why we need a system suck as this And thereare and enables youto give belleriii formation toyour 
0[hers wno have already begun to exploit its eliana 

potential [f you want to use what's currently on Beltel, 
Imagine an ordinary busnes. hav ng access doit row ard watch the system grow Wilh you 

to compu:er power without even owning a As Edward de Bono once said the con'v way 
computer Without training special gtaff Without. to avoid Opponurities IS to assume they are 
in Fact. even know•ng what a computers And someone else.9 bui'ness So conipiere the coupof i 
usng this power to do better bus ness for more information on what Belte has to offe 

Imagine what a more sophisticated business Or contact your nearest Belte: tele?consultant 
car do with .t. for a demonstration Their telephone numbers are 

One company i: using Beltel to link dealer Pretoria 10 1 21 297723,lohanne-bure (011 1 772-0728 
brarches to its own ma. n computer. th .S Durban [03 1) 326 0782, Cape Town (021124-0867 
effectively creating a countrywidenelwork at a Port Elizabeth (041) 2-7500 Bloemfontein (051) 
fraction of the cost of other networking options 87-2290 Kimberley i0531 1 2 9581. Benoni Al 1 

Another company proides regularly 747-2152 BelteIMarke[inel012)293-2632 
updated share prices ami repcrts for investors 

Still others are using 13/Jtel to provide •pecial E, Bctc Marketing, PO Box 3444 Pretoria0001 
irtormation services to the legal and medical Name 
professions Ihrough a Beltel facility called a 
Closed User Group It protects their pages from Address 

outsiders and allows orly remberi of tnat group Code 
to make use of the services offered 

Relte. al'ows you to charge foryour pages on Occupation 

the system every tin•e they are accessed A Pleasesend me a freecopy of Itickwhereapplicable) 
property broker,s currently charging a small fee 11 What is Belte'l 
to help ordinary people through the •ntriacles of El Bettelaq a 
property laws 

through which you can send letters. reg stered Beke•alsoprov'debaneectronkma•locc or unregistered, to other UberS. A chat facilitY for on- • •0)0 • -• 
Keepity yoll ill toudi. 
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GUARD AGAINST A WRONG DECISION - 

The Electrical Contractors' Association 
of South Africa 

®uarantee of *Nork *c#eme 
What it means lo you 
The Electrical Contractors' Association of South Africa 

olfers a 'Guarantee of Work Scheme" which covers up 
to A 10 000 to custorners of any of the Association's 
member firms, 

Standards of Work 

We take pride in the quality of work done by our 
members. 

02 •™EHA. 1 

"Your Safeguard" A:*3····2>3*2 
i 

USE AN ECA MEMBER. 

HEAD OFFICE: REGIONAL OFFICES4 CAPEPROVINCE NATAL ORANGE FREE STATE 
ECAHcuse %el {021) 21 5339 Te·I (Dll) 31 3340/9 -=I (051] 8033, 
415 C.•sioner.* TRANSVAAL. 80 anc Brancl Dirt}ar M.arch Bl•wn,fonle,•, .ranch 
Fairview T. Johannesburg 4 (011)614 1782.3 Cape To ./8,/Ic, Natal'Ji]J.inds B,arch Ea•lerr FreeSTa,e Branch 
PO 80.38367 8, //Ausrenburgeranch Noord Bild.indaranch 2,1!;ilairiR, Inch Noith Free StatrBianc9 
J. postown 2043 P·clo•ia Billch Porl ElizatelhBran. NORTHERN CAPE· 
Ted (01. 614-1112/3 Vadl Triangle Bianch Sul,19 Cape ./.Ch Tel (051) 8.1 

Wi,stern Trans.all Brar' h T. (0431) 2 5279 Bened/0 .InJe.ranc• 
wilwater·,rard aranah EasILondonaranc. Kimbe,leyBranch Low•e|L]Br•r,(1 



EPPIC 

MR J A LOUBSER : rresiden, 
=< T. 

Ladies and Gen,lemen, the nex, item 1 called EPPIC. 
Mr Marshall, one of our hosts for lunch this afternnon, 
will introduce his speakers, I call tel] you there are quite 
a number of them but it is of such importance thai it is 
4 -th it. 

MR G R MARSHALL : Affiliaie 

RPPIC stands for Environmental Plannig Professions 
Interdisciplinary Committee und Figure i shows the con- 
Stituent . A, members who fund the committee's activities 
tbugh 1/iation. The aims of EPPIC are the follow- 
ing 

1. Promote the availability of formal academic und 
practical trailing in resource management and envi 
ronmental impact control for the plannil 
profe•i"q. Mi G. R. Marshall 

2+ Prom// Ule availability of in-scrvia continuing EPPIC exhorts the officials and councillors here today to 
eduration in resource management and environmen- encourage their planne. . under'ke an enviromnental 
tal impact control for practising planning impact assessment for all Eleir projects no nlatter how 
professionals. small. Such a study need involve no more than half a 

dozen pGges under the headings and Figure 3 sets out the 
3. Promote the better and wider understanding of the main elements in the design chain. 

philosophy of resource nlanagement and environ- 
mental impact control among planning professionas 
so that atti,udes tOW,Ids environmental impad Caa 
be positively influenced 

4. Promole the universal EPPIC „optance of resource man- 
agement and environmental impact control as asen- 
tial consideration in the planning and design ENVIRONMENTAL process PLANN'N6 
for all development projects PROFESSIONS INTERDISCIPLINARY 

A large amount of legislation has been promulgated bv COMMITTEE 

central government which impinges on environmentil 
impaii control •nd a list is included in Mr Hulley's 
paper. 

MEMBERS Figure 2 shows the inter-relationghips between the vari -- 

ous bodieb, departments and the Coun,il for the Envi 
INSTITUTE OF SOUTH AFRICAN ARCHITECTS milment which wa: established on ·7 July 1982 in terms 

of Conirvation Act 100 of 1982. An element of hne INSTITUTE OF LANDSCAPE ARCHITECTS OF SA 
manime„t through Parli,ment, Department of Envi 
romnental Affairs, Council for,he Environment and out S A. IMITUT'ON OF OVIL ENGINEERS 
side bodies. However, the Habitat Couail w„ formed as 
an ad hoc group by parliament and can communicate S.A INSTITUTE OF ECOLOGISTS 
with it directly. In the Name way, Council for the Envi- 
ronment report,directly to the Minister of Environment SA INSTITUTE OF ELECTRICAL ENGINEERS 
Affairs and Touriqm. 

SA INSTITUTE OF FORESTRY 
EPPIC has 1 lil,k with Council for fhe environment 
through common membership and officials of the De- INSTITUTE OF LANDSURVEYORS FOR TRANSVAAL 
parnuent oflinvironmental Affairsattend all EPPICcen S.A INSTITUTE Or MINING AND METALLURGY tral executive meetings. EPPIC is further divided into 
regional groups which nieet in Preto•ia. Johanne,burg. S.A INSTITUTE OF TOWN AND REGIONAL PLANNERS 
Southern Cape, Western Cape, East Landon, 
Durban,/Pietermaritzburg. 
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EPPIC- INKOM EPPIC-INKOM 
PE=71 LEGISLATION CH[CK LIS- FOR ENVIRONMENTAL IMPACT 

LfM.-LAMENT ASSESSMENT 

1 DESCRIBE DROPOSFD OrVELOPME,J 

2 MOTIVATE DEVELOPM[NT 

3. LIST A.TERNAT]VES 
DEPARTMENT OF LIASON WITH 
ENVIRONMENTAL -- 4 OTHER GOVT 4 IDENTIFY ENVIRONMENTAL FACTORS AFFECTED 

AFFAIRS DEPARTMENTS 
5 EVALUATF THE ENVIRONMEN'AL IMPACTS 

6 WEGE LP THF AITERNATIVES 

7 STATE INVO'/IMENT OF 01/ERS 

COUNCIL FOR TPE 8 GIVE CONCLUSION AND RECOMENDATION 
EPPIC 

51.VIRONMEN 

FOR MOM DETAILS SEE"PROCEDURAL 
GUIDELINES FOR THE PLANNING PROFESSIONS" 

» INTERESTED ISSUED BY EPIC AVAILABLE FROM 
BODIES EPPIC. 2 0 BOX 61019, MARSHALLTOWN, JHB.2017 

ORGANIGRAM FOR ENVIRONMENTAL AFFAIRS PRICE R 300 A 

MESSRS MERZ AND McLELLAN 

MR J. A. LOUBSER: President versary in the RSA.They will h,»:r ils at lunch today and 
Ladies and Gentlemen, ir g rn, Npecia[ privilege to can- I wish to thank them for their kind gesture I am sure 
gratulate Messrs Merz and Mci.ellan an their 50th anni- yoi] will 911 enily their hos/"lity. 

f-MERZ and McLELLAN (SOUTH AF•Al 7 
1!KiE,#1986 5Qa. • CONGR,JU.KnobS ON YOUR I VELGIIASES MET U 

50 ANNIVERSARY I .F --f HER[}ENK'•--•• 
AMEU AFFILIATES IV )AFFILIEEP»11 

bl UUM 'Me/2 - Al/.r|/n. 
-. 

A- 
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INTRODUCTION 

SOME ENVIRONMENTAI. The evidenl trend, in population grow·th, people'$ ex- 

IMPACTS 
urhan 

OF pectations, rural to migration, grenier industrial- 
ELECTRICITY i zatiol• and mechanization suggelst that the area of land 

TRANSMISSION AND currently i]Red for generiting ind transporting electricity 
will increase dramatically. In the ab/nee ofeconomic•Ily 

DISTRIBUTION LINES viable alternative„ the &upply of electricity (to at leN 
the mnin hid centre© will continue to be hy overhead 
lower/ines. 

JONATHAN C.A. HOBBS* and JOHNA. LEDGER" k i, thus imperative that or/nisa„ons thar have g,ined 
* Chairman, Bird Research Commitiee. Address: En- experience in contralling the negative environmenial 
vironmental Impact Control Section, Escon, P.O. Box consequence• of such developments provide the oppor 

1091, JOHANNESBURG, 2000, R.S.A. mnity to /her engaged in developing similar pro- 
g/mmes lo ai,oid repelition 01' mistake, alreadv made 

inrector, Endangered Wildlife Trust and Ornitha Valimhle experience hac been gained by ESCOM and thit 
ogical Consultant to Escom. Address: Private Bag XII, information is freely available ta P[anners and engineer' 
Parkview, 2122, R.S.A. developing gy/emE and designing /ructurer. 

About 90% of the electricity Gold in South Africa 1 
generated by coalfired power =ions siIuated at the coal 
fields in the nonh-atern ran of the countrv. Thit 

electricity ,& transported via a national grid of high v 01 
taged transmission lines that total over 150 000 km 

Linear deve[opinents af This nature impact ,niny differ- 1 ent habitats, ecosvrems, and human corn,hunities m con 
tract to geographically concentrated one, which uwally 
rerturb in an in/ensive but spatially com// fashion 
One consequence of the transportation of elect•icity hy 
overhead powertine: is an increa/d mortali,v and znlury 
rate 111 81-fauna For the past decade a multi-disciplin 
ary, inter-departmental Mmmittee of F.seem, the Bird 
Research Committee (RRC), his inveitigaled the interac 
tions between avi-fauna and powerlines 

Such interaction• can be both hazardous ta avi-fauna and 
to the maintenance of an electricity supply to consumer, 
06 indeed, both. Dam# ta conductors and insulater& 
and remltant electrica[ faulting are caused by the acavi 
ties of bird on tow'en and this has necessitated immerliate 
attention. The 'raiNon d' etre' of thix committee A Ihere 
fore primaril. economic. 

There are four main intel·actions helwein electrical in- 
siallanons and birds C.er[In tower de•igns p,)se ai, elec- 
trocunon hazard m birds. Other toi'erK provide safe 

r- ne/Ing i.ites The use of tower, as roos[, may result in 
excrern accumuliting on insulators which maY cause 

fla,w,ve/, and conductors and guardwires ,trung be- 
Mr J. C. A. Hobha tween towers map act as a collision hazard m hirds in 

fiight. 

ABS·rRACT TARI.F. 1 - INTERACTIONS BRTWEEN BIRDS 
AND POWERLINES 

Bv Their nature Linear Developmen„ impact a diverse 
array u f environments The diverse interactions between 
powerlines and birdhfu represent exam/le, of such im Interaction Potential Nat•,re of Impact 
pacts. Since 1977 these interactions have been inve<,iga 
ted by a multi-disciplinary research co-ordinating com- Ai|"I. 
numee of Eswon. Recomniendatinn, of this commicee NL.11!IR A.•. .1 A"I.i· 11-f...11 

Al'·Il ..11·fl JI 
demonstrate how egulogica[ prin,ples can he mt/grated 
into developme* decision-making. k further demon- 
strated the InfIrtarlit of incorporanng envimnmen"j mk•llk>CLTION HAZARDS 

consideration alongside the economic and tech nological 
factors in deusion-making Experience gained hy this Some specie, of bird are elect mci]Ied when using towers 
committi provid= a valuable source of infermation m as perches This i, not only a problem for birds btit 'Ise 
all conierned with developing simmlar transmission and to electrical sy„em, reliabili,v becauqe of outages that 
distrihitian sy"emi. may result A qecondar¥ impac, ako reported is that of 
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bush fires resulting from birds falling in Comes to the dry beyond their firsi year and a 10,6% chance of fledgling 
vegetation (including valuable grazint characteristic of birds reaching their third year (Ledger, 1984). This 
Southern African dry seasons. situation has been attributed to, inter alia, disturbance ar 

breeding colonies, poisoning and shoo,ing, changes in 

Str•ctly Keaking, The electrocution hazard 35 not limited both nature and extent of avanable R«1 sources and 
to birdlife. Other powerlines (particularly woodpole dis electrocutions on certain types Of electricity towers such 

tribution lines of 22kv) have been res//nsible for electro- as the "kite" /d "11 Pole" designs. 
culing bats (probably the larger fruit eating b/& 

(Megachrioptera). African Flephan™ ,[modinta africana, It has been sugge/ed ihat younger birds are forced to 

Giraffe cametapardati¢j Ve,</t Manke» Arcopitheats forage away froin bveeding colonies due to competition 
aethieps) and Chacma RahoM (Papia ursinu© 3, well as wirh adults over limited food resources. In doing this 

various species of snake. These observation, were made they utilize electricity tower• as mosts. especially in the 

principally / distribution liltes either in M close in the principal livestock rearing regions of the tiorthern Cape 
Kruger National Park which has research stations and and western Transvaal provinces and these are regions 
rest camps supplies by overhead powerlines. Cabling M where the "kite" tower has been frequenrly erected in 
now the preferred (but more costly) option in supplying the past (1.edger, 1984) Thi, design is fortunately or 

electricity to more recent developments within the Park. unfortunately depending which way you look at it unique 
in South Africa. 

The rrnhlem of hird electio¢/tinns was fir/ highlighted 
i, 1972 with a published ac:ount of 148 birds found dead 11,1, partneship is. however, of mutual benefit because 
beneath transmisiion kines ove:r a period of 27 months to /itigate the electracutlon ha/rd /0 thi• Rpecies also 
(Markus, 1 972). A subsequent study of ESCOM patrol- ser,rs the purpo/ of reducing ihe threal /0 power Syp 
men's repam attributed the death, Df 169 birds to ek- tem reliability. Electrocution incidents normally result in 
trocut ion by powerlines :Ledger and Annegarn, 1981). momentary faults which the system i, derigned M toler 

ate by auro reclosure. If, On the other hand, rhe inciden[ 
This lat[er paper highlighted two specific tower dedgis is prolonged by, for example, a hird falling acres con- 
as problematic m hirds of targer wing span -the "kite" duelors, then three unsuccessful attempts . allia re'lo 
comruclion accounting for 80,5% of bird, elecracuted sure results in the line "locking out" and a canequent 
and rhe "H Pole" constrition mou/ing for 16,1%. supply outage together with tlie need for a visual inspec 
Figure 1 cant„„S thege desilp; of problematic dimen- tinn (often in difficul[ terrain) to establish the problem 
sion&with the s,fe la•ice steel Tnrtal tower used regular- and restare supplies. One such vulture electroculion inci 
ly by many specle, without mishar. den[ c!,med the lo• of supply to a cenient factory for 11 

hours and caused damage m a conductor (Ledger, 1984). 
"0 

In addraging possibly· solutions to this problem interim• 
tional experiences were reviewed. Electricity companies 

R- 8 westem USA had ekpenenced *•mitar prohlm, /8 

41--9 1 0 1 golden eagles (Aquila chrysae,0/ On their pylons and 
measures carried m there provided initial ideas. Experi 
mats wirh mock-up tower and a "tame" vulture were 

I •31 ried aut whil/ field observations were made of vul- 
ture behaviour at •rcasses positioned near a "kite" 

81? 
88kV tower Data collection of dead birds and line faults 

- provided further insights to the problem This study 

- 1= =f===r l. carried out between June ]978 and July 1981 recorded 
246 vulture electrocutions and attributed 90% to the 
"ki„" tower design. The study further identified certain 
section• of lines as being of greater significance than 
other& (I.edger, et a[, in preparalian). 

Certain areas of the towers were identified as beir,g safe 
for vulture use and so adaptions in the form of a wooden 
or - space /eel perch were made m create greater for bids 

these a b in areas. However, gregarious habits a]*1 C competi- 
tion for space still resulted i,t individuals being forced 

. 1 54/•mro-*•-•,e-/swl/•'1•,-w• /81•,•1 into the high hmrd zones A PVC spiral bleeve has 
Collsl'LICIO9 -de ] 3• *•J.nk• 0,-f therefore been fitted over the central phase conduitor /0 
Of great concern has been tile principle victim of these afford greate ingulation. 
ele//acutions - the Cape vul,ure (Gyps c/protheres). 
This is an endemic species of Southern Africa with a Some success therefore appears to have been achieved 
large wing span (2,5 metres) and low repr oductived rate through rhis policy of retrofitting safety additions to 

A colonial species it nestg onrockyledges and cliffs The "kire" Inwer' bit monitoring k continuing and addition- 
Cape vullure is of '·vulnerable"Mus (Brooke, 1984) al adaptions are fitted when proble,n 3/ions of ime are 
and recorded as such En the Internationald Council ford idenfified. Neve•theless, the ultimate yolution would ap- 
Rird Precervation'q Red Data Rnnk (Caller & Stuart, rear ta be the replamment of these towers of hardous 
los 5). design with f.* structures as and when oporlunities 

arige. The "kile•' tower is inherently in/omp•tible with 
Young Cape Vulrures have PI« survival prospects. birds of larger wing span and 'lectrlcal engineers respon- 
There is only a 17% prnhahility of young birds reaching sible far designing structures for use elgwhere should 
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takecognizance oftherequiredcritical distances betwitn and therefore making the nests likely candidates for re- 
pha. to phase and phase to earth conductors in areas movd if they had heen encouniered hy patrolmen before 
frequented by birds of larger wing span. the BRC recommendation. 

Whilst suitable nesting sites were available ihere was 

NESTING ACnVITY evidence «f human 8/wbance beneath the line. It is 
hypothesized that th„ wa& adequate disturbance - dwell- 

Certain tower designs, the lattice portal for example, ingq and agricultural activity - m encourage the birds to 
provide safe nesting sites for several species. To date move up to the safer nesting location of the towers. 

eleven,pecies of larger bEd are known to use towers for 
this purpose. These milude the martial eagle (Polemae Th„ belief is opported by the exience of WRV nests in 
tus bellicosus] also cl,ssified as ' vulnerable" (Braoke, treeG on an adjacent Game Reserve with minimal human 
1984). pregence which is traver/d by identical structures offer- 

ing the Ime opportuni,ies. 
The presence of these nests on towers may damage 
=ductors and insulators and my pose a Threal re the Jr is fur,heriggesred thai The Hiramapprosch isposd 
critically co-ordinated manoeuvre& of Eveline mainte- ble contributory factor that h• allowed WRVs situated 
nance crews that work on energised lina. Generally here, as they are, on the w/hern extremes of their 
speaking, however, the presence afthese ne<" cau£e only breeding range to breed on tower& undisturbed - a devel- 
minor problems to the /mintenance of electricity sup- opment of great interest in avian evolution and demon- 
pliez. Historically, however, destruc:tion of nests on strating their adaptability to an environment modified by 
lowets waR rautine practice regardless of the oculpants human technology These suggestions are further sup- 
and their status, ported by the similar discovery ofanother first Ixord of 

black eagles (Aquila verreallxii) nesting on a 275kv strain 
African environmem are changing rapidly with develop- inwer approximately 50 km north-east of Kimberley. 
ment and indigenou, vegetation (and the nesting oppor- 
tunities it presents) gradually being cleared for meehan- Two species of *inaller birds build very large communal 
ised agricullure, commercial afforestation and other rural nests on H,com smuctures - [he social weaver (Philetirus 
development initiatives It is therefore losible that socius) and ihe redbilled buffalo weaver (Ruhlaornis 
towers act a t,Mitive feature in a *luation of /ming niger). Other birds - rhe Cape sparrow (Pasfer melan 
habitat reduction and even enable Rome species, such as urug) and crows (Corvus spp) - are known to make occa- 
Martial Ef®les in tile Karole desert, to extend their range sional use of pieces of wire in the contruction of Their 
inta relatively treeless environments where ne" sites ner, in elecirical insiallationc. The nesting activities of 

have never been plentiful (Hobbs and Strydom, 1982). ihe Cape Sparrow in capacitor banks at sub-stations has 
Whether this is a gd or bad thing, ecologically speak- reRuked in serious, Mtly damage to capacitors. 
ing, 1 woriby of further .tudy. 

The aforementioned nests of Kocial weavers can reach up 
On the recommendation of the BRC, Escom's approach to 4 Inetres deerand 7,2 ine,% long encloging frem 5 to 
iN now to remo• olily those nests that can be demon- 50 rounded ne/ chambea IMaclean, 1985). When ne,t, 

strated to he a h/zard to electricity supplies or mainte- of this scale smother the wood /1/ of distribution lines 
nance crews Even in these instances trimming of sticks i. the Kalahari desert thornveld, there appearq 16 he no 

that protrude over insulators kpreferred to total removal alterna,ive to romplete removal 9 nests of thiA nature 

where feasible. The BRC 16 investigating the use of a have been known m ignite and destroy rhe support pole 
locaEy manufaciured nes,in g Natfu rm that can be pmi as well as initiate bush fires (Van Rer,shurg, pen 
tioned at safe loration, on a tower and onto which rests comm.) Nest de,truction is, however, a temporary 
of certain endangered species, that pose a threal, may be measure as birds of this species are industrials builders 
relocated and thereby tolerated and the breeding sea&on can he up to L) months depend- 

ing on Mnfall (Maclenn, 1985). 
To recommend a selective policy when it cnme, to bird 
inter„tions assumes anabirity among•t lield personnel ro A "quality circle" oflocil Escom staffidentified this asa 
identify specie and have a knowledge af their grus. To problem worthy of their concerted attentions and ideas 
fucilitiate buch skills. where ihey may he lacking, the were generated for the solution of Ihe problem A decoy 
BRe has produced an identification guide illustrating the pole has been placed adj 1/ent lo poles favoured by the 
diagnostic cha/cteristics of birds known 16 inreract with Social Weavers. In some iristances, thls has been success 
electrical installations. (Ldger. prepar/ion). This will ful in attracting the birds away from distribution Imes. 
m only encourage a more discerning apprmh hy field 
staff but also enhance the on-going data collection on Bird' are not limited to le'ing on structures - in Ine 
interactions observed and recorded. instance they had excav,Ited nesting chambers and sought 

food in a 132kv wood pole support. Barbets (Capitoni- 
In November 1986, /routine helicopter patrol of a line dae) and Woodpeckers (Pic1dae, commonly nm by exca- 
north of Kimberley in the northern Cape province led to vating holes in dead tri trunks or the underside of 
the discuvery of the first record of African whitebacked branrhes. When they adapt to wood poles of powcrl:ne, 
vullures (Gyps atricanus) (WBV© nesting un artificial they act as "Biologica] indicarers" rhar the useful life of 
structures (Ledger and Hobbs, 1985). The WBV is the the pole is at t]/ end. 
commolest .ilture of Africa and, unhke the (:ape vul 

ture, nests on tree tops. Flve nests containing chicks and 
ROOSTING himilarly constructed but empty nests were observe• 

in the lowerparr of the box section cross-armabove the By the simple act of using towers as r005ts, birds may 
central ph„e insdator mings which were badly pol|uted pollute the insulators beneath them with their excrement 
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thereby reducing insulating properties of the di,i<:s which sions and ruled to pay compenqatim for reduced recre- 

may, in turn, result m a "fly,hover" and a potential ational opportunities due to destruction of waterfowl, 
supply outage. their available habitat and influencing their flight beha 

viour in areas used for wildfov.1 hunting (Hobbs, 1984). 
Thls a particular problem where birds exhibit gregariuus 
behaviour such as in wethnd areaf. Ibsies, Storks, Her- Whilst Africa does not have the equiv•!en, of such 

oils and Egrets all regularly u•e t}le same towels leading /werful pressue groups nor the major "0>,vays" of 

to a build-up of excreta on the ing,lato,3. A recent repori North America, Rkcam is addre„ing the calision hazard 
of insuktor pollution and regular "tripping out" of a that powerlines pose lo birm in night 
4Dokv transmission line resulted in the need to take the 
line ou[ of sewice fm 7 hours to enable the insulators to An ]8 month sludy of 2 1 km merck of RRkv lines 

be cleaned. The pollution causing 'flashovers" from (comprising a total of 24 wires) in suburban Johanne. 
Phase gonductors to cross-arm hid been the result of burg resulted in the collection cf 92 hird, of 18 species 
roosting activity of the endemic bold ibis (Geronthicus under the lines (Lockwood and I.edger, in press). 
callu© Over 100 birds were observed to use these lattice 
towers on one light· The conductbrs are not considered m he the usual hazard 

but rather the "guardwires"- a much chinner and less 

71K solution in such cases is to attach "birdgua•ds" ea•ily vale wim necessary to intercept lightning 
These are designed to be a deterrent to birds •oosting strikes. It is suspected thaf birds can usually see conduc 
above critical parts of lowers. Some appreciation of bird tors in their way and take evasive action, u,Iially gainil 
beh,viour is necessary in designing and attaching "bird- altitude, where they encounter the '•guardwireR" 
guards" to towers To fit "Wrdguards" acrass The total 
available area would /Iny serve to encaurage birds Mo As an immedia,e me/ore /0 addrm this /oblem, van- 

adjace'it towers, thereby rlecessitating 't•Inilar measure, M powerline markm have been developed and fitted to 
there. To mvoid having to attach ' birdguar(is" to all lines where regular colhns have been observed. These 
toweni, birds need only to be discouraged from critical include an orange aluminium xphere, a polyethylene ad- 
part of a tower i.e. m move over rather than move off hesive strip that acts as a "flag" on lines and a fluore, 

ant tube that is energised by the electrical field around 
In a„ attempt to establish which of the many available conductors. The latter addresses ihe problem of colli 
designs of "birdguard" are cost-effective, a crnss-arm 'f sions oc•uring at night or during periods nf inclement 
a tower hasbeen floated into a wetland areanear Johan- weather. Collisiom at these times are though, to be a 

nesburg which is frequented by vast numbers of birds. A frequent event. 

hide has been erected a,4 observations are /1*lerway to 
monitor varioux species reactions m different designs of A further line marker ty/ that is used is the plastic 
guards. In the field, data on faults is collected by opera jloatation ball more commonly wed in the cisterns of 
ton who report incidem to a control centre for enin, toilets These have been adapted effectively, if a little 

Into a compilterized fault recording smem known as inelegantly, m mark lim supplying fiqh factorie, and salt 
"Escon, Distribution Avaijability and Reliability Mom. warks on the Berg River e•tiiary north of Cape Town 

tor·ing Systm' CE-FARMS). where flamingoek (rhoenicaptern, spp) have heen regu- 
lar •asuatiies. 

This date will provide statiscal information on the role of 
birds in cauxing eleclrical faults. The collision hazard posed by powerlines to birds iR 

difficult /0 quantify and the consequence /O total m 

COLLISION HAZARDS locational bird populations difficult (but important) to 

eval,late. An important distinction is d/wn in environ- 
Whilst the mortality or injury of birds through colliding mer,tal planning partance between the riagnitude and the 
with powerlines is inherently undesirable the biological impariance (ar Rignificance) of an impact. Clearly the 

significance of such event& is •rrently a nurrer of discovery of 1 000 /daven of an abundant species is / 

conjecture. disturbin/maRnitude bur may mot reflea greal bio/gical 
significance in rerms of specie& survival prospects. How- 

It 1, possible that birds striking enductors could cause evi/,a recent report of one Warrled Crane (Grus crrun- 
phase zo phase "flashovere" on lin/r where these dis- Uala) mortality resulting from gangrerle sustamed as a 

tance, can be bridged. A recent report has also been result of a powerline collision injury [Johnson and Sm- 

received of • black eagle (Aquila verreauxii) bringing a clair, 198/ is of potential wportance If indicative of a 
cond,litar down afte: colliding with it, thi being despite freq•len, can of mortility to this. one & the mos[ 

this bird''great visual auity (Roelofse, rwers. comm.) threatened breeding birds of Southern Airica with ap- 
lowever, such events a/ considered to be infrequent proximatelY lars remaining. 
and concerns here are primarily towards birds' welfare 
rather than the wtegrity of electricity supplio. Doubtless 1'0 reduce speculative and frequently emotive commen, 
avian mortality due to collisions with obstacks, m,n. on this interaction, the BRC (together with the Ang!0 
made or otherwise, is not a new event. Amlerican Corporation and the Trancvaal Provincial 

Nature Conservalion INvision) have funded a research 
Interet in Ihe study of this impact k more recent. project into this topic. The Ble,boksprur wetland near 
American power companies have conducted a great deal 104]nesburg serves as a mivenient Mudy area because 

of research into ths phenomenon because of the conflicts of it, diverse birdlife und le numerous powerlines that 
encountered with powerful wildfow] h,1nting lobbyists - cross it. Coll/ions have heen noted on an ad hoc basis for 
waterfowl being consistent powerline collision victims. many years in b m. Early results are ind,cating that 
Power companies have heen subjected 1/ rowurline con- allow species exhibiting •or flight mmilverability, 
struction del# 11'igarion proceedings over routing de,i. unfamiliarity, certain types of formation Oying and fra 
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file anatornig are most susceptible. Pnor visibility dur- Hobbs, ].C A and Strydom, D.J. (1982) "Escom and the 
ing inclement wealher conditions or disturbance at night Karoo Martial Eagles". Unpublished r=om Report. 
serve to compound the /rablern. Collisions may i,ot be a 

regular occurrence but, on the other hard, one fly past Hobbs, ]CA (1984) ':Powerjines and Gamebird, may result in numer"£ collikion injuries Ind mortalities 
North American 

(Longridge, in preparation]. Rxperiences for Southern Africa." Un- 

published paper presented at Southeri, Africa Wildlife 
Il is anticipated that the Tled,oks/ruit research Management Association project, Symposium - "Gamebirds in 

will imp ·ove the quality of the biological input into rhe Sourhern Africa." Pretoria. 

impact .inal,ses of powerline routing allenatives when- 
ever rheRe t,moidably have M cri wetlands Johnson. DN. and Sinclair, J.C. (1984) "A Wattied 

(trane Mortality". Lammergeyer 34. 

miCI.USION LedRer, J.A. (1984) "Engineering Sihition, m the prob- 
tem of Vulture F.lectmoutions on Electricity Tower,". 

Prevention is, of 9% berrer (and more enconomic, tertificated Fngineer 57 (6) 92-95. Johannesburg 
than cure in environmental management. To theauthors 
knowledge, there have been two studie,; that explicitly 
addre«ed hird and powerline interations Ledger, J.A. "Bird Identification Guide for Ecom Per- at the planning 
/age of routing Ind son/el". tiwer de!sign choice. 0% In stud> prep•ration 

campared the inticipated impacts of a prorosed 66kv 
line across agorge near the South Africa- I.egotho bor- Ledger, j A (1983• "Guid/knes for doling w•th Bird 
der which is a breeding,ire of Cape Vultures The route Prablem, on Transmission Lines and Towers" Escom 
/onsidered ta he less a hazard I vultures in ftight was Tes and Research Division, Te€linkal Note 
selected and precautionary -guardwire" niarkers weir (TRRiNR]/005) 
atmched (Sievewright, 1983) 

The Econd study ·.1,35. not concerned with alternative Ledger, J.A. (1980) ·'Recommendations for Anti-Bird 
route& hui with already determined roum planned Me,sures on the Draketisberg-Pegasus and Drakens- 
through Natal province where wetland crossings suggest- berg-Mersey Transmission Line " Escom unpublished 
ed the need for mitiga[ory me•ureq Eklch af "bird- rer,Ort 

guard C before cons[rucrion (I.edger, 19'01. 

The activita of the IRC have been 'post facto" with I•dger, J.A. and Annegarn, H.J. (1981) "Electrocution 
retrofitting heing carried 11azard, aut once a problem can be to the Ope Vulture (G)/ cuprotlieres) u, South 
demon/rated A need exists ri, establish predictive Africa". mod- Biological Conservatio,1 20, 15 . 24 

el thar can identify pr••bleni and required rlieasures 
before the/ arise. The experience being gained by the LedgerJ.A. and Hobbs, J.C.A. (1935) "First Re•rd of Commillee is leading m thi, possibility. African Whitebacked Vultures nesting on Miln-Made 

These Slrucinres". (Bokmakieire 37 [4) 9-102). experience£ have been documented in the form of 

"technical guidelines" (I'dger, 1983). 
I.edger. J.A.. Holmes, P.K. and Ruelofse, B.C. (in prep- The wArk of the BIJC. is an e/ample of the implenienta- aration) "A Three Year Stud) of Cape Vulture LGyps tion of & pokey de,Ggned m minimize negalive er,vi copr/heres) Electrocution, in South Africa " 

ronmental impaci Diverse discipline, are brought to- 

getner to offer consultancy services and to quppart 
decision-making that is based on well informed and hal lockwoods G and Ledger, J A Ort preparation) '·Bird 
med assessments ofthe [echnical economic and hiologi Mortality from Collision with Electricity Trammission 
<al consequentes of various alternatives - the ohiective Lines in Suburban Johanne,hurg, Soull] Africa. 
being to reduce, if not eliminale entirely, powerline 
fauti nd bird injuries and mortalitie Longridge. M.W. (in preparation) "The Impacts of 

rowerlines on Bird *OThe guideline• are available from the aurhors Flight Behaviour #h ref/renee to at their Collision indicated Mortalit) and addregge&) System Reliability" 

Ma/Ims, G.L ( 1985) ·'Roberts Blrds 01 South Africa. 
lohn Voelker. BRF, Cape T<win 
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Now 
Lumex has all the power 

and can give it 
all to you 

With today's introduction of 
the 20 amp and 45 amp 
double pole switches Lumex 
takes the leal Right into 
tomorrow. And where we go. 
you come too 
A com©Ination of R&D 
expertise and up tothe 
minute sh·ling has culminated 
in fine looking units. Tear entry 
terminals for easy wirir,g Ind 
spring-loaded movIng 
contacts to ensure 0 positive 
connection and action 
Both the 20 omp and 
45 amp switches comply 
with the relevant SABS 
strjnger! specifications, . 1 
Available with either 
ivory or white 
cover plates 
Like all the Lumex range, 
they are switches to fit 
with pride 
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The MLA POWER SYSTEM 1 a unique NO.BREAK POWER UNIT /ering lull protection against ALL power distur 
bances, Irom power Nuctual•ons lo complete malns fallure. Essential to protect critical equ pment (e.g 
dati processing applicaties. medicol equlpment, process and sequence conlrol, point of sale terminals. 
etc.) the MLA POWER SYSTEM hos ihe tollowing leatures 
· Full sile'ove outpul 
· Clean. uninlerrup*ed power - equiprrent constan.¥ runs from battery·Inve'ed lower (no switching] 
· High reliability 

N.gged rrodular Construclion [.,gr Impad, scratch ies,S+an' powder ...Ing) 
· Diagnostic panel /ne audlble /1/frnS 
· Malaten""'ree s•stem ond batle'ies 
' 0'.tpul totally Isol.ed .m inpul 

Requency phase-locked 
' Seeuii# funcTior ock / A\ POWER SYSTEMS 5 1<VA batteries built Into cabinel 
' Available i. single Ir Ihree phase Input 

Unit 2 87 Lomi, Drae 'Nod•jile Ewt 2 14D7 
Pieose cont,ct us tar delalls on ia,ger systerns a57228 *rIngfield 213/ 
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HOLISTIC PLANNING 
INCORPORATING 
ENVIRONMENTAL 

FACTORS IN MUNICIPAL 
ELECTRICITY 

UNDERTAKINGS 

==75/1- 
RY .MR DJ HULLEY: Affiliate 

ABSTRACT The paper presena a short historical 1 background to the development of an understanding of 
the need for holistic planning, the influence of NEPA in 
the process of developmunt of the concepts of EIA's & 
BIC. 

It pr·esents the philosophy ab seen by EPPIC for adoption 
by the pliysical planning, professions m South Africa, 
with particula refere„Le to Electrical Engineers engaged 
in the planning and execution of municipal electricity 
undertakings. 

The paper di•cl].es the implications of the various SARS 
codes relating to co-ordinating position of engineering 
services in the •oad mive amd the lighting thereof 
followed by caAe st,idies in South Africa with an example Mr D. 1. Huttey 
of a successful holistic pls,mig ald execution approach 
in Naboomspralit. Northern Transvaal and a less success- discussion, referals to courts and researeh, resulting 
ful planning ind execution of a township project in in a vigorous and ongoing analysis during the suc- 
Kinross, Eastern Transvaal. The paper also highlights Mding implementation phase of the act™. 
the conflict which Occurs in inany South African towns 
and cities beTween Kees and street lighting. 2. SOUTH AFRICAN SITUATION 

South Africa has no equivalent of NEPA, but a 
1. INTRODUCTION multiplicity of acts, ordinanceR and by-laws have a 

bearing " environmental matters and conservation 
A truism worth repea•ing is that inan is part of the A 115 of some of,hese acts 15 appended to this paper. 
environment and cannot neatly be separated from Thereexistsa strong ongoing debate and ]obby for 
ir'. /Iuman nature however, Campels us toalter the the implementation of compulsory bmninent,1 
imtura[ environment for our benefit and seems to Impact Statements (EIS), Environme,ital tinpact As- 
allow us to discount the f,]ture harmful effects of our sessments (EIA) and Envirocmenlal hnpact Control 
actions. No-one, who reflecti on the our increase in (E]C:. During the period 1970 to 1986 the Goncept 
life span, „, pcrsowl comfort and malerial well- and definition of the environment 5 vuried 
being can doubt tilat such alterations have created a con,iderably. 
beller life for many. Ii« far,unate people have 
cline to expect this progregs. Rut these improve 3. DEFIN[nONS OF ENVIRONMENT 
ments come with a senoug coAt in envirolunentat 
problems that aff:,t all people and we are begin„h,g In the California Environniental Quality Act (2), for 
to pay that cost now without realiting how great it example, environment is defined rather narrowly I 

"THE PHYSICAL CONDITIONS WHICH EXIST 
W]THIN THE AREA WHICH WILL BR AF- 

An il•creasirig awarenm of the probability of these FECTED BY A PROPOSED PROJECT, INCI.Ul) 
costs in the USA and Western Europe led prof- ING LAND, AIR, WATER, MINRRAI.S, /1 ORA, 
sively to legislation ill attempts to preserve the envi- FAUNA, AND OBJECTS OF H]51'ORIC AND 
ronment and minimise The costs. The Natiolial Envi. ABSTI{ETIC SIGNIFICANCE". This definition in- 
ronalental Policy Act (NEPA) passed by the United cludes reference to the man-madle environment, but 
States Congress in December 1469 was a watershed makes no mention of its social, pofirical, mid Lro- 
act with far reaching consequences for 'he entire nomic dimensions. 
industrialised world. Though this acl was passed 
after one day's hearing, avolcevote in the senate and In rhe report of the Planning Committee of the 
a few hours' meager diSCUS.m li the House, a:i its President'& Council on priorities between conserva 
actual 1mpacts became apparent it give rise to much tion and development, the word environment 16 used 
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"ONLY WITH REFERENCE TO MAN'S PHYSI- PEOPLES' HEALTH AND WELL-BEING, OF 
CAL AND CULTURAL ENVIRONMENT" In ALTERKATIVh I.EGIS[.A·]·IVE PROPOSALS, 
[he report Ihe mn-environment rclari-ship k in- POLIC]FS. PI.ANS, PROGRAMMES AND PRO- 
veE timed in an effort m determine the relative m JECTS: TO CANVASS ORGANISATIONAL AND 
prtance for ihe country as a whole in regard to PUBLIC ATTITUDES TO ALTERNATIVES, TO 
conservation on the one hand and physical develop- PROPOSE MITIGATING MEASURES TO RE- 
ment on ihe orher. From the evidence submitted to DUCE IMPACTS, AND TO COMMUNICATE 
the Planning Committee of the President's C.Incil, ALL OF THIS INFORMATION TO THE DECI- 
the following adverse impacts of developmen, on the SION-MAKERS". The definition implied by this 
environment were identified: Visual impacts result- very recenT „atement by the Council for the Envj 
int from mines and roads, impacts on vegetation and ronment is obviously much wider than the previous- 
wildlife, impacts on air quality resulting from the ly mentioned definitions. Whereas the California En 
increasing use of fasit fuels and mining acti#iries. vironmental Quality Act talks about impactb of a 
impacts an water quality with reference to mining, proposed project, the Council of the Environment 
acid rain and siltation, rhe destruction of the 50it talks about impacts of legislative proposals, poli- 
resulting from mon's abuse of the environment, the cies, plans, programmes and projects, arld also 
decline of marme resotirces resulting from mall•& brings in the extremely important refurencis to 
exploitation,and the negative effects arising from the people's well-be# communication, and mitigat- 
purchasing of game farms and undeveloped area• for ing meaA,lres. 
properry development purpogs The above clearly 
show that the evidence submitted to the Planning The Environmend Planning Professions Inter- 
Committee of the Pr¢6ident's Council did not include di•ciplinary Committee (EPPIC) uses the following 
any reference to man'# social and political environ- definition in the 1985 edition of their philosophical 
ment. and that the iniplicit definition of tile environ- and procedural guidelines fur the planning profe•- 
ment as e6[ablished bv this e,idence was there*re sion, of Environmenial Impac[ Control. "THE EN 
very similar to that colitained in the California Envi VIRONMENT CONSISTS OF THE ENTIRE 
ronmental Qual# Act. COMPLEX OF INTERACTING PHYSI:AL, 810 

LOGICAL ECONOMIC, AND CULTURAL FAC 
In the White Paper on a National Policy regarding TORS WHICH ROUTINELY INFLUENCE THE 
environmental conservation of 1980 the overall G I LIVES OF INDIVIDUALS AND COMMUNITIES. 
vernment policy is stated as follows IN PARTICULAR THE ENVIRONMENT IN- 
"BROADLY, THE GOVERNMENT'S POLICY IS CLUDES: ...". EPPIC thien introduces the following 
THAT A GOLDEN MEAN BETWEEN DYNA extremely •nportant concept as part of their defuli 
MIC DEVELOPMENT AND THE VITAL DE- tim·"THE QUALITY OF LIFE PERCEIVED BY 
MANDS OF ENVIRONMRNTAI. CONSERVA MAN DEPENDS ON THE QUALITY OF ALL 
TION SHOULD CONSTANTLY BE SOUGHT·'. ASPECTS OF HIS ENVIRONMENT TO A 
The aim is. Iherefore, rhal man and nature should GREATER OR I.ESSER EXTENT DEPENDING 
co-exist in productive harmony To cnme up zo the ON HIS DEGREE OF DEVELOPMENT. IT IS 
social, economic and other expectations of present ESSENTIAL, THEREFORE, THAT THE EF 
and future populations. The White Paper then deals FECrS OF A PROPOSED DEVELOPMENT ON 
with ihe national policy with regard to the following ALL ASPECTS OF THE ENVIRONMENT ARE 
aspects of conservation: Air pollution, cultural-his- ASSESSED BEFORE THE DECISION To PRO- 
torical aspects, marine pollution, nature conserva- CEED IS TAKEN'• 
tion, node pollution, radiation pollution, soil conser- 
vation. solid waste and littering, water pollution. and The National Transport Policy Sti,dy, tn a doculnent 
otlier environmental aspects which may be identified on the envimmnental aspects of 1/n,pnrt puts for- 
from time totime. In adiscussionof cultural-historic ward ihe following definition of the environment 
aspects, the White Paper states that: '•IN MODERN 'THE HOL[STIC SYNTHESIS OF THE PHYSI 
SOCIETY MOST PEOPLE ALREADY LIVE IN CAL, B]OTIC, SOCIAI., POLITICAL AND ]{CO- 
URBAN ENVIRONMENTS AND IT IS IMPOR NOMIC SYSTEMS WITHIN WHICH MAN 
TANT TO ENHANCE THE QUALITY OF I.IFE MAINTAINS HIS EXISTENCE AND I.IFE 
IN TOWNS AND CITIES THE PRESERVATION STYI.ES" ·rhis powerful definition put forward in 
OF THE PRE.HISTORIC, HISTORIC AND CON- 1984 was dem ed af e' an m-depih literature study of 
TEMPORARY CULTURAL COMPONENTS this [opic had been made, and is considered to be 
CONTRIBUTES TO THE QUALITY OF lifE he,41 reflecting the brider approach lo the 
CREATED [N THE URBAN AND RURAI F.N- environ./. 

VIRONMENT". Although the White Paper relog- 
nizes th¢ importunce of the quality of [ife in 11 rhan Frum the above detini[juns it is clear that there i, 1 
arm, the national policy is spelt out only with refer- wide xpectrum of definition, of environment. Thebe 
ence to man's ph)wica! and cultural environment definltions as can be classified into Iwo broad groups, as 
well as nature conservation follows: The first group excludes dir,1[ reference to 

man'6 quality ot life, whlle it concentrateR marnly on 
The South African Council for the Environment. in the physical and non.human living aspem. The x 
summing up the conclusions of their Midniar Work- cand group of def,Alions includes che concept of 
shop held in Sept:mber 1985. slates that the aim of quality of Lfe wiTh all the factors thal may affect lt. It 
an environmenial impact assessment is "TO IDEN ts also clear th,t the most r:„ill authorizarive state- 
TIFY AND PREDICT IMPACTS ON THE BIO- ment' or] the environmen[ m South Africa adopt the 
GEOPHYSICAI. ENVIRONMENT AND ON latter holistic approach ' . 

50 AMI U IECI]NI·.41 Mir.TING- 1986 



4. THE ROLL OF THE ENGINEER 7. THE NATURE AND ROLL OF AN URBAN 
STREET 

All engineers, as with all other environmental plan- 
ning professions, carri a greal responsibility in the The urban street or road isa narrow linear strip of 
plaining, execution and operation of projects which land which provides for + multiplicily of purpoes 
inevitably have an effect On the environment. It such as: 

therefore behoves each and every Engineer to he 
conscious of this responsibility and to adopt an holis (l) Separating and providing access to the adjacent 
tic approach to planning which in terins of the Na land uses which may be of a variable nature. 

tional Transport Policy Sludy will lead to "THE 
HOLISTIC SYNTHESIS OF THE PHYSICAL, (2) Providing a corridor for moveng* of people 
BIOTIC, SOCIAL, POLITICAL ANDECONOMIC and goods by mealls of buses, jurries, cars, 
SYSTEMS WITHIN WHICH MAN MAINTAIN motor-cycler, mope£Is, bicvotes, tric,cles, 
HIS EXISTANCE". prams and ped//rians 

(3) This movemen[ of people ond goods may be 
through movement, movement berwee.1 adJa 
cent properties and land 'ses, between non- 

5, THE ELECTRICAL ENGINEER contiguous properties, or across Lhe linear btlip 
to opposite praperties. 

The Institute of Ektricul E,igineers has been a con- 

stitue'it memkr of EPPIC sir,ce shortly after the (4) The provision of corridor space for all serv.: 

inception of EPPIC a„d has conS„litly ihrough irs si,ch as warer, sewers, street Lighting power, 
representative• on EPPIC played ar, a•tive rol| 111 telephone and gas. 
promoting the basic Philosophy and aims of EPPIC 
which m·EPPIC RECOGNISES THAT IT IS (5) Recreation, communic@tion and work area. 

THE FUNCTION OF THE PROFESSIONAL 
PLANNING DISCIPLINES TO PROVIDE FA (6) Enhancing or decreaNing securlt) and dangu 
CILITIES DES]GNED TO SERVE THE NEEDS aspects. 
OF SOCIETY AND THAT THESE NEEDS ARE 
REQUIRED TO MODIFY THE ENVIRON- (7) Aesthetic fulfillment or degrad„ion o f the ad/ 
MENT IT CONTENDS, HOWEVER, THAT cen' community. 
THEY SHC >[U.D AI.WAYS CONSIDER ALL THE 
EFFECTS 01: SIC.H FAC]LITIES ON THE EN (8) A snurce of pollution impaits in the farm of 

VIRONMENT, TAKE ALL REASONABLE noise, fumes and particulate matter. 

STEPS To MINIMISE HARMFUL EFFECTS 
(9) Space for ACHIEVE AN OPTIMUM BALANCE RE trees, gardens and AND landscaping 

TWEEN DESIRABLE AND UNDESRIABLE EF- 
1·he provision of street lighting FECTS aild ON THE ENV[RONMENT BEFORE Dr•- /wer 

must 
CISIONS ARE TAKEN". Within this basic nar anly he designed to comply with the 

appropriate SA IUS Codes, but most be planned philosophy the aims of EPPIC R 
and desigaed to fit in with and augment all this 
multiplicii>· of functions of the street and I (l) To define The functions and responsibilities of users, 

inembers of professional pla,iniI,g disciplines. 

8. SOUTH AFRICAN (2) To GUIDELINES AND draw ABS up a set of guide]1IieS to assist them in 
CODES 

takmg environmenial aspits late accon' m all 

effective manner. The gundelines for the provision of engineering ser- 
vice, for residential 

(3) To tawn,hips compiled focus continually th, attention of planner<, and in,Ued 
Community Development declion-makers and the public in general by the Depart,nent of o. in 

1983 ib a the coinmonly environmental used guideline. ob•ectives and procedures of 
the professional planning disciplines· Thege guidelines in th, chapter on Overall Planning 

Consideration6 state: '·One of the most significant of 
ihe problems idenlified was that engineering services 
cobl more than necessary, when the Special layout 

6· SCOPE OF ELECTRICAI. ENGINEER need< of each service have nor bee/1 co-ordinated in 
PROJECTS the ovemill layout from the beginning", and that 

their - Le. various engiliee", phinners, surveyors 
The scope of the Electrical Engine:ers work and and other professions -- primary function 1 90 
theretbre the profects effix[ on the envininment can provide a township layout and services which recog- 
var) from the mae pro,ects andeIT¢€ts 511Ch 1 the nise human needs for SECURITY OF PERSON 
development of 3 3601) MW power stati,in 10 Ihe AND PROPRR·rY, SAFE rY (including road qafe- 
relativ/'· minol project of provis.n of poler and ty), PRIVACY and GOOD ENVIRONMENTAL 
lighting in a sl,hurhan mut. This part of this paper QUAI,ITY 
wll! atimpt to study the environmental impacts that 
occur in the provision of power d lighting in the Under the heading of Goah and Ob//ives it stated 
urban street. that it i essennal that the desigiwr be guided to- 
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wards rhe target of an acceptable living environment These guidelines and questions give ri„ to the more 
by the positive innuences which relate to the quality general hur more importan, question which is: 

„f the environment and which should form the goalx. 
Seven gmIs which have been derived from the target ' -Are we as Engineers fully studying> understanding 
statement are ECONOMY, FUNCTIONAL EFFI these guidelines enabling implementation of our de- 
CIENCY, SAFETY, CONVENIENCE, ENVIRON- sign Ekills in fulfilling the aims and objectives as set 
MENTAL QUALITY, PRIVACY AND SECLRI Out in various guidelines and codes of practice? 
TY OF PERSON AND PROPERTY 

SABS 098 Pt In part G ofthe guidelines it 1-1976 provides Be following criteria iS ./ted thut "the maill 
of qualiry : objective is the design alid subseque:nt construction 

of an econorical electriclty distribution sy„em 
capable of meeting probable demands of safely and (a) The level of lun,inance 

reliabilily, 8 ]Els! maintaming the voltage wirhin the 

statutory permissible limits. (b) The uniformity of luminance 

With reference (CD The limitation 10 btreet lighting the guidelines refer of glure 

to SABS code of Practice for Publl/ Lighting : SABS 
098 Part 1 - the Lighting of Streets and Highways, stating that "a high level of luminance, good unlfor- 
whichstates : "Public ll!,tingshould pern•t usersof mity and a maimum of glare are equally important 
the road to drive or walk about at night with the for the provision of maximurn visibility and visua[ 
greatest possible safety and comfort". canlfort of the driver" 

"The ligh,ing haste satisfy both drivers and Pedeb- In considering these criteria and tl,e various types of 
trians but inpractice it is mainly the more demand- urban streets, with the multiplicity of various les, 
ing requlrements of the drivers whlch dictate the the following question arises Should the level of the 
standard of lighting'. criteria be the same for each of tl* follo•ng catego 

ries of =ds? (clancations given are Permanent 
"For the pedestrian, distinct visibility of footms, International Assodation of Road Congresses with 
vehicli and obstacles iM the absenx of dark patch- the proposed S A Road class no. in brackets) 
es are essential" 

Major Road (class 2) 
As part of ihe planning three figures showing plan- Priman Distributor (class 3; 
ning of services are give•• as follows: Local Distributor (class 4) 

Estate - or Residential <class 5 with further sub- 20 metre reserve wilh eight metre carriageway, two claum 50 to 5) cycleways and two footways 

16 metre reserve, 7,4 metre The volumes of vehicular nuffx 011 th•e roads will carriageway and two 

footways vary froni high volunies oi,the Inajorroad toa very 
low volume on miner estate or midentlal roads. 

13,5 metre reserve, 6 metre carriageway 'nd Arning from this, the level of criteria one will alter in 

foomy terms of che user which could vary from high vehi 
cular volume to low vehicular volume with perhaps 

Copies of these figUreS are attached: Appendices X pedestrian traffic being the dnminant traffic. 
YZ 

In,ddition with the strong South African estate tree 
In each case the electric light pok m shown at the tradition a co-ordinattilt Of estate street lighting 
reqer# boundary behhid the tree line, which gives t... and 1.sition I of paramount importance riqe to the following questio,•s 

Conqideration should be given to 
(1) In view of the fuet tliat light intensit, at anY 

surface is inversely proporliorial to the distance 
(1) Type and volume of traffic squared, will this arrangement lead to the mog (2) ]Teight of luminaire economical usage of eleciricity? 

· (3) Position of luininaire 

(2) With Irees forming a barrier to passage of lighi, (4) Type of luminaire 

will the cycleway and f-tway on either side of (5) Type of treeh 

the ruad be adequately lit fulfillii,g tile require- (6) Position of trees 

ment of distinct visibility of footway. vehicks (7) Power supply - overhead or underground 
and obstacles and abbence of dark patches ag 

required by the code? Consideration oftliese interlocking facto„ could lead 
to a reassessment of street light,ng, resultlng ln an 

(3) Wei the source of lightshielded by the trees be aesthetically more satitjing street at a les5er Cost. 
able to fulfii the requirenients for lighting the fulfilling al! the requirements of ECONOMY 
carriageway, v,z. public lighting should permit FUNCTIONAL EFFICIENCY, SAFETY CONVE- 
use. of [he road - i.e. earriageway -to drive NIENCE, ENVIRONMENTAL. QUALITY, PRI- 
or wilk around at night with the greatest posa VACY and SECURITY OF PERSON AND 
ble safety and comfort? PROPERTY. 
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9. CASE STUDIES (1) Speed through the area had been reduced 
(2) Dust and noise levels reduced 
(3) Safety especially / dusk and early evening 

Naboomspruit when ch•dren met and played around the at- 

tractive low level lighting - had increased 
Nabwmbpruit, a Northern Transvaal country town. (4) Residents had extended their gardens into the 
was planned on the traditional grid iron pattern of sidewillks, thus resulting in improved visual 
most South African small towns> with 60 Cape ft - appearalice both day and night 
i.c. 18,89 m - road reserves with 4 rn sidewalks on (5) Themid blockcircularisland was on]·partially 
either sidc, the resulting carriageway wa& 10,89 me- sue,essful and that an eloilgated island would 
tms wide. The riding surface was gravel. Power and be more successful 
street lighting was the standard gumpole, overhead (6) That the cut-de-sac especially without a turn- 

wire power and street lighting. Thle to the wide ing ckle was unsuccessful 
carriageway and long straight streets with long (7) The overall quality of Afe in the area had 

blwks, high speeds with the resulting danger and improved 
dust were common practice. (8) Th/thecost was less than if conventionalroad 

widths had been built 
(9) People believed that their property value 

During 1978 Naboomspruit instructed its consultants appreciated 
to investigate and report on a street tarring pro- 

gramme. This investigation resulted in the following 
basic recommendation : 

Kirross Ext. 17 
ne aims of the road improvement scheme must be 
to: Kinross Ext. 17 is a township built by Kinross 

Municipality as a residential area for coloured and 
(1) Provide an adequate riding surface Indians working at Sasol II & III. 
(2) Increase safety 
(3) Increase amenity 
(4) Provide adequate drainage In terms of the Group Areas Act the two groups had 
(5) Reduce speed to be separated and a buffer strip had to be provided 
(6) Increase general and ae„hetic quality of life betwea) the two communities. This condition was 

fulfilled by providing a wide main entlector road 
(the above not necefarily in order of importance). rese,ve between the two communities. An Ricom 

sen.itude along the western half of the road on the 
To achieve these aims it would be necessary to: north side of the road strengthened the barrier strip. 

(1) Reduce the width of the riding surface 
(2) Adiust the vertical alignment of the riding sur- At the time of development a fou, lane double car- face to allow for drainage riageway was planned in the buffer road reserve, but 
(31 Redesign the meel lighting 

aR an economy measure it was decided to build the 2 
(4) Scrap and rebuild all existing kerbing lane whern carriageway only. 
(5) Encourage landscaping of sidewalks 
(6) Reconsjder longitudinal alignment to introduce 

a visual re/triction to 'peeding The electrical consultant desigried the street 
(71 lighting Introduce public parricipalm for this main collector with ligliting standards along 

the south boundary of,he reserve well away from thu 
north carriageway. This factor was not ]1oticed 

A test section of two blocks by was undertaken with full the civil engineers in charge of the overall proilt, 
participation of the affected residents in the two the civil site engurer, the electrical ,untractor or block test section. anyone else before the whok electrical system wa 

activated, by wluch time cost to insta]1 the Ry,tem 
had been incurred and no money was available to 

Notwiths,anding the laheling hy town,folk of the test rectify the error. With better co·ordination and ho- 
section streets wilh gently eurving langitudinal align listic planning these luminaires could have been 
ment a "dronk strate" asubsequent poll of citizens placed in the future centre island between the when •t future 

was plinned ,a emnd the street tarring carriageways. 
programme an overwhelming maiority voted in fa- 
vour of the"dronk strate". 

10. CONCLUSIONS 
•l·he 3 m helght liminaire at lower lightills illtensity 
with reduced glare have proved adequate, have en There 15 much that all engineers, be they electrical, 
hanced [he general amenity and ae/hetic appeal of civil, mining, agrigultural or any other, can achieve 
the greer, and willnot in future he in connict with in maintaining and enhancing existing environments 
tree growth. Monitoring over a two year [est perind and in the creation of new urlhan environments by 
showed that :- adopting an holistic approach to planning. 
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the others following after us. The engineer scientist has 
therefore, by that very state,nelit, a great responsibility 

DISCUSSIONS - BESPREKINGS to see that tile work undertaken by him is perhaps never 
an uni/e,itional retrogressive change. Let us examine 
what we are doing -put it through the micro&cope. 

Mr President, I would like to now conclude by mention- 
ing wh„ I believe may bea lesser known fact tomme of 

MR W H ATTERIDGE : Port Elizabeth the members here taday and this fact is the holistic 
approach which was mentioned in the paper, or holism, 

Mr President, thank you for asking me to propose a vote 

o f thanks to the F,ken. and the authors o f these p'pers IM principles have been with us a long time although the and I would like to do so now. word was, I believe it is in the dictionary, coind by 
General Smts. 

I feetit 8 imperiltive thatat conferences we have like rhis 
that we communicate some ofthe. lesser known facts of Mr President, holism is not uew. Like management, the engineering profession. Mr President, due to the which everybodv seems to [hink started in the 1456, I 
la,eness of the hour, I shall cut short all that I was going juAt want to mention that management started long ago 
to say here, but m Stud>illg the papers, I felt that after - the principles of management are mentioned in the 
about six definltiorls, 1 WaS I]Ot t0O sure what the "envi- book,hat 15 the most widely read in the world - we all 
ronment" really was but with the holislic approach to it know uhat book 
d the final definition given in the National Transport 
Policy Study, 1 think atl of us do now have a betier Just study that book and you will find all the principles of 
understanding of the message. management you need. In holism, which has been called 

"the creation of harmony",we have a far better defilii 
Mr President, Mr Hulley's paper certainly gave us feod b /f the objectives of the environmentalign 
for thought and I think with the examples he gave, he. 
has drawn the necessity of taking into accountall project Holism, "the creation of harmony" was one of Ihe main 
aspects, not only which we sometimes do, of the Electri- motivations of St Frances of Assisi I [228 in founding 
city Departniel" requirements. his order, when he returned from the Crusade, where he 

was able to study the effect& of action, nf man In man, Mr Presidenl, I feel that his paper should, however, be brother on brothers man on envirnnment, brother on 
presented not only m electrical engineers, but to munici environment, so much so that he even appreciated the 
pa[ treasurers and to councillors because 6/metimes when extent of brother sun and sister moon. 
electrical engineers make a statement rhar they would 
like to inerme the cost of a project because they would Mr Chairman, 1 now wish to propose a vote of thanks to 
like to care for a near extinct species, they do not always the authms md ask youall to show yollr appreciation iII 
get the money. the uwl manner. 

Mr President. regarding Mems Hobbs and l.edger's 
paper, we can say here in Port Elizabeth, thal we certain- 
ly suffered in the late qeventies from linear interaction MR J R FATH : Affiliate 
with birds. It became quite serious Mt one time, and I am 
sure our Escom friends remember. 1 would like to re- Mr Hulley has told us about environmental policy and 
cominend revgnition of 21[ the facts in the paper because qwlity, has given examples of good avd not-so-good 
it is a very good one, especially for those engineers who engineering iii South Africa wrld has introduced the qub- 
hove to deal will] the,e problems. ject of EPPIC. 

I have not read the guidelin,:6, but as an environmentalist We, as men•bers of various institutes, are con„ibuting, 
as well, [ thlnk we could indicate on a diagram where this through thew institutes each vear to the running ex- 
various bird lictivity is in South Africa. Perhaps thel are penses of EPP]C, 
in the guidelines, if bu, when we design overhead lines, 
we can then refer back to these gllidalia and see if EPPIC ]ms ptepared carefully phrased philosophies and 

precautiom should be taken. aims, but as Mr Hulley hus described, These phrases do 
not prevent the poor execution af pro/cts. liPPIC hes no 

Mr President, as we know from our training as engineers power to enfirce consideration of environmental aspects. 
that change, used in the wider sense of the word 15 .le of nor to am„ project, itself. For example> Escom carrtes 
the basic principles of the englneermg prafemon. and we out mcg of its own envi,unmental impact assessments 
must a)way, he in a position roaccommodate and assimi- and other authorities use consulting engmeers Our own 
h change -- 11 18 part of our function whether it be experiences :maq of it M in the environmental field) 
retarting a dusty street in Naboom:,prull or bunding a rhow that these srudies invariably end up as local political 
power mion 3/ change for change's sake, but ulti 1SRUeR. 

mately for the betterment of our fellow hein/s and ihe 
environment an this placer. One question is t,pical of those environmentally-related 

issues facing munkipal engineer& 
Furthermore, Mr Prmdent, 1 do not wish to enter inio 
discussians with the other professiom, they may be here Under what conditions is the addi,ional cost of under- 
today, but I personally fee] Blat the engineer has been ground electricity disibution justified instead of cheaper 
responsihle for the majority of changes overtime with overhead system,? 
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If we want inswers to such questions, can EPPIC help to darker than this. The statement should have read: 
find ther? 15 [here a need for EPPIC and do engineers '·... light intensity oil any horizontal surface is 

benefit from their contributions to EPPIC? inversely proportional to the cube of the distance 
from thelight soure ... " (due to thecosine factor). 

We woild like to hear the views of Mr Huncy and of I realize that other factors also come mo me Picture. 
/her members on these questions. 

MNR T BUYS 2. : Germiston Our approach in Potchefstroom is to erect street 

lighting poles as close [o the kerb as is practicable, 
Dit is inderdaad 'n Rferaut by die commensu,ate with vehicular verblydend om so traffic parameters 
Tegnie,e Vergadering van die VMEO aan te hoor. Dit (speed, volume) 1.e normally one mee behind the 

gebeur min dat die kerh in Gaswetenskappe en die Natwurwe streets in residential areas and streets where 
tenskarrle the speed limit is 60 kmih or less. Ip so 'n wyse bymekaar kent en samewerking 
soek. Die holistiese benadering gee natuurlik uitdrukkbg 
aan die 3. Patchefstroom can boast with the 

mens se opdrag wat ons valloggend weer by longest coiitinuous 
oak-lined street route in the RSA - possibly the vernuwing by die opening met Genesis I ver'keem het. 
southern hemisphere; jt was recently proclaimed a 

So 'n samewerking M sterk san te beveel, miskien is dit national monument. To preserve and enhance the 
onontbeerlik. Ek wil du aantleved dat hierdie beauty snewer- /f these oaks and to illuminate the carriage 

vir way we have besluitneming deur die VMEO imge,treef sal resorted to low king level (3 m mounting 
height) street lighting like dole in Nabooinspruit - word. Ons is dit aan ons nagestag verskuldig. 
(did they get the idea from Potchefstroom?) There is 

MR E de C PRETORIUS : Potchefstroom elly one very serious problem with this type of 
i,stallatian from the matorist's point of view: dis 

1. On page 8 of this paper Mr Hulley states: ".... light comfort glare, which is very difficult to overcome 

intensity at any surface is inversely proportional to satisE„tority, i.e. without sacrificilig light fulling on 
the distance ." The picture is actually the carriageway. squared . 

MR J A LOUISER : President 

I.die, ind Gentlemen, before we start. may I just make Whils, I'm on my feet, can ! aho congratulate a few 
a few correctionq on the allendance register Amongst person:, 
the ordinary members, four very importaill Honorary 
Members have been left out. ie. MI Eugene Pretorius. 
Mr Jule• von Ahlften, Mr Wesse] Barnardand Bill Rees- Ronnie Lee, on your appe/nient as City El„trical Eu- ley Pleaseaccept myapologies for these names being left gineer of the largest city i„ the RSA, m Johannesburg. out and also amongst the speakers Air R Phillips, Group 
Technical Adviser - Electronics and Telecommunica- 
tions of Aherdare Cables. 

Ronnie het die plek oorgeneem van Wessel, 0]16 het 
Then I would like to make the mnouncement that .Mr gedink dis die laaste sen vw die blikkantien maar dis nie 
Charles Adm has been co-opted by the Executive so nie. Wessel Barnard k op die Elektribiteitsbeheerraad 
Council in place of Mr Dennis Palser who resigned. aangestel Ons wens hum ook daar geluk. 

4-7 

ll 
<4 

Mr C E. 4.61ms, Cuy Electnaty Engineer of Port M¥ Wesse Ba™a,d 
Ellabe/. 
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Fred Daniels, who unfortunately couldn't make it to he 
present here. He has been appointed as City Electrid 
Engineer of Cape Town - second largest 

We are now coming to Paper No 4 which will be de- 
tivered by Mr Ron Wedderburn - you know that'§ one 
thing about me - I know my friends. He is one of tho•e, 
1 had to contact him at Ihe very last minute - you 1 people who received that first official programme would 
notice it that I contacted Air Wedderburn and he. with- 4 
outany objection. agreed to give listhispaper on "Pro- 
tection of Overhead and Underground Cable " P, 1 

THE PROTECTION OF 
UNDERGROUND CABLE 

r 

AND OVERHEAD BUNDLED 
CONDUCTOR RETICULA- 

TION SYSTEMS 

By R. J. Wedderburn 
... 41 

1. SUMMARY 
The overload and sharicircuit protection of under- 
ground cable rericulation systems has becom¢ My Ron Weddeyburn very 
standardised over the years. A review of the protec- 
tion requirements of the/ cable sy,tems could be in faults, when they occur, are more diffikilt to licate 
order• apecially with the powible inclusion of aerial and repair. 
cable system, in the farm of overhead bundled g 
ductors either supplementing ar replacing under- In rhe early yea,s of electrical /wer distribu/ion, a 
ground cable systerns This paper wl]1 describe Lhe pratective device was intended to protect only the 
protection requirements for hoth types of reticull- circuit direcily au*ciated with it, but today the pro- 
tien systems. The advantages and digdvantages of tectian qysters is concerned more with guarding the 
existing protection vystems will he discussed together power Irrem as a whole and with maintaining conti 
with possible furure trends in protection and the nuity of supply than wRh protecting individual cir- 
iummonality of the protection requirements for both cuits ar apparatus. Modern protection 5ystems tend 
underground and aerial cable syserns towards an acceplable compromise between the com- 

pl" technical requirenlents for ttie LII'tinult, of 
2. INTRODUCTION supply and the practical considerations of cost and 

availability If contilicity of supplY 1. t]. prime:on- 
Underground cable systems for electric lighting were cern, then the protection system must be highly 
first introduced in the 1880'< hy Rdiwnin ihe United dlscriminalive. so that it will unly isolate the fuulty 
Statesof .America and rerranti in I./ndan. The mod- componerr and leave the remainder of the systems 
ern paper-taped cable was introduced hv Ferranti undisturbed. 
when he zbsequently changed the indation of the 
solid copper rod• fram jute wrapping to paper im- 3. PROT[.CTION REQUIREMENTS 
pregnated with Ozokerite wax. 

Before a protectioll Iystem can be cho!,en ur speci 
By the turn of t he century the copper rods has been fied, the nature and causes of pas/ble cable failure 
superseded by a flexible s/anded capper conductor should be analysed and the requirements of the pro- 
and the insulation level of the single phaqe HkV tective device or system will then be e•ler to define. 
cable was of the order of 2kV/mnn. Ghle network, may be sublecied 1/ a number ot 

different xypes 01 btreSS Mhere abnormal cond]Tions 
Overhead· open wire lines were relative cheap . cause a reductinn in the basic insu]atio„ or diekxtric 
build, but in densely populated. 1/ban und subilrban, between phase conductor,or between rhase conduc 
area& they were obvioUbly undesirable, therefore, un- tor and earth. '1'he nature a„d calies of pOSSible 
derground d/tribution systems became widely used, udnerground cable failure will be discussed under 
Ther cables were either laid in ducts or buried two broad sub-he,dings. 
directly in trenches in the ground. 

3.1 Thermal 
The Introduction of underground cables eliminated 
the problems „sociated with the effects of the Heat in a cable is usually associated with either 
weather nd lightning, however, underground cable cyclic or prolonged overloads. However, there 
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are other causes of heat build up in cable net- possibility of any load current being passed 
works and these will be deall with separately. through the cable without an exces'ive xempera 

ture rise. 

A cable undergoes a differential expansion when This problem could also be associated wilh a 
it carrie; a current as the caefficient of linear cable fed transformer where the isolaing circuit 
expansion of the sheach iq different to that of the breaker is upstream of a long cable run. with the conductor. If the current ming of the cahle oble solidly comded to the transformer wind- 
conductor i' exceeded heating wi[1 mult and 

ing. In this case there 1% the prnhlem of the 
moveant of the dielectric could take place with charging current including both the cable and 
gaseous void, forming between the &heath and 

the transformer in-rud currents. 
the insular ion In the case of a paper insulated 

cable, breakdown of the dielearic will then oc TYPICAL CABLE WORKING TEMPERATURES 
cur, as the electric /ress acm the void is high 
and local discharge occurs, creating heat which MAXIMUM CONTINCOUS aMUR· ••. 911017 CIRCUIT 

chars the paper. Treeing occurs in extruded in- Q.r.d= &nd *•lA]1 GENC• Condu• 5€•n 

sulation when discharges take plae in any void PL1C 

existant / the diele//ic. 'lled 30,11:C 
Sge,1. 70 * % 30 d.. C 1code.c /•34..c 
XLPIL 450-C 25*. 30* L®d™C '50 de,C .Dd™C 

Each type of insulation haR a maximum approved 
conductor temperature at rated cahle voltage and This isthe absolute sheath temperature. Ternperatures in 
these temperatures are cririca[ as some types ef excm of this level coilld came melting of the jointing insulations dereriorate more raridly /han others metal. 
if subjected to temperatures in excess of their 
raied levels. 

3.2 Mechanical Breakdown 
When a cable iS 511bjected to a short circuit an 

extremely large inrush of current occuls / the There are a rumher of possible causeR for the 

inception Afthe fault Itowmr, the protection. electrical breakdown of solid dielectrics. 

assodated with ihe fault, will generally limiled 
the fault duration to When a dort circuit occur6, the large inru'h avery ihort periad linder 
chese conditions atmo" at[ of the cuient will set 

energy must up magnetic force&. These mae- 
appear a hear in the conductor or the sheath. neric forces, actiiig on U,e conductori or conduc 

depending upon the nature of the fault, and for tor azid bheath, usudly lake the form of a repul- 
rhe limited period aciated with faqI faul r dear- sive force between the conductors carrying a 

ance. ][ will be evident, therefore, that the ther- /urrent in opposite directions with the res,ilt that 
mal effect on the dielecrric will be miminal. there is a twdency for the magnelic force to 

burst the cable. 

Cable shea,hs with either steel wire or tape ar The multicore paper cables, this tendency for the 
mouring are usually handed lo common steel- cable to burst has to be taken into account when 
work at both ends of a cable run and 6 steel- <able protection settings are cakulated, asuming work k udh earthed in the case of single <ore that the cable will be able to withstand the mag- cable network, the linding of the cable sheats nitude of the fault current for £ least m second. 
networks the bonding of the cabled &heaths tends 
m eliminate the high ve|tage which coilld occur Al,0 inherent with the repulsive force during duetn the presence af induced eddy currents in short cir•ui• conditions is ihe heating of the con- 
the cable sheaths i nduced hy the interaction of duclor The conductor will attempt to expand at 
the invidual fluxe•; produced bv each cable and each end as the centred of the cable tends to be 
the muiual inductance of all three ables Hnw the point of equilibrium, The sheilth muy, in the 
ever, even with the cable <heath, handed, eddy case of a lead sheath, also become permanently 
currents will,ill be praduced and these currents digtorted, 
will A contribute to the heating of the cable 
network Ili tkiree core cable networks the resul- TYPICAL FACTORs ] OR M:r ERMINING 1 
tant magnelic field is almost zero and, therefore, SRCOND 
wlth the very small eddy iurren ts no heating is 

..T CIRCUIT KATING OF ..BLL. 
evolved. 

tern•tra[.£e of r• 

The high lusses occurring in some ne,workq 
1•11£ where long cable runs o,Lcur, hi ted to a system Ekll..1 65*,C 0,6 0 0. 

of crossbonding or transposing tlie cable Reaths &-i.J 70... 00 0 0,3 
at rhe end of each run and after three lengths 

XlpE, +heaths are bonded to 90,6.gC 0145 have been traversed, the ..B 

earth. Charging currenic, when cable networks 
are energised. if very high. due to the capaci- Rating (kA) = conductor size x factor 
tance of the cable, can also add m the overall Included in the area of mechanical breakdown 
heating of the cable In the extreme ...e where are the faults brought about by damage caused 
the current on no-load at the sending end 6 by exiernal Iurce, fuch as munual or mecham 
equal te the rated current then there will be no al digging opera•ions 
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3.3.Aerial Bundled Conductor Where sending end or upstream side, will be the 
end closest to the generating point and receiving 

This type of cable is usually lightweight o,H end or downstream side of the network further- 
head cable lismg croi-linked paly/hylene ins,1 est from the generating point. 
lation wirh an earthed metal screen surrounding 
the insulation and covered with a weather resiI 4.1 Restricted or Unit Protection 
tant plastic sheath. The Ihree phaw conductors 
are twisted in trefoil around a viranded wire This protection systems Rquiresan auxiliary m 
support cable. This support cable is used as the ble with two or more cores specifically intended 
earth rer,irn as well " supporting the three for ca- comparing the currents eniering and leaving 
bles at each pole mounting support hook. the protected section. The auxiliary able will, 

therefore, have to be the same length a ihe main 
The cables require Ihe Ime protection as ugle power cable and can in certain instances, where 
core underground cables. Hawever, the thermal long cable runs occur, be fairly costly The cores 
heating of,he dielectric will be increased due to intended for current comparison are called pilots 
the ambient air conditions as the conductors may and this protection is sometime' called Pilot 
not necessarily be in a protwed or shaded envi Wire Protection, 
ronmlit. Convection and radiation of heat in 
free air should counteract this additioiial heating Unit protection systems, whether the bases of 
and manufacturer, maximum loading currents the protection is circulating current or balanced 
will allow for any additional heating. voltage, will only respond to faults thai occur 

within the protected section and „ such their 
In addition to these requirements. ihere is the operation is independent /fany other protection 
possibility of weather and lightning creatjng system. However, they do not provide back-up 
problems with The expmed suffended cables. protection for an ,ection down„ream and the 

sending end protection system tends to be a 
Another pos/ble problem area is the location of c/mhination of pilot wire and some type of unre- 
high resistance faults between conductor and stricted protection. Theunrestricted protec•ion 
screen, as 6 type of fault may not be easily will act as backup protection for any faults not 
located or visible from the ground. cleared by rhe .ilto wire protection whether the 

fault occur, within the protected mion or 

4. PROTECTION SYSTEMS dow/Atream of it. 

The choice of the protection system depends However, there on are a number of proble/4 aqi 
two broad methods of discrimination. It ciated with the application of This type pratection can 

either be qualitative, in which the /0 cable networks and these currents problem areas will en- 

teriligand leaving the protectedsection he discu„ed gecom together with possible solutions. 

pared or quan,irive•, in which the relays actually 
current, time, fault- The pilo, cable is normally W in [he measure quantitier Auch a, mme 

trench as the pawer cable and proiection from loop im»lance, ek. The two systems are ore 
interference bv twisting the pair of pilots and in /ommonly refe,red to as re/ricted or unit pro- 

tection and unrestricled protection some cases providing additional screening for 
any pilot cores within a inullicolr cable. Should 

Intrinsically coupled to Ihe choice off protection the fault he caused by sonle external force on the 
srtern is the type of reticulation grtem used. power cables, there is every probability that the 
There are three distinctly different auxillary cable types. will be damuged as well amd this 

could Mi maloperation of the pilot wire pro- 
Radial tection. Shauld the pilot cores be damaged with- 

out damage to the power cable there is also a 

Ring Mains probability of the protection m•loperadon •s in- 
dicated by the following table: 

Parallel or Split-conductor 

Ring mae can either have a normally Pilot 'ren F"k Circulating Balanced 

point or be operated as a normally closed ring. Current 
This type of systern offen two aliernatives sup- 
plied 1 0 any poin, of supply within the ring if the Voltage System System 
ring is closed und is sometimes the most favoured 
of the three system. St'tort Clruit Fails to trip on Trips on full 

internal fault load 
The protection swtem chosen should malch the 
requirements of the reticulation sys,em and the 

two main prolection requirement, for cable r& Open Circuit Trir,5 on full load Fails to Trip on 

Iiculation 9.tems. The systems will 1•disolsted on internal Bult 
under tw{' Specific sub-headings. 

To clarity these diELISSIOns, the cable network Pilot wire supervision can eliminate posible 
terminal points will be called sending end, up- matoperation by providing an mly warming of 
stream sidi, receiving end, downstream slde. any dim•e to the pilots. 
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the highest qualily power cables 
available in South Africa 

This means manufacturing power oables to 
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manufacturer of power cables m 
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after sales. a 
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Unit protection will not oper.te for thermal tinR will be too high to monitor cycling or 
heating caused by either cycling or prolonged prolonged overloads. However, when used 
overcurrent. Thi, problem could be taken care in coni'in/tien with pilot wire protection 
of by the hack ur overcurrent relay, but thls wi/1 the lower setting of the overcurrent relay 
he dealt with separately could be tolerated if the opera,ing time ls 

delayed so that unco-ordinated tripping 
Summarising, Unit protectkon wil] remain does not occur downstream of the receiving 
stabled for m through fault. Normal cable runs end current transformers of the pilot wire 
are relatively short and, therefore. the provision protection, this delayed tripping of the 
of a pilot able im not unduly expensive if it is laid overcurrent relay ma, ieopardize the inte 
in the same trench as the power cables. Fault grity of the overall protection qystem. clearance is fast and where fault currents are Summarising. Time Graded Overcurrent 
high, speed of fault clearance 8 very imporan/. protection i, normally used either or, its 
Faults due to inqulation breakdown and meehan- own or a a back-up,0 the sending end 
ical damage are provide,Id for, however, abnor- pilot wire protection. Fault clearance is de- mal loading and thermal beating require addi- termined by the time delay necessary to 
tional prote'lian Most frequently used on ring provide discrimination with similar prot/- 
mains and parallel ar split-conduitor feeders. tian either jipstream or dog·Mream. Faults Has limited w OIl a system with tee-off loads due to insulation breakdown and meehan- 
unless specifially designed for this type of ical damage are provided far, hawever, ah 
application. normal loading may ar mav not be provided 

foras thig i, derendant on the se/ing of the 
4.2 Unrestricted Protection relay. Most frequenily 11/d on its own on 

radial feeders and / hack-up on paraltel or 
4.2.1 Time graded split-canductor feeders. An he used on 

overcurrent 
ring mains, but may have [o be directiona- 

This type of protection is the Iiid to allow for simplest of complete dirrimination. 

cheapett, but the most dimeult type of pro- 
tection to apply because of the time grading 4.2.2. Distance Impendance 
required to obtain discrimination. The sys- 
tem suffls from inflexibilily when used in Distance impedance relays have been 
growing or changing power network and widely used on overhead lines for many 
req,11rc3 ad•ustmentit or even replacement years and due tO problems with pilot 
I. sy'tem parameters change. wires and incapability of cable differential 
The maximum schemes for back-ur protection, distance overcurrent getting normal- 
ly used on whle networks is 150% of the relay' are now being used on high voltage 
standard rating for t]/ underground cables. type of cable and 
canductar size being used. From the cable There ic a point ofview. basic difference in the life nature it is desirable to keep the and /rformance of overcurrent iindergraund cables relay setting fairly low as these compared with overhead lines and when se[[ings will limit the overcurrent for a M £/nventional time and d/tance so limit the heating of the cable, relays are used on 

underground cable networks the zero thereby se- protecting it from thermal danige. quence impedance of the cable causes an 
However, Ther low error in overcurrent setting measurement. 

have been found to he completely impracti- The curren• return path far an earth d in fault 
any power system where co-ordina- 

in the tion is the most importanl factor underground cable depend, F upon 
the way in which the cable sheath is bond- rapidly increasing demand for power ed and also where it i' earthed. Cross required for distribution pur•ses has 

e,Inrial that careful bonding of rhe cable sheaths will made it also considerations 
create parallel conduct ing paths and the he given lo short circuit loading, and me- 

chanica[ force• m ur in a cable network only poRitive way in which rhe zero se- 
quence impe,lance of the cable can under fault condilions. There be is, therefore, 
determined i by actual measurement af a tendency to ret the overcurrent rrotee ter the cable & laid. 

tion relay <ettings far fault levelins,ead of 
overled The actiial fa,ilt leve] is nornially Summarizing, Distance Impedance pro- uqed unless this exceeds the Ahort circuit tec,ion 

of the cable will In this provide faM clearance far 
rating any case an accept- fault occming within the zone 1 reach of 
able compromise can be reached hy zing the relay. Faults which occur beyond rhe che relav such that the circuil breaker will reach of zone 1, which is usually m at 70 
trip within the recommended short a m lit to 80 percent of the cahle impedance, will time rating of [he cable. 

be cleared after a slight delay.but will be 
From th„ it will he apparent thar the over- cleared far quicker than chose which have 
current relay when used in blatian no Io relY on time delayed overcurrent. 

longer performs the ra,k of monitoring the Thermal breakdawn is not covered cam- 
thermal condition or the cable, as ihe m pletely in that the impedance of the cable 

64 AMIJ TIX.HNIC'AL MEETING - 1986 



,4411 not ••ry with oprload condinonsand fracture or cracking may occur. With a steel rape at- 

as the imp•lance relay only measures and moured cable, itis considered that all of the return fault 

vultages at the sending end, low overcur. current flows down the lead sheath, whereas with a steel 
rent scitings te'*1 to be ii,/racticill. wire armoured cable the fault curre. divides according 

to the relative unpedge of each component. For this 
5. DEVELOPMENTS reason• Pietermaritbutg Electricity Department has for 

several years been purchasing steel wire armoured 11 kV 
The provision of protectwn systenis which provide able in preference m sieel tape arrnonred cable. 
5pecifically for underground cables are being devel- 
oped and one such sylem incorporates the remote One small point which I would like m draw attention to : 

locationof a faulted 1 lkV cable section within aring 
from the main sub-station. The location ofthe fault- 

ed section is available on a display panel 20 seconds With reference to the repulsive forces which cause burst- 

after the main breaker has been tripped. ing of a cable These forces are usually considered to 
occur under s•unmerrical short circuit conditions when 

Thermal regpon,e m be obtained from resistance the current is flowing in 211 three conductors in the eme 

temperature delectors located on the /ble sheath. (nol oppeite) direction 
However, they Will 0Illy i,idicar thetemperature of 
the sheath and not the temperature of the conductor With reference to the aerial bundled wnductor, Mr 
Therefore, 
/ 

any respwae from silch a device would Wedderburn has mentioned the heating of the dielectri< 
ve to be related to the cable situarion and the caused by ambient air conditions. One consideration 

3 ann 

er in whiet ], 1, laid and rhe diss,pation of hear which the importers of [his type of cubic may have 
into the surrounding medium. There is tendency for overlookedis thesolarradiation absorption into the black 
the selection of cables with a dielectric which can polythene dielectric which could be of COIhiderable inag 
tolente far higher operating temperatures without nitude in South Africa where the solar radiation constant 
losi••g its eleclrical properties. is high. This may derate the capacity of the aerial 
Pilul wire protection ...ems are now being devil- bundled conductor severally when compared with the 
oped using a fit,re optic link in•tead of the metallic same cross-section of bare aluminium conductor 
pilot wircuit conreclilig the two relays. These fibre 
optic links also allow for communication channels 

We are all aware, I am sure, about the problems relating 
between the two point& of prntection. to broken conductors falling to the ground, earth cradles, 

•enmtive earth ACKNOWLEDGEMENTS faul, prot ection and the like, bur 1 wand er 
whether sufficient consideration has been given to the 

The Author wishes to thank GEC Measurement, CAm problems that may arise with broken ABC conductors. 

rany for the oppor/unitv given him to prein, this paper. 
In addition the Author wishes to thank GEC Mea.Knre- Getting on zo the subject of protection, 1 would make the 
ments, U.K. for permission to include some of the new following observations. 
developmeni in the pratecimn of cable networks. 

The nmnufacturers of protection equipment have obvi 
ously nor allowed progrea to hamper development of 
Ihis equipnient despite the Acc that we power engineers 

DISCUSSIONS - BESPREKINGS are teditionall¥ concervative and uwally very sceptical 
when it comes to electronics, computer• and micro- 
processors expanding their presence inwour power eli- 
tro-mechanical dnmains. There haq in recent times been 
a Int of work done onstatic MR E G DAVIES : Pletermarlthurg relays. parlicularly in provid 
ing the same functions as were previously plovided elee 

We must thank Mr Wedderburn for mesenting his infor- tromechanically but, in addition to this there ore new 

letcti si,ch a mall er th•t has b able inn/vation& which to silrely cover are going to ma protection 
ai with an I ntere erview Ce!• o the topi, but and th[; part th:,1 £ the polwer eng,nm, play in pro- 

still provide sufficient detail to let us know that he knows tectian, much easier 

his topic. There are, however. a t ·vi' coinments 1 would 
like w make, starting with the subiect of cable systems. Mention was made by Mr Wedderburn of the use otfibre 

OptiC' as afl akernative to p,!or wires in restricted or unit 
One of t]. c./.equences 'f thermal abuse which Mr protection and I would endorse This development totally 
Wedderburn hiR not me/ioned is the risk of huckling at 1 it must Nurelv lead to more dependable and reliable 
the joints caused hy the longitudinal expansion forces. [,1 protection by eliminating externally innuenced mal 
11 kV p,per cables it iS not considered safe to exceed u operations One area of concern is thi: earthing of rilot 
cofiduclor temperature of 160 -C which is equivatelit toa cable armouring at both ends thux permitting circulating 
temperature rise of 120 -C above the stresb free tempern- and earth fault currents in the armouring. We commonly 
ture „f 40 C. Good modern ilints, hole.·er, 1/ve insulate a the armouring at one end but the use of fibre 
greater ,nechanical strength linder compression than /ptie, cnilld well solve this problem provided / can be 
those of older design and should be better able to with- d„ne cost effectively There is, however, in my mind, a 
stand backling. major problem yet to be overcome and thi,1 is the separn- 

tion of the pilot/fihre optic link from the power carrying 
In lead she„hed cables, a mximum temperature of 250 conductors Eo as to preven, damage lo this link in the 
C m,lst no, be exceeded in the bad sheath otherwise event of fauirs. 
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Whilst on the subiect of unit protection, and we at! know tien at reasonable cost, even in growing or changing 
the advantages that unit protection gives iII terms of networks, and deserve to be thoroughly investigated 
grading protection ona distribution system, I would like when decisions on protective scheme< are being taken 
to revive the sihiect of cut-ins on unit protected feeders 
and the limit•tions imposed on the loads of these cut-ins Could we have the author's commenn on the use of 
without resorting to circuit breaker installations and the "high sets" and other device,to improve the discrimina 
re-establishment of unit protection on the two shorter tion cap•bility of the traditional IDMT systems? 
legs 

At the same time I am critical of Ihe author's failure to 

Distance protection hasalways had an appeal but appli highlight the changing needs of -sumers, : term5 of 
cation to short feeders is questionable and its price pro- retiobility of supply, and the demands which this place, 
hibitive - perhaps this is an area for R&Dio investi- on the proteclion scheme. We jive in an age of increas- 
gate now that the computer manufacturers are producing ingly sophisticated electricall usage and the effect of un- 
their equipmen' cheaper. necessary supply breaks on some of,lus equipment Inust 

not be under-estimated 
At an eartier meeting such as this, George 1982, I tackled 
the subject with, and I quote : Supply industry engineers must make every effort to 

provide rellability and integrity of supply and, bearing in 
"1 would envisage the ideal form of protection or the mind that the protective system is a relatively small part 
municipal network as having three fundamental ele of the total cost of any sy,rem. it behoves us to look a, all 
ments. The first elenient would be a traditional IDMT the options before finalising of choice of equipment. 
relay, The second would be a differential type circuit 

which wil| Rene the amount of load being taken off My thanks again for having presented this interesting 
within the protected zone. Should this current exceed ihe Paper, 
rated current, / will then bring an extremely inverse 
minimum ime relay into play. This will then trip, but in MR E de C PRETORIUS : Potchefuroom 

Auch a manner ai to permit co-ordination with ihe fi,ses 
Unit Protection protecting tran'formers on ring main units." 

I wonder whether any progress has been made in this Mr Wedderburn states that unit protection "has limited 
direction or whether in faa better alternatives have been m on a system with tee-off loads unless specifically 

prnduced hy manufacturers. designed for this type of application." 

Ijastly, I would like to briefly comment that it My appears as experience, foried by necefity, is that tee-off Inads 

though nor too much has changed regarding,he philoso- Gin be tolented on Translay-protected feeders - 

phy of settings for the over-current IDMT relays in (Translay A a circulating cur'rent system) - provided the 
respect of overload versus fault and the saturation of sum -1 of th/52 loads do not exceed 50%. theoretical- 
CTs I look formard to the day when there is irrefutable ly, but in practice I would advise not mare than 30%,of 

the sending end current transformer rating, and HRC arg•iment either way which is convincing. 
fuse protection is employed on the tee-off feeder. Low 

magnitude fault currents on the tee-off feeders or loads 
MR MPP CI.ARKE: Randburg may, however, cause main feeder tripping problems. 

Such faul„, however, are very rare, 
Mr President, I would like to thank Mr Wedderburn for 
presenting us with a very interesting resume of the Time Graded Overcurrent (And, 1 Presume Earth 
method in use for the protection of high voltage under- Faulk) Protection 
ground cable ne'works and overhead bundled canductor 
systems, and for giving w a hint of the things to come. If the relay settings are set for fault level iastead of 

overload. some means of overload protection should be 
Not having any personal experience of high voliage provided: a simple, effective and fairly cheap method is 
bundled conductor systems and taking nate of the pom a contact-making thermal ammeter (but make sure to 

bility of the increasing use of this type of cable. 1, and I have a saturating current transformer in circuit). 
believe our members too, would appreciate more infor- 
mation on the protection systems actually in uge on these Distance Protection 
systems. Does he s• ariy Inerit ili the incorporation of 
mitive earih fault devices in silch prolective Rchemes, Loss of potential on a distance protection relay can cauNe 
particularly as they offer some additional safeguard unexpected and embarrming trips! 
again&t single phasing - bearing in mind his comments 
on the vulnerability of these cables to weather, lightning .MR R J WEDDERBURN : Affiliate 
and oiher hazards? 

Mr President 
While I accept the bona fides of his comments in 4.2.1 an 
the difficuity of grading the traditional over-curreni Mr Davies,the buckled ioint was as such considered but 
time-graded protective system, 1 believe this should noi not specifically nientioned in dhe pape - what I was 

frighten us off from this well-proven method. looking at there was this being parl and parcel of the 
mechanical breakdown The problem is how do you 

Nothwithstanding the difficulties which may be encour actually determine whether the joint is bu,kled. It's a 

tered in some in/ances, these systems can be made m case of you have got to wait until the fault occurs befure 
work successfully to give acceptable levels of discimina you can actually take action. With the im of theml 
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protection, you may be able to measure the temperature, ductorhanging upon the pole and once it gets down to 
but withthe buckled ioint, youhaveaproblem. tdon't earth you've got a change in that capacitive current but 
know if this is whal you are after. you'd have to Ilse very sensitive protection to measure 

that change in the capacitive currents 

Buckling of joints do,w occur „ such but it's a case of 
finding out what has happe,ied. The only way you can Maybe with the sophisticated protection that might be 
find out is when the fault occurs and this is a problem possible in future, but we have looked at this recently - 

it is toactually findoutpriorto *s whether thejoint has and we cannot see anything at the present moment in the 
buckled. I take it you were comidering the ioints buck- m of protecting that bundled conductor coming down 
ling under the in-rush current situation. to earth. Does that answer That question? 

The problem k that a joint could buikle under an in-rush With regard to fibre-optics being cost effective, 1 think 
current and the problem is to ineasure that in-rush cur- possible, very briefly, when my son 6/ started at uni- 
rent related to the buckling of the joint. The only time verary, the calculators which we didn'* have in our day, 
you would find out about this is when a fault develops were about R120. That was a very simple calculator• I 
due to the buckled joint and you would then take oit think, which are around ahaut R15 now because they 
your protection but you would not know what ir was became cost effective. Fibre-optics at the moment tends 
until you exan,uied the fault conditinn. to he a little expensive heauge it isa novelty It tends to 

be coupled to a cable. There are various ways in which 
Cable bursting - if I could just quickly draw something you can get your fibre-optic communkation from one 

en the overhead. ifwe look atourlog 1 log T characreris end to ihe other. You can actuallv wrap it around the 

tic, we have a situation where we have a fault level for phar conduaor, you can sling 1 clothes-line fashion 
the meand thre, second areas of the cable,nd generally underne,ib the line, you can actually pul it inside the 
it is a characteristic lookzng something hke that. What earth wire or you can bury ii. Ai the present moment the 
was portrayed this morning, I think, was that yon did not most cost effective way of doing this is to wnip it around 
have to worry about that area kcause you were working one of the phase conductors 
right back in this area of the cable with the idea being 
that you are working on instantaneous values of tripping With regard to tee-offof unit protection, I think that was 
time and you are looking at about 120 miti-seconds and Mr Eugene Pretoriusj who raised avery valid point. You 
70 milli-xeconds and bearing in mind that your breaker, can get a certain amount of unbalance and you can 

if it isa bulk oil ora minimumoi[, lt isgoing to be [00 tolerate this but you can't allow your tee-off INd to be a 
mil|i-Seco,16 gay, w are relying on bista:il,nitu. 1/ higher,han 50% of your send end current Does that 

protection in 20 milli-seennds to operate, the problem answer yours, Eugene? 
being that if you are using instantaneous protection, 
you've gol no grading with your fuses "the transform- With regard to the tee-off on a circu lating current, it 
ers 60 it's a case of an over-kill situation. But shoukl a tends to be a little less intoterant, so you've gat the 
fault occur un a tran'former, a fuse won't be allowed to difference between the balance voltage and rhe valtage of 
trip in time, or let's say fuse in time, and you'l] be taking the circulating current I think you've found ihat in 

out the supply breaker for a fault that could be catered practice 
forby the fus, So l attempt to look at thisarea which is 
your three and your one fecond times ind ensure tha• the IDMT protectio,] using the differentid load sensing - if 
protection is graded in such a way that it fi„ in under- I remember rightly you were .king about extremely 
neath the one and three second limits of the cable. If inver,e times. You you can change the charactelistics of the 
were to allow yoi„ protection to sit up there, for in- modern static relays to compensate for the various times 
Mance, you would quile forseeably burst the cable under that you require. 
in-rush current The only problem is that with an in- 

rush current as such it's of a very short duration Mr so Clarke, Mr President, you were saying the bundled 
you've got to be able to analyse this and take action and conductor, I'm afraid there's very little experience been 
it's the •,peed of [lie break uoupled to the protect•on gained / South Africa 0/ bundled conductor. Very few 
WS quite a problem. Does that answer that question? people have actualty tried il out. When /'ve spoken about 

thi·. overseas, it' s been a sort of a situation where nobody 
With regard to ae-1 bundled conductors and solar radia- has really wome to grips with it. I did try to get some 

[ion, I did cover lo a certain extent today tilt with .lar basic facts from the „ble mnufac•urer, but to date I 
heating, you would get iI,cre:ls,d te,„peratures in the have not reiived much but there is a problem with (a) 
bundled conductor but becaux ihe bundled conductors the protection of a bundled canductor because the earth 
are in fre: air, re/vection currents should get rid of that wire I actual]y inside the wire, it's not a shield around 
heating but 1 take your poli,t, they do tend to be covered the outside. There M static,hield around the conductor 
with tile black polythene or 1/t's say a black PVC coating but it generally is not connected to earth so you have a 
and this i going to increase the temperature of your probleni of „,easuring that earth thult current 
conductor. Maybe tlr cable specialists could answer that 
one. The T rating as such / part and parcel of that. I think l nEntioned in the paper the problem ali ass" 

ated was findilig the fuult because there is no definite 

With regard to aerml bundled conduc:tors coniI,]g dow /, earth fault return. 

the problem ib they have got an insulatil sleeve around 
them and it would be very difficult to actually measure The older type of protection, I wasn't trying to say that it 
any current, lt would be a wpaotive current change as was a thing of the pag I was advocating that you could 
Allch because you would get :he one capacitive mtuation use what your old-fahioned protectionists called the 
where you've got the capacitive currel•t due to the con- bread and butter IDMT over-current and earth fault, as 
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long as you allowed it to be set for a fault level, in other this paper but he did admit to ine that he would rather 
words we are looking at that rather than setting it down Ng respond informally 
M bad. Because i f we're setting it on load, the problem is 
thal Imehow or other your consumer is going I take a Unit protection with tee-offs 1 think we have considered. 
higher load than you've allowed him to, jet's say allowed 
in that wav tariff-wise, and then you're going to trip him With regard to HRC fuses en tee-offs, you have the 
spuriously, so one of the ideas is to set your protection prriblem of the characteristic of m HRC fuse and the 
for fault current and eliminate the spurious tripping of characteristics, say, of the normal type of protection, 
your supply which can be annoying. I did mention that which isthe 10/3 curve. So you'vegot toconsiderpossi- 
thereawning behind this newsensing ofthe cable prob bly pulling in exireally inverse wjth a high sri cut-off to 
lems was to try to eliminate long durations of outage to allow for fulure characteristics. The only problem is that 
the consumer 50 we have got the consumer in mind when our high set, which we u&ed to call instantaneous. is not 
we look at these systems. really initantaneous, you've got 20 milli-Reconds of gap 

there so you've got a problem where you could get your 
Mr President. I did ask Eugene Pretorius i f he would like fuse still operating during that 20 milli-seconds for high 
to reply formally because at this stage I think it is his last fault levels S. there is 3 problem with HRC fuses 
technical meeting that he will be attending, 1 was hoping coupled wilh protection. Does that cover 'hat point? I 
that as hi, valedictory address he would d of address think I've covered everything, Mr President 

EVOLUTION AND STATUS 
OF THE SOLID STATE 

ELECTRICITY METER 

nY MR D. SINCLAIR 

The move from eleciromechanical to solid state electric- 
ity meters is a very maior challenge thjr San/mo Meter 
ing has met and conquered in the molt difficul, area of 

a[1, the single 'haAe domestic meter 

The electromechanical Fernm disc meter is a product 
wh/h is, in producr terms, of a very mature technology 
which is both highly accurate and highly siable. I i[erally 
millionsof electromeehanical meters have beer, manufac 
tured since before the end of the last century and I 0 000 
submit that there are verv few producIA [if an,) that can 
be purchased for less than £204 are *eurate to better 
thanplus-minu,2.0%uverfultrange; andhaveaservicc 
life in excess of 20 year&. 7 
So why take on the challenge of cramming so much 
expertise into a new electronic product? 

Why start at the difficult end of high valurne, low cast Mr D S,Melair 
meters, when all the oiher manufacturers of electronic 
meters have willy succeeded with very expensive, high 
suracy, potyph/e mete„? Sangamo Metering ib situated m the East of England at 

the Port of Felixstowe i„ Suffolk. Salganio moved there 
There are a number of reasons for moving rhe way in fern Entiell in 1964. Sangame his been manufactuing 
which we did. meters / Felixstowe, Enfield and originally Ponders 

End, since the early 1920·6. As you can imagme, a con- 
As may be expecied, the an•wer is complex, being a siderable number of Elitricity Meturs have been manu. 

combuiation of reasons, -me technical, some commer- factured in over 60 yeard 
cm) and Some forreason, ofmoufacniring. I will goinio 
the* in some detail in a few moments, but first I wo/ld In 1075 a controlling intereht 1/ Sangamo u,is acquired 
like to outline who Sanganio -Metering is and give you when its parent compiny in the U.S, Sangamo Electric, 
some idea of the kind of fechnical and financial reqource was Taken over by Scht,Imberger. Schlumberger is a 

M makes fumdamenlal technology changes of ihiA na- multi-national company with primary interests in oil 
lure possihle. exploration and well head logging. The Company oper- 
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ata inbome 115 countries, employs 75,000 people, and This view is importanT, particularly when linked with the 
has a turn over of approxinitely $7 billion. faa that electricity mae/, particularly in developed 

countries, are changed on a random basis. 
In the early 1970·so Schlumberger decided to broaden its 
interests into the user end of the energy market and We must, therefore, design a product which carries M 
acquired companie• throughout the world manufacturing the fumions of /, electromechanical equivalent, but is 
not only electricity Ineters. but also gas and water me- also capable of being,ise din an ipgraded system in the 
ters, which along with other mstrumentation products future without change. 
and technology form Schlumberger Measurement and 

Controf grouping. Ir was alsoc)//r t}•r capital iia scarce resource in most 
utilitie, and chat our emomers would Ilot suddenly 

Today those companies combine under the Schlumberger ch•ge from one technology to the next, but th# it 
ba//r to form one of the largest utility metering Crm- would be a gradd change over a period of 10 10 15 
panie! in the world years. 

In additior to utility metering, Schlumherger also ac- This last assumption is extremely important in that this 
quired Fairchild in the late 1970's, Th is unusual mix of calls for a modular apprnach to the development of a 

instrumentation, measurement I hostile environments, product range Ruch that changes and improvements 
IIi|ity metering and Semi-COI,ductor lechnology, have brought about by the rapid change in technology m be 
combined in a unique technology blend. abwrhed and not he cluse for ahandoning one route in 

favour of another. 
Working at the company's research lat«atories, first in 
France and later m England, the world'; first single chip What then did we see as ourcuslomers' major objectives. 
electricity ineter was conceived. This occurred back in Simply stated, these are seem to be 

1978 where, working within the background of high 
reilution instrumentation and the electrically ha,Ardous I Maimise return on capital investment 

environment of «down-hole" measurement in oil wells, a * Improve cash flow and reduce fraud 
wm of engineei developed a large Mle integrated 
circuit which, when combined with a shunt to provide How can metering assist in these areas? 

the input and using the output to dive astepping motor 
driven register, resulted in an integrating electricity Taking thege " turn: 

Ineter 
I Maximise return on capital investment. 

We will come back later and look at the detail of the 
meter and the technology involved. This is related to maximising the effectiveness «f load 

management in terms of multiple tariffs. At present in 

In Sangamo, it was clear that a mil)or level of reinvest- the UK this is heing achieved by using time switchito 
ment was necessary to fully auromate the plant in Felix- provide a fiked two rate tariff in an attempt to arrive at a 
stowe to manufacture ihe next generation of electrome- two plat•,1 laad curve. 

chanical meters, However, it was the view of the 

management team in Felligtowe that with the possibility Thix is already running into Ime problems with creation 
of an electronic meter on the horizon, it would be likely of minor peaks at 01.00 his in the morning and conse- 
that We electmmechanical meter would have been quently flexible load over- management using long wave phase 
taken by developments in electronics before the modula/d radio signals is being in&{alled to overcome enor- 

mous investment on the electramechanical meter had thi R problem. 
achieved a payback. T£,oking further ahead, it is clear thal multi rate tarifs 

However, as stated earlier, to simply replace an electro- having posqibly 4 or 5 rates will be required in order to 
the mechanical generation capital meter for an electronic equivalent seemed maximise a resources, 

daunting task unless the electronic meter could give 
The URe of microproceswr signitivant advantages over the electromechanical unit. based technology and culom 
designed integrated circuit,; meanK thai multi tariff ine- 

As we were ent:ring a new era, it was decided that rather tering cart be achieved at a relarively economic level and 

than cost competitive with the just current two 
repeat the clectromechanical products. can be we rate rneter 

and •ariff time switch The result of this wiU be the should start with a blank sheet of paper and, with our 
long experience of dealing with Utilities throughout the ability to cost effectively instal electronic meters, whilst 
world, take a fresh look / what not our customers were utili&ing their full potential immeditely. 

trying to achieve and base our new product range around * these Improve cash flow and reduce fraud. 
parameters. 

The first mump,ion was that we were not really Imking There are two major problea currently being faced by 
at an electricity meter, but more at the end of a chain in the UK Utilities and these relate to a kigh incidence of 
which the name of the utility customer all the way back meter fraud and to the problems primarily orcash flow m 
to the utility nminframe relation m computer. coin prepayment meters *secondly to the 

whole subject of cash flow related to the three months 
Thls assumption is extremely important as it conditions credit customer. 
the view of an electricity meter not as a simple &tand- 
alone unit but as the primary transducer in a revenue The second area, that of prepayment, is a very detailed 
collection cycle. subiect and worthy of more time than we have in tb 
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paper. However, it should be recognised that with :he Having looked closelY at the reawns for the change in 

extremely rapid decline in coin-operated units and the technology based on a fundamental marketing approach, 
very rapid increase in intelligenl tokens, the true prepay- we will /ow look more closely at the fundamentals of the 
ment, i.e. "payment before use" meter, is now with us Sangamo Solid State Meter before looking / the reaction 
and is likely to make a significant impact, particularly of the UK market to the meter, the method of introduc- 
with ihe added features electronic• can contrihme. tion and the meter's future potential. 

Of even greater imporlarice to a far wider number of As with a[1 integrating electricity meter!:, the electronic 
Utilities I interference with elearnmechanical meters meter meatures energy by multiplying logether voltage 
and [he resultant low in revenue. and current and intelra,ing the product with respect to 

time 
The major cause of meter fra/d in the electromechanical 
meter is inrerference with tli disc The solid state meter The functional block diagran• of the meter is shown in 
has no di„ and a, a consequenci Figure 2. ]nput to the large scale integrated circuit (I.SI) 

is provided by mean, of a Manganin shunt and a voltage 
- has been designed so as not to run in reverse. divider network which connect' to the live and neutral 
- canrlot he slowed by interference. inaini inpul. 

A further design feature is that the shunt is in the line The bal• of the multlplier isa tran&conductance multi 
and not the neutral to pIevent electricity cal,Allmption by plier which is fundamentally a pair of transistors con 
connecting between the line and ground and hence by- nected in differential made that can he shawn To combine 
/ging the meter. the low level output from the shuni and from the poten- 

tial divider, and to feed the resultant voltage into the V-F 
More sophisticated means of fraud such as ele/romag mnverter. The linearity of this circuitry i. extremely 
netic and radio frequency field, have k been taken into good. (Figure [). 
accouni in making the solid state meter proof against all 
hur the mog complex and diffinlit mem of fraud. From the multiplier. the signal is then fed through a 

voltage to frequency converter which in association with 
Assisting our cu.lomers in making their objectives in the an integrator and synchronised clock puke from the 
main direction of our product development, but doe, not cryftal okillator, provides an output that i, a vequence of 
necessarily explain the reason for /ming with the do- pulses which in turn drive a counter,divider logic circuit 
restic customer rather Than the Commercial industrial 
Aector. 11 sho,ild he noted that the voltage I freq,lency convert- 

er is biased such rhar for zero power there are no pulses 
The answer to thic quation lies in the area of revenue to drive the counter/divider logic circuit. 
(01]ection with respecr of the capital involved to callecl 
Ihat revenue. Within the counter/divider logic (Figure 3) circuit. the 

pulses are used in an U/-dowi, counter. On reaching its 
Within the UK E.SI, there are Aome 22 million customers maximum collnt, the counter providi 1 output puli. 
and it is interegling to note that of that total number, The outptit pulses are divided down and presented via a 
90 2% are dame,tic cu„omers and 9 R'yo are industrial- buffer to the ouirut/measurement light emitting diode 
/commercia| type cu&tomers. (I FD) 

If we consider this in terms of the revenue generated by The LED pulse train is furiher divided by 8 to provide a 
these rwo groups then we find that 15% of rhe revenue is bi-directional puke to a stepper motor which drives in 
coll/ted from the domestic sector. whilst 55% of the turn the meter register In a intlitiple rate meter, these 
revenue is collected from rhe industrial group which is motor pulses are sent via a logical gate array to the 
only 10% by volume of the total. correct regi Rrer. 

nese facm emphasise the point tha• a far larger Also ii,cli,ded in the circuitry is , logical creep inhibit 
amoun t of money can be spent an callecring revenue in device thal inhihi „the counter when no power is flowlng 
the industrial sector through the shint, •hus prevellting meter creep. 

AN result, our c€m©lusion was that prnduct development The output from the meter W shown by the LED which 
was cyclic• moving first to the domestic area to quickly is pulsed fram rhe LSI ata rateof 800 pulses/kWh. Each 
utisfy the market in term• of longer /rm developments pulse is an Rkliz modulated light pul= which is uid to 
and to provide products for the next 10 to 15 years. f®ilitate pulse detection for testing purposes. In the same 

package, there is al:io a green LED which hghts and 

Ilaving es[ablished thi5 as Phwe 1 of,he development remains lilif any attempt is made to fraudulently drive 
plan, we would then move into rhe indu/rial and com- the meter in reverse. 

mercial area where, along with establishing the polyphase 
solid /ate meter, we w/ild embark on iwo wav commu- A. an optional output, a simple opto coupler circuit ip. 

nications and dara acquisition m n area where, due to available giving an output rate of 51} pulses®Wh. 
the high level of the revenue collected, a higher level of 
investment hy Utilines muld he envisaged. The excellent performance af the meter iq fully illustrat- 

ed hy the curves shown ln Figure 4. It should he noted 
The next Stage would be to swing the techniques learnt that the curve accuracy 1, hlh]) repea,able and the 
in this Phase 2 back into the dame.// area. meter" performance is linear throughout its range. 
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Afore deiribig the mechabl mangement of the The level of accemmie of the me,et has been greatly 
meter, we should briefly consider the evolution of the enhanced by the improvement m it. ability to be tested 
meter from its original inception. which ha, been reduced froin the original 20 hours to 6 

minutes! 
It should be emphasised that the fundamental electronic 
design of the meter has not changed ihroughout its Tests, both hy evo- Sangamo and independent laboratories, 
lution, Meter except to improve its test-ability in making have *hown that the S.P.A. every out-pedenis its elec 
puke a metrological pulse and to provide the logial trornechanical counterpart. 
creep inhibit facility. The SPA Meter (Single Phie Model A) is now fully 

approved by the UK Department of In Energy ind the 1981,100 original meters were built with the funda 
majority of Boards in the UK are installing the mental meter ohject of proving the measurement capability / 

the wirh meter. These meters were, under the con/nl of the some, notably South of Scotland, london, South 
Eastern, North Eastern and others, making a policy deci UK Electricity Counci installed ona trial ba&is through- 
•ion to generally change from electromechanical to solid out the UK In measurement terms, the meters were 
state meters. 

excellent, but problems were foreseen with regard m 

electromagnetic and radio freq,lency interference. The wlid state meier is now firmly established in manu 
facture and Sangamo i, again [mking to the future. 

The problem here was not in meeting the requrement, 
of British Standard, which is designed ta guard against In parallel with the meter development, work has been 
accidental application of radio fields, but more to prevent going on to eitabli•h a National Radio Load Control 
the deliberate attempt to defraud the meter system within the UK. This ' now .larting to gather 

momentum and Sangamo now has a radio receiver 
These problems were fully overcome and in 1983,1984, a (known as a Radio Teleswitch) which receives and de- 
further 3,000 meter& were built. solid to custolners. and rodes a coded 'ignal cantained in a sub-audio carrier In 
installed. This meter was fully approved by the Depart- the 200kHz BBC Radio 4 Network The basis of the 
ment of Energy and was built to show tlmt the meter was Sangan. Radio Tele,witch is a filither custom-designed 
capable of being made in voiume and that the results LSI and a microprocessor to interpret and act upon the 
were repeatable. This was achieved, but, due ta the signal originaling from tile Area Boards via the CEGR 
methods o f light load test and certification of the meter in Central Central. 

the UK, this meter took some 20 hour, to test, rather 
than the 4 hours of tlie conventional Fe,raris meter. This parallel development puts Sangame in the unique 

position of being ahle to deal with both meas/,rement and 
This meter, although produced in volume, wils not de- communicanort in custom-built LS[. By comhining these 
signed for full automation arid so asubsequent units meter together was with software into one integrated unit, 
introduced in 1994 that was mechanicily designed for Sangamo hai the ability a ro provide the full requirements 
high level of automation. of a f•ly integrated domestic metering 5ystem 

This This unit, which will include meter, known as the Mark IIa was produced in a multi-rate tariff compo· 
volumes of up to 6,000 units - s/ill with the test prob- nent. will alw be provided wilh a data output port At 

tem and still not fully //st competitive with the electro- the present moment, This data output ./will be @c- 
mechanical cessed by means of a hand-held unit which will be 

meter. 
carried hy the Meter Reader This hand-held unit stores 

We had, however, by this time proved beyond doubt data from up to 250 meters and, at the end of the day, the 
that the meter wi highly accurate, repeatable and reli data is downloaded, via moderns, from the meter reading 

able - the Inky remain•ng problem heing that of Gffice, m the mainframe mini- computer. 

facturing cat. This is the last link in the chain between mainframe 
computer and the meter. The use of data The ouiput ports breakthrough ihat has now raulted in our current 
and meter readers at thi„rage is necessary until the cost Pro duction unit came in early 198 when the deciAion of two way communications herween Utility and Con 

was made to move to the technology of very small surface sumer be•omes a •t effective reality. mounted comfw,nents. Thi, move allowed us /0 reduce 
the PCB 5ize to 30% of its original size, dispense with When chat day •rrives, the data output Fort in the 
the original hybrid circuit and replace this with a thick combined metering and control unit car, be directly 
film resistor. The resmtor nerwark k trimmed by a k/r linked by whatever commimication path is seen m be 
as part of the production process in nutching the meter cast eflective a, that time. Ry taking the route that 
chip to the shunt characteristics. Sangamo Metering has embarked upon, some very (115- 

tinct advantages accrue, nalliely 
In moving to the new technology of surface mounting 
and laser trimming, Sallgamo has invested very heavily in * the ability to chatige fron, electiom/chanical to capital equipment in manulacluring the PCB toge,her electronic with a final automated assembly link, complete with technology on a random b„is; 

robotic assembly. All tlus equipment hi' heen housed in 
a purpose-built factory adja/ent / the current facilities * by initiall> using radlo ab the outbound load 
in Felixsrowe. control path and hand-held unitsglata concentra 

m for revenue data, there is no clash in priority 
The final meter (Uiustrated here: Figure 5) is now being between the System Contro]/colnmercid require- 
produced in volume and mie 60,000 unit& alone will be men„ of the Utility and the revenue collection 
produced this year. aspects. 
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* the need lo provide dal concentrator and pro- 
gramming units connected by telephone to the 

Utility mainframe wal create a computing infra- 
-TNUM 

structure necessary to deal wi• the longer term 
..tomatic In:ter reading - whatever the •neans f E «14«}1.1 

of 
commlmication. 

ricra, 

I the cost '*ctive means of communicating with 
every consumer isa long way off, b/ this •hould LOADCUMVE 
not preclude die investment in new technology C•AMACTERIST' 

now. Sangamo Metering's strategy allows this to 1 

happen. |--a-FLA• 

--1.- In summary. therefure. we can confidently state that the 
San@alno Solid State Meter is in volume production and 

4, 
11 being installed in large numbers in the U.K. and has LOADCURAENTINAMPS 

already generated considerable interest overseas. The 
VARIATIONS DUE TO 

meter provides a basic ineasuring elemen[ to act aG the CHANGEINTEMPEAATUAR 

fundamental tratibducer for all future revenue collection 
systems for [he Electricity Utility. 

Taking the fundamental mea•rernent L.S.]. und the W. 

recently developed 
co•ncnications I.S.1. andrnmbin ----- 

'n ia 0 

ina this with software. we have the start of a modular 
Al,18•ENTTEMPEMATURE•C 

system to take the domestic electr/ity meter congumer 
VARIATIONSDUETO 

forward for the next 15 yearA. NGE IN VOLTAGE 

--28U IF 

If we add m [Ms fhe very Eignificant investment 

ma/ufacturing by mem of 4-1-1- 3 m 

The latest automated technel 
©gy and year, of application experience in Utilities world 
wide, we believe that Solid State Domestic Electricity 

10/ 1,0/ 

Metering is now firmly par[ of the future. %REFEMENCEVOLTAGE,240/ 

VARIATIONSDUETO 
In cenclusion, Ishouldliketothank you forallowing Ine CHANGEINFAEQUENCY 

to reporr to you on the evolution and status of the Solid 
State Single Phase Energy Meter and trw that I have 

demonstrated whi we have nude the change and, having 1« 
made the change, apened up the potential application for 
the meter. 

100% 

-.MENCEFAEQUEN.[5014: 
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1. Is this time achieved with hulk or mass te/iug? 
2. Would the full range of rests as laid down in the SABS 

DISCUSSIONS - BESPREKINGS Code of Practice for the Testing of Electricity Meters 
be completed in thar time? 

3. It is the practice in the East l»ndon Undertaking and 
prnbably in oder Undertakings, m test fully all new 

MR K ROBSON: East London meters hefore /„diation. With the solid state nieter. 

could supply authoririe, dispenge with pre-insntlation 
Mr Presidint, Delegates tegting? 
Mr Sin,lair has presental to this Technical Meeting a Theaccuracy maintained hy the electromechanica[ meter 
farward-looking /per which, I bave I10 doubt, hai: stim over lang period& (frequenily operating / excessive 
ulated the [hinkiw of all who have studied or listened to overloads), - between 25 to 40 years, is well proven. As 

a matir of inlerest, in the 1985,1986 year the East 
landon Undertaking wag required to test,in terms of its 

The electroni,chumcal Feriaris dis, meter and the trans- Electricity Supply By-Law at the request of consumers, former are two remarkable piece, af electrical apparatus 15 meter whieh had been in ser.rice fo, berween two and 
with high standards of operating performance over long thiriy years. The average service life and average error of 
priods of service and varying loads. these 15 reters were 15 and 1,79% respectively. Not 

one meter wai found to exceed the /111.minus 2,5% The cle,tromechanic,1 energy meter has /onsistently errnr There ate 26 000 meter Installed in the East 
been low-pried and the obvious first question to Mr 

I ondnn area af Allpply. Could Mr 
Sinclair Sinclair provide pro- must be - wha[ prokclions have been made for 

jecred anticipated comparative statistics? 
the short, medium and long term selling prices of the 

new solid state electricity meter and, for purposes of The section of the paper dealing with future possibilities 
comparison- the electromechank=[ meter? Is the anti- for merer reading, revenuedlecrion, porrable compuzer 
cipated sellilig price competlive as of now und if not. accounting via main frame computers a. well . pre- when is it expected to be ©ompetitlve? payment intelligent taker, meters, would provide the 

content for a fu inre Imper. 
Theevolution of the Sang:lmo Meter- "the electronic 
equivalent" - not only as a new technology measuring Coin-operated Ineters for supply authorities consumer 
device but also as u revenue assessing and collucion insiallation, are nat favoured or j™ified. RaNT London 
instrument, i,i a story, told brielly in the paper, of a has 614 such nleters, almost al[ of which had heen in 
manufacturer·q commitment to the future This has ne service for many years The apital citt I high and 
cessitated a courageous deci#ion to invest heavily in re- maintenance problems are significant, e.g. with only 614 
search and manufaCCUriI]g rialit and equipmen• meters in service, rhe Undertaking in /985,1986 carried 

ou, 190 repairs to and qubsequent test of such meters - 

The fundarnental electronic circuitry of the new solid a .0/1/ exercise. 
stNie meter, incorporai• a aunt and votrage divider, 
multiplier V-F converter, counter/divider logic circuit With the reassive development fareseen for rhe Black 
and ultimately the 1.ED pulse train ro the stepper motor electricity consumer market in South Afriq Will the 
to drive the meter register, is ofspecia] interest. Perhaps token pre-/ vment meter take over from the credit me- 
Mr Sinclair is able to tellus if problenrw were experienced ter? 1 have my daubts. 
during the development wilh electronlagleric and radio 
frequency interference, voltage and lightning spikes? In considerii,g faul<s ir, or fuiture of the solid state meter, 

[he follawing questions are 
With the increasing incidence of elect.omaguetic inier posed: 
ference as&Aciated with electronic equipment ronnected 1. Is expensive testing equipment regulred? to electricity supply sys,ems, can Mr Sinclair give the 

assurunce that the 4/[id Itate meter will not be affe•red in 2. Can component; be eabily replaced? service? 
3. an the future availability of spare components which 

It wauld be helpful also to he given some details of the are not obsolete be guaranieed? 
methods of defrauding the meter which were amulated 
during the research and development phase. Aluhough In many iristances it has b// found ihat the cois of 

defrauding of disc meterq is on The increase, it would individwl replacement compnents ire out af all proper- 
seem rot to bea serious problem in South Africa al this tioI: '0 the Cost of the equipmei,t itself. 
stage, The Ea:it London Under[aking deak with twelve 

such instances in the 1985'1986 year afa total of ain/sl A sample meier was colmect/temporarily by the Un- 
25 000 consumer ins[allations. Unfortunately such frau dertakag to a„ air-conditioning Unit and operated f¥,r 
dulent actions cause damage to hearings, discs, registers some weeks Comped to the disc meter which is qilent 
and magnets. Thus a meter without discs and adjuqtable m operation, the Ilid ,(ate meter was found to be noisy 
malets is to be welcomed - can Mr Sinulair <ay if this is an operating 

characteristic? 
f'he imparrant aspect of meter lestinn m gwen some 

attention in 
/ 

being tested in 
the paper and I refer to ilte stement of Mr I, is recommended that manufu/urers fit ever, made 

nclair that The meter is iapable of six from high impait resistance materials * a safeguard 
3 inutes. A oumber of questions arlse: $* vandatism. 
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It is suggested ali that conductor entries to Re termal Mr President. I am sure we will 111 be trying out these 
block he improved te foil attemprs to by-pass rhe meter new melers before we are verv much older... that is the 

by using a wire loop benen the line and load way things happen For giving B aninsight into oneof 
rnnnectors. the ways ahead, T thank Mr Sinclair and hiA company, 

and wigh them well with the new development. 
Mr President, rhis can he described as a topical paper 
which has brought municipal ele,trical engineers up to 

date with domestic metering technology and for this MR D A MARA: Affiliate we 

are grateful to Mr Sinclair. 
Mr President, Sangamo Metering is indeed M he con- 

gratulated on the development wark done on the solid 

state, Class 2, kWh meter. 

MR MPP CLARKE: Randburg 
1 In the parerit is <ated that initial problems withradio 

Mr President, allow me to congratulate Mr Sinclair on frequency interference were overcome. It would he 

his very interesting and Mely presentation and to thank interesting to know more ahour tesrs conducted to 

him for liftinga small part of the veil ormygrery which, establish the imnicnity to RFI and the level of immu 
for most of ui, surroundk ·'solid state" matters a, applied nity attained. 

to electricity kilow/t hour meters. I am xure that 1 am 

2 What effect does harmonics have an the solid Et// not alone in having been fascinated by the company's 
rea/ning, the analvsis of the future requirements of the meters' performance. 
supply induqtry, and ihe prediction of the way ahead iri 

3. ]1 is noted that test time for the solid this state meter ha, 
matter. 

been reduced from 20 hours to 6 minut/. 

ThequeMion for most of us heretoday is likely tobe " 

What was the reason for the time of 20 hours whendo we Atart, and how fas, should wegoalongthe original- 
new route)•' And In this end perha/ we should know ly /quired tor rest and how is it now possible to do 

this in 6 minutes? what the implicarior,5 in practical and money terms are, 
for our traditional meter tes,ing facilities? Are ihe new 

The 6 minutes leit time prest,mahly dim nor include a meters likely to turn our thinking / this regard upside dial rest as a dial rest of 3 kN h at 220 volt, 80 amp, . is the company likely ta set up special down? . 

unitv power factor alone would take more than 10 
facilities for testing the very occasional "had egg" in the 

minutes. 
. and wit| we nin olit the useful life of our batch? . . 

Vd" meter test faciliries on our existing electro-me- 
What tvpe of test equipment i# required for te€tin' the 

chanical "left overs"? solid state meter and what will the cosi of it be? 

Special care and emphasii has been placed on the recurity The rest time of 4 hours stated in the paper for a 
of the circuitry from electromagietic and other radiation ranventional Ferrark dis• meteri., in my view, exces- 
interference, does this mean that rest, have been con ,ive. A te,t time of 20 m 30 minutes, including a dial 
ducred on distribution networks in areas with severe 

test, would be reasonable. 
lightning levels of the same order af magnitude as on the 

Sourh African Ilighveld? 4. How manv solid state meters of the latest dedgn are 

actually in service and what M their reliability record? Interference with electromechanical meuers is relatively 
simple to trade becaus, a the author /yi, i[ U generally 5. How does the life expectancy of rhe wid state meter 
someone Viddling wh the disc": my mind boggles compare with the 40 years af a Ferraris disc meter, 
when I try m think of how we will ever catch oul a 

particularly in view ef the high incidence of lightning 
'boffin" who hi frnind his way into the electronic in ceriain areas? 

meter's microprocesse or integrated circuit&! And for 

60/ who would immediately uy "impossible", I would 

gent].remind yol that alma' weekly weare fed Etorial MR D SINCI.AIR - Am liate 
of "whiz kids" somewhere "cracking" one or other of 
rhe "safe•' electronic/mic/proce,wr mntrolled marvel Thank youl, gentlemen, for those questions, and I 
of our prantage. Someof yau may well have &potted a think we're going to need an/her hour or so ta clear 
story from landon in the evening papers on Friday, them /11. 

22nd lat, in which it m reported th# a bank in White- 

hall had ]Ast R 1,5 millian m a gang of high-tech To start off with, price comperitiveness. At the mo emoks . 

and the Scolland Yard computer crime unit formed only ment, thip meter mil be totally imported ai,d depe•id 
two years ago is said to he inves,igating some 25 reported ing on what the pound to rand exchange rate will be 

towards the end of this year will determine the price 
of,he meter. It is our company's ii•telitioIi Lo, us we 

Mr Sinclair ha• given us a reer into a cry„a] hal) and T have in the past, do as much local production of this 
confess 1 become ditinctly uncomfortah[e when I try to r=er eventually as pogdble. We estimate that we 

visualise the world of tomorrow with consumer meter cauid prohably reach a figure of 70% local niar,ufae 

readings buzzing through the ether, to some centralised ime hul this will take time. So m sorry Mr Robson, I 
meter raom at The Treasurer'q offices, maybe by thar can't give you a price at this moment but it's 'lot going 
time Bcom electric/y will he so cheap anyway thai a few to be uncompetitive with the electro-mechanical me- 

megawatt hours & in transmission will not he w ter when you compare the facilities that you are pur 
seriou. a maler! chasing and the advantages 
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With thequesion of interference, the radio frequency heing a token operated unit, yo,1 can also put a data 
bombardment of the meter initially did give us an key into the thing which loads it up and it reads 
awful lot of problems and we overcame this hasically information so you can take it back to /ur mainframe 
by building a Faraday cage around the meter. If you and uncup the information there. 
have the time, I would like you to see one of these 
meters in•ide and you'll find ihar there are case- 

With regard to testing, because there is no disc that 
hardened metal shields built into the plastic sides yoll m look at, the LED over here needs a special which captures ttis interference completely w thai adaptar. You have to have a multi-voltage tap so that 
that interference problem has now been solved 3 far you don; have to separate your voltage from your as we are conIerned. current with the /P link. so that might be an adjust- 

ment that a lat of 
With regard to the SABS recommendationg, this you people have to make if you go meter 

for Ihis meter, and secondly, this 
meets fully eye fits over the 

with the BS Specifications and as such I pulging 1.ED and rick„ip every eighth pulse and then don't think that there is any problem at all, it mem an it 2 computed by a the very simple computer to give you requirements of a number of British Specifica- the accuracy of the meter. As I say, you do tbis 
tions. I'll /,st read something that rYe written down 

basically to initially res, our selling vou the meter here -there's no ISS for electranic meters but these 
under cermin condition• have been built and approved to the relevant part of you know, it's a Class 2 
meter 

RSS 685 of 19'79 and the Drmanmation International 
metrolagici, that a French company, LagAL you know 
thaes a part of the TEC.'s Specification. Generally all With regard to the meter being noisy, this isa com- 
the requirements have heen met for these meter&. plaintthar I have had but noisinm is relevant. What is 
These meten have met all rhoAe requirements and are acially happening is every time the sterrer motor is 
proved under Sections 49,50 and 59 of the Sequence rulsed: the stepper motor turns tile dials and this is 
of Electricity Lightning Clauses, Act 18(*) as incorpo the noise that you are hearing It'& just a brush every 
rated with the Elemicity Act, 1947. tile Secretary of now and again and it doesn't rattle like some Ferraris 
State of energy. metersso I wmidgythat noise shouldbe -you can 

tolerate it- I can 
Now that bring,• me m another point. Surges and 

spikes and lighrning. We comply with the RSS te/ of I think I've covered the point about lightning. 6 kV on a 1,2 micro-second rise time and 50 micro- 
Gecond fall. Although na harm came m the meter& at 

12 kV 60 they have extended rhe test hevond the 6 kV, Interference with the meters. I agree with Mr Clarke 
they went up to 12 kV and we still had no problems that, I believe a lot of hanks have been robbed because 

they are now fully comiterised and I don't know the 
There is ako a vollage dependent resistor in the cir- answer to that problem. How we are going to catch 
cnitry, the VIR, which breaks down m proted the them is bevond me but somehow or· other somebody 
meter under surge conditians. We .1,0 comply with will come up with a device that win detect these frauds 
the puke Ist of 1 500 V for 30 nanoReconds and 500 eventually I'm not too sure haw it's going to be done 
nam/cand, superimp•ed m the mains between 30 but ]'m sorry ] can'[ give yal a cnmplete answer 

kHz and 150 Hz. there. 

A little bit about :he adju,rment on Ihis meter. There I think the te/ equiment, a I say, you would need a is no adjustment. When you build the *unt you have 
bench where you can conneci the voltage iupply and to take the thick resi/or and you cut it with a lazar 
ihe current supply. These meters have got no link in 

beam to match that shunt exactly Once /hat's done them at all and that'q one of the things, I think, and th<}Ae rwo compor,ents are assembled, rhe meter 
evolution will catch F with everyhndy and thai's the either works or it doesn't work You don'[ adjust it at way A going to be in the future. 

all. So, you kno/, the meter is either accurate or / 
doesn't work. 1 knmw that's a very ghort explanation 
but we could go into that in more detail at some /age The test time - I apologise that I an't defend Mr 
in the future. Wheeler completely there becauKe I'm a little bit pm 

zled as we[I but as ] mentioned eartier, once the 
Regarding pre-payment meters, I'm qorrp m hear that refistor is cut, the meter either works nr it does/'r, 
tltere's no future in Eat London fo pre-payment and it can quickly be tested by checking the ruke rate. 
meters because rhat ix the new product that will be With regard ta life, and any other electro-mechanical 
launched at the beginning of next year This is a very relay. there'. no ream for il nat to las longer and 
private preview. The SiZe of that k exactly tiae same maintain its accuracy. I hope I've an,wered all your 
size. the meter that we have up here. As well as quegrioni., 
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USING OPTICAL FIBRE AS 
THE COMMUNICATION 

MEDIUM IN A HIGH 1 VOLTAGE ENVIRONMENT 
./ 

R.N. PHILLIPS 
and S.GUN 

INTRODUCTION 

No-one active in the field of electrical engineering •n 
fail to be aware of the fast moving technology of optical 
unmunications. The technical press, technical journall, A Do. 
and even the daily pre.. regularly features arcieles on 
some aspect of optical communications. Optical fibre im 
currently being used in such diverse disciplines as power 
generation, network controt, proce" plant inAtrume"a . 

tion, medical equipment, broad-band telephony, video, % 
and data communication& - to name but a representative 
selection. 

This paper will discuss the technology of optical fibre 
wmmunicationg, We shall discuss the basic principle' 
very briefly, before de,crihing the features and benefits r 

of the technology and its applications Rpecifically in the 
power generation ad distribution industries Optical fihre 
is not limited to high voltage protection systems, but this h 

important area nf concern in sn many rracti•ing /wer Mr Rob Phillips 
engineer& has become /ne of the more impartant applica- 
tions for optically based communications 'Ftems. 

An important use of fbre is to carry multiple channel 
Some years ago, our ext'asure t. optical fibre technology telephone conver•ation, not only within the public tele- 
was limited to information received from phone network (SAPO), but .150 within private tele- overseas, par- 

ticularly Japans USA and Eurorle. Because af their phone networks ie. E&com, SATS, municipalities, mining mas- 

sive Research and Development funding, most new inno- house& etc. 
vations are still emanating frorn the,e soured, but local 
interat in rhe development of desims and sltems aimed Data communications is another important application. 
specifically at local conditions, particularly the very high Fibre 15 used to link computer terminals to a host corn- 
lighming incidence of our inland region&, haq resulted in puter or to support a local area nelwork by knking 
specif•c South African products, designed and manufac a number of cnmpnnents, printers, etc. The form of the 

data hit /ream dnes not affect the fibre'* trans/Bsion tured in South Africa, A, an example,our company, 
Aberdare Cables, ha an optical fibre cable martufactur characteristics at all. Consequently a HV pwer line 

ing plant in thi, city of Port Elizabeth manufacturing protection 5.ter carrying out-of-balance current infor- 
locally designed cable for a variely of local mation from the cu.tomer.. sensor to the switch gear can be regard- 

ed as a low speed data link. 
Optical fibre has been used mainly hy the South African 
Post Office for the provision of high capacity telephony Closed circuit TV 4/8% 6 perimeter security, accas 
links both within urhan area• and ta link lur main litie•. controt or for the monitoring of inaccessible or hazard- 

be However, achieved easily and a number of organisation# wthin the ous processes can cost effectively power 

generation and distribuiian industries which have already on fibre. Alarms, either in the form of transistor logic 
installed fibre include Escom and the cilies of Cape Town states, or contact closures, or the outputs of process 
and Johannesburg. instrument' can be combined or multiplexed together, 

u.ing inexpe"ive equipment to provide a distant control 
point with a complete indication of the status of a power 

APPLICATIONS station, a substation or any process plant or mine, for 
example 

One of the earlies[ applications was to w a filned fbre 
bundle to transmit an image ie, to use each individual Optical senson are an excling development, where the 
fibre as a light pipe. Medical instruent<, componenr in- sen-rs mea'ure some ampect of a procm by that pro- 
spection in inaccessible places, and photo-copying M ces,es' direct interaction with the fibre. Detectors sonne 
chines all u/this characteristie of guiding light along the way from the sensor&, detect the change in ihe sensor's 
fibre fibre characteriMics. This application is used in intrinsi 
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cally •afe areas, where ele,trical power or electronic Over a certain critical angle of incidence, 911 the light will 
componentry is not desinible and can also be used in low be reflected and none will be refracted out inte the air. 

cost autonution system for component detection and None of the light lower will he 1/.t since it isall trapped 
p•ling or fault 'cation. withinthe glass. ]1 is this physical principle which makey 

possible the concept of ofical communications. 
FEATURES AND BENEITTS 

OPTICAL F[BRE 1 Cable prices are now very competitive with conven- 

tional copper cable and the Onl, added cost ,& the 
a typical fihre con,kts of 3 clearly definable areaA. 

electronic,opical converters on both endE. 

- The core is manufactured from extremely low-jol 
2. Long distance transmission possibilities without 

g[a< which has te be made from high purity materials. repeaters. Its sole purpose is ta transmit light wirh as little loss as 

Reliabil,ty is improved becluse of less equipment p"sible. in 

the field and there are no difficulties with remote 
- The cladding is manufactured from gla„ of a lower 

power feeding of repeaters. refractive index than the core. Its sole purpose is to 

3. Large transmission .pacity trap the liRht withina the core region. 

- it isentirely feasible to combine a large number of - The primary coat " layer of either silicone rubber or 

inputs and send all this information through a single acrylate. It, function is to increase the tersile strength 
of the fihre and 

fibre. Fewer fibres are necessary 80 mind costs. ir pratect it from mechnical damage. 

4. No shielding from eketro-magnetic interference is FIBRE TYPES 
required. 
Since the fibre is non-conductive, it 1% immune to any There are three importanl fibr¢ type&: 
form of electro-magglic interferen/. Lightning, 
power surges, fault conditions, electric traction sys- al Step index multimode 
tems etc have no effect on optid fibre systems. b) Step index <ingle mode 

c) Graded index multimode 
5. E[ectrica[ i,ola,ion between transmitter and receiver 

re-lt& in n. spuriouA Kignals introdnced through a) Step index multimode fibre Consi/s of a cnre region of 
ground loops and different ground //entials. glass with a consistent refractive index surrounded by 

a cladding region of glass with a lowet refrac:tive 
6. High security information iranmision becance the index. This type of fbre is suitable for low capacity, 

light signalis completely contained within the optical slow speed information transferoverlimited distances. 
fibre. Crass [alk dnes nat exi9t. As such, this type of fbre is not suitable for mmT 

applications found in municipal environmen/. 
7. No damage to senutive electronic equipment due to 

vokage surge caused by fault condi[iow or lightning. toste' 1 ndex single mode fibre „ designed to overcome 
some of the digdvantages of the multimode step in- 

8. Flexible, [ight, and eacy m install make, for come- dex fibre mentioned above The distortiong inherent 
nient and quitck installation using fwer people and 

in rhe multimode fihre have been virtually eliminated 
less equipment than a conventional cable 

by making a fibre with a very sm 1 care diarneler 
([yrically 9 microns] which can only propagate a sin- 

9. Optical transmilion .1.0 gives added advantages in 
gle ligh, ray. Information carrying caracily k im 

explosive environments where intrinsic afely is of 
proved dramatically and this type of fibre is suited to 

prime importance Even although the fibre may he 
very high capacity, lang d„tance informarion links 

cut, no ,/rk can be produced. The Sauth African Post Office is cilrrently installing 
Aignificant quantities of this FIRST PRINCIPLES OF OPTICS type of fibre and other 

organization, )re investigating using this single mode 

Through a vacuum. light will trave! ina straigh[ line fibre in their networks. 
at 

a speed of·3 e ll metres/second. Light is bent, refracted, fibre is not suitble for all applications, and slowed down whin it strikes a transparent m/eria[ Single mode 
at 

however. mainly because of difficulties with any angle not perpendicular to the surface of the coupling 
sufficient light power inlo the fit>re, and difticultieR material. mmred with fusion splicing the fibres with an ac 
ceptably low 109 I.ight can be regarded as being part of the electromagne- 

tic spectrum in exactly the same way as %-rays md radio 
waves. The wavelength of visible light lies within {he c Graded index mullin•ode fibre has been designed to 

overcome 
approximate range of 400 nano-metres (violet) to 750 the disadvantages of hath previoudy men- 

tioned ty/5 ie. the step index mult,mode and nanometres (red). Optical fibre systems work he!;t al /ep 
index single mode fibres The refractive index of the 

either 850 or 1300 nanomet/s, buth of which wave- 
core is not consistent. bul varies m a parabolic reta- 

lengths lie in the infra-red balld of the spectrum. 
(See Fig.1) tionship through the core, with the highest ref"ive 

index at the centre of the wre and the lowes, reim- 

Similarly a ray of light travelling in glass will be borh tive index on the outside of the (:ore £ the core •clad- 
refracted aid renerld at the glass boundary with air. ding interface. 
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Advantages o f this design are ease of welding, connec In a power generation and distribution environment. 
torising, and coupling light into the fibre, along wi[h the most im.rtani property of fibre tras.*ion is i: 
the advaniage, of low· Im and hi21 in formation freedom from interference carry- and crosstalk. Fibre can be 
ing capacity' used in close proximity to power conductors, even 

ingide an overhead phase conductor Compogite power 
These odvalitages make this type of fibre particularly and fibre cables are also posible and a number of 
suitable for optical systems used in the power genera composite unders¢a cables have been manufactured 
•ion and municipal environment'. and inG,alled Remote p.wer feeding of repealers car 

be achieved by manufacturing a composite cable, con- 
F]BRE MANUFACTURING TECIAIQUES raining holh the fibre and the power feed conductoIs. 

There are four important alternative nimufacturing I.ightning isa maor problem in mo, of our inland 
processes: are/& and metal fm cahle is an ideal solution to the 

problems of spuriow signals and operator safety. 
MCVD - Modified chemical vapour deposition 
PCVD - Plasma-activated chemical vapour Where 3 metal free cable „ not required and 6reel wire 

derailion or ""1 tare armour ic required, a metallic strength 
OVPO - 011„ide varlour phase oxidation elemen, is ud for ci reason•, One advantage of this 
VAD - Vapour-phase axia[ depasition design i• th# the central strength element and the 

armour wires may be used aK an engineering order 
This paper is not the occasion for a detailed discussion wire during in/allation of the sy/em. 
of the various processes for manufacturing the solid 

glass rod from which the fribre is drawn FAULT LOCATION 

During the drawing process a layer of either acrylate Inrhe event ofabroken fibre, catised almost invariably 
or &it/one rubber is applied I the fihre surface to by mechanical damage to the cable, the kication of the 
protect the fibre from mechanical damage and to im break can & determined by /ading short pukes 
prove the rensile strength of the huffered fibre. down the fihre from the break. Since Ihe transmission 

speed of the pulse in the fbre is known, the distance 
After drawing, the fibre is rewound under a specified to the break can be determined within an accuracy of 2 
tension, the pranf stress, m elimina'e any incipient mecres in 20km (0,01%) 
microscopic imperfections in the fibre'„urface which 
could, if unde,ected, cause problems during cable CABLE REPAIR 
manufacturing, installatinn or the suhKequent lifetime 
of the cahle svstem A damaged ¢able •an be repaired by spIicing in a short 

lengthofrable Thefibrecarejoinedtogerherusingan 
USEFUL WAVE].ENGHTS arc fusion process to butt-weld the fibres with an 

overall k per weld of typica[ly 0,1 to 0,248. 
The attenuation or loa of light power in a fibre is not 
constant across the light spearum bllt varie• markedly SPECIFIC APPLICATIONS IN A POWER GEN- 
with he wavelength (or celour of 1,/he chosen ERATION AND D]STRBUTiON 

ENVIRONMENT 
Wind.iws of low atte!,uation exist / the following 
Wavelen/hs: 850nm. 1300nm and 1 550nm where 

typical attencation™ Fibre can he ire respectively 2.5 db,kn uved for 
: virtually tk complete spread of 

0,7dbikm, and 02dh/km communications applications, by choosing suitable 
electrical/Drtical interface modules. 

Although the 1550nm window appears ideal from a 
fibre point of view, the cast, availahillry and reliability These modules are available for the following inge of 
of gource•; and detectors operating at each window, s'Items. 
govern the wavelength chosen fr any particular - TV, hoth CATV (community antenna) and CCTV 
system. (cloced circuit) for the monitoring of industrial 

p[ants, security, and perimeter access con,rol. 
CABLE DESIGN AND MANUFACTURE 

- Dara links for the interconnection of computers, t¢rmi 
In a practical cable, the Fnmary coated fibre is further nals and printers. All the common softw•re rotocol 
prorected with an extruded layer of nylon or alterna standards, including RS 232 and RS 422 can be inter- 
tively a loose fiuing [uhe k ext,uded over the fibre. faced oni a fibre system either as a single channel or 
Th„ secondary buffered fibre is stranded around a multiplexed ingether to feed a Mnber of signals onto a 
central „rength member, after which additional single pair ef fibres. 
/reng,h elements, a moiere barrier and overall 
sheath are /plied. Teleph<me Ir all ..mbination of signats which ./. be 

converted into tones to Sim/ate a conventinal tele- 
The lechni>logy of optical communications gives users phone chmnet, con be multiplexed together to any of 
the freedom to specify a completely metal free cable the standard transmission speeds recommended by the 
with cufficient streng,h, if required, to be completely CCITT. the Europew, body concerned with telephony 
self qupporring over span lengths of up m 500 metrec. standards. Standard capacities are 30.120, 480, ] 920 
Orher desigm aresuitable fordirect burial in thesame a rid 7680 channels, hui the larger capacities are only 
cable trench asa high vol•age able. Mean he d,rectly likely to he of interest to the Post Office and possibly 
ploughed in, where ground car,d'ionf are suitable. organisatiom qlch as SATS etc. 
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Analogue slgnils typically found in the process control Fibres in the earth wire or phase conductors 
industrv. All the „andards eg 4-2DmA, 0-5¥DC etc - Fihre cable lashed to the earth wire or phase conductor 
can be com/ed eilher as a single channel or multi- - Metal free felf supporting cable 

plexed together to ibed many such anjugue outputs 
onto a single nbre Using this form of optical transmis- This 13, solution was chosen for a imj Ink rix·ently 
sin technique, an ele•trical substation or u pumping ingalled in Holland by NKF with whom we have a 

Etation. say, can bc completely monitored and techni¢al con- agreement, for the following reasons· 

trolled from a remote control room. 

- Complete separation of the wfuty and •ntrol func- 
- Logic states and contact closur/. The logic states tions m the network which 8 critical during fault 

associated with electronic equipment as well as contact conditiom then accurate error-free communications 
closures can also be multiplied onto a single fibre. I .Selt/1. 
The contact closura can he derived from any spare 
pair of conucts on any rday in the system Door - Amplete separation of the j»wer transmljion and 
alarms, the status of contact breakers, leperature and communications circuits. 

Pressure alarms can all he transmitred in this way. 
- No interference / the power transrnission system dur- 

ing installation or repair of the communications 

DISTRIBUTION SYSTEM PROTECTION network 

A number of Inanufacturers are now offering protecoon - Easy installation in both new and existmg networks 

relays .sirig fibres as the communication Inedium mainly 
hecause Df the problems experienced with interference A loose tube construction of cable using b graded index 
on the pilot cables linking the devices. In a paper react fibres was manufactued to meet the following 
before the Minnesota Power S>slems Conference in Min- specificatiois. 
neapolis during 1982, two engineers fron, Westinghouse 
Corporation d/berlbed a current differential relay uslng MECHANICAL CABLE CHARACTERISTICS fibre as the communications medium. 

Overall diameter 15rnm 
Experience in the USA is that fully 90% of the cau,es of Cable mass 175kg/km 
false 0,•rations or fuDures to trip are in one way or Breaking load 60kN 
another related to the pilot wire. The channels are su,•- UTS 1725 Ninlm 
ceptihle to extraneog ve],ages, such as longitudinany Coefficient of thern=1 expansion 2,10-67£ 
indticed voltage and station ground mat rise. Maximum allowable tension 17kN 

In many parts ofSouth Afrig,1, high groud resisti,n• is The a extreme wmher conditions experienced by the ca- 
proble. presum,bly increasing the local figure to a figure ble were as follow, 
abnve 90%. coNT,rr[*s CAR!·F SAG CAR[.E 

TENS,ON STRAIN 

The Westinghouse engineers state the advantages as fol. 
lows "The new relay system" should be more reliable -20'C ewn weight 2,24 6,1 0,072 4 

-5'C because the optics channel +ZN/]n. I. R,6 0,43 13 is not effected by oumide 10°C 
voltage influences caused by the fuult. The sequence +700N/m u·•d 9,72 9,1 0,4R 16 
network uid M Impler and more accurate thun any ./ · IrMIA[ion 2,28 6,0 4 

previously known design& US:Ig either passive or active 50•C · i,wn we•h[ 2•2@ 5,9 0,049 4 

components. Therefore, the gle, 1 should be more se. 
cure for faults, external to its zone of protection, and The optical transmission characteristics were as follows: 
more dependable for internal faults. Another factor 
which will help increa the overall performance is,h# Sy'em transmission rate 2,048 Mhiesec 
the relay sy„em design considered the total problem ot Operational wavelen/h 1300nm 
relaying a, well as communications. For applications Fibre attenuation / 850/m 3,OdB/km 
where fibre optic channels are not considered pr•ctical, 1300nm 0,7dn/km 
the basic relay function can be performed over Fibre conven bandwidth at 8,0nni 300 Mllz.km 

tional communication chmnels hy uging the audiotone 1300'm ROD MHz.km 

interface option. Spli•e attenu,lholi 0, ldBisplice 

Westinghou; „ by no means the ocly company affering In!:tallatio,1 of 'lle 200Om 1engths of cable was accom- 

protectioli systems using fihre. Asea Elect•ic is a[so able plished by a crew of 8 men entirely by hand. Because of 
to offer a protection stem using fibre / rhe communica. the light mass of the cable no special winches were 
tion medium. required. A temion device was ugd at fixing po,nts to 

set the nominal ten:ion / specified. 'Ihe inj/brion 

hardware used wa, the commonly used preformed spiral 
APPLICATION NOTES FOR A METAL FREE deviceb fir the suspension points and a double contrahe 
OVERHEAD CABLE hcally applied spiral for the dead-end lension fixir,g 

point'. 
A number of organisations have investigated the various 
optiont for a overhead cable suspended frnm existing l·he ends of the cable were brought down to ground level 
Inwer system support towers, Some of the alternatives where the fusion splicilig of the fibres was accomplished 
are: while the power synem was operHtional 
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Two of the ii I)res were con/ected through for use by the between a copper cable and an optical fibre cable favoufs 
power authority whereas the other 4 fibres were looped an opticai wlution even for charf links. 
back for a long term Irial under opetational condition<. 
The abict of this trial was to investipte Re Imms More and more information is being tran•mitted over 
performance under varim,5 weathe¥ condition, and the fit,res whkh have already been instalkd. Upgrading of 
following variables are heing continuously monitored. exising systerns is entirely feasible, merely by upgradlng 

the interfaces imralled on the ends of the cable Optic,1 
Artenuation cammuncations i. vinually future-proof and engineers 
Calble rencion need have no fear that systems currently being offered 
Cable vibration wi[] have to be replaced in the ncar-term. There is no 

- Temperature reason " all to believe that the desigic life uf 30 years will 
- Wind speed and direction not be exceeded comfortably m en/ly the same way 

that a large nUmber of copper cables installed in the 
Initial results are most encouraging and all the design 1920'f and before are still carrylIg Lrame. 
criteria of tkie Gystem are being met 

CONCI.USION 
FUTURE TRENDS 

This paper has been written to give piacticing en ginee" 
Optical comn,uniations is one af the faste:t moving in the power generation and distribution industrie, an 
technologies at pre,ent Technological break-through& hight into ihe applications for fihre in those industries. 
occur vitually daily jad fibre aild cable/n•ormance are We have not gone inro speer/ tectral©al details of how 
improvifig continously. in a numherof countrie, mainly the fibre transmits [ight and we have steered away from a 
i/ USA, Europe and Japan extremely large quantities of mathematical treatment, since we felt thal at this techni- 
fibre are being installed. Longer and longer lengths of cal meeting there would be more interest in practical 
table can be supplied and in„allatian is becoming e„ier applications than in the theory of thiq exciting techno- 
still. Prices ar·e drapping and the economic break-point logical development 
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The optical fibre earth wire link from Delta extends for 
16 km to join up with the existing underground ne,work 
m both Parkharst 

DISCUSSIONS 
and Sarls Souci 

- BESPREKINGS 88/11 kV Substations. 
Since September 1985 when the first 88 kV circuits were 
connected to Delta. all control, protection and communi 
cation has been ove the optical fibre link. It has been 
unaffecled by the lightning and the technical quality of 
commiinication is of the highest order. The earth wire 

MR W BARNARD : Johannesburg contains five graded index multinlode fibres, one pair for 
each of the terminal stations with one spant It is interes! 

This is a manufacturer's review paper and a, such if ing to note that whilst the Electricity Department is only 
nothing new using a very ha.ic 30 channels pei pair at ZM bits per 

second and 1 300 nm, the terminal equipment could be 
1. Distribution System Pr•tection (Paragraph 2) readily upgraded to provide over 2 000 channels per pair 

This compares with a maximum of 12 uhannels over a 
We ac,ept thwt it is probably true to say 90% Of conventiona! pair of copper wed and even then sophis- 
failure orprotection systems utilising pilots k due to ticited terminal equipment is needed 
the pilots. However, one aannot Bay that these are 
pilot failures per se. The cause is almost invariably 
external such as mechanical damage and an optical MR R SLATEM : Afilliate 
underground cable will certainly nor produce any 
soliltian to that problem. I am going to concentrate on a particular protection 

aspect using fibre ortic, and I would like /0 start off by 
2. Metal.Free Overhead Cable iust making a remark in connection with Mr van Al 

phenk remark about the denti„ in Russia. +Imp I would 
The Me of a metal-free overhead cable is certainly say that if you had your teeth dole by that method you'd 
interesting and we believe Escom has installed, on certainly find [hat he'q wrecked them. 
the Highveld, a length of about 50 km of Japanese 
mmuliture. The communicalion characteristics of C•tlemen, talking about fibre optics '*Om,On, I men- 
this d the NKF cable mentioned in the paper tioned can that there wa. a Westinghouse relay available. 

k ac,¢pted but t}/ well-known problem in RSA 1 Well, WeRfinghouge is not the only people who have 
tl/ effect of ultra violet lighton thesupport system. made such a relay and in fact the relay has been made hy 
It i, an unfornmate faci that non-metallie compo. a number of other campanie•, amongst which is the 
nents tusted and proved all over the world de not company Asea, and They have made a relay which is 
often xurvive the Highveld climate. Long,erm aging called the riot-hole relay K a develapment of theexist 
tests are required for this. ing pilot wire prolectian relay which is rdly well known 

and is mil knawn and to convert it fro.n the use of a 
ile Johannesburg Electricity Department hacn optical conven•ional copper pilot wire connection t. a fibr·e 
fibre sys,em in service des®ied to overcome both of optics length so ir has been #pecially adapted to use fibre 
these problems. optics but it retains al] the features of the ordinary pilot 

wire protection. 

When the new Delta 275/88 kV Substation m designed, 
it was necessary to make provision for the vital enntrol, I'll only mention a few of the feature% that it has, fur 
protedion and con//iurlicalien circuits. Because of their example, double-ended tripping, in other words if you 
impurtance• it is normal practice to have twa indepen have a weak in-feed from one end and you want to get 
dent routes. The cost of the neces6:ary cables, whelher botbends of your line out. this will yet both ends ofthe 
optical or conventional, and tir actual laying in devel- line out. You get tripping signal within one of two .cles 
oped areas is extremely high, nor to menrion the incon if a fault occurs on the line. You get • tripping signal 
venience experiencea by residen™ when excavation work within one or two cycles which is rehtively fust 11/ US 
takes place in their aieas fast as one needs in this modern day Nnd age. 

In 1982, it wal, learnt that a Japanese company or high Other rhingq thar are important to any differential type of 
repute had developed a means of //CIASing optical ibres protection ire Crs. These are never till: same at the two 
inside the earth wire lifed al the top of high vult,ge ends, and one end is likely to go into saturation under a 
overhead power Iii/s for lightning protection. At that mie fault condition and if thal happens then normal 
time,wh un earth wire was undergoing field trials with ditkrential protections are very often prope to give you 
Japanese supply aulhorities, The Electricity Department instability problerns and these proiettions can tolerate a 
decided that thls would be the communication medium certain amount of CR saturalion without going unstable. 
for the future for whilst the Ime of optical fibres ia And we don't have to have qu•t,: buch massive CT,you 
underground cables 1/r Gumnluniation has been available might have to have othe,wise. 
for some years, this wis a new application 

Another ihing that we quite commonly get on overhead 
The necessary specifigalion was; prepared derartnu:ntally lines partlcularly, and particularly in thls country, wilh 
and lenders were invited. When ria••ed in September our high re•,stivities and so on, 14 high wistance fault, 
1983, the order m, one of the fir# for instaliation and the prorection can see res„ranle fuults 
outside Japai. Together with uie special terminal equip- 
ment, the opticul fibre earth w 11·e was some 25% lower Yoll can also m tolerate on thls relatively small Lransformer 
d 'han for a Mentional underground cathie connuction tips. In other words, if you wanled lu apply this prolec 
with all its attei,dint disadvantages. tion to a system where you had n,ini 2ubs teed off, you 
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an actually apply and have transformer taps on it as what's happening at the other end is brought back a, if it 
well is the actud raw current from the other end being 

brought back to this end for comparison in exactly rhe 
Very, very briefly its application r essentially I two sane way 25 one dld it with,he conventional protection 
terminallines. At either end of the line you haveaset of system. So therefore we are comparing apples with ap- 
current Iransformers and the current transformers detect ples, we are comparing a current here and a current here. 
that the cu,rent is either flowing through the circuit or The fact that it'& gone through a fihre optic link makes 
that the current is nowing into a faill, in the circuit. It no difference benune even the harmonn whkh are 
has typical ground fault senstivities, phase fault sensitiv generated at the other end are tranimitted through the 
ities and, as I said before, the operating time is a maxi- fibre opticK link. 
mum of 46 seconds. 12 can be applied over line5 or cables 
up to a length of about 5 km if we use the 820 or 850 nm The fibre optics link then bringq you this current and 
wavelengthand if you go to the 1 300 nm you can gel these currents are equal so that the current flows thraugh 
kngth,of up to 25 km. Now 25 kmisreally sonie'hing that circuit and the protectian relay will nflerate. 
which is generally beyond The capability of a normal 
ionvuntional pilot wire hystem because of pilot loop Now very briefly, what are the advantages of fibre 
resistance, pilot npabilities and things like that. Optlcs. 

Another thing that is imparlant on many pilot wire In protection, this has been hammered so many times 
systems you have to buy additional apparatus in order to I m going to labour it. It's no, sensitive tn ike voltage 

give you supervision of your pilot link. differei,ce and mutual coupling. Actually this i& not such 
an important point today because most of us on our 

As Mr Arnard pointed out. bulldo=5 and so forch are lower voltage systems are using resistance earthing. It is 
very likely to pull out the cable and your pilort wire if tl/ earth fault currents which cause you the prablems so 
it's a //ble system. Now this ha, rhe continuous supervi by having low resistance earthing, you get small cnrrents 
sion of the fibre link and unlike normal conventional and generally ihee over-vokage problems are not so 
protlition, this supervised the link within 2 millisecinds serious today. They are 011 the higher voltage system 
and you don't need any special apparatic init - it'• with solid earthing but not in reg:tance earth systems. 
built in and within 2 millisecond, / wi/1 hgve blocked The posslble tength is unly Ilmited by the capacity of the 
both ends of your protection so that if thiy prnrecrion optical components and thebelief is that 1 00 km will be 
operates, it will ne give you a false Irip and you dan't possible at some zime in the future. 
nced udditiona] supervision equipment and additional 

supervision - that was already starting equipment which is what you do require with Fast pilot wire 
a 

mentioned wnientional pilot wire system. So there k a saving that 
one gets from the uge of ic. Now another thing which is important, if Ihere's built-in 

logic for direct inter-trip, 8 a very important thing I want m Just briefly illuiraze the principle of the con which I'll deal with a little later. 
ventional sy<ler in order io illustrate how rhe fibre optic 
has been adapied to this The conventional sysier really Now nothing that we get in thit world happens with only compares the currents entering and leaving a circuit. If advai•tages. ]s thot right? Everyrhing is a compromise 
there's a difference between the neurral fault, a current and whatever advantage you get, you'Ie got to have will flow through this mid-pilot wire here, through the some disadvantage is that you must have an algiliary relays here, the rierating relays a, the two ends and chat power supply in /wer the fibre (irtics. €urrent which ilows through the operating relays will 
cause the protection to trip and /hat current will flow The second one is that if you don't combine your ser- 
whether the fault is fed fram a single end or from both vices, if you juv want to put in a fibre optic protertion ends Now what one has to do k to simulate that per- link, you'l[ find that the proteclion gy'em would formance h/ possi- ins,ead of having a conventional link of bly, although the link of the actual fibre optic cable will cond'ictor&, to have a fibre optics link and the Way that be equal in cost to the conventional pilot wire system, at 
they have done ir is very simple· They have taken exactly the moment yoil terminal equipment, if you use it for a the same circuit, you xe we have three phase.ircuit 
here, the three single purpose, is a little, or quite a lot more expensive. current, can then, converted by rhe l,Mual 
summation [ran,former method, ro a single output and So that'S the disadvantage. 
that single output will represent all types of voltage again 
on the network and the mid-point of the outward trans- Now, are we talking about sysemt which have been new 
former there is connecred to the mid-point of a pair of orare they in service at all. And the operation experience 
resistors Now, these resistors here are in effect connect- so far has been, first of all, this was given a very exten- 
ed across this iran,former 0 yau've got a mid-point here sive simulated les[. We don t do that mixh in this coin- 
and you've ow a mid-point in iwo equal resistors. So tg but the Antericansare grearonthis The Americans, 
when therA a eurrent which i equal in this re•istor and before they will buy a single protectiot) system, have got 
in that res„tor, your voltage acros that point 'tid that to have it put onto a simulator and they put it through 
point will he zero and no current flows rhrough your the most onerous condition, you can imagine. They think 
protection relay. We then take tile current which is of all the possible things that could go wrong. Every 
coming front this end through thls resistor, I.unzert it damn condition Th/ can occur on a network and they 
into a frequency signal, into 3 light signal. transmit it want ir dmulated to see that Ihe protection will operate 
over . fibre optic lead Ir the other end, may bring back correctly for all these things 40 that a very string,/ test 
the current from the other end the game way through a has to be Put onto this prote/ion to prove that there are 
frequency sigi•al. The freqiiency signal is then miverted no conditionwhar can arke on the network which will 
inta a voltage signal and,he• into a current signal. So cause the prote'lion to mal-operale 
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Thenthereare threeapplications. One is in Sweden on a Another one isa typical feede• t.nsformer where you 
110 kV cable that mit in in Jilne 1985 over a 33 km don't have a breaker on the IA' side. And I have pro- 
length and 2 1,6 km length. In America, Rochester Gas duced two slides to Bow this and gentlemen I'm not 

Electricity 127 kY line, 7 km, New York Electricity Gas going to be long on this, it'11 only take me a short while. 
USA, 127 kV line and 10 km. So the application so far The one is the SFjnter-trip. If you have a circuit breaker 
appeared to be largely on overhead lines. here on an SF.installations and that's the end of the SF„ 

then if you have your circuit protection and 

Now fault one of your busbar proteetion there, if a occurs at this the things I mentioned was that you get an 
additional feature automatically in this Yau don't have point, it's within the busbar protection outside the circuit 
t. huy extra equipmenl and tha• is inter-tripping. And protection but it is actually because thai breaker clears 
why do I talk ahout inter-tripping? The FO doein't the faultasifit was a busbar fault, but the faul, is still in 

stand for flash-over. The FO stands for fibre optics, And This circuit and yoi, have to get this fault cleared nut and 
in your fibre oprier. inter-tri fping there are certan advan so you lee,1 an inter-trip signal to get to rhisend ard the 
tages. And useful. You one of the advantages k that inter-trip signal is very use this fibre optics you get an 

automatin two-way inter.trip. And thar tu™wiy inter- for your circlit protection and from y. ur hushar protec- 
trip is damn fast and 1 don't know if eveI you've tried to tion you send a fast inter-trip signal to get the other end 
apply inler-tripping over your pilot systems, and the Out. 

Bual problems is.hat if you rry to do a DC inter-trip, 
you get AC interference. If you ge, an AC injector signal, The last one then is the fast inter-trip or transformer 
it will give y[)11 a differential mode voltage and that protection If you have a circuit without a high voltage 
voltage can actually, the AC voltage M cause vour DC breaker and you ge, a tansformer protection operation, 
inter-trip rewive relay to operate. And so you 0, a false yo,1 use the circuit protection fbre optics link rosenda 
trip. In order to overcome this, y 0,1 have to filter out the fast inter-trip signal to rke the breaker out ar the other 
AC signal And if yousay filter, filter tomemeans,ime end. 

delay. And if you're talking about an inler-trip signal, 
yoll're usually talking ahout 154 200, up m 300 milli5ec- 
onds you've got te wait for the inter-trip signal. MR J A VENTER : fare Town 

Mr Town Now Phillips makes mention in his whY do paper ihat Gfe 
you put on an i/Ir-trip vignal? Y Oil pUt 11 has invalled fibre optics cable and Frhaps members 

out to get the other end out as f#[ as you can. So you put would he interes,ed in fome denik of the installarion. 
in an inter-irip signal and it iakes you 300 milliseconds to 
get the other end out. Y[)11 might as wel] wait for the 
hack-up protection, You gain very little by it. The fibre optic cable network hap been planned to rein- 

force the existing private relephone cablenetwork, which 
provides tele/hone, supervisory, telemetering and other But here y" Ret y m inter-trip signal in 2 milliseconds. telecommunications circuits for the control 

You've ofelectricity. got an inter-trip gignal. Maximum of abeut 5 
milliseconds Its AC surge, this is a point that I've men- 
tioned befores and often when you're doing an inter-trip The total length of the plalind network is 25,5 km of 
over pilots, yon're connecting your battery to the pilot, which 9,5 km of fibre optic cable has been laid. The 

you put in a 5 kV insulation on yaur piloi or a 15 kV network will connect Athloir Power Station, S»tem 
insulation on the pilot between the pilot and the relay. Cont•01, major switching,tations und iompk·xes w/com- 
Why? Becausethp pilor voltalecango up to 15 kV. Now modating engineering personnel. 
yeu *mt to do a DC inter-trip over it. So you'vigor a 
battery at your station, you connect your battery to the The introduction of the fibre optic network will allow for 
pllot to send an inter-trip signal to the other end. And an the future replacement of four electro-mechanical PAX 

over-voltage occurs and up goes your battery. The volt- exchangei; by one electronic exchange should this be 

age of your •attery is lifted. Unk you take special neceMary when the economic and service lifu of the 

carthing precautions there, yaur battery can actually he electro-mechanical equipment 15 reached, 
lifted up and you get flash-overs, vour battery or your 
battery charger m your wiring there. The fibre optic cable becomes economical, compared to 

50 pair telephone cable (1,2 mm copper conductors and 
With fibrc optics you get no battery lift heause ii's all heal imlation) ar the following cable route lenghts 
contained within the fibre optics channel. 

2 Fibre optical cable: 10,6 km 
Typical applications - there are two that I'm just going 4 Fibre optical cable / 1,6 km 
to mention, although rhere are many orhers R Fihre optical cable: 14,2 km. 

One „for SF.switchgear. It'q coming into We have not conimisioned vogue very any of ihe cahle as yet. 
frequently. I'msure many of you in the larger municipal- Terminal equipment for the k mgo of the projecthas 
ities with 132, 66 and even 33 are considering SF.5witch been received and installed and portion of the terminal 
gear. One of the things which is a problem with SF. equirment for the second slage has been received. 
switchgear is that if a fault occurs. you've got to get it off 
damn fast brouse if you don't get it off Bst, and you Council zaff have laid fibre opric /able and made joints 
wait for back-uptime. you are liable to have the housing 1%ing a Siemens fibre optic fusion splicer. A Siemens 'ime 
of the switihgear burnt through by the arc So you must domain r,Dectometer is used I measure the attenuation 
have fast protection for SF. switchgear. of the fu£ion splices and the quulity of the cable. 
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To make a /mr with low loss (0.1 dB) be,ween two the UV mistance capabilities that are required, especial 
fibres using a fusion splicer is quite an achievement and ly on the Highveld. In our particular case, though, we 
Council staff regularly obtain these results have been manufacturing overhead cable for the Post 

Office. Admittedly it'S I10t power cable but conventional 
With the installarion and commissioning of the terminal telephone cahle and there are techniques and there are 
equipment, Council staff are gaining experience in opti- compaunds which are available for the sheath which will 
wl line terminal equipment which is used to transmit and give you a perfectly satisfactory UV resistance. even on 
receive the optical signals over the fibre optic cable and the highveld, and 30 year life spans K typically 
in the 14 Mbitts Pulse C:ode Modulation (PCM) system expected. 
which is used m n,iltiptex a rotal of 480 channels over 
one fibre of a fihre optic cable Mr S[atem's comments with regard to the cost of inter- 

face systems. Interface .MR B ALLAN : Affiliate systems are becoming cheaper 
and cheaper. As the volumes pick up. the costs certainly 

] have already complimented Air Phillips on his paper, 1 are drapping and although five years ago I would have to 
was most interested because being a power engineer 1']n have admitted that the cost of interface systems is the 

of just getting involved in this somewhat nebulous significant cost element the total, it is trans ro longer the 
mi•sion of power by light. However, I hip got a couple case these days. 

of ques/ions I have to „kand I hope Mr Phillips will not 
think me impertinent in asking them, Mr Jan Venter's contribution - I would like to congmt- 

ulate him and the Council's staff on achieving 0,1 ded 
Would you like to comment on the suitability of your bek pefsplice as a typical average. That•s a very good 
aer/1 cables specially on vour 'wo Mbytes working at the figure and it just goes to show really thal the splicing 
50 mand 100 km len/hs. What wouldyoureckon would problem, which isa butt fusion welding technique, orig 
be your m•ximum length for 30 Mbytes wilhollt having inally some vears back was a prablem, it isnow no longer 
to use a repeater? a prablem andcan be dnne underfieldconditions. Were 

cut of the laboratory, we're out of pmple with ties and 
Have you any comments to make about the £Flicing and smart suits on actualfy having to dirME. ir's very much a 
the housi,•g for the splicin/? De you bring rhern down field technique these days. 
onto the grou,id? 1 kilow you showed one there but I'ni 
talking now if you Imve to pul , repeater in. Mr Allan of Pirelli, ] 'm afraid, Sir, I did not bring my PC 

to be able Also, is it passible for pump thave figures through With you to comment on what along to 
you 

reckon vour •pan muld he with a 12 mm ice and an 80 regard to 1 2 inm of ice and RD km of wind, 1 would really 
kmihr wind. have to do the calculation. I'm sorry, I wouldn'/ like to 

give you am answer straigh, off the top of my head, but 
MR R N PHILLIPS : Affiliate that's a rather unusual combination. especially in th 

part of the world and maybe afterwards we could discuss 
I would like to thank, very sincerely, the commentators where preciselv that was. 
who posed, in a couple of cases, borne very searching and 
interesting questlnns, With regard to the distances, at 2 Mbits per second and 

graded index fibre, 1 <hould ihink, somewhere maile 
In order - Mr W'es¢1 Barnard with regard to the region of 35 km would give yo• a 1,ery good I,nk length 
underground cable and mechamical damage. Obviously without repeaters. It depends also, of coug or, what 
the fact that one is using optical fibre cable in 2 Way sort of environment you're going through and how many 
eliminales pick axes, front-end loaders, various people cabfe damages you expecT over the 30 year hfe span of 
digging holes. through the cable. Obviousl> it is a prob the cable. You know, i&it going to bedugup In times 
lem with amy system and it's an equal problem with per kilometre over the life, or is it only going to he dug 
optical fibre as k is with a convintiona] cable and this ic /p once and obviously the allowance for future 'plice 
one o f the reasm wl'y so inany people are lonking at an 4„es has to be braughr into the system as well as 34 
overhead solution, apecially when yon've got a power Mbit with graded index fibres, one can achieve some- 
rout: leading into a malor urban wrea such as you hive. where in the region of 30 km thex dily< quite 

=tisfactorily. 
The se,und point wlth regard zo UV reslstance, I shall 
accept your comment thal cerrainly some prodws which That'& on a telephone system, if we're talking about 
are designed and manut·wired in Europe do not have other systems then we obviously have to redo the sum. 
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Specification of the correct pro- 
duet at the time of an electrical 
installation is all important 

•*1' ' 

*. r_ 

Wrong spec can equal disaster. 

So, make sure you choose the 

right product forthe job from the .,.,0•/3 

range of CCG junction boxes 

and cable glands. 

*Specification + CCG products = Peace of Mind 

SYSTEMS 

Factory and Head Office: 33 Forge Road, Spartan. Tel, 

(011) 975 0719. PO Box 192, Kempton Park 1620 ZA. 
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AMEU BURSARIES AND AWARDS 
VMEO BEURSE EN TOEKENNINGS 

VMEO TEGNIESE TOEKENNING: Aanbieding Uitslag 

TEGNIESE KOI•LEGE 
I,idustriele Elektranika T) 77!1 
Gemiddelde vir emester 82% 

VANSUID-AFRIKA 
Kode: x-Onderskeiding 

Ons wit graag die uitslag en verloop van die toekenning H-Ge'laag 
van u merieteprys rapporteer. 

Na oorweging van al ons studente in die elektrotegnia 
ingenieursrigting, is besluit dat ons niees verdlenstelike 
student 'n persoon is wat by Sentroal Gevangenls •ange. 
hou ward. 

Hy was besonder entoesiasties oor by werk en het baie 
goeie vordering gemaak. 

Ongelukkig il ons nle sy -am bekeILdstel M. prysuitdeling het op 11 Junie 1986 plaasgevind by 11/ Sen- 

trale Givangenis en 15 by gewoon deur mir Beaklrain van • • •t• Pretoria MuniAlpaliteit se Ingeni,·mafdeling, mar. A J 
van der Lith (prinsipaal), mr. J A. Botha (adiunk-prinqi- 
pul) en mnr, G. van der Westhuizen (lektor) van 
Technisa, asook die personeel van Gevangenk Dienese 
Opvuedkundige Dienste. Ons kin angelukkig nie foto's Mny 
n:cm IIi:, maar sluit 'n aftkrif in van 'n herig Weas,2 Rar,mrd, wat in H,4 Studgelekerotegn£082 luenteur 

1 lohannesbur# oorhandig die KMEO-pls m Mir M. "Beeld" verskvn hel. Daar bet gin ook berite oor die C J. M Schajhwyh, m die Tachn,hon Wi'•mater,rand Wr 
wrhandiging in die "Cape Times" en "Pretona News" die baste pies,an'e in Elektri'Gao ln/enieurswse 74. 
ver.kyn. 

Ons stel die belangstelling wat u Verenigilig CAPE TOWN TE.CHNICAI. toon waklik 
hoog op prys. TRAINING CENTRE, 
Berig uit die "Beeld" van 12 Junie 1986:- AMEU AWARD 

TOP-STUDENT STUDEER IN TRONKSEL 

'n Student met 'n sel as /udeerkanier mag vreemd klink, 
maar 'n gevangene in Pretoria se Sentrale Geva,igenis bet 
gister'n meriete-prys as beste student in elektrotegniese -tuk 4 
ingenieurswese vir Imi van die Tegniese Killege van 11 1 
Suid-Afrika on,vang 
Die studenr, 'n gekwalifiseerde elektrisien, her meer as 
honderd studente in die korrespoidensiekursus van 'n 
jaar uitgestof Hy is,ook reeds besig m verder te stu 
deer, het mev. Marietta van Rooyen, hoof vall die Kol 
lege se elektriese afdeling, giger ge'e 
Sowat 5 000 studente, meestal vakle/rlinge, is by die 
kollege ingeskryf. Mr Dennis Palier, City Electric4 Engineer pmenting Mr 

C. E. .Wayshil wfth Re AME[; pri•ze. Mr Murshal quaN 
MCJ VAN SCHALKWYK: fied un Id May 1935 by Msing 4 trade te/ with IR+ 
TECHNIKON WITWATERSRAND symbol. 

AKADEMJESE REKORD: Junle 1985 AMEU AWARD: 
(Vierde semester) ML SULTAN TECHNICON Aanbieding Uitslag % 
Ekktriese Ingenieurswese H/CT4 80% Please aixept m sincere appreciation and Ims for 
Elektriese MIjiene '1'4 87x your mel generous gesture in donating the above award. 
Ingenieurswiskunde Tl 92/ In these troubled tim/ it is,omfurting to se, crgani/- 
Outomat# Beheer 'T.1 *1X tions like your, offering tliese sorl of ince,itives for our 
Sterkwleer Ti 76•1 y...g students. 

86 AMELJ ·ir( HA ]CAL. MEFI'ING - 1 0,6 



The successful candidate is Air Dhivan Nair. He ha& AMEU AWARD FOR 1985: EAST 
been a consistently good student ance Tl, and his T4 
results were the hKhest 111 his Cla, with him obtaining LONDON TECHNICAL COLLEGE 
distinctions in 3 5 ubjects. ''4 

Mr Dem ¥:mer, the City Elecrical Engineer of Durban, 
officiuted at the puze-giving ceremony On behalf of the 
AMEU and the Durban Electricity Department, he 
congratulated Mr Nair on his achievement, and alw 
spent a short time explaining what the aims of the ideals 
of the AMEU are. 

L 

The AMEU Award for 1985 a the *noi d.ser,ing electfUal 
4£,120ring smde/, My C R. Rn·,0, m Apprellike mectn·- 
don in de employ qf the E.1/ Londm, Municipal tkilly 
Underialig, by Ara Temple 4 4 the 84]uty P•i•,c,pal 8.7 (Techi:cal)· O• the tight u Mr R P. Howe, Heud ef 

Depairment. Tichnic«* Dep"Iment. 
\P 

VMEO TEGNIESE 
TOEKENNING: WESTLAKE 
TEGNIESE KOLLEGE 

From 10 £ 4*: My Denis Fraser, M, Dhauan Nai'r and 
Mr D. J. Arieoe, A,1,4 Dirmoi - Sihool of Elect// Die toekennig was gemaak aan mir XJS 'ander Men•,e 

Engineering. afimmstig van De Aar Hy is reeds'ngetroudeman met 
twee kinders en het nadal hy sy St X eksamen geslaag 
het, die intensiewe opleidingskursus aan hierdie Kollege I ErrER FROM MR NAIR: 
as 'n elektrisien vir 1985 deurloop. Hy het dan ook in een 

Re: AMEU AWARDS jaar wat hy aandie Kollege opleiding 0/vang het, in die 
1 was a student at M.1 - 91/in Technikon during volgende vakke in die N3 graad var, die Naionale Teg 

niese 1985 eksamens mei and wa, inidying for the N. Il. Diploma: Elee onderskeiding geslaag. 
Irical Engineering. I wrote my examinalions in No- Elektrisiens 60% 
'emher 1085 Elektronika 69% 

1 was plea,antly surprised to hear that I was ·,elected Wiskunde 99% 
to Elek'ronologie 61% receive your organisation'. anard I truly appre 
ciate this Ingenieurswetenskap 77% gesture and my sincere thanks goes toi your 
associatio„ fo, making ihis award possible. I will he Mm van der Merwe is tans by 'n privaat elektriese 
1.ing it 1,]ward. furihering my +tudie, onderneming op De Aar in diens en ons het alle vertroue 

dat hy dit nog ver sal hing. 
VMEO TOEKENNING: Mnr Mickeleit, 'il Hoof Elektrotegniese Inge,lieur ian 
TECHNIKON OVS dic Stadm:Ed van Kiapstad, het die prvsuitdeling 

waargencem. 

BRIEF VAN DIE PRINSIPAAL, 
TEGNIESE KOLLEGE, 
Kl.ERKSDORP 

1 

Meneer, 

Die Prinsipaa] en personee] waardeer die bydrae wat die 
VMEO aan die Kollege geskenk het. Dit is la'aar toege- 
ken aan mir A. j Strydom 

Ons kan u vereker dat u welwillendheid en persoonlike 
belangstelling in die jeug deur ons studente baie hoog 

-1 waardeer word. Ons wet dat u bydrae jaarliks ons stu- 
deniterk sal motlveer tor lewering van goeie prestasie. n•· P· J·van Rreen, Adj,mk-Elehtvotegniese Stadain- Sodoende lewer die VMEO 'n mooi aandeel om die jeug niew Bit>emJonteiI MIni,4>illiteit ket die VMED.toe- van K[erksdorp en omgewing aan te moedig orn die 

nning oorhandig can m•r. R. Barnard. Mir. Mornard opleiding,fasiliteire van die Tegniese Kollege te benut tut 
1 *tudmt in Eleht new Ingenieurswere (Suphairoom) voordeel van hulle eie toekoms 

in het bow goed g... ™ die 74-eks,imens i• 1183 # die 
TACHNIKON OVS. Seenwense op u daa/lik„ arbe,d, 
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TOPICS FOR DISCUSSION - 
ONDERWERPE VIR BESPREKING 

PREVENTATIVE 
MAINTENANCE TESTS / 

VOORKOMENDE 
ONDERHOUDSTOETSE 

MR ADW WOLMARANI: AE[late 

A. Inleiding 61 L.• -1 
44 

Meneer die Pres,£Jeni, dimes en here, die enderw/rp wal 
ons vandag moet bespmekis glad nie ' n nuwe onderwerp 
nie. Dit is veel eerder die duel om u nandag te bepaal by 
'n aantal praktlese toetsm:,odes wat inet min moeite iII 
die praktyk gebruik word Hierdie toetsmeto€les help die 
gebruiker om meer inligtilig te bekom aangaande die 
huidige elektriese toestand van 'n groot verskeidenheid 
elektriese toerusting wat gebruik word wai•neer elektrisi E- 

teit opgewek m versprei word. Die metodes sluit in dhe 
meet van elektriese weerstand ill die teenwoordigheid i I'°°-01 5'. cs-' 
van induktamie, die meet van kapasitansie w verlies- r.ut? Al· .46 
hoek van elektriese isal„,e asook die meet wn g,declte Mnr Dries Wormarans 
like ontlading in elektrier isolasie. In elke geval is dre 
klen' op ioetimetodes vir gebruik in 'n bedryfsomgewing A practical •tem for meauring transformer winding 
in teenstelling met lahoratorium of werkwinke] re&isiance ha< heer developed The unit is transportable 
toestande and is powered from the mains. The heart of the ineasur- 

B. Had Connections or Open Circuit Windings in ing systemis a digital micro-olin-meter with a resolution a 
Power Transformer of 0,1 micro-ohm. Normally both primary and secondary 

windinF an the same magnetic limb of the Iransformer 
Knowledge of Ihe DC res/ance of power transformer are connected in serles to the current source of The 
windings. bu r more so, any change m the resi,tance with measuring syqter In thig way o relatively small current, 
time, would point to a tap-changer with high contact maximum 50 ampere, will sawrate the magnetic core of 
re&litance requiring attention, or an open-,iriuil in the any power tran,former via the maliy turns of the high delta winding of a star/delta connected power voltage winding. Using a high inilial supply voltage with transformer. suitable current limiting, sainration of the core and hence 
Winding resistan:es vary from as little as 1(K} micro-ohin steady current in the tramformer windings e be 
for the low voltage widing to 100 ohin fora high voltage reached m leSS than 30 Neconds ifter switih.on. By 
minding for a large and small power transformer refpec mul€-plexIng the melsuring vokilge inpur to the micro- 
lively This represents a six decade range in resiqtance to ohm-meier, both w/ding resistances are measured in 
be measured. A typical measuring set-up would cornprise sequence, At the end of the ml:asurement the energy 
a Kelvin four terminal bridge with suitable galvanometer stored in the magnetic core or the Transformer is safely 
and a source of DC voltage, example storage type batter- dissipated 18 u silitably rated misti,r network through an 
ies. Thus prgedure, with further refinements including ammeter 

current lim'ting resihters and many precautions, A Rtill in I. iteralure: 
widespread use today. ANSI 857,12.90 - 1973 
Ibe accuracy of measurement is limited by the accuracy NEMA TR 27, 1965 - lg71 
of the bridge on condition that a steady dire,1 ccrrent m IFC Publication 76 - 1071 
observed. Steady current will be achieved from a steady Te„ex Infurmation 15 
DC source and where the imgnitude of the current i' Tettex Application SO6-e ILmited by the resistance omly without any bat.k EM F due 
to the build-up of magnetic flux m the transformer C. Collapse of Transformer Windings 
inding and core. In practice. the Iilne to rea,h steady Power' transformer windlngs should with/md the me- 
state muld be one hour nnd longer. Once,he mea„Iring chonica] forces resuking from a short uircuit on the 
current has „abilised to permit me* Mements, the ener secondary with full voltage on the primary wi™ling. 
gy <tored within the transformer's magnetic circuit could During type testing of power transformers.the 01!apse 
range up to 100 kW-seconds in li,rger transformers. At of a winding k detected by measuring the change li 
the end ofthe test, thi energy must he s,fely dissipated. inductance or the chang, in inducit,e Menace before 
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and after the test. The method to measure inductance plotted on a time scale, the onser of accelerated deterio 
uses a classical Schering Bridge with a sinusoidal power ration can be monitored. 
supply. This method can be used in the field but due to 
the cost is seldom used. 

E. Capacitance and Dissipation Factor Measurements 
An alternative and more practical test to check for the 
collapse of a winding comprises tile measurement of the In the previous two sections we have indicated the im 
inter-winding capautance at mains frequency. Again the portance of monitoring any change, in capacitance and 

an change in capacitanic before and after a shari circuit dissipation factor in insulation system. Portable differ- test 

or heavy through fault would warrant further action. By ential type capacitance and tangen, dek, bridges are 

perfbrmlng capacitance measurements at intervals, the commercially avaijable and excellent results can be ob 

cumulative capiwitance change since new can be tained under laboraiory or workship conditions. Under 

determined conditim of mild electromagnetic and,or electrostatic 
interference, such as in a medium voltage electrical sub- 

Before we proceed in further detail on the practical station, adequate results can still he abtained by taking a 
aspects of capadtanx measurements,[ would like second to set of readinl without moving the connections 
introduce Dissipation Factor also called loss angle or loss to the test object but only reversing the Incoming mains 
factor and even imelimes referred to as insulation .onnection and pow- averaging. 
er factor 

Measurements in close proximitv to a high voltage bus- 
bar passing a high current are subject to severe interfer 
ence due to magnetic and capacitive coupling to the test 

D. Dissipalion Factor circuit. When severe interference 1 experienced, inier 
ference suppresGion techniques have to be applied. An 

In a simplified equivalent electrical circuit, all insulation example would be to build a wire mesh Faraday cage to 
systems can be represented by a leakage resisor in paral- inc•ude the test object, the mea,uring equipment and all 
lel with 1 capacitor. The dissipation factor, usually re- interconnecting leads Alternatively, ifthe interference is 
ferred to by its mathematical origin, as tange,it delta. is constant, the effect of the external interference could be 
equal to the capacitive reactance divided 4 the leakage suppressed electronically within the measuring 
resistance of our equivalent electrical circuit Tangent equipment. 
delta factors range froin below 0,00001 for sulpha hexa 
fluoride gas insulated Fie to 0,2 and higher for badly Suitable measuring equipment for field measurements 
deteriorated transformer oil Because tangent delta IS exist. Th„ self-contained meacuring Ays,em is portable 
dimensionle". 12 allows easy comparison between large and is mainsdriven from a standard 15 A Ag point. The 
and gnall test objects power tran&former can deliver 0-12 kV infmitely variable 

withacontinuous 1(*} mA autrutand includinga limited 
On newly manufactured electrical equipinent. the dissi- overload rating. The capacitance and tangent della 
pation factor of,he insulation isa quick indication of the bridge is a differential derived Schering bridge and is 
prese„ce of free ions in the form of moisture. In particu- available in two basic form<: 
tar we may refer to paper insulaed oil-filled transform- 
ers, paper insulated oil or compound-filted high voltage Firstly, an easy to use hand balance type usig a sensitive 
cables, paper insulated oil-filled condenser type trans- electronic zern indicator. 
former bushings and oil-filled foil type power capacitors. 
Invariably a poor initial tangent delta value can he im Secondly, a fully automatic self-balan(ing type with digi 
proved by hoiling off the excess moisture at high tal read-out of al] me//red parameters. In either case, 
Vacuum4 provision is made to counter the effects of external inter- 

ference in an electronic interference supprission circuit. 
Due to The combined effect• of high operating tempera- 
ture, temperature cycling, absorption of gases, abAorr- Change in capacitance and change ill tangent delta wi,h 
tion of water and high electrical btress, [he insulating oil time is a very practical means of asses•lng the aging of 
and paper gradually lose their inslilatmg properties to the many in.ulation systems. With knowledge of 'he aging 
point wheri electrical breakdown may uccur. process, preventative maintenonce can be performed 

timeallqlv. 
The deferioratien of the insulation system can be moni- 
tored by means of oil samples and having the oil samples A <hort li„ of possible applications can include but is not 
analysed. However, in some cases Q" taking of oil sam- limited to the following· 
ples is impossible, i.e. hermetically seded power trails- 
loreen and power capnors. In the case o f hy:h voltage Individual cans in a bank of power capacitors 
capacitor type transformer bush/gs and high voltage (lil-filed condenser type transformer bushings 
inslrument transformers, the taking ot an oil sample , Oil-filled condenser type wall through buihings 
possible but Ildom done m the field. Oil-filled power transformer!; 

Oil-filled voltage and current instrument 
At the same time, electrical breakdown in an insulation transformers 

System I nornial[y prececied by a graduaj, Qnd followed High voltage· Nwitchgcur 
by a rapid increae of tangent delta. 01 m compound-filled high voltage power cable 

The practical solution requires periodic measurement af In general it is recommended rhat the test voltage for 
the tangent dell of the,/al insulation system o f electri- capacitance and ./gent delta meaqi,rement be the lesser 
call equipment in use, lf the measurement results are of one half of normaI rated voltage or l[) kilovo]L The 

1986 - VME€) TFGNIESE VERIADI RING 89 



actual test vottage mu/ be noted so that future testing 5. Afsluiting 
can he done ar ile same and constant test voltage. 

In die voorafgaande is bie praktiese toetse wat gebru re 
Change in capacitance and change in ungent •Ita with kan word in 'n voorkomende onderhoudsprogra E 

increase in the applied test voltage is also a useful mea- geidentifiseer 
sure of the Eatus of the insulation system of a high 
voltage electric motor or generator. Ag= by repeating Ek wit graag hiermee my dank betuig i ir die geleentheid 
the measurements of capacitance and tangent delta with om oak 'n hydrae te maak by hierdie Elide Tegniese 
increase in the applied test voltage at intervals of time, Vergadering van die VMEO. 
the deterioration of the insulation can be monitored and 
preven'ative mainterlance or replacement programmes 
planned accordingly. 

A THREE PHASE 
F. Gedeeltelike Ontlading LINE SECTIONALISER 
In die laaste plek moet ook verwys word na 'n meet 

tegniek wal gedurende die vervaardiging van elektrie„ 
toerustlng vir kwaliteitsbeheer migewei,d word Hierdie 
tegniek behels die meting van die inleasiteit van gedeel- MR G AUTON: Affiliate 
telike ontlading of ionisasie in die isolasie val 'n lets- 

voorwerp. Die metings word dikwels by een-en-'n-half Yesterda>, in my capacity as Design Con,U]tant to Elo 
maal tot twee-en-'n-half maa] bedryf spanning uitge- trical Moulded Componentb> ] showed you a slide of a 
voer. Hlerdie tegmeke word deurgaalis gebr•lik by die 

new epoxv moulded insulator for use in ftise drop-out fiinle aunvaarding van hoogspan„i,ig en superspanning asqemblies and I spoke of the possible use iii a three 
elektriesekragkabel. Waar aaimarbaarheidsgrense van phase sectionaliser unit. 
hoogstens 5 pice coulomb, of te wel, 5 micro ampere per 
micro-sekonde geld as gevolg van die benodigde sen- All reticulation engineers have to live with the problem 
sitiwiteit van die be//digde toerusting, is dit nodig dat of transient fault damage causing permanent octages and 
die meting van gedeeltelike ontlading op kragkabels this problem has been eased by the use of sectionalisers in 
binne 'n FaradaB hok gedoen word Voorwaar baie kle:i co-ordination with automatic reclosers. 
seine wat die gebruik van uiters gevoelige ineettoerusting 
henndig. 11 is weD known that the benefits of this solution are 

limited by the cost,benefit relation&hip, p/incipally be- 
Gedeekelike ontlading word ook aangewend as 'n aan cause of the high initial Cost of the sectionalisers of the 

vaardingsteets vii hoogspanning instrument transforma- conventional type, which restrict iheir usage to main 
tors en wet vii stroomtransformators en alle elektromag- feeder circuits 
netiese 'panningstransformators Wanneer 'n 
Knlegerbrug tesame met die gedeeltelike o„tladings de- The new development which makes it possible to rethink 
tektor gebruik word, is dir vms moontlik om instrument the economics of sectionaliser application slems from a 
tran,formators Ae gedeetrelike ontlading so•,der die ge new concept of sectionalker element in che form of a link 
bruik van 'n Faraday hok te bepaa]. which can be fitted to a fuse drop-out unit on every 

reasonable sized spur 
Nadat hoog- en superspanning kragkahel ge'installeer is, 
is dit besonder moeilik on die gedeeltelike on,ladings The element, shown on the slide now. is in the form of a 
van die kabel le bepaal Twee redes is voor-die-hand- conducting tube which litA imaa drop-out membly, and 
liggend, naamlik & hoe granning en daarrnee gepaard which also incorporates a toggle linkage somewhnt like 
gaande baie groot blindstroom wat benodig word em 'n the fuse tube unit. 
1*ng kabel te bekragtig, asook die bestommemis om 

Faraday hokke by elke kabel ent aan te bring, Meting op On the outside of the tube is a current tralisfo, m which 
kragkabels in die veld word dus 4,/ in uitsonderlike sense$ the level of the current in the sectionak link and 
gevalle 1.,gevoer. feeds ihi m a prinied circuit intelligence unit mounted 

inside the tuhe. It also provides power to the built-iii 
Tegnieke oni gedeekelikw ontlading van buirem/urse capacitor trip device. 
spanning iransfi,rmaton en oak gekombine/rde stroom 

el 'parming transformators binne in 'n werkende hong- Theoperating proced'ire 'as follows whe,1 a fault deve 
spanning elektrlege substasie te meet m ontwikkel en Inp• on a protected spur· 
word reeds in Ruropa aangewend. In die praktyk word 
tvee spannings transformators vanif hui laagspanning The sectionaliser notes Ihe passage of fault current and 
windings ge[yktydig hekragtig terwy] die hoogspanning record, this in the memory. Th¢ recloser upens and 
terminate van die eenhede aanmekaar ge·koppet word. clo•ex, and if the fauk persists, the ineniory will again 
Die Knlegerhnig melode word deurgaans gebruik im note this fact, and when it recognises that the reelober has 
die teenwoordigheid van agtergrond steurnis te onder cleared the fault for the second tilne, the ,•tionaliber will 
druk waar meet·iensiwiteit van 5 /C in 250 kilovolt automatically open durlng the 'dead-time' - that is, it :s 

substasies reeds herelk is. Tot die beste van my wete an offload device. 
word gedeeltellke minding metings op hoogspanning 
toer,niting in 'n werkende elekiriese substasie nog nie in Many hundreds of thew sectionalisers have been installed 
Suid-Afrika gedoen n ie. in the UK, where the design was originated by the 
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Rmarch Department of the Electricity Council, How- the trip-all-phase shaft. The result of one phase being 
ever, their application is essentially for 11 kV single activated 85 a result of a single phase fault is to coilapse 
phau reticulation and this is not of great advantage to us the toggle of the sectionaliser element of the phase con 
because of the predominance of our three phase cerned, which hlls on a radius and impacts the tripping 
reticulation crank, from which it can be seen that the other two 

phar# will be pushed out of contact to give three phase 
Theproduct for the lowl market mubt therefore have a isolarion. 
three phase opening capability and a price to permit it to 
be used on all significant spur lur cor,nections. To make It is this 
this expected thfat approach to cost of sectionalismg possible, the new design has been based upon the will result in much fuse wider application possibilities drop-out unit as a low cost lae and to this has been on spur 

conne.'ions with an attendant added improvement in the qual- a tripping linkage to co-ordinate the opening ofall ity of the three phases. -pply 

The slide shows a diagram of the linkage, which incorpo 1 hope that you find thistobe of interest - a sectiona- 
rates an insulatedt operating link to connect each phase to liser element is available for pur inspection. 

STANDAARDELEKTRISI- 
TEITSVERORDENINGE: 

TARIEF 

MR AHL FORTMANN : noksburg 

Om hierdie bespreking in te lei k dit nodig om eers die 
•raag te stel wat hiertoe aantelding gegee her 

Aanvanklik het die VerenigIng van Stadiesouriers, 
Streeksgebied, Transvaal, 'n fkrywe aan die Sekretaris 
van dle VMEO gerig> waarin hulle kimmer uirge,preek 
het oor moonthke wanpraktyke wat om Artike! 14 van 
dle Standaardelektrisite/sverordeninge draai 

Artiket 14 5 soos vag 
Herverkoop van elektrisiteit 

14 Wair 'n persoon ekktrisileit deur die road verskaf, 
weer verkoor - 

(a) moet sodanige elektri,iteit, ten opsigre van elke 

koper, deur n submeter gemeet word wat, asook die 
ins:allasie daar//3, deur die raad goedgekeur Mn¥ is; Alvin Fortmani, Aanle[Nes¢ P,endent 

b) is die raad nle Eanspreekl,k vir enlge onjuistheid of 'Resale of ek/ricily 
under gehrek m enige submeter nic,of die raad soda- 
nige submeter of die in5tallaste laarvan goedgekeur 14. Where a perwn res/]& electricity supplied hy the 
het al dan nie; council - 

(c) mag die heffing deur sodanle verkoper gevorder (a) such electricityshal], 1, respect of each purchaser, 
rue die tariel oorskry wat betaalba# bou gewees het he metered through a sub-meter which, and the in- 
mdien die koper 'I verbruiker van die rud was nze; en stallation of which, has been approved by the council; 
d) mag die herverkoopv#,twaardes nle minder gun. (b') the council fhall not be held liable for any inaccu 
•]g vir dle koper wees as die voorwaarde' waamp die racy or other defect in any sub-meter whether or Ijot 
mad self elektrimieit lewe, nie en elke bodanige koper the COun,il has approved such sub-meter or the 1/istal 
16 daarop geregtag om te vereis dat die verkoper hom lation thereofi 
van alle sodanige rekenings, dokilmente en ander in- 
ligling voorsle, wai nndig mag wees or,1 die koper in (c) the charge made by such seller sh,]1 not exceed the 
Maat te 'tel om re bepaa[ 01· die elektriaitsrekenings tariff which would have been payable had the pur 
deur hom ontvang korrek K " cham been a cansumer of the councili aad 
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(d) the conditions of resale sluall not be tm favourable A formula that Boksburg prescribed in its tariff of 
to the purchaser than the terms on which the council charges reads as follows:- 
helf supplies electricity and every such purchier 
shall be entitled to require the seller to furnish him "73) Inrespectofflatsor blods of flatsthe supply 
wilh all such accounts, documents and uther informa- Ahall he metered in bulk and the charges in 
lion as may be necessary to mable the purdaser to term, of sub-item (2) shall be payable. 
a8certain whether the accoints rendered to him for 
electricity supplied are correct." (4)(a) Where the supply of blocks of nats is metered 

in bulk, the owner may sub-meter ea//1 tenant 
Die probeem war geste] was, was dat wanprak,yke, met or wh-consumer separately, b• means of ap- 
die herverkmp van krag deur 'n eienaar aan meer as een proved meter'. 

verbruiker op 'n perseel ofaingrensende perwle en waar 
die Raad die krag aan die gesameimike verbruikers by (b) Where electricity is sold to iI,dividu.1 1,Ill#Ills 

die grootmaal voormen, kan voorkom or sub-consumers. the owner is obliged to 

suh-meter individual tenants 0, sub-consum 
erq separately by means of approved meters Mr President, when one ponders the Nituation it 1, /Vi- and the electricitv so measured and sold, shall dent that where electricity is measured and sold m bulk 
m be gold ar 

by the profit council by a runs of a tw'o-part tariff of maximum 
demand and kW h and this ele,tricity is ,old by the (c] Where electricity supply to indieidual tenants 
consumer ta cub-commets by means of a two-part tariff or sub-consumers is metered and sold, the 
based on maximum demand and kW.h, it is almost inn- following formula shall apply: posihle for him nottosell at a profit when applying the 
councilk promulgated tariff, because of the diversity of Tenant's or sub-consumer's accounl 
demands of the sub-consumers. in Rand = 

What would happen ifhe resold electricity ona basis of a Tenant'% or 511&-consumer's 
kW.h tariff only under the abovementioned conditions of Consumption in kW.h total monthly 
purchafe, i, anyone*5 guess. I suppose the resull here times account in Rand 
would depend on the Council's laid-down kW h tariff 

Total confumption in kW.h 

In Bokshurg the problem was approached in the follow- 
"(1) Ten n/igre van wounstelle af woonstelblokke ing manner :- 

word die toevoer by die gr{,Dtmaat gemeet en 

die gelde ingevolge si,bitem (2) is betaalbaar. 
Firstly, and this is also important, is that the consumer 
receiving electricity in bulk from the Council, may sub- (4)(a) Waar lewering m woonstelle of womiel 
meter each subiong,mer The emphasis here being on blokke hy die graormaar gemeet word, kan die 
Ihe 4'may eienaar die verbruik van elke huurder of onder- 

verbruiker afsonderlik, deur middel van '/ 
In other words Ihe consunrr is *iot obliged to bub-meter goedgekeurde meter, meet. 
his sub-consumers 

* Waar elekirisiteirstoevoer aan individuele 
If he should elect not to sub-meter he may for example h,iurder, af onderverbruikers gemeet el ver 

adius, his renral of the premises ta an amount to cover knop word, mi,er die onderstaande formule toe- 
61 the owner considers to cover his electricity· ae gepas ward· 

Huurder of onderverhruiker se However, [he tariff„rte clearly th# where the Rekening in 
consum 

Rand = 

er elects to r/el[ eleclricity m his suh-consumers, he is 
then obliged to sub-meter by me•ns of approved meters. Hiturder of onderverbruiker This is also in accordance with the conditions stipulated met totate 

se kW.h verbruik maandelik/ in Seclion 14 af the Standard Electricity By-Laws. 
Vermenigvuldig rekening in 

in an Totale kW.h Rand" 
Secondly, attempt to overcome the problem of verhruik 

profit by the cons,imer from his ,uh-conrumers the 
tariff in Boksburg contains a formula pre=rihing the The abave formula thus only uses kW h as a basis of method of re'.le 'f electricity. determining the sub-consumer's accounts and the inaxi 

mum demand elemenl. ;f present in the bulk metering 
11 is of courx clear that where the bulk supply is metered acmuni or in Ihe sub-consumer's account is ignored. in kW h and the suh-consumer, are metered in kW h, 
and furthermore where the lariff has a •ingle k W.h scale, 11 could be argued that this formula is not perfect either 
not a diding •cale and the kW h meters used are correct- and of course thk is 50 Ilowever it does offer a reason- 
ly ser, the problem af prnfil would not arise if the able solution le the prah[em and the bulk consumer dws 
consumer applied the counci 9 lariff m hic. sub- not make „m cent pr<,fit or los&. 
consumers, 

1, has been argued by others that the consumer is entitled 
Of course a major problem arises with the two-part tariff to same ext/ inceme to cover hif expenses he incures in 
of maximum demand and kW.h sub-metering his sub-consumers 
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11, this may be the I would just liketo mentionthat case. ven re.ntlyat thefint 
meeting I went to of the Electricity Control Board, they 

the consumer in receive reimbursement for his were looking at this particular clause because with the 
troubles, there is nothing to stop him adding a fee to the f][ing away of the Provinces, 6 is now goii'g to be 
account to cover thi contingenc, and I propose that this taken up M the Electricity AU, the Amended Acc and 
in fact „ the best solution, iheir proposal was that you work oul t}ke average cost of 

your power. You then add 13% to it and you charge that 
11 would be interesring to hear from other engineers in and I said Ws completely unworkablu in a place like 
the audience how they approach this problem and also if Johannesburg and I appealed to the/ to adopt tile pro- 
they agreethar what Boksburg is doing is 1 kir approach. vincial By-Laws thai have beeIi quoted liere. 

Thank you Air President. 
DR N BOTHA: Bloemfontein 

Meneer die President, eerstens wil ek ninr Fortmann 
ge 11'kwens met sy helder denke. Usal dus kan allei dat ek 
ook daarteen gekint 15 dat enige ver bruiker wat toege],lat 

DISCUSSIONS - BESPREKINGS word om elektri•iteit re herverkoop moontlik in 'r, posi 
sie geplaas word waar hy onbehoorlike winste kan neem 

U sal daarop let dat ek praat van or,behoortike winsne 
ming. Ons moet daarop let, dat die wins sou afhang in die 

MR W BARNARD : Johannesburg onderskeie tariewe. Daar sou gese kon word dat die 
tariewe behoort sodanig te wees sodat onbehoortike 

Mr Preside,]t, I don't think Mr Fortmann is surprised " win-e.ing onmoontlik is. Hiermee stem ek egter nie 

me responding to his paper because he and I have argiled saam nie - elektrisileitstariewe is 'n beleid d. Indien 
this point for a number of years 'r, plaaslike owerheid byvoorbeeld groot niaatverbruikers 

rehlief gesproke rot kleinverbruiker wil begunstig - 
The first problem, I think. E the use of the word "wan- dan is dit sodanige raad fe prerogatief. 
praktyke" As I under/and it, it means '·irregular prac- 

tices". Quite candidly ] think that the Institute of Trea- Mnr die Preddent, ek gla dat slegs 'n gemagtigde elekni- 
mirers has this thing completely wrong. We have got to siteitwoorsiener geregtig is op winsneming. Ek onder- 
look / the objective nf metering and „]h-metering Iris Ateun dus die voorstelle van mni· Fortmann 
my contention dat ons moet seker maak dat die sub- 

verbruiker nie uitgebuit word nie. 

MNR J. G. BRUMMER : Stellenbosch 
The sub-consumer muM purchase his electricity at the 

gme price that he wauld pay if he go, ir direct from the Mnr die President, die relatiewe groot onser van 

local authority and in fact it is in terms of that that this hmirdeis mn woonstelle veroorsaak heelwat administ, 
ordhance, whi/b Boksburg is contravening all the time riewe problerne en plaashke owerhede is deete meer 
was promulgated hays rhai ymi may nor charge a sub- genelg om grootinaat ineteriug aan 'nstelgebou• t: 
consumer inore than he would F the 14 authority verikaf. Dit hee egrer tor gevolg dat groot getalle vcr- 

Now I Gan't see how that k unfair and whether he makes hmikers van elektrisileit aan die gen/de van woon/el- 
a profit out ofil or 3 10/ 15 not our cincern. etenaars of hulle agente 111[gelewer word. 

Theothtr thing is thai it k the only my that you can tell Restaande wergewing bied in die meeste gevalle min of 
the sub-,unsumers on what bais they will be charged h geen beskerming aan sub-verbruikers van elektrisiteit 
is the only way that yoli can monitor the resale of nie Aangesien sub-verbruike„ lan, waarskynlik die 
electri,wity. lt'sthe only wat- you con protecz yolir q,b groot,re geral elektrisireits;'erbruikers ver(eenwoordg 
consumers. Tht; ordillance also makes provision for the voel ek dat, in ktang van regverdlheid en om aan die 
main bulk purchaser from the local authority to read the gees van die Elektrisiteitswet te voldoeri, ulle plaaslike 
meten, to le[ his sub-con<,Imer see how many units he owerhede iets op die volgend, rigly ne in hulle elektrisi 
h„ used. In fact to give him access o the merer itself so tervordering behoort / te voeg nt. 
that he In check the carli.emption. He can Ret rhe rate 

or tariff from the local authority and he can check that he Waar 'n verbruiker elektrisite/ wat deur die Raad ver 

is being charged that rate skaf word, weer verkoop vir gcbruik op dieselfde perGeel 
.1 

Now where I think MI· For Imann has over-,implified the 

whole problem 8 thal he is in fact wanling tr give the (a) die herverkoop underhewig wees aan 'n ooreenkoms 
bulk consumer the right to charge anything he likes for lussen verbruiker en sub-verbruiker, tensy die Raad 
his electricity in borne guise or other. Now he •8 ..upply se tariel anders hepaal; 
mg an essenhal surwee and he has the manopolY in (b) s„danige elektrisiteit, ten opsigre van elke koper, 
suppting that and you're telling him he can add to the deur 'n submeter gemeet moe[ word wai, asock die 
accoun, anv amount he likes amd that 13 the thlng we're installasie daarvall. deur dic Raad goedgekeur is en 

trying To avoid in Johanniburg. We've got· 1 would say. voldoen aan die vereistes van BS. 5685(1979), soos 

tens of thoufands of flats and for us to try to monitor that gewyqig. Dairhenewens nioet alle submiet// geroets 
on the basis ofa comp/ex formula of this sort, • think is en insta„d gehou word Volgen. die vereig„ neergel, 
quite out of the question. deur SARS Gebruikbkide 01(1953), 6/1, ge//ig 
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(c) die Raad nie aanspreeklikheid vir enige oni/istheid MR D FRASER: Durban 
of ander gebrek in emge sub-meter aanvaar nie, of 
die Raad sodanige sub-meter of die installasie daar Mr President, it's M always th,t I agree with my friend, 
van goedgekeur het at dan nie; Wesset Barn*d, but in this instance I mutin't agree with 

him more. 

(d) die heffing dew sodanige verkoper gevorder iile die 
tarief mag oorskry wat betaalbaar sou gewees hel Mr President our milin concern surelv is that the sub- 
indien die koper 'n direkte verbruiker van die Raad consumers are not disadvantaged in relation to the 
was mei en directly metered consumers of the Council and I don't 

know why we're being sigh purists in insibtmg that the 
(e) die herverkoopvoorwaardes nie minder .instig vir bulk metered consumershouldn't make a profit when we 

die kerler mag wee• 2 die vonrwaardes waarop die make such handsoine profits on the r¢sale of Escom 
Raad self elektridieit lewer nie. electricity. 

Dit is belangrik dat ons die beginsel aanvaar dat dit nie Another problem tlmt I can for™ec is a sorl of burner- 
verkeerd lS vir die eienaar/verbriker om 'n 'fwirls" te ang effect with Al Fortmam s proposal in thaL Lhe sub- 
maak met die herverknop van elektrisiteit vir gebruik metered op con=. could well be paying less 'han the 
dieselfde perseel Die. mits hy hom hou aa,1 die reels directly metered soos consumen and you're going to have a 

uireengesit wont hy het ook uitgawes in verband met die whole 'tack of disgruntled dmaty metered consumers. 

ver,kaffing, insidhouding en les van sub-meters 

In Stellenbosch word woonsteleienaars die keuse gelaa, of 
hulle elektrisiteit IiI aankoop teen die grootmaat- (be MR F VAN DER BTLDE: Cape Town 
Kighelds-) tarief of teen 'n hu•shoudelike tarief wat van 

toepassing is op wooneenhede. In eersgencemde geval Mr Preddent, I'm a privatisation man - I ask the 
kan die lienaar '. wins of verlies toon ria gelang van quegtion "whv do we need regulations?" 1 think this bill 
ommndighede, terwy[ dir in laasgenoemde geva[ net'n Ihal is coming forward should be opposed quite strongly. 
"break even" kan wees. as meter onjuisthede buite re- 

kening gelm word. First ofa]1. I would remind you, Sir, that the profits that 
a private man makes in a city pays for his salary, so if you 
make profts from thesale ofelectricity,or your consum- 

MNR P. ROTES, Roodepoort er make, profits, he pays that in terms of taxation in one 
formor another which ulbately pays your salary . aly 

Mnr die Pre5ident, Kan ek op 'n punt van orde u rlet caRe If you have no-One nlaki„g profits irl ).ur city, you 

miskieninligting verska f war il en i] Uitvoerende Raads- wouldn't have a city in the first place. 
lede more moet Dor behlit. Dit is 41 nuwe konsep 
elektrisiteitswet, en daarin staan baie duidelik die kwes My ha,ic q.estion ,& "why are you worried about 
sie van verkope. Niemand whether a Ms,imer is mag aan wie elektrisiteit disadvantaged or not?" 1 don't op n 

perwl gelewer word daardie elektrisiteit think aan iemand one can read Mr Formia,„1 paper in isolation 
anders op daardie pmeel herverknor teen 'n from his other paper which, I presunie, he's prys going to per 
kilowatt,uur. wat indien die hoeveelheid elektrisiteit read wat m us next where he says quite clearly, and I hope I 
hy herverkoop deur 'n geskikre meter geregistreer word can quote you for something you haven't sak yet. Mr 
meer is as die gemiddelde prys per kilowatt uur wat die President, he q/"At the outset. I wish to stress that ] 
persoon wat die elektrisi,eit herverkoop daa,voor bernal am srrangly in favour of a system of bulk metering." Mr 
her plu: 'n kommissie van 1% nie Fortmann then goes onto list a whole lot of reasons why 

he, „ a municipal Reller of electricity, does n'I want to 

gh-meter tenants. He doesn't want to have to get his 
Is lemand wat elektrisiteit aldus herverkoop verplig om meter readen to climb up /airs, he doesrl'r want to have 
4 versoek er, op kn!;te van die persoon ,an wie die to •end meter readers out, he does,i•t WaIlt to have to pay 
elektrisiteit herverkoop word 'n geskikte meter te far them, he diang want to have to pay for sub-main 
installeer? cables and 60 on He wants the owner of that block of 

flaM or rhar development to pay for it but he doesn't 
wanda t< make a profit to pay for 811 those Dan die volgende ene, word die gemiddelde prys bedoel things 
which he doesn't wanttohave to bearme cost in ofanyway /ragraaf (a) bereken deur die toMMie hedrag van die 

rekening vir elektrisiteir gelewer aan (lie persoon wat dit Mr Presidem. laissez-faire' If a person wi&hes to make 1 
herverkoop te dee] deur die aantal kilowarmiur op die profit, let him make a profil. ]f a tenint doe;n't wish to 
rekening aangeloon? M in his bullding he Can go m anollier building and thi, 

is where I disagree with Wessel He said the chap has u 

Dit is alles in die nuwe konsep elektrisiteitswer monopoly I don'rthinkhehas, monopoly. No owner of 
a flat building has a monopoly. If a <hap charges too 
much rental or he charges too much for his electricity or 

Ek het gewonder tne ek nou 50 begin Fiat of u ooit his water or his cleaning affairs or whatever it is, and he 
kennis geneem het van wai in hierdie konser elektrisi- dnesn'[ like it, he can go to another building, so I believu 
teitswet man Ek dink hier 15 verregaande punte. Hie, that we must leave well alone and the simplest way, wid 
die is maar'n gedeelte van groot probleme in die elektri I've found this in practic, is to advise my client when he 
siteitswet. Ek 80,1 dir net onder u aandig bring van wai is a hulk cansumer and has sub-tenants merely to use the 
hierin is en walt ar,9 mor die deur staan tariff, that Council has In other words he'• buying at • 
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bulk rate - he might be buying at HV rate -- and he Now the problem here with me•silring maximum de- 
sells / at an Lv rate d he hag a demand tariff or W he mand on 1]]e main meter is where there will bea problem 
merely tms a unli tarlffhesellsit tohimai the consumer and if yon have a complex of factories or businesses or 
becallie where Mr Fortmann's formula t'alls down is even a block of flar, for which you're measuring maxi- 
when you have mixed tenants, 4. in u 'llopplng centre mum demand and kilowatt/hours because to you a& a 

where you m Ight have your •nchor 'llup being a large local authority thar consumer is say a consumer which 
Plck 'n Pay wha themselves have n bulk meter and a falls in that category, over 100 kVA in the case of 

number of tiny little shops who would just merely have Boksburg, but each individual consumer might be a 

an ordiI,ary kilowatt,'hour meter and then Your formula consumer of leR, than 100 kVA and the tariff applicahle 
dnesn't apply and then you don't ellcourage you people then to consumers less 100 kVA 5 a straight kilowatt, 
to do so. So I'm verv much in favour of having a few heur tariff, which in Boksburg's case is quite a high 
checks and balances, namely thul ille tenant is able to tariff The kilow/bhour charge is a straight flat rate - 
have his meter zed in the same way he I able to have a so many cents per kilowattlhour is quite a high tariff. So 
municlpal meter t/ted and le[ the developer pay whar he what would happen now 1 6 if you told them you 

wants to and beware if he loses tenants as a result. apply the tariff Boksburg has, the local authority has, w 
would charge the man maximum demand and 

kilowatz/hours so he would pay on the RXXX, He would 
MNR E de C PRETORIUS: Potcherstroom have to recoup from 10 or 20 sub-consumers at a tariff 

completely different to the maximum demand and 
Wat is daarmee verkeerd as 'I] persoon wat elektrisiteit kilowatt/hou, charge, he would now have to apply the 
herverkoop, 'n wins maak solink hy, wat Transvaal straight kilowatt/hour tariff kcause his :onsuum is lebs 
betref, voldeen aan Arrikel 14(c) van die tban 100 kyA. Socan youseeif you do that, there could 
Standuardelektrisiteitsverordeninge? be a handsome profit for this consumer and il would be 

quile unwittingly done That'& why we saw fit to have a 
Wat my bekommer, is dat die moontlikheld bestaan, farmula there which prescribes that you apply this for- 
veral onder lae [asfuktoroms,andighede. dat 'n perseon mula and you ignore the maximum demand, if there 
wat el,ktrisiteit herverkoop en streng voldoen aan Arti would bea maximum demand of any sub-consumer or 
kel 14(c),'n verlies kan ly suh-consumers. 

Bit a my oortuigde mening dat 'n persoon wat elektribi If there's a Pick'n Pay coinplex, ·u #lge Khopping com- 
Telt herverkoop dit behoort te mag dien teen 'n tarief plex which is owned by one person, and in that complex 
war hom behaag of pas. Hoekommoet hyman bandegele is i Pick 'n Pay ,hop which is probahly drawing 1 500 
word? Fvkom maak in,mers geen heswaar 1 plaastike kVA and there are smaller shops each drawing 50 kVA, 
owerhede profyt maak or elekirigiteit wat tillie herver- hut we meter that complex in bulk, Eay 2 000 kVA, We 
koop nie. Die veroid"'inge belioort die:nuorinkumstig would prescribe then that ihe money recouped by the 
gewydg te word. owner must be on a formula basis =g straight units, 

kilowattihours. and ig,joring any maximum demand, 
War Boksburg betref, is ek van menuig dat sy submeter granted this is not perfea either and the load factor of, 
tariefbep'ling ultra vires Artike] 14(c) van die betrokke let'q say, the Pick 'n Pay consumeI, the large consumer, 
verordeninge ]R. would affect the me quite drastically. It.ould. So you 

share out the account in Raids proportionately to the 
AiR A FORTMANN : nok.*rg unit€ 1]sed of each one, Dicluding the Pick 'il Pay 

kilowatt•hours element and you igljore the maximum 
Mir pretorius, ek ,•'11 net se die Administrateur van die demand ele,nent. The rubult ix that the owner would 
Transvaal mag natutirlik revrede wees dat dit nie ultra receive every cenl that he's paid out to The local author- 
aires w„ nie Ily het dit goed gedink om goed te keur. ity. The balance would nol be perfect to the •wh-con- 
Die tarief is denr die Adminiscrateur gnedgekeur. sumers b,it we've had no problem and we've been apply- 

ing this in 
nk Boksburg for quite a number of years and 

president, k seems to me that Z rhik one could withitit any hassles. 
ISCUS& this item until the cows come home and you 

4 Mr on't ea&ily find 1 solution. President. I [hink that'sail [ would like tosayat this 
point in time an>way. 

Just a few /ints. It seem to me what Councillor van der 
VeIde gald. and someone supported hhn, Mr Pretorius, MNR J LOURIER : PRESIDENT 
about why 1•glblit, at 311, mlght be a better 5:olution. 
Now I ihink this problem arose in a town which f shall Yriende• uns het M grappies hieroor gehad maar diJ 
keep n/meless p here someone read meters on behalf of probleem is einrlik redelik ernstig. sus ninr Boter. vir 
the main cor,sumer and the main consumer also had ons g/Ke het, is daar al 'n a konsepwet wat eng moet 

complex of factories und he read all the sub- metent andl bespreek. Iemand inoe, he,luit he[ dat iets gedoen nioet 
the inain meter and he charged the tenants the tariff the word m hierdle wak. On• ingenic:m hier onder mekaar 
Council mild charge The result is that he made quite kon nie tut 'n a beslissing kom ni,·en dis h<,ekomiemand 
hlinds/ne prnfil and the person roncerned m known to anders 11 fo ver gegaun het om 'n kemp op te stel. 
quite a few of our members also which I shall also keep Dle Tesouriers het hierdie saak na ons verwys vir kom- nameless. and Ihey resold Ihis electricity 60 the sub- 
con,umers. The mentaar en M het nie vir hulle end antwoord re,uk gegee nie. was thai the main purchaser, 
the owner ofthe complex, who also Fiad a factory there, Dle volgende ding wai gaan gebeur ls dat hune gaan met 
he got his electricity free, as it were, and there wa& still hulleeie oplossing vorendag kom, so ons moet dit redelik 
change and this 1 What the TreasureIG objected to. ernstig bespreek op die Ultvoerend, Raadsvergadering. 
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BEWAAR ONS OLIE! 
Die Republiek van Suid-Afrika hot die huip van u industrie 

nodig virdieterugwinning van 'n strategiese bron. Olie! 

Chemico, die grootste herrafineerder kan 
in hierdie behoefte voorsien. 

U, die industrialis kan Suid-Afrika en uself miljoene Rande 
bespaar deur u gebruikte smeerolie te laat herraffineer. 

Tplefnon R/ndlo]11762248] Durban [031]482341 

Port I li.·ah/h [041] 41 214fi Kilapstad (02 1) 55269 3 Oas-Lon den 0431] 20770 

Br,tourons land sc blame 

CHEMICO 
Conserve Ilie resources of,•ur kind 

CONSERVE OUR OIL! 
The Republic of South Africa needs the help of your industry 

for the recovery of a strategic resource. Oil! 

Chentico, the largest re-refiner, 
serves this function. 

You, the industrialist can save South Africa and yourself millions 
of Rand hy having your used lubricating oil re-refined, 

le!,phone R.ind (011) 762 2481 Di,rh,in ((111)48 29-41 

For, 1 .Ii/.11,0[h %141 3 4 9440 K.i ap,li,•1/Cape i wn (021) 9111 546(] & Liriller: F :i%11 011<lin U)43]) 2(1770 
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QUALITY MANAGEMENT NON-STANDARD ESCOM 
AND SABS 0157 SUPPLY VOLTAGES 

MR J TOMS : SABS MR W RATTEY : Stand 

Met of t],e delegates prwent will be buyers of Cupital This di•,uniurl mly, in the light of the findings of the De 
equipmen, for which they will thereafter be responsible Villiers Comn,is•ion of Enquir> regarding standard fre- 
T,ong and reliable servke i,1 complial•• with specifica- que]*Dies andvoltages, appear to be glirerfl),01,9, but at 
tion is what you will expect Quality management during tile time this schect was first placed on our agenda, it 
manufacture ls Ihe key to such servire. 11 ensures that the m of real concern. Aeverthele„ Ir may now serve to 
wrrect materiak am procesed and memhled in accor- strengthen the hand ofihoce pursuing [he mabliqhment 
dance with design. of a form of control over voltages of Rupply. 

The cause for mp concern ar the time arose from the 
SARS 0157 6 a cade of practice for qualitY managernenr following chain 'f events 
system' which provides / definitive iet of requirements 
for a practical quallty management system It addrwes In 1959 when Strand and Somerser West Municipalities 
about 20 key stages in the planning, manufacture ind were obliged to uprate their 3,3 k V primary suppliej, 
taitingofs product Con,pliancenithit,principle.bene- Escom, who / the time had jacked up [he gundary 
fits purchaber a„d manufacturer, The pur,haser because voltaga nftheir 66'11/6,6 kV dual voltage transformers 
he is assured that the rlght material have been put in order to provide an acceptable qupply voltage to tlrii 
together in the arrect manner and the manufacturer *ural consumers, persuaded the m unicipalities to accept a 
because he is not turning out defect,ve products. supply at 11 500 volts. Since rhat time more than 200 

distribution tran,former, wound for this voltage have 
been installed by The two municipali,ies 

The SABS Standardisation mark means: 
When the agreement with Escom w:1% ,object to renewal 
in 1974, the voltage wa& again ralid, thls tune to 11,8 

1) That the product camplies with the relevant Standard kV. 
specificatian; and 

Although beth municipalities •uppor[ the principle of 
2) Thai [he macilfacurer operate, an assessed qi„lity national standardisation. they have been obliged to de- 
management symern in accordance with SANS 0157 For velop a non-standard undertaking. 
those manufacturerit who produce cnmmodities falling As a result i,f the installalion of 66,11 kV tran,former ouride the m/ of a standard specification, the SARS sihiratiens, rhe municip,litieq now have control of the 11 will asse„their qualicy management system far compli 

kV supply to their nelwnrks ance w kh SARS OI 57. Tf wishclory, his name wili ap 
pear „ the SARS list of manufacurers of asisid '1'he decidan nmi m he addreised is whether to conrinile 
capability. With anon-faildard.yitem aperatingon 11 5(*) volt„„ 

to rever[ to the standard volls/e and ser /1 the exi•ting 
tran lormen . the -5% .pring, in which (ase no allow- in 1ddition the SABS provides quality awareness pro- ance will be available to c,impensate for voltage drop on gra„,nies for inanagemert and shop nuor perbonnel the 11 kV kinem 

These [irograI,lines explain the prnciple< of SABS 0157, 
its financial ber,efit, and its applicanon on the shop floor. In either case, an imperfea xystem will re,ult and 1 

would fully apport anv move to impok on E,com u 
governing body whose reSP"'bility " would b. t/ en- Documentation 04 thus topic M available fram ine, and ] sure that an agreernent drafted by the supplier was made 

urge you to becume quality conscion• and to bu, on], in terms of a nationally accepted volt,ge And that the those giwids u'llieh have bmi manufactured wlth the term "nominal voltage" be digllowed. 
upplication of SABS 0157. 

Earlier in the proiedings of this convention, our past 
President made mention of a take-over bid by Escom in 
the form of their extensive represent,tlon to this conven- 
tion It is therefore wi[h trepidation a,id trembling thal l 
proceed 
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Any chief executive of a large company will understand 
tr.e enormous complex ly cf co ord,nat ng 60 000 
employees and an annua turnover of nearly RS 000 
mdlion Inaddition. acornis over 60 years old andis the 
soie suppler of 94 percent of South Africa's electricity. 
It'; a skation that could invite complacency /d 
bureaucracy 

Aware of these problems, Escom's management has 
la,nched the most dramatic rest uctunng programme 
ever undertaken by a maior South African company. 
Itinvolves the optimum use of human ene My by 
creating an atmosphere of enthusiasm, commitment 
and Gedicanon amongst employees at all levels 
By encouraMing employees to voice theirideas of now 
improvements can be made within tle r own depart- 
menb, combined with widespread irdiatives by manage 
rient: dynamic solutions are be ng generated on coM 
saving beler ser.'ice to custopners and general 
eMciency 

From this programme, dis expected that mm,ons of Rand 
can be saved each year, which will be translated into 
lower tar,f ,nc'eases A ready electric,ty from Escom 6 
amorgthecheapestin the woild- despite rhe di'flcult·es 
expenenced ir generating and distributing electricit, 
throughol It a country as vast as South Af rica 

Bul we're not using the rest of Ille world ama cr terion 
Our concern ,5 the rolowchave to play Ir theeconomic 
advancement o' Soutr Africa. We are ,ntiniately involved 
in the well-being of t•e public, of industry and agricul- 
ture and in preser.ing ouriatural resources and the 
environme-t This means that our efficiency affects not 
only our credibility with customers anc investors, but also 
the futu re 01 our co u rti and it: pe ople, 

And thatis why human energy from management, 
and throughout thei entire organisation - has become as 
important to us as the energy we sell 

.491/ 
All our energy foryou. 

(•Y PHIL..INTON M INDiL ' RLAKE 79®3 
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IEC PLUG AND SOCKET 
COMMITTEE 

MNR 1 1.OURSER : PRESIDENT 

lIen van die verdere items wat bexpreking vereis is EC23 
Internamanale Stopkontakle en Sokket kommittee. 
Gentlemen. this Camm/tee, the South African Commit- 
tee, has completed irs /h and we have finally reached an 
international •andard However, it does seem to me that 
most of the Countr# although this international stan- 
dard has heen reached, are inot going to that international 
standard plug and Sacket. I kilow we have some affiliates 
who differ with ine 01] this gubiect. I hav'e a personal] 
view about this but I also appreciated their views If 
somebody feels Ilke getting up * saying something. 
from the affiliates. please 

MR J TOMS : SABS 

Mr President, I succeeded Mr Giant on the Internutiona] 
IliC PIng and Socket Comn•itte, d as Mr Loubser haN 
juir informed us, the publication is in preparation as 1 
speak and it will appear in April and it will contain 
details of an international plug and socket 5ystems fur 
250 V 16 ampsystems Personall, 1 regret thal wh* Mr 
louhger says is quite true and that a decision has been 
taken ihar Snuth Africa 15 a country w'ill not adopt the 
international system buit reniam with the ex„ling „,tem 
and 1 can well understand the· commerci,1 and logistic 
reasan, for daing Ihis but I would give a persulial opinion Li.•1 
that 1 Ihink & course Of Uition m the long term j 
wrnng and I think that the third world Lountries will, m 
the fullness of time, adopt the intirriational Systern and 
ihe evidence I have for this 1, from the· delegites who . 

attend IEC from the third world countri:, so ] do feel 
that in twentv years' time we shall see a wideipread 
adoption af the worldwide plug and socket system which 
is currentlv being publi•hed. Obvioubly a Jeri:,Ion to • 
adopt something like this has to be nillde 0,1 a national 
baqis and obviau.ly countries which have no sybt:m £ 
[he moment will he attracted to it because of its stabilisa 
tion and the interchangeability across border, chat it will r.=--- 
aff,"d. 

MR J LOUBSER : PRESIDENT 
.... 

My view about this is thal with nur pre,ent plugs mid Street Lighting Products wkets, the Rize, the phy.lical slie 01 rhece things, 1 how 
no abjectlons :,hout cirrent Larrying „pacity or 4./hIng High efficient skeet lighbng range designed 10 meet 
like that. hui the phy,ical <ize of these thIngS makes them ligh#ng requirements as laid down by SAAS 098. 
a bit impractical for The new innovative wiring system.. Highly emc,ent computer des gned renector systems 
I'm not sure thal Mr 'rom, was correct in *aying thal it achieve outsMn d ing spacing to mounting feight ratio. 
han'I heen accepted What wh decided is that the job Fibreglass lighting pole for ease 01 inslallalion. main· 
ha, heen c,impleted, in other words, we agreed to the *nance·freeand attracti. appearance. 
standard <recification I dont think the decision has ever 
been made not m go to the intern,tional standard. At- 
though the manurecturers offered to start on the design *!c anG m3•laclled N 

of a sm/Her plug and woket which could be housed in a 11.1.- smaller bax, it w,11 therefore be more adaptable to the • {Fnl LTD. 
innovanve wir,nA Myqterni. =FAFOAD OLfA•EN PO 80* 124 

./F0NSN168&1EPH0NEIN61 1352 'B'·20%25* 

At thA " /age il's only mformation. .H...MERS.F.....POU.LU//IRES 
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wilh individual metering because consumers in this case 

BULK 
will be 

VS INDIVIDUAL more autious in its use, a& they are more directly 
affected by the payment of account&. 

METERING IN Of course, on a bulk meter scheme, the .onsumers will 
MULTI-FAMILY Mill heliable for the cost of energy usage - whether this 

energy is measured through sub-meters by the owner of 
DWELLING UNITS the building or included as part of the monthly rental - 

bur in th„ latter instance, this will affect them indirectly. 

Mir die President. graig stel ek die vraag of die bespa- 
MR AHL FORT.MANN : Boksburg ring of onoordeelkundige gebruik van energie die be- 

langrikste faktore is war met grootmaatmeet oorweeg 
Mr President. bufore commenting on this subject, I moer ward 
would first like to read the question on this subject. 

"The American Society of Heating, Refrigeration Hierdie is maar net een sy van die 9aak. 
and Air-condi,ioning Engineers found that energy 
savings as high as 35% can be achieved by switch- Ek glo dat in meer gematigde klimaaistoestande, soos 

ing from muster 'bulk) to individual metering in wat in Suid-Afrika voorkom, die -'be&parii'g" van eaer 
multi-family dwelling units. Since banning master gle waarskyntik minder merkbaar sal wees en 'a geringe 
(bulk) metering in 1978, Seattle estimates it has bydrae sal lewer tot die oorweging of kragverbrulk ill 
saved 30%, or 600 000 kW.h mnually in the 40(1 grootmaa- of by wyse van individuele meters gemeet 
apartments affected. moet word. 

What are the views of AMIEE memben in thig Die voordele verbonde aan die gronin„Meet van elek 
regard as far as the South Aftican practice of bi,lk iriese krng, is talryk, waarvan die volgende sommige 
metering for large blocks of Aars is concerned?" Bitmaak 

"Die Ametikcanse Genoorskap van Verwarmings, 1 Vir die stadsraad is daar 'n regstreekse besparingvan 
Verkoeling5 en Lugversorgings Ingenieurs het he- arbeid en geld, deurdatdaar net een meter gekoop, 
vind dat energie besparings rot 35% bereik kan getoers, geincalleer en instandgehou hoef te word. 
word a• van grootmaat na individuele metering van 
woonstel wooneenhede oorgeskakel word. Seattle 2. Dit is nie nodig om'n groot voorraad meters en 

hetbevinddat sedertoorskakelingin 1978, 30%of stroombrekers te hou nie en die roetine toetse van 

600 000 KWh jaarliks op 400 wooneenhede bespaar mem word tot 'n minimum beperk, omdat daar 
-4. nou net eenmeter, in plaas van die talle, wat ander- 

sin& in 'n woonstelgebou benodig 5011 word, deur die 
Wat is die siensw•e vin VMED-lede oor die Suid- stadvaad aangebring is. 
Afrikaanse gebruik van grootmaat-metering val 

groor w.instelgeboue? 3. Vir die meler[egrs is dir net een meter, in pl.s 
van talle meters, om te lees. Dit is dus net nodig om 

At the outset I wish to stress thai I am strongly in favour na een punt toe re gin om die meter te lees, teenoor 
of the system af bulk metering. die talle meters war Rewoonlik in groepe op elke 

vloer van 'n wa(•*lgebe' Mangebring 1. 

Having had first-hand experience in the implementation 
of bulk metering in Boksburg durig 1970 - not mly in Bykomend hiertoe, word minder tyd beslee inet die 
blocks of flats, but also in commercial buildings and or- en afklirn van trappe, dle oop- en toesluit van 

offices, 1 would like to contribute m ihis discusion. meterkate. sowel a n vermindering in boekin- 
skrywing,5 enE. 

Let us accept the findings of the Amerioan Society of 
Heating. Refrigeration id Air-conditioning Engineers, 4. Wat rekeninge betref, i, dit nodig orn riet eun kori- 
which found that savings were achieved hy switching to trak vir 'n woo=[gebou te voltooi, in phas van 
individual metering in I/Ulti-family dwelling units in talle vir dieselfde gebou. 
Seattle, USA, with a "high" estimate saving of 30% 

Net een deposi,0 moer beheer word en net een 

I have not had the privilege of visiting Seattle, but Seattle rekening word uitgemaak 
is a city approximately on latitude 480 norih - Cape 
Town lies approximately on latitude 34° south -so one Ilierdie benadering dra daartoe b> dat daar '„ alge 
can expect the climate in Seattle to be pretty cold. mene besparing is in meterlesings, buL·klmkryW1•, 

rekenaarwerk, rekeninge, posseels, metern„rlie, re- 
My daughter's school atlas shows thar the lowest tem- keningnavrae, innirdering van rekeninge en dies 

perature for Scaltle reaches about -15 Celsins dilring the meer 

m/h of January 
5. Wir individuile meters in woonsteigehni,e gel'nstal 

Climatic conditions must obviously affect the use of elec leer was, was daar altyd probleme I•ket st:gte skuld, 
trlcity: with extreme temperature conditions. either very ongemagtige aanskakeling van krag ria a G]uiting „r 
cold on the 0[le hand, or v/ry hot and humid on the other wanhetaling van rekeninge, peuter aan meters. die 
hand, probably havig a more Inarked effect on the use hreek van munisipale 5/els aan die meters, die uit- 
of electricity and a greater result'nt saving in energy klink van die stadsraad se stroombrekers weens ver. 
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bruikersfoute wat dan dikwelsna-uredew dienood for the Council to consider each tenant ina building 
diens elektrisien aangeskakel moet word, wat as an individual consumer with a separately me- 

arbeids- en vervoerkoste meebring. tered supply, it has now become necessary to give 
one supplv to each building to overcome the teehni 

6. Wat die bedrading in 'r, woonstelgebou betref, ver- cal difficulties and the expense of long subservice 
oorsaak die grantmairmeet imn krag 'n baie makliker connections from a common meter room to each 

en goedkoper manier van bedrading sender lang en fiat." 
ditur geleidings van die aansluitingspunt na elke 
w,*bnstel. Mnr die President, ten laaste wit ek net s@ dat dit 

moeilik i, - byna onmoantlik - om die besparing 
Ek haal graig '11 uittreksel uit die deslydse Elektro in kostes the kwantifiseer, maar ek meen dat die feite 
tegnieg Stadsingenieur van Kaapiad se jaarverslag, wat ek hierbo genoem het, ondubbelsinnig bewys 
sons dk in die April 1971 uitgawe van die "SA lewer dat besparings mer die toepassing van groot- 
Electrical Review" verskyn het, aan. Dit lui so maatmeet van elektriese kragverbruik, aansiealik is 

en na my beskeie mening die moon,like besparing 
"The trend towards larger and taller blocks of Ilats in energie ver te bowe gaa,1. 
presented a problem insofar as the merering of the 
supplies is concerned Whereas ir had been practice Dankie Mnr die President. 
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Ind,pind- 01 Ihe melhod 01 eorthi•u nduwed, m I; recommended I- e,en 0-dln,me¢od• -1 leval, wor,1, Door *ord nenbe,-1 dol ,al», wo-*r· 
-1, 1-1 -dir prolaclian • ent,ID,d, 0 =hle tap•hi• ul g-•u Ihe ..0 to-Darbe•elidging g..lk -r,10 'n 'bal - d. -0,:kmllke lout,1,©om 
pfasp•¢•a 1- Cunenl lof 111 h• in»mll. 1 ..... lonk In dro. ...... word. 
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Dan, mr die President, '11 besigheidsman wat nie 
vir homself kn sorg nie behoort nie in besigheid te 

DISCUSSIONS - BESPREKINGS wees nie en as daardie eienaar dan 'n prof>t het,dan 
is dit sy eie saak. 

MR F VAN DER VELDE : Cape Town 

MNR P BOTES : Ruodepoort Mr President, I agree completely with Mr Fort- 
mann. 1 mean why go toall the trouble with climb- 

Meneer die President, ons het at heelwat iare wat ans ing Hairs, to at] the troubles that he listed, but, Mr 
nou meters wat ili huishoudelike gebruik is op groat- Prebident, if you ae going to withdraw fr om respon- 
mat meet. Ons 1/ Ine eintlik pribleme in die sihillty, why should you regulate the people you are 
verband ilie. Dit werk goed. Soos use hulle het die now putting the responsibility onto, and thats my 
meters gemstalleer net wai hulle wit. Dit hoef nia whole paint. If you're pulling out of responsibility, 
meer in eec kam te wees nie, ens. daar is nat/urlik don'r sav weB now I don't want anything to do with 
sekere besparings vir hulle. Onlangs het daar ie„ it but I'm still going to control him. 
plaasge/ind wat vir my nogil heelwat interessant 15. 
As die woolisteleienaars of die woonstelhewaners The other point I wish to respond to ib that if you 
nou nie hutle huur betial nie, wat niks te doen het don't allow your owner to charge two types of tariff 
met elektrisitcit nie, nmar nou agtermak met hale in a mixed situation like the supermarket example, 
normale huur, dan gain die woonsteleienaars en Aka- how can you encourage Pick 'n Pay to us, load 
kel hul elektrisiwit af. Toe nies ek eers daardie ,hedding device& and energy contrul? 
sakie oorkom. 

MNR K ALGERA : Rustenburg 
Dis al kommuntaar wat ek daarop re lewer het. 

Meneer die President, daar is een probl,em wai 

alma[ vergeet Ons as mumsip•litelte word geklas 
MNR G ODENDAAL : A]ber!on *er vir ons aantal meters, en as ons ens meters 

vernlinder, gaan ons in 'n baie laer groep val. Met Meneer die President, ek het nou vandag lank ge ander woorde, ons salarisse gaan aanger;,ak word. 
luister en ek 'en werklik nie 'n probleem nie. In elk 
geval in die o. durpie waar ek vandaan kom her m MR D FRASER : Durban 
nie 'n probleem nie. Ons het bestuit hiem dat mense 
wat met beskern, raak is die gewone man in die 

Mr President, I'm not sure whether I quite under- straat. die huisbewoner, so met ander waorde 2 dit stand what principle Mr Forimann is advocating 
nou kom bv bulkmetering of waty,e son. metering here. Is it intended that the block of fats be bulk- 
ook al om die woonstelbewoner te beskerm. In die metered and no sub-metering be mtalled? 
ou dae het ons hune individuee[ gemeter en hy het 
dies¢lfde Larief /kry as die gewone huisbewoner (MR FORTMANNO The choice w the owner's of 
Omdat uns nou 'n demokratiese raad her, her hulle the block of mats. If he wants m resell electricity then 
gaan besluit dat nuwe woonstelle moet in bulk ge he is obliged to install meters in terms of the Stan- 
meter word. Toe het om net eenvoudig die tarief dard Electricity By-Laws However, if he chooses 
amgepas en dit is imamlik om presie• weer di/Relfde not to resell electricity, then he may do so and he 
tarief te g/2 as wat hy vir 'n gewone huis gee, vir ' n need install no sub-meter, at all and he can then 
gewone woonstel wat deur die raad gemeter word. include an amount in thi< monthly rental to cover 
Met ander woorde. vcronderstel daar is 'n blok me[ whal he esti•tes electricity w01 6. This wil] not 
twmtig woon,telk, dan sal 20 x 'n lasiese heffing varv from month to month Obviously he'll have to 
van RS i, 20 x 5 = R 100 plus nog een vir algemene determine heforehand what he thinks it wUI be on an 
beligting is R105 en daarna die eenhede teen 5,5 annual basic or whatever, and add th# to his rural 
sent. Bale eenvoudlg, memand b profy: maak me. and cover his costs that way, which could in many 
Die woonsteletenur mit daardie eenhede verkoop cases be recommended. 
teen dieselfde prys as wat unige liuiseimaar dii kan 
kry. (MR D FRASER:) Thank you, Mr President, for 

that clariE¢ation. 
Dan koin 018 na die volgende I,spek en dit is naamlik 
waar jy 'n gebou hel waar daar ook besighede is I think then in expressing my view on this, I would 
Nou ongelukkig het uns nou 'n bietiie meer werk say ] go along with the conclusions reached by Seal- 
daar. Gewoonweg as dit 'n besigheid is wat geen ike and that i, ihat if you don't meter the use of 
woonstelle het nic, dan sow ons ham holspanning electricity by an electricity 115er, then there will be 
gemeter het. Mar omdat daar nou 'n besigheid is no incentive for him to economise with the use of 
inet woonstelle sowel as besiglrde, nioet ons vii hom that commodity 
op twee /1]nte meter, so ons kan hom nie nou met 
die hoog,panning nieter nie, hy her sy eie transfor- In Durban, going back many years, it didn't meier 
mator en ors gee vii him net Mee stelle meterq aan water consumT,tion and when it was met:r¢d, the 
die laag,panning kant, een vir die woonstelle wat dan consumptinn dropped dramatically. People still I 
teen die tariefis wat ek reeds gen/em bet, en dan die tisfied [heir waler needs but without contrul and an 
tweede een, doodgewoon besigheid teen maksimum incentive to economise or to control its usage, then I 
aanvraag en eenhede. think we're heading in the wrong direction, I agree 
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thal we shout,In't necessarily prescribe more than 15 incentive, You're ni t going to have any more fs 
necessary, bur 1 think the whole drive in Escom at tories, ek weet nie wat gaan gebeur daarmee nie. 
the moment is ro promote the economic ugge of Deur die woorde "daar is logika in" wat ons se her 
electricity So I would oppose the concept of not ek ondervind as 'n lid van die Huurraad Nou kry jy 
metering and the technicalities of metering the indi '11 blok van 10, 15, 20 of 30 woonstelle, wat ook al 
vidual canqumer, I think, are regularly overcome. mag wee:. Nou is daardie meters atmal onder in die 
Admittedly it may involve more on the part of meter portawl En laa, ek vir u se in die binneland sal dit 
readers to read a multitude of meters but from the waarskynlik 11/ so ery wees nie Maar by die kus 
technical point of view, thesecan be placedat differ- onden.ind u dat die klimaat affekker daardie meters. 
enl levels in the buildings and no matter how high Dit is nou tegnies iets wat nie in my krnal is nie. 

the building is, rhere's no problem technically. It Maar dit E interessant wees om Ie weet wat die 

will cost more, 1 agree, the initial electrical ins'Ila- koste sol wees Ons se elke man moet betaal en dal 
tion will cost more but I think ifs necesiary m have die huurder kin uitgebuil word Wie kan vir u se 

M investment if you're going to promote the era- daar is so baie uitbuiting vandag wai aang,an om nou 

nomic use of electricity. te konse,itreer om die e„e. Die posisie is eenvoudig, 
ek se vir u 1,1 niy mdervinding wat ek gehad het, die 

(MR FORTMANN:) Mr President, could I just ask verhuurder van daardie blok woonstelle moet op die 
the question - do you sub-meter the water in indi- oomblik betaal vir daardie gangligte, die mense moet 
vidual flats in Durban? beta:,1, die humrders moer betaa! vir gangliste, trap- 

ligte. Nou ia, nou het D daardie twee stdie wat daar 
(MR FRASER ) Well, they weren't doing *hat and aanvaar word. D,ardie mn moet nog 'n hydrae 
thal has led to tremendous problems too, particularly maak. Die ko&tes moet verhaal word 
during the water restriction and with the penalty fir 
using more than 40(1 litre per (lay There were tre- Meneer, hoor wat ek vir joi se dat elke man vandag, 
mendous problems with the tenants of Council flati hy is bekommerd oor wat sy betaling is en sy huur 
so the Council has now moved to the policy of geld, daardie man, die eienaar, ek gle nie hy kan M 

metering individual water uirs maklik eksploileer nie, hy /oet Ay rekening mon. 

Die huurders het die reg om le &e "Ek wil daardie 
rekening sie,1 - wat gaan daaidie koste wees?' 

MNR S STOFBERG : EVKOM 

Daar is 'n praktiese probleem in die oplossing van MIR R MALLINSON : Somerset-Oos mor Fortmann wai reeds opgelos is deur mn' Giel 
Odendaa[ Die praktiese probleem is dal die gemid- Mnr die President, as ek mn, Fortmann reg ver- 
delde sente per kilowatt,m in die winter hoog is in 

staan, dan wil hy flit nou oarlat aan die woon 
vergelyking met die spmer want dit is juis in die stelbewoner om te besluit wat sy salaris aan die einde winter dat die kort hoe taste op die geboil as geheel vin die mand gaan wees as die persoon kan bes[uit 
gemeet word en die lasfaktor dan daal. 

wanneer hy gaan meters insit of me. So dit pan weer 
'n direkte effek he.en sees u gese her, die hoeveel- Dan het die huiseienaar 'n wei:entlike pmhleer Die 

huurders kom almal by hom kia en se "Kyk, hoe heid meter war geinstalleer i R gaan hy in elk geval 
nie installeer nie want dit M kapitaal onkoste vir kom betaa] ek non meet sent per kilowallinur en 
hom 

my skoonmoeder by (lie huis betaal net e min en ek 
moet nou skielik hierdie groor sente per kilow"uur 
nou in die winter bernal net wanneer ek haie ge 
bruik ' Mei ander w·norde, die sente per kila MNR A FORTMANN: Boksburg 
watt/uur spring dan op van 5 na 9 of 10 of 11 
gedurende Julie maand. Mar die President. die keuse is aan die eienaar van 
0 die blok woonstelle. die eienaar wat daardie blok 

ie oplossing is nie dat 'n mens individueel moet bou, m le besluit of hy sub-meters Wi[ imit of nie. 
eet n ie, die op [ossing is dat die grootmaat tariefvir Ek meet se die meeste installeer sub-meters, met 

2.0.a groep woonstelle diese•fde strukruur moet h@ as ander woorde die meeste.enaars sit meters . el 
tariet wat ook geld vir die individi,ele huis leeR die kraggebruik en herverkoop die krag wat 

verbruik k deur die woonstelbewoners. Maar dis sy 
keur. Daar k baie min wat dit nie doen nie 59 dit is 

MNR R DR I ANGR: 44.onden nie die woonstelbewoner wat daar besluit nie, dis die 
eienaar van die blok woonstelle wat besluit of hy 

Mir die President, ek kall net vir u se dit is vir my sub-meters wil installeer of nie. 
interessant wai mn, Fortmann hier voorgatel het 
Ek wil maar net noem dat in my ondervinding, die Ek herhaal Benoni het die geval van een blok woon 

vm miskien van kollegas wat hier is, ek is 'n raadslid stelle wat nie sub-meters het nie en wat die eienaar 
el ..1 meer belang in hoe die muni•'paliceir kan maak. elke maand verdeel hy eenvoudig die rekeng 
bespaar, maar 181 ons aanvaar die artumen, van in ve,houding tot die aanta[ woonstelle wat bewoon 
mir Fortmann, ek stem wr en daar is logika in war word. Ek kan vir u dit se, dit veroorsaak ontsetlende 
hy 4 What'< going to happen ta all The meter onaangenaamheid. Daar is gesinne van ses en daar is 
producers. What's going to happen if theY don't gesinne van enke[jopende5, en hulle betaal presies 
have all these meters Here I can visualise all these dieselfde. Ek weet dat daardie betrokke wooiistel 

companies and there's not going to be any work eien'ar sal nooit weir so iets doen nie. 
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PACKAGE SUBSTATIONS • 

1 
1- 

MR J C VAN ALPHEN: SARS 

From the early sixties, a thu „eW concept of package 
subs•ation was introduced to replace the conventional 
brick substation, or the outdoor transformer and ring 
main unit inside a fence 

4411 
The concept was to have a slender unit of acceptable 
height with the t/ns:brmer m tile centre and MV and 
LV compartments on either side The accent was on 
simplicity and, where they are pavement mounted, ac 
ceptability as street furniture. 

//p.al 
In the late sixties, an SABS committee was appointed and 
SABS 1029 - •'Miniature Substations" was published / 
1975 For easy reference, I shall refer to these pa•kage 
sub#tations as "mini-subE". The committee decided on 1\ l two basic concer,3, i.e. Type A, the slender type (Figure 
1), and Type B, the bulky unit in which the LV compart 
ment also occupie, the ling side of the transformer 
(Figure 2]. 

Inevitably, complexities and sizes grew and Ihe stender 
Type A mini-sub made way aimn!;t entirely to the Type Mr Km van Aiphen 
R mir,i-sub. 

The Transformer Unit 
Imking at ballpark figures for an average Type B mini- 
sub which has a lAree phie ring main unnt in 11 tile MV was originally thought that the trail,former should be 
compurtment, one may find typically the following removable cost in order rhat a faulty transformer can be 
of each replaced compartmenT. or an existing transformer be replaced by one uf 

higher rating. 

Transformer R 5 500 (37%) The reliabitity d mark-hearing distribution transformer 
MV Compartment R 5 000 (33%) to SABS 780 (which also covers tramformers fur mlnl 
LV Comparment R 4 500 (30%) obs) has been shown m be so we]1 controlled that the 

R15 000 (100%) facility of being able to unbult the transformer from its 
hase and the adjacent compartine/s seems to be 
unwarranted. 

Misrs C Biurain and S ] van der Walt quote in their 
/peracostevaluationof 40-40-20% Whicheverofille F.ineers inay perhaps not be aware of the strict re- 
two evaluations is taken, however. the transformer is quirements with regard to the accessibility of bolt heads 
only 37-40% of the mini-&ub and nuts which are arranged / such a way a:i to be 

inaccessible to unauthorised persons or are otherwise 
made tamper-proof (Amendment No 2 to KABS 1029), 

The SABS is deeply conscious of the concern expre«ed The transformer and the two compartments ore glich 
during last year's AMEU convention in Benoni with bolted to the underbase and against each other and again 
reg/d to the cost effectiveness of t/d•ly'S mini-suh which over this a separate ronf is boked down. This is an 
have grown fur beyond the origmS] copept of a Type A expensive and lime-consuming Oreration and it would 
mini-sub, The thought behind this contribiltion is there- seem thi the time 1 ./ for removing this requirement 
for, to Indicate me areas in which the Bureau believes from SARS 1029 andallowing the whole Inini-sub to be 
cost savings could be establi,hed. fabricated as an integral unit. 
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The MV Compartment base, often covered by an epoxy tar paint, when this doe& 
not apply to transformers? 

Ir seems ro be believed that fuses or the magnefix-type 
single pha,e switching uni, is user-unfriendly and opera- Conclusion 
tor-unfriendly. 

It would he appreciated if your *sociation, Mr Presi- 
For industrial or commercial .ircui,5 where only one dent, would concider the de,irahility. 
*Mer is Kupplied from the mini-* this would seem 
to be an unn/egrily Revere judgement. In the C/Re Of 

lass of one phase, such customers can act and preven' 
la# to mrating machine. Such situation, are similar to 
rural three phar rupplies with dromout fum where " 

each iraiformer serves one cu•tomer only. 

Whilst ir is gccepted that the loss of one phar in a 
1 residential area is tlser-unfriendly, it alt„t be asked how 

often this occuis I believe that. amongst others, Johan- 
neshurg Electricity Department uses the magnefix-type 
fu,ed ring main unit and 1 gathered that there have M 
been significant complaintq af tran•former fiIA blowing. I-- tr-br,n--1-1 =&; 
It would appear that rhe mark-bearing iran,formers used 
in the mini-suh have the reliability ndess„,r to make the F... t. 5.im,i .F• I l.•It*- )/1.-• *ariel 
ftise type single-phase switching main unit practicable. 
Such unit can be bwilt into the slender Type A mini-sub 
which keeps cost down. 

C=C••J 
Ir has also been Mid that rhe fused single phase switching 
uni[ is operator-unfriendly. This may he so, hut then 
how often need the unit he used live If there is a cahle 11 
fauk, the circuit 15 m be made dead and would there be a 
hardship in wking the circnit dad for the limited re- 
riod rhal the fused ring main unit needs to be switched 
phar hy phar? 

1=W•elt•=,T•-•Irl• 

The I.V Compariment 

The mini-4 1 essentially an expensive unit because of 
the many requirements imposed upon it for safety of the 
transformer and MV and LV compartmenls. Distribu 
tion and meter pillan; are imits which are not subjected to 
many of the constraints. 

DISCUSSIONS - BESPREKINGS As the LV cubicles get larger, doors become larger with 
ihe associated problems of handlii,g these doors in high 
wind conditions. 

Ir / helieved thai the LV compartinentshould be limited 
/0 fuxe rillar, or moulded /se circuit breakers. MR G RICK: Amliate 

Whil, a number of mini-sub suppliers manufa•ture After ten . years experience in SABS stalidardisation, we 

unit of good qualitY, there are others which fall short of need another look at what has been learnt over 86 
eqsent:1 requirements For instance period. As mippliers. we would gladly welcome standi 

diution ro provide more cost effective power distribution 
18 wiring 'f Inrrect .pper size? solutians, particularly where electrification of Black areas 
Are husbar• car/ble of withstanding short circuils? is urgently needed but where adequate fmancing is a 

I. there a pos'ihilitY Af isolating the busbars from the limiting factor. 
trantformer? 

Areas where wndardisation could be achieved are: 

Corro.ion Protection 1. Low voltage fwitchgear - parricularly the costs in 
mounting, wiring, fir,ing, etc. 

Transformers, protected against conosion in *wordance 
with SARS 780, are nornially placed un u con,rete plinth, 2. High voltage switch. 
preferably with a layer of damp course on the concrete 
gurface. 3. Level of finish - fit for the purpose, rather than a 

showpiece. 
In certain corrosive conditions, such as in neur<Dastal 
areas, special precautions need be taken. but should al] For a typical 315 kVA mini-sub, a cost breakdown is 
mini-subs be protected against corrosion by a gulvamsed approximately: 
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Transformer 33% MNR P BOTE& Roodepoort 
High voltage switchgear 30 - 35% 
Steelwork • 20 - 25% Ek wil net heeltemal verskil met wai diesprekers voor 
Low voltage switchgear 10 - 15% heen gew het. Ek gebruik nog al die tyd van die begin af 

'n haie smal eenkas miniatuur substasie. Daar is nie 
* Steelwork includes the roof. bam cubicle, I.V kompartemente nie Daar is drie kompartemente maar 

facia, wiring, etc. dit i. va.gesweisen ons veranderso 'n mini-sub met die 
las en alles binne 'n kwessie van drie ure. Ek het geen 

Advantages of standardisation include: problenle daarmee nie. 

mass production 
lower costs Dan die ander punt is natuurlik, ek gebruik uits/uitlik 
shorter deliveries feitlik die afla, epokde skakelaars wat baie maklik 1 
better quality. 

These advantages would cer,zinly be of benefitto pur Rk k tevrede met die spesifikasie soos dit hier is. Ek glo chiqerq of mini-subs. As suppliers, we would welcome a dat 'n mini-suh is '11 mini-sub. Dit is iets kleins. Dit moet 
review of the SABS specification to increase slandardisa- op die gpaadjie pas. Hy moenie in die pad van ander tian and pass on these benefits to buyers. mense wees nie en ek het geen probleme daarmee nie. 

Daar is haie van hulle in Roodepoort. 

MR MPP CLARKE. Randburg 

Speaking froma userangle, Ishouldlike topointoutthat 
we, and I dion't believe Randburg is unique, do have a 
need for changing the trans£ormer separatelv from the 

mini-Allhs(] MR K MURPHY: Somerset West 1 personally I think Ispeak for many engi 
neers who would not suppor, a move to a welded all in 

At the /her end of the scale, ] could just perhaps point one <tructure. It is far more dimcult to change or lo 

disconnect and the HT cabling on the switchgear than it 
out to our members that there are is certain snags to 

change the transformer. You can often juggle the I.T Pitflts in trying ta Gave. We in Somerset West have, for 
example, taken over areas reticulated by Escom. One cables a wee bit, get a slightly bigger transformer in, bur 

you don't like to mess around with the HT cable w I towihip, notably rnund about 750 erven, and in this 

township the rings with the mini-,uhs are fed by fuse personally think we should not be looking at a welded 
units and then the mini-sub, them,elves are in turn fed 

type of structure from an 11 kV system by means of cables that havebeen 

The second point is that on the HT mwitchgear side itself, solidly boited up tagerher and then the mains to the 

while originally it may well have been possible to use, in tranformer and s/ forth The joints have been treated 
with the in•ulated a more gerleral way, the single phase switch types that type of putty and tape around it and 

fault, believe were mentioned, and I ihink the/ are still used wheny·M have a me, you really have a fault success- 

fully and fairly extensively. There are many operating and you really have a problem. T|mt is 110, to be 

conditionA in our circuit in which these cannot be recommended sue- 

cesKfully used and one has ro look at some form of three 
phase, call it either oil-irnmersed or gang type switches, 
so chere is certainly a need, in my opinion. to live 
some'hing A little bigger than the narrow unit that was 
originally envisaged when These mini-culs Marted 

MR K VAN Al.PHIN: SABS 

MR D FRASER: Durban Mr Pradent, there will, of mux, be variations in 
preference but ihere seems m be room for improvement. 

I think perhaps that slim design evolved quite largely 
from Durban's initial entry in the minijub marker and I 
think we were the only ones using the mngle phaw e/xy SABS 780 'Distribution Tran,formen" went through a 
remn switching devices for niny years. I don't know, similar learning ph/e in 1 966, twenty yeam ago. In those 
perhaps we still are. The problem which ha arken days, there was a large prolifera[Mn or requirements for 
recently, however, is that in going to higher fault levels, distribution transformers ax there is today for mini-subs, 
this unit withthe higher fault level, 350 MVA, is in fact 
more expensive than the three pha!2 oil-immersed 

swit:hing units w that we are having to broaden out a The price of a distribution transformer expressed in real 
little bit on the HT' campartment an•ay to accummo randdropped to 40% of the price paid in 1966 This isa 
date the lower pri/ed oil-immersed ring main unit. but f realrandreductionof 60% Webefievethacocostsaving 
couldn't agree with Mr van Alphenmore in theappeal to is possible for min,-subs. 

keep things simple and „duce the refinement which. I 

think we could easily convince our•elves, were nece"ary. 
but if you really examine it, probably we could well do We belim that the SABS commineeshould take up the 
without challenge. 
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rough surface which looks as though it is only surface 
reighness. Examination under a microscope. however, 

A NEW STANDARD reveals a pillre as shown in Figum 3 which is a phoro 
graph of a microscope section ofa rod with 50x magnifi- 

ON EARTH RODS : cation. Comparison of this with Figure 1 showing a 

section of a sound rod shows that even though the rough 
SABS 1063 surface appears to have the same thicknes& as the mooth 

rod, there are areas on therod with acoatingthicknessas 
low as®Inicron Thelifetime of this rod will obviously 
be [ek than the lifetime of a rod with a non-,ous 
coating. In Figure 2 the coating thickness of a commonly 
available MR J C VAN ALPHEN : SABS cheap md with a coating Ihickness of 40 micron 
can be seen. Comparison of this with a rod with a 250 

Where the earthing is dependent on earth ro,is micron driven coating clearly indicates that a lifetime of only 
inM the soil, mroion can have a catastrophic effect three on years can be expected with this rod before rapid 
the efficiency of the earthing. Extensive tests carried out corroskon of the sted substinte will start caushg a rapid 

ilicrease of the earth resistance of the rod. Another re- by the USA Naval Civil Engineering Lahoratory over a 
seven year period indicated rhat the best corrr>don per- quirement of the SABS specification is that the rods 

formance was obtained with Types 302 and 304 minless should have an ultimate tensile strength of 500 Mfa 
steel rods and this information has been included in 

SABS 'Ibis 0199 strength reqwrement ensures that earth rods col- 
forming to the specification can easily be driven into the 
soil without bending or breaking. The strength of the 

Copper clad steel rods have adequate corrnsion resistance mdmid couplers are such that, e.g., three lengthscan be 
and can be easilv driven but they have the disadvantage coupled together „iddriven down to a depth of 4,5 m. In 
4 causing galvanic corrosion when in contact with steel conclugon it can he g id thar an earth rod conforming to 

pipes buried with the rod. The rate of corrosion of the the SARS specification will provide adequate service dur 
•opper itself, as deposited an the steel rod, i. in most ing .5 expected lifetime. 

soils very low as indicated by a study carried out by the 
US National Bureau of Standards. In this study. rhe 
corrosion of copper pipes and sheets buried for pericd, 
up to 14 years were studied. One stud> ir,dicated that 26 
out of 47 rods showed slight Fitting but in the other 21 
roas, iherateof pil formation varied from 15 micron per 
annum to Al micron per annum. This means tha, a 

common cheap rod as is frequently sold in South Africa, 
with 3 40 micron copper coating (see Figure 2) will W 
approximately 2,7 years before the steel substrate will he 
expased. 0/e the steel is exposed to the wil in large 
arn, extremely rapid galvanic corrosion of The „eel will DISCUSSIONS - BESPREKINGS 
tuke place andthestee! will corrode much Bster thanan 
unciated steel md. The specification requirement of 250 
micron for the copper coating thkkner was haid on an 
average installation lifetime of 20 years which will allow a 
corrosion rate of 12,3 micron per annum (see Figure [). 

MR A FORTMANN : Boksburg 
Thi corrosion rate can normally be obiained iii most 
soils but in very corrosive acid soils or soils with a rd like to ack Mr v,n Alphen, with these copper-mated 
concentralion of chiorides or sulphur the rate will he rods, they're driven ilito the ground and sometimes driv 

ch higher and rhe lifetime of the earthing fistern will en into ground with very rocky conditions. How much of 
accordingly 'tharter. In South Africa a ihickness of 250 this mpper is literally pulled off by force 22.n by gliding past 

ieron will, how·ever, give the required protection m the and nibbing past bits of sharp rock? 
jority of soil conditions. Even if calculation of the 

Muired coating thickness indicates tllat a thinner coat- 
ing can be used in certain soils with a low corrosion rate, 
it has to be borne in mind that the rods are driven into 
soil and rock and that some mechanical abrasion of the MR K VAN ALPHEN : SARS 
copper coating will inevitably take place. The copper 
coaling Iherefore has to be thick enough to still piovide Yes, hard soils do indeed affect the integrity of the 
adequate protecti"n after some copper has been abraded copper coating. SABS 1063 therefore iticludes not only 
off. This protection can never be obtanied with a coating tests for thickne„, hui also percussion *ength and 
of 40 micron or less. In order to fulfil the praclical stripping tests in order to tesf the adherence of copper to 
requirement for m adequate Metime, the coatilig of the the hie 

rod mug not only he thick enough to Withstand corro 
sion for the req,/red length of tim but it must also be 
free from porosity. Due tO the nature of the plating The commonly offered cheap rod will suffer badly from 
process, it can happen thal the coatir,g on a rod will hard soils and large bare are# wil] certainly reduce the 
apparently live the teqi„ed coating tl,ickness but with a useful liferm i,f a rod. 
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mark - soniebody could think of a suitable logo - this 
would readily identify the article at the place where they 

QUESTIONS - VRAE are sold, that's the electrical wholesaler&. 

MR J LOUBSER: PRESIDENT 

The following queen is: Should standard graphical 
symbols be compulsary for all electrical installation 

MR D KNEALE. Affiliate drawings? 
M, President, One of the most important queslions that 
comes to ruind of that list MR D out we sent KNEALE: Affiliate to you is the 

question of meter boxes, There are over M supply 
I believe the ¢onsii|ting engineers sitting in thk audience authormes and /her pe•sons that deal with distribution would deen• it to be a good idea that the drawings that of electricity in this audience today. If one bears inmind 

that you have a single phase box and a three phase box they produce have standard graphical symbols so that the 
electricians who work for thecontractors don't have to and possibly a box that co/rains a ripple control relay, 

one would estimate that Lheres something like 300 dif continually refer to a new schedule of symbols which 
differs as much as night differs to day from ferent one consult- meter boxes, sore with doon on rhe side, Ime 

with doors on the top, liot forgetting Escom's twelve ing firm to another without being derogatory al all. Some 
move should be made at the Bureau of Standards to distribution areas One comes to tlte conclusion that ine 

should standardise these boxes Surely there is no differ- arrive at a set of standard graphical symbols for the use of 
ence between installa,ion and distribution industry. two neighbouring inunicipalitieg the electrical in their 
requirements as far . a meter hox i, concerned and the MR F VAN DER VELDE: Cape Town question of savin# ro rhe cons/mer, 1 believe, could be 
considerahie because These meter boxes are obviollsly Just to take a pnint by another well-known engineer here made in different patternsand are quite •tly. Could not - I agree fully that one should have standardisation of 
something be done about thil symbnk as long as they are the Ime symbols thal my 
MR OffiCe 1192'. E de C PRETORIUS : Potchefstroom 

Mnr die Pres,dent, mn, Emmie se proNeem kin ek nle MR J TOMS: SABS 
mooi verstaan nie want daar is tog standiard meterkabin- 
ette wai in SARS, ek ken die nommer noil nie, Mr President, en Lady and Gentieinen Dns 

maak gebruik daarvan. Ek weet nie wat die probleem is I inst want to mform the nie. delegates t}mt there is an lEC 
publication which lisls standard synibuls which is ven 

MR D KNF.Al.E: Amlia™ comprehensive and I sugges M it's no use re-inventing 
the wheel if this IEC vocabulary exis' 

I believ, that nlight be so in Putihefstroom and Roode- 
poort, bul cerMinly not so for the rest What about all MR D KNEALE: Affiliate 
the fibre-glass meter boxes that Escom /'es in their 
twelve distribution regions. Certainly they don't look M, Toms, m 1972, 1 attended a Gr@phical Symbols 
anything like what the municipal supply authorities use Committee Meeting in Athens but it certainly didn't 
but [ would „k ihe members present [o bear rhi, in mind ,over electrical diagrams as such. It was graphical sym 
and ] believe there could be a considerable saving and far bols for mdiocircuits I'dlike toenquire whether there is 
lei confusion when the poor old electrical con,lactor such i document at inuernational level. 
puts in [he wrong box ond he hi to take it out. 

.MR J TO.MS: SABS 
MR J LOURSER: PRESIDENT 

There is, now, you were speaking of 1072, I believe. 
Mr Kneale the other queqrion you've gor k will the Since then it has beed completed. 
AMEU support the introduction of a mark to identify 
electrical in•tallatinn materials and equipment that have MR D KNEALE: Amliate 
been authorised in terms nf SABS 0142: The Code of 
Practice for the Wiring of Premises. The next question pur forward by the contractors is 

should every incandescent fitting be approved in terms of 
MR D KNEALE: Affiliate the Code by the Recommendaions Committee? This 

Gentlemen. Mr President would prevent,he use of non-hest resistant wire between 
the lamp holder and the fixed wiring. Now we do have a 

I believe that thisisa necessity, wntractors often have to committee tha! recommends products as suituble for ux 
use articles issued with an Authorisation Certificate by bi incandescent fittings don't seem to fall within the 
the Chief Inspecl•)r of Factories, they are u•mble to wei k of that,:ommittee 
identify them and it could happen and 'has happened 
that certain installations have been carri,4 out with de- I know it could be an onerous lask but there are numer 
fective equipment In a supplier's ul,derstandmg that it ous fittings thal are put up in houses today that only lasi 
does comply wilh the Code and this i• a big problem. [ for a short period of time because the incande•cent lamp 
believe that if we had another ma« I know the Bureau cap gets so hot that the wiring actually melts. lt's usually 
of Standards hax only gol one mark, but if we had PVC or a pieee of rip-cord, and the fitting becomes 
another mark which could be an AMEU•Escom/:CA defective and useless after a short period of time. 
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.MR A FORTMAN>i: Boksburg dat hulle non begin dink ook Ek dink ems steun hulle as 
hulle 'n aansoek rig tot die Buro van Standaarde om 'n I'd just like to know, surely if the Reconlmendations standaardspesifikasie op te stel. 

Conurlittee looks at an appliance or a fitting and approves 
it then this sort of problem would have been resolved at MR D KNEALE: Affiliate 
that stage I don't see how tla can corne about 
afterwards Could I reply to that by saying usually th< electrical 

contractor does not supply the fittings, they are pur 
MR D KNEALE: Affiliate chased by the ow•ier, in i,11 good faith that they are a 

good product and the electrical contractors are asked to The problemthere,Mr President,is,hatltwk den'£ look 
at inandescent put them up so he has no control over the quality of the fittings at all because this is beyond the wiog and fitting as such and 1 believe this is in the 
point of outlet and there is nobody checking up to see interests of the public that something must that be done about these fittings m properly wired before they are this. A compulsory specification by the Bureau of Stan- distributed by the fitting lianufacturers or suppliers. dards, Mr Toins, would seeni to me lo be the aliswer. 
Mlt MPP CLARKE: Randburg MR [ MacHUTCHEN: Cape Town 
Just to add lo that, Mr President, theessenial point with Mr the President, Recommendations Comanttee is that this question on separate high und low w took at 

voltageR at substations items that have been brought came up to the Q•mmittee. We some while age amd has 
to do with the faa haven't th,t fur earth kimination resistances as yet gone out to look for items thilt bhould be of greater than 1 ohm, it is recommended to earth the brought to the Committee. In other words, manufactur- HV and the LV earths separately. Now if we have a ers and suppliers who are w'nting to market a product cable 
di&tribution systein with min,-subs, 4 high voltage fault will go through a specific channel which includ/, inter 

alia. will the SABS. generate a voltage in alid then come to us for reconunendation. excess of 2 kV between the LV 
earth Mnd the mini-sub metal er,closure which is That's tied to how it's worked. the HV earth Should the high voltage and low voltage 

MR J TOMS· earths in this SARS ca,e not be bonded together so as to avoid 
this voltage difference developing in such close proximi- 

T con't really add very much to what Mr Clarke has said ty, the AMFI- Code of Practice for the application of 
The Recommendations Committee responds to external PME and low voltage distribulion srnems recommends 
stimulus. It does,1'1 go outofits way to look for work but itat rhe I.V and HV earths are tied together where the 
I me Mr Kneale•s point and through Mr Clarke the earth termination resistance i< less rhan 1 ohni. 
Recommendations Gmmittee has two functions and 

perhaps [ ought to make this clear in case delegates are MR V RAYNAL: Affiliate 
not aware of it. 11 has a function in looking at electrical Our friend fram C,pe Town, overlooked the fact that equipment 'f all types whether k comes within the 

where definition this 1 ohm is of an installation mainly applicable to overhead lines or not and in that role it 
vou'd have a HT makes and a recommendation through the AMEU lightning arrester on the if you did that cer- 
have a flash to earth, we didn't want the low tain equipment has been examined and is regarded as voltage 

safe. neutral poin, of the transformer to he raised to Ws the HV other role, in respect of authorisation which is voltage. It, as fur as I am aware, did not apply to specific to equipment that is used in an electrical installa- 
by the regulations. is to make a underground cable fed tion as defined sysiems. report to 

the Chief Inspectorof OI'pa'ional Safety as to its safen, .MR A FORTMANK: Bokshurg for general use and if the Chief Inspector accepts the 

recommendation. he will issue a Certificate of Authorisa- Mr President 
tien so voi] can Gee from this that the Recommendations 

I have a question for Alr Roskam if he's here. The Committee has two distinct roles and depending on the Machinery and Occupational Safely Act has now been in application, wul respond accordingly. operation for a few years and it'& so]nething new and also 
MNR P BOTES: Roodepoort something very new in that are these Safety Committees 

that are in operation and 1 know we in Boksburg have 
As on, nou praat van inkandesent of gloeidraad tipe wrestled with this and we in fact have instituted thix now 
lampe en houers en daardie [ipe van ding, hoeveel da mid it's going ahead. I wouldn't say it's going very well. 
send, miljoene is daar nle op die mark nie? Gaan jy nou les going, but it has its drawbacks. I wonder if Mr 
vir vikeen val, daardie spesifiek se jy mag daardie ene Roskan MId tell members here how the new Machinery 
gebrulk? Hee gaari j, dit identlfiseer? Hoe gaan dit werk? and Occupational Safety Acc 13 operating. He's probably 
Daar's net een oplussing en dit is as daar 'n beeld van got fuedback from various iocal autho,ities Und other 
standaard, spesifikasi¢ daa,voor is. So ek link as die orgAnisatiIns. 
Elektriesekolitrakieurvereniging sou 'n versoek rig aan 
die Buro „n Standurdeorn 'n standaardspesifik„ie daar MR M ROSKAM: Department of Manpower 
te stel, bal dit die bamk oplo; maar ek glo nie die VMEO First of all, thank you very much for inviting my col- kan daardie di,]ge optos nie Ek glo nie ons is daarvoor 3.ague and myself lo this meeting 1, 1. 
ingestel om daard/ tip¢ werk te onderneem nie. Ek appreciated very 

much meen Dns praat hierso van ernstige dinge maar hierdie 
lamp, en dis tog vir my so wonderlik ook dat die kon Mr Preident, the new Act which has now been 1,1 

traklemvereniging wat gewoolltik die mense is wat die operation on 5 October for two years. is, according to the 
onrmoontlikste goed installeer wat nie pas nie, nou kom feedback we xeive, openting well and has been buc- 
vra vir so 'n spesifikasie. Ek moer hulle darem gelukwens Mfully applied 
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There are, of course, certain prnblem areas but it will larions or recol,unendalion#, they will be arrived at in the 
take a longtime before these are ironed out. The Safety Aillness of 'ime. 
Repmetive which must be appainted k one of the 
hakic phiin!:•phies which the Act reqi[ires, that ib self- MNR P BOTES: Roodepoort 
regulation, m other wirds the oils is placed on the 
employer or .ser to ensure proper campllance wh the Meneer die Plesident, vourdlit ek iets oor dle veiligheids 
safety standards. kenni,Rewing, se, wit ek net graag ook net weer lets se 

oor dle Installe ing van optiese vesel en In die besondei 
I cal't give you any Matigrical information al this stage Johanfiesburg se eerste. Soos u weet is Roodepoort altyl except that 0,1. staff 1& continually monitoring and in- een voor Johannesburg en ek wil u iii kennis ste] dat die 
Apecting rhe various premises and enmires that the safety eerste optiese veselkahel 'n hele aantal jare gelede in 
repraentames and safety committees are indeed being Roodepoor, geinstalleer is deur die poskantoor 1/ 

appointed, Witpoortjie 
DR N BOTICA: Bloemfontein MI die President, Evkoni het veiligheids kenne,ge:win,gs 

en plakkate ontwerp wat die veilige gebruik van cluktr Meneer die President, Terwy! u ons kans gee, mag ek ing sitelt Dan gebruikers uitbeeld. Hulli is bereid om hierdi,: 'n .raag .·ra vir hierdie EPPIC mense kennisgewings en pl•kkate beskikbaar te stel vir muni•- 
Mar die President, -rdat ek die wil maik. Hulle sal die vraag .ra wil ek raliteite wat daarvan gebruik rlet 

Evkorn vir embleem vervang met die van die betrokke u se wa dven ons mn, in B[aemfhnrein. Ons k besig 
mer die Universiteit stadsraad en cilt sal u me vee] kos nie, met navorxing daar sam waar onj, net die drukkoste 

en papierkoste sal van u proefdiere verhaal word neem en in In elektriese veld plaas. Ek kan u 
verseker dI hierdie muise spring dat dit bars daar open Baie van of en hientie die Vrystaatse keurder het plakkate is ontwerp vir gebruik in Swart my Keira dat OIl 

dorpsgebiede en hierdie prDef volgende het glo heelwat byval gevind •aar moet probeer vir die Vrys 
taa,se qby span Die plakkate is beskikbaar U kan daarvan sannineein, U 
I'm just wondering if anybody k•n direk 11/r Evkom <kakel of el, kan u can give us any thought, aansoek oordra 

their views, perhapq the EPPIC people, on the possible Mnr Thai by Megawail Park sal U in hierdie verhand kan 
harmful effects of the electric magnetic fields hetp or extra 

high voltage lines on human and animal life. 
MNR E NAUDE: Carletonville 

MR G MARSHALL: Affiliate 
Meneer die Pres,dent, ek wil graag aanbluit by Mir 

I thought we'd nearly concluded this meering without FInmann el ook 'n waIf, Ira oor die Wet op Masjinerie 
anY quiestion of that nature being raised. en her,epsvelligheid - lets wat ons naby nan die hart le 

omdat 4 94 weet, tromp-op geloop het met die 

Mr Hohbs, who addressed m about the bird life - he Fabrieksinspekteur 
has an interesting comment tomake on this and il's that 
birds Seern to en,Oy <tting on transmision line toweis My eerste vraag is of lenland miskien vir my 'n handleid 
exposing themselves fo very high electric fields without ing kan gee waar dit se dal involge hierdie Wet, die 
suffrring any ill effeciat all. In fact they seem tnenjoy / werkgewer inn plaaslike owerheid gekanaliseer word na 
hut i,erhaps we av engineers have m make a 4%ghtly more die Sid,klerk w. Orats waar ek bel en gr, hoo, ek 
Trious comment than thal and of course the matter has hierdie ing/volge di: Wet, wie 1 di€ werkgewer in die 
received ,[tention for over a decade r/w and hax been munisivaliteit, ward (laar vir my gtme "Slad,klerk". Ek 
aTtended m in many cauntries where re,earch pro- aanvaar dir so, maar ek wl dil ne, graig op wit en mart 
gramme, have been initiated but 1 Think Dr Borha is to wil h, dat 'n au nie op 'n mdillm kam dat dil iemand se 
he cor,gratulated for having in•iated this programme in opinie is wat nou verder ui[kring en nou or wit en mart 
RID:mfor,tem. The Department haf ,;upporied mt and ha staan. Ax die Stad,klerk dan die aanspreeklike perwon is 
the ilse of a very gifted embi·yologist to look into this of die werklewer ix, dan moer hierdie kernisgewing 
man:r He migh[ very well jay why should we heahle ID persoonlik or ham gedien word want hy's tag die man 
do mone / 90„th Africa th•n athers are doing whose wat nou gan / 5,„n of aangekla word 
leed. for thil are greater than our, but ] think it'c 
anIererting to note rhat i n thiN country we can marlage to MR M ROSKAM. Department of Manpower 
iniliate research programmes and keep thi·in running for 
the kind of lime which is nece#ry for a„ embryolowst Dle mumpatitel dit hly natmlik die workgm/r en 

m produce g re·.ult You can appreciate that many years, die persoan word eintlik deur die minisipaliteit aan 

many generation•;, have [n go bv hethre one can be sure gewn. 1)15 dle Stad,klerk. Dit is in die a gemeen die 
Ihar some :mhr,ological efrect M not occurring and I geval, maar die Stad,klerk kan ook weer delegeer en hy 
[hink ihis particular experiment which is being Jonie in delegeer normaal na die hoofde van die deparremente. Se 
Blnemfont:in t W be jiry useful from that poin! of view dit is meer 'n or/anisatorieu henadering van die prob 
from the exposure to the pure electi ic field There is leem As daar 'n nartreding k, dan word eintlik gekyk 
some work al the same time going along the lines of wie nalatift is ec daardie penmn /1 aargekla ward.Maar 
expnqure . magnetic fields and a mn down in Cape wat mn. Maude gee her in verband met die dien van 

Town k purs ng that at the mo#/ but 1 think all I can kennisgewings, dit Mmurbk heeltemal abnormaa) 8 'n 
gy is that the matter i: in hand. rhere k no evidence of inspekteur aan een van die arhe,der, 'n keniusgewing soo 
any deleterious effecl at the moment and I'm sure if dien Die kennisgewing m<,et beho€,rlik op die inuf,isipa 
anything shnuld be found which would give rise to regu lirel[ Redien wnrd, af die Stad,klerk 
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WELCOME SPEECH FOR 
AMEU DELEGATES TO 

LUNCHEON ON TUESDAY, 
2 SEPTEMBER 1986 

MR P WATT: Aftiliate 

·twrf 1 I adies and Gentlemen 

On behalf of the Aherdare Group, which includes Asea 
and Scottish Cables and all its staff and emplayees, 1 
would like to extend a warm welcome to yull today The 
simtion between Aherdare und members of the 
AMEU goes back a long way. In fae[, we regard today's 
get-together as having hi,torical significance. For it was 
here, 37 years ago, on 17 May 1949, that tkils factory was 
IMIially opened in the presence of 250 delegates who 
were attending the 31st Convention of the AMEU in Pori 
1 ilimkth, 

If any of you were present un that uccasion, you will 4 k 
recall that insred of the zven coaches which bought 
you here today. a feetof morethan fifty taxis were hired 
to do the same task Instead of my welcon,ing address. t- 

you would have heard Sir George Usher, founder and the 
then Chairman of Aberd/e Cables. eXplain proudly why 
he had invested £400 000 to build 6 Actory here at 77,2 President 0/ the .IMEU, Mi Jan Loubser 
Slandford Road exprease: thanks and appreciation to M¥ Peter 

Wan, ManagN D£,wor 4 Aberdare Cahles.Mw 
To quote him: the exc/lent S.ck given I th, dete/aks. 

"My fuith in the future of South Africa is clearly exem 
plified by the responsibility which I have undertaken in nearby Markman Indust,·ial Township in 1973 and is 
estabhsting this large cable manufacturing unit here. We today a major supplier of telecommunication cable to the 
are striking a new note In introducing an industry which South African Po,t Office and industry in gagal. 
we know will coatribute Ilmlerially to making the coun 
try largely independent of overseas supplies of electric Over the years, rapidly developing changes i,1 both tech- 
cable, thereby vving the necessity for providing foreign nology and markes have not been ki/ on the group. We 
exchange for this purpose h will he our endeavour to have ber/me heavily involved in the [echnology of opti 
produ,e an article of peerless quality which will enable us /al fibre and control systems As our talk at this worn- 
to compete effectively act only m the home markerf, but ing'c meeting illustrated, there M invergence between 
dso in the principle markers of the world. the teclinolries of power and te[ecommurlic/ions and 

today the Aberdare Gmip is well represented in both. 
Sir George's address was unique for two reason. We have also had lo adapt / changing market circum- 

stances such asa heavily over-traded and over-capilatised 
Firstly, it marked the beginning of the Aberdare Group power cable market. Coupled w„h increadng interna 
in South Africa, and secoridly, it wa, rhe firs, public radio tional pressure on our country, we therefore felt it was in 
link betwet:n South Africa and the United Kingdom the interests - of hoth ourselves and the country to asso 
the cerinony was broaden/ live between rhe /odience liate Aberd/re last xear wirh Sconish Cables and the 
here in StanUft>rd Road and the sister company in Aber cable making interecs of Asea Electric This decision n 
dare, South Wales. taken to reduce manufacturing costs and stmgthen our 

overall technical and market competence. 
Perhaps the sigmficance of this exposure m the wonders 
of telecommuni•k,lion wils '10' lost /0 Aberdare on that Todiv the Aherdare Group has six manufacturing * 
day. While •tarting off as a Inanufacturer of electric around the cr,untry, employs over 2000 people, and h. 
power cables fur the uuilly and mining indigcrier, the a turnover in exce. of R 250 000 miN,011 -- a far cry 
/ompany soon be/n to manufacture telephone cahles on indeed fromthe 600 people originally employed by Ab- 
this site as well. However, by the late sixties, the volume erdare and a fir•1 year's turnover of £2 million, 
of production W reached a level al which it became 
necessary to establibh a new operation concerned wlelv We have alsa become a South African owned and man- 
with the ninufacture of telephone and other cbmmuni- aged company within tlze Powertech Group, although we 
cation cables. The new operation was established in the do mainmin link, with our remaining overseas sharehold- 
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ers. We feel this is a good analigement as it allows us 

access to international technology where required and is 4 I I.,1,-,",5'i, -,1 "1 4 particulady useful especially m circumstances in which 
the country presently finds itsel f. The threat of sanctions 0 SIMEL - MALICO * looms large m our mind& and I can assure you that with 
our intern„ona! relationship& and local expertise, we • will continue to provide you with the high quality prod L.V. INSULATED 
ucts and services to which you have become accustomed § BUNDLED CONDUCTOR 
In closing, 1 would like once again to refer te the man NETWORKS who founded Aberdare and who became a well known <- . 

George was iked why his bismess venti,rei were always •• Sir 
aad regpeeted -ternational b/nes&man. When • ' 1111 
SUCC essful, he replied. 
"Intheusualway. 
goods, Getioknowthepeoplewhowantrhe • try to give them exactly what they want, amd give 
them the fullest possible information. 

We at Aberdare stand by that philosophy. 

Once again, welcome and thank you for sharing a little 
history With lis. 

Thanks to Gary Johnson and Joy Ward and his team. 

Thanks to Rob Phillips and Stan Gunn for an excellent S *497 
paper. 

CI.OSING SESSION %" y - 

AFSLUITING •4 0 A.M.E.U. APPROVED 

• 3 Manutactuied in accordance with 

M'R JA 1.01 liNER: PREAIDENT • French spec UTE 33-209 
• L Widely used throughout France io, 

On, het anderinual aun die winde #un I,ierdic 1 le • over 10 years 

tegniescE'Uderinggek.imend,11Kntmmy v™irreg O El Qu,ck and easy to install. system 
orn darlkie te 50 :Nin :ilmal wal meegewerk het am 0 allows consumers to be connected 

n die bveenkoni, hi suk,es te genia•k het A.In with lines live using in"lation piercing 
m. Challe, Adam eli Ny perNoneel (wal :ianhie 0 connectors 

inge ont,ung bet) rin, hoogste Ii,f vir die vyic [3 Only two pieces of hardware 

wuarop u al die plm,jike reeli,igs behartig het- Aki 0 needed to erect bundle 
a wordof 111:inks 10 Mr, A•,drey Ad:im, Thank, t,1 • 0 Phase and neutral midspan ioints 
Aberdare Cable¢S indard Bank for rhe folders, the • preinsulated allowing connector to be 
Haiel Elizahelh for the fucililie,; and 21*•.istance and • crimped through insulation eliminating 
unce more /3 111, affilial„ Messrs Mer, ind need 10 Insulate joint after crimping 
Melallan and Aherclare Cables for the kively Ii,nch O As system is totally insulated wire 

eun, ako [o :kil the ,pedkerh who have laken :he throwing and tree trimming no longer 
trouble to prepme ther,elve, fur their paper, a problem 

• El Bundled conductor consists of 

MNR A FORTMANN: AAM,EWESE-PRESIDENT • 3-phase cores. 1 lighting core, 1 

0 neu•tal/catenary •ore 

Mir die President. namens :11 die afgevimrilig<le, C] The most economical overhead 
dank on' u vir die F" kiding wat u aran die vcr- • insulated cable system 
gudering gegee he . Ons ,0 ook h,lie clankic aan u EBERHARDT MARTIN )rou M:irtie wat die Jame, hygesta:in het 

Pty) Ltd 
MAR lA I {WRMER: PRESIDENT PO BOX 85027 

Emmerentia Tvl 2029 
Bate dunkly mi„'. Fortmann. Ek *11 net ™itt haie Tel (011) 673-2036 
d,inkie %0 vir on• Ekretui,%. mnr Bennie van der • Telex 4-24031 
Wa[* Ont. went. 1•om .te,kie tne en v:,trou d/ hy 
rog baie jare vir ilie VME O d werk. n V.orip/: hill,01,0,0,1,1,1,1„11,0 
dige reis word u alma[ incgewenK 
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1MEMBERSHIP ROLL - LEDELYS 

ENGINEER MEMBERS - INGENIEURSLEDE 

Adan,•4 (·E• Cily Flectrical Fogineer. PO Itin 369, Poit Dannon I., Eleklrowgn/se Ingenieur. Posbu,24. Crddock 
Elinbeth (,// 58'1 

AhNra ID. Elekirotegniege S[ad,ingenieur P.„bu, 16. Daniel F. City Electrical Engineer. PO [tox /. Cape 
Ru.genburg (11,1 Town. 8[)00 

AnderM,n A. Stads Flektrie•c Ingentenr, P,mi• 113 )avies EG. Cll, Eleclrical Engineer. PO 11,„ 399. Pie· 
Prel<iria I.,1 ¢rm.Nburg 32(jll 
AndrewN KI. Firkiritegnier StadNIngenieur. Pi.bbil, 86, )auth WJ. Chief Elecirical Engineer PO Box l, Volk- 
Wal,kha,u 91911 M 2740 

* Non 11). Municipal Eleclricid Enpineer. PO Box 45 
iiI#//623(1 

)1 Hruin H.J. Ele kir„[:gnic K Stadsin gen ie ur. Posbu, 28. 
ladenhor' H, Fleklrolegniele Ingerieur. Pir... 21 tindtkintein 17<) 
•oww 6570 )/ Bruyn CD, Eleklrotcgniese Ingenieur, Pihhip. 10, Car- 
daker AB. Electrical Engineer. PO Box 2(], Swellendam larv.,0 'Ir,Il 
illl )e Kork [rl'. P/bus 156, Vireinia 9410 
tartholomew Wi; PO Box 47. Kofficfon[/in WHI Menah KC. 'Irown and Ele,·irical Enitin•el. PO Box 33. 
*arralt MEO. Fleuric:,1 lingineer, PO Ri™ 1.1, Porl Alf· 3 irher'. 13()0 
ed 617/ )/ Vries GS. P,)<hii, 51. R„berl,#9,1 6705 
tekker MJ, Elekirotegniese Ingenteur, Pod,w. 96. Loub. k yrieh Jl. 1{oof 11:gi e Beamp[e. Priva.il•ak X12. I richartit [193) 2.....73. 
Jlorn DS. I loof rlektr[%•en r,„hu, 14. Marquar{19610 )re>·cr H.1. Eleklrolegniese Inpenicur. Posbu: 2 1. Jeffre 
lionem I.. Clektroleeniese Ingenieur. rosbux 155. M 6330 
/rede 2455 8 Ple,anie S.1. 1,„Nbus 2!479. Br/, 0250 
toshoff JJ. Eleklrolegriere Stadsingcnieur. Posbus 3 I Toi[ E. 1-[ekir./egnic/ S[,16/1/nie/r. Posbur 16, 
.fanderbijlp·irk 11*10 
3/tes P.1,1. FIcktrotegnieze Slad„ngenic,ir. Poibi,9 15, >u Toi[ 1•1.. Po+us 34. ()rkne' 262(' 
;rotitbrikrivier 6525 

)u Tolt RE, City Ele,·11'19.,1 Eng,neer. 26 Mae.me< 
totes 1'1. Elekirotegniese Slad·ungenicur. 14,sbus 217. Avenue. Ouellerina 1711) 
to</ep.10,1 1725 
totha JJ. /0 "°" M. Welk<im )4611 
3otha NS. Elekirolegale,c Suidsin/mir. Posbux .3704. 
Mimforiein 9300 

3oth A,Ili,of Elekinitegies e Inge nieur, Poxhus 6. Delmn:14 Ehrich JA. Town Eleclrical Engin,•er. M) Box 66. Stzin- 
21/ dirion 2431) 

tolhnia O. I L.ktrolegnicqc Stal,langenieur. Po•bus 25. Er-mu,· 114, [ilek[!01¢11,/,C !11*w. Pod,w, 2, Sec- 
M.ks,elb,w 651111 

ew·,kn W. PO Box 56. t./vsmilb 3370 Esterhuysen AC. Po•bus X02, Vili.venskroon Qj211 
trier, DB. Elektiolegnic·.e S[.tdagcnieur. Pod,us 302. 
boon/ad 9500 

)rink PIJ ·rimn K.[ectrical Ent,incrn PO Box 2. Her· 
n.·inw' 72(I' 
trink HJ, Greepingenle,Ir, Po•.lill, 2!01. 1]1(,emfon[,ln Flirtmann AHL l'own Elee[rical Engineer. PO Box 215. 

Bok,burg 136/ 
*Im,mer. ]G, Flektr„regnie·.e Stad,Lng¢111¢Ur. PONhu, 17. Fraher[)11.Citv lie/rical R g ineer. POIt,„ 147, Dul·ban 
61.11,·nbi,sch 76<1(1 4'XMI 

iti,11 FI, 10,vn Electrical I'rlgineer PO) Box h. Kok·,tad 
47(H) 

C Gernan<It A. I[ocit: Elek rategme„ 1 Le n.ze. l'N X1000, 
Clare CA, Bilrough rleclrle:11 Engineer. PO Box S IN, 1%[r oom 1)5 10 

Huwick 3290 G/ard /1 110'fulckir'ien. P,"LI It Koppii·% /54{) 
Clarke MMP. C'ity Electrical Crigineer. Private /11/ L €,re>ling .11,3 Pi)•4 23. Pie, Relief 218(1 
Randbi,re 3125 €;robler .1. E.I¢ktroll//che S.d·,in£wn,eil, 1./.u• . 
I·lizle 8.1 Priv.,al::11: X7 Virginia 943,1 11:Thlehem 97(*1 

Cluet,· J C hit·f Ele,·iric.,1 Fligincer. PO Box ·14. Cere, Grove CR. 1100(-Elek rategnieN, Ine:nieur, P„,h,1, 41, 
6!115 Ii:im·.mith t);Nal 
Clnele RH, 1)arpsingenicur, Poibu, 20, Senikal 9600 Grotius R.I. 14.Mbu. 13. DeW'el,di,rp ®/3 
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H Millard RC. Town Flectrical Engiiwer, PO b 255. 
Halliday KWJ. Municip,il rlecir•cal Enymeer, PO Bo,. 5. Oudixhoorn 663) 
Port Shepston.· 424(] MINtort SA. r.leklrolegniese [,igerie ILT. Po•bus 19. 

Hammers,•hlag § N. 'rown rlearic I Eripne„. PO Box J. Ge/rge 65111 
Bedford,[eu' 2008 
EKE 

Mostert All, Po,1,141, Swak,Nwi/ 41]8[} 
ydennch JE. Elektroleguier Ingenieur, Pli,diu, 14. Murph# KI, M•nicipat Fletic:/ Ingince, 110 Box 19. 
iddelburg 105 4/1/.r.)1 We't 713[) 

Il T. Elek[rotcgnies/ S[alisingenieur, Priv:I,11·,ak X5{11[). M>burgh Q [lekirn'rgilit·„· Ing,·[ileurr Po+us 4, Kuru- 
Kimberley 8300 m.1,1 :460 
Hood JS Borough Fr,gine„ PO Bax 7, Greylown 3500 
HUK' Al]W. Town El",ric,,1 T ligirwer. PO Box 78(101. 
Sandlon 2 146 
Hug,) J(;. Electrical Engineer, PO A ll , Itred:i•loup Naul F. Flektrategniese Stud:,ingen,eur. Pil•bus 725. 
72/1 Cill.ton' 111/ 2400 
Human MA Eleklrotegnie• Slad#nleur Posbu• 15. Nort.ie GJ, Flektioteyniese Slad,ingenicer, Fosbus 145. 
Brakpan 154(1 Germ[•ton 141)[) 

Hunt [.1., 'lo• ri EleclriC.il r rlgincer, PO 13„x 2, While hortle .IJ. T'lektrotegiliew Slinihingenieur. 14),hu N 1(1. 
River 12·10 Warrenton '530 

Janty/n <:H, Elekini•egnie„ St.,d„ily,en,eur. Posbux. 29. 0 

H.,11'man 4144 OdendaaI MW. Flektri,le,niese St,id•ingenieu, Polu, 4. 
.|ur™e van H/1,•billi WW, Pi/w, ]4[)64. 8/nom ]51)1) A]ber,in 1491 

.lelliman Cl: PO Box 16. For, Ile.Itoil 5720 
lordaan I>.Ir, Po*buK .45 Vereen,gil•g 193{) 
.lordaan PR Hool-r. ekir ileenieu· Alile] Hy. Pi„liux 34. P 

Pole,eler'r. I'll Pagel j'VE. Elek,rot/gnie,e Ing,mellr. MurIL%,palitelt 
Plette nher,ta,I MOO 

K Peter' A{; 1 4•wn Electrical Filincer P{) Box 278. 
Gwelip Hararc Klopper, 1.1 P,wit.UN 201 , 11¢,de]Mre 1 1(1•) 

Kok 1,1 Liek•r,ilegnicie Pienaar .IF. Ingeimnir Pod- 55 W Elektrotegnie. t,ige,•,cul, *bus 10, 
delbure Gic 'coe 293(1 5<*11] 

:reb' WI•'. Priwi.Ruk: pike. PO Bn\ 2209. 57. Oliiw.irong' 92 I[) Vrylicid 1100 

Krige WA. Cle brate / ie,e 1'01[ork Ing,enicur 1, Electrical 1 Podill. I-1103 Ver 0/16,er, PO Box 3, Gordm Hay 
uo•r dherg 7151 01-11] 

Pre'torius K de C Flektrowgil]C,/ 9.id,inger,/1/1. Po,bUR 
3......... 25]I: 

Pret,irius P.IR, mCI' Elek[rolegniese Elaarotegniexe Stilds,ngenicul, ]'<,Nh„• Ingemeur Po4hi,6 15. Kenh.irdt 15, Vr•licid 86[)0 /(1(j 
Pritchard MR EJek .eigh RA. Citi' Flee trical I wgine, r PO Rn, 699, hih.inn- trowgnit:/ Shidsillgemeur. Privant,ak 
X7. Virginid 943(1 

c Roux Di . PO Bo,% 2, SIL[nerlicirn 4930 
.e Rour KC. Elek[ olegnic,ic Ing.nicur. 14.sbu. 72, H 
h.,It-Re,net 62') Ratte, WP Flectric.,1 
ewls I.. '111*n Electrical Fneu,eer, PO Bo, 3. Strand Engineer. PO Box 59. Wind 7140 

Rautenhach 61 [?lektrategnic„, Ing,nieur. P,„bus 14•ek '11{,11 99. 
Klerk.ikirp 25/ -in// AP. 164/ E]cklri'ic'. Po/17 2 1,]lk]Di lil 
RohNon KG. City Electrical Pngineer, PO 4 529. East .,irhne' 1 w. S. El·kirot..... hieel,Le" ....1 1/lori 5'(I] 

'leter«/2 07(I 
Rohrbeck WD, 14,%1•UN 39' H{)0/9.t' 2670 utter Gl. 1]cklrolegnlcH, ingenie,Ir, Pa+us .4 101. Rna{11.ISG. Pohbus 26, Reit7 9111 

uchori• (16[X] 
INouiv G'I P oli, ..gi. .,iubser 1/M I'o•bus 27. Dougla• 873(1 Kempdorp RYI 
Rass,uw .PJ. ,1% . 1 leklroleeniewe blektrote/lie• Ingenieur, Pinbui 11)14 Ingenicur. Pod.u, miner 12, Re- Wellinmon 7659 10[111 1,10 
Ro-•int JN, 

ouw I.. 141,bu. 16. 1"ricsk i 5910 Eleklkitcgnie,e Scad,ingenleur, Posbux 412. 
M 1 fikeng 867[1 m A.1.1'(Ibia 52(J. Witbank ](J,i 
haiw l,lk,inf Elekl,i•itembaimple, 14)Nbus(*) Pike,- 
berg 7331 

141 

M//hi],1 RJ. Elcklroleenieg Sladagenieur. Pohbl/ /I 
49'in¢'01 0.,2 585[) S 

Mirni•. CHA. Sul illclarl'.Ite,INingenieur. Bullen,i/:11 Simmon AL·.Town Elecirical En/neer. PO Box 42, De,· 10. P:irn 9585 pmel, 6220 
MAtillan KHD, Eleclrical Engmeer. Private B y Xrl).Ak Small C'TR. Ti.wn Eleclrical Engineer, PO Box 9, '.lam .I[k) Beauf.1/ W.3, Mn[1 

M,·Wamara AB. Eliarical Engineer, PO Box 21 K„rng Stupleton N. Borough k Flectrul Fngineer. PO Box 37. 49511 E'hinve ·3!¢15 

Mryer A Flektrolegnies¢ 11,2.cniel,1, Poslius/, 4.1]mb. Strauss JC. Eleklrol miese [riyellicur. 141+01 60. S:„(Il- 
bilry 730] burg 957{1 
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Strickland MR(· r.lectric.d Tngineer, PC.) Box ]073, Cape 
Town /000 Van der Sch>·ff GW. S[ad,ingenieur. Po·.hus 3, Ile,h:11 
Swart JCP. Po•bir, 29. Veldd,if 715 203 

S,Nart TL Elekirotegnie·•t·lngeniei,7 Po•hi• 1(J. Glei:e,ic Van der Walt FEr. Pm:int·ak 50[I. Kimberley 8300 
293,1 ¥:In der Walt PS 14>Nhu• 3 Bul,foni, ir, 9670 

S•arb JTE, Elektrolcenicge Ingen,eur. Po,1.u• 201 b Niekerk PJ,5. Bourough Tlecirical 1-'ngineer, PO iti™ 
Hcidelberg 2401) 21. Newcaille 2910 

Van Roliye]1 11[:, Dorp·,- W./rrwerke ell Elektrote#nic,t, 
1 ingenicur. Kirkwood 61111 

Tencate .Il. E[eUrategnie•le St./Mingenieur. Posb 67 Van Schalkwyk AP, A ni•ent I lekin.[egnit·Ne Stad,nge 
Phalaboria 1190 nieur. Po.bus 288. Bl,knifunte,n 91(M) 
Theron ·I'A. Cleklrotegniew %1.,d•ing/·nieur, Post.u, 48. Van ityk AA. Elek[rolegnie./ Ingeniel„. Pn·,hip. 45. 
Frinelo 2159) NCEFruit 1200 

Venter GA. IL]ek[Miegni„/ Ingenle,1. Pmbus 9, 
V Meverion ]9611 
'1'an den Iterg J, rl,·1•irolegnie„· St.Id,ingeniel,T. Podhu. Venter J. Hoof E. leklotegnie·Ne Re.,imple, Pri,lutgk 
20. Stillon[:·in .1/1 X11(J. N,ibi,i•ni•pri,it Illf•] 
Var d£,1 B,?rg A.1 1-leklrokgnir- **· Pihhi•94, penter JA. Po>bus 90, ·I·hah:Li,inbi (11•4(] 
Kruge™dorp 17*1 Veldinlan DI<, Cleklrolegnle. * leur. Pr.. ak X7. 

n der I.inde JI. Elektrolegn/,c en Werk,ugkundige Gial#9*,1 7460 

Ileen ieur, P/,hux 21 Odend.ral,rus 94(j{) Von Alphen Jk. Flektrolegnie• Ingenieun, Polus 40. 
n der Merwe DS, Elektrulegnics¢ Ingenicur. Poshu, 3. Spnnib •56[) 
Itbank 1 I. Vosloo C.Posh 1341. Pret,iria 0(1111 

an der Merwe G. Posbu, 96. 1 oup. Trichard, [/2,I 

n der Merwe P.1. Eleklroteginoe Sladxingenicur. I 

, bus 2,), Slilftint:'11 2.59 Wheeler [).1. Posbu. 13. Airgerulnrp 15'11 

ASSOCIATE MEMBERS - ASSOSIAATLEDE 

B 

Balle) RV. Acling Elcctrical Enginrer. PO 882 72. Stan- F,Hibi<ler JAD. Depill¥ Citi' Ele•trical /ngineer. PO Bor 

ge'4450 b]. Cipe lawn 81*111 
Beck 11[). Depity Ci[y Ele¢lrical Figinecr, Po Bo, 529, 
/al"landon .200 

nosch 1.4. FIU<trotegnie• Superinle,uirni. Pm» 11 G•>4·ie E. N) 1•ox 15. M.Lla•1.1.4730 

Burcendori) 5520 
Boshoff M[[1.. Derutv Direetor Electrical. 20 Bradle; I 
Road. Surnmerstrand. PE Ill HIll 1)]4 ('ity Elce,rli.il Departincm PC) Box 147. 
Ba,ha JN. Pi.hu . 1 1 ocha ille 25 15 I)urban ·11]110 
Rrilik H.1 , (iroepingenicur. Po.bus 288. Blocmfu lein Hobbs 11, Deputv Flecirle.,1 Fal:inte, PO Box 45. 
93(X) •21[enhage 623(J 

K 

C Klopper / 1. Elcktrolegnie,i· Ingenk·LU. IN,Qi,4 201. 
Cloete 111. P„,1. m 941. Klerk,dorp 2.570 Ileid,·Iberp 2400 
C,Detz.„· CJF. Adi/nk e.]eklnize,11·Ne St:/isingenicur, 
'nurn[.4 li R, il·poi,rt l" 1 

Coupcr-Cl,ind#ick [. Pl b l. (;erin,%(0,• I4{hl 1.abllichagne 1,11,1. Adilillk |1 lekle,11, Irgllie•/ 1>,cnie. 
All):16:*m.,[ ly. 1/:inilerbijlp,i,k [,NHI 

1.amprerl BC. Pri .w/. k lo[.1. //110111 1 5110 

1, 1.iebenberg HI)(;. Posbu, N. I:dihi:ind 9745 

De Beer WH. Ad»k·Elcklri,FignieN# Swidsingenieur. 
Pi„hur 41. W.irmh./ 1)480 M 

le V/er, JI) P„•b,w $ Alliern,n l/3[I Milan JG. Adhink-rlellri.le „„c .e Cl,id.Ingenieur. 
D. Wet I,IM. Adjurik Elektroteenic,c Slad,in/nictir. Pilsbus 1.3. Kemplin P.,ik le] 

Posbu,21.. [•oksbu re ]46(1 Mallhei,§ GS. [Dqruly Ele'll:,1 Engineer. 14.,ile· Bil 
1}u Plrii' C J. 14•'liu.868, K enipt,ir' P.ilk 1621) X(111. lk:non, 15(I 

1/u PIL·.h„ C.C. Adjunk-El,·ktiote.Titi .: Si.id,ing:nieur. Montgomery JA. 1'() Box 2;. Eden„ 'c Ibl(i 

Polbu. 44. Kne¢r,di,rp 17411 Mulder .1.% C. 14nbu• b[,- Pikethei, 712[1 
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0 Smit AM. 22 Bournemouth S[r. Summerstrand. Port El- 
Opperman lk[. Ad,unk.[Nekir„regnie,e S[:ul,Ingenieur. i/able th. 6*101 
Po,bu' 15, Spring' 156(1 St,yn SI. Adiunk- Elektrolegni,he S [dglie:nie,]r, Posbu, 

1 El. Potch:/troom 2320 
Surihees Eli. Depul, Town Ingince:, PO Box 215 

I'le h .I';· P'/bu' fi. We./..i' 96. Boksbury 1460 
Perryer I]O.Actini, Town T'leclrn I Eng,neer PO Bin 
l13.Queens»wn 5320 V 

Preturius .IW. Adiunk-Elekiroze,niese Stads,ngenieur. Van der Walt J. Privan,tuk X014 Bunom I 5(10 

P.™bu. 13. Nigel 149(1 Van Schalkiyk Al'. Adiurik-Eleklroled,iese Stadsinge. 
nicui . Po,hus 2,8. Bl.xmfunt:in 91{}(] 

Smit Ali P.N.3 8.I.I ll' I 

Sm It JJ . Ad],ink-EJelrok·gnle,e Slankineen,el,r, Po•bus 1, Whilehead IR PO Box [47. Durban 40011 
WI[bank [035 Wille ./, 14·bu' 7. L"enbure 2740 

AFFILIATE MEMBERS/GEAFFILIEERDE LEDE 

3MS{lutl,AfriraCINU].Id., Mr JILI van V[wren. PORn, De Villiers & 11„ore. PO lt„ 472 Durbanrille 755(1 
lt465. Jolianne•bure 31%3 Drewel. Hubble & Pokorny inc., PO Box 47270. Par- 

ALCOM S...Illy) [.td, PO 8.39586. Br.imle, 2[)!H klimil' 2IN 

([)11)887-{jr;IM, Du Toit CA & Parlners. PO Box 2509, Cape Town H K)0 
A. lai·k,on. 1,() Box 4,114 C:,pe h,wri 8,*I 1>u 'I'oil CA & Partners. PO Be: 4256. Prewria 00(11 
Aberdare Cable, Ikka W. PO B.>x 44/. Pon Fli,abe,h Duncar,b> (Pty/.ta. M Box /5[)11, Strubenwile Spring. 
6(MIl 157(] 

AECI Limited. Mr RWL Phillip, [(l Box 1 122. J,twinne, Eherhardt.Martin. PO Bax 10[)27. Fmmnerinli., 2029 
burg 2(JINI Electrical Contractors Association. Mr Di- Kneh/le. PO 
AEG Telerunken (Ptv! I.td.. PO Box l0164. Johimejur h 5127 Joh,rn,3,••14,rp li•110 
2)11(, Electrical Moulded Components. PO Box 872. Hone ydew 
African Cable, 1.imited, PO k 172. Vercen ging 1930 2(1411 

Afric:in litectric 1«) Blok l·lIND. Wadeville [422 Electrical Protection Company. PO mix ]034, Bok•hurg 
*,af PO Nor 14, Emp,inic,11 1,# I. 

Anglo kottib:h d•ty} Ltd.. PO [1• 2001. Pmetown 160[) Electro Network (Pe Ltd.. PO Box 57458. Springfield 
inode W. Engincering. PO Box 67.1, Brakpan 1,40 2117 
A.NEA Ektric irti j I.td. 1>0 R.117 Itedlin/'iew ,(]ox Erel,co SA [1•03 1.td. PO no, 32[02. nraamfi,nucin 2017 
#AH Brothers <Pty) 1.11. PO Bor 6{}61, lah.inne,41],g Everllt & Germihilien I... PO Rm 1164 Rim<lhurg 
2(Jl)11 2125 
AIC (INg] ].rd.. PO B:ix 661. Bi:. 125,1 Fainvinger G.S & A%%,iciales. PO [k x 2142 Win/hikek 
Ballenden & Ri//. PO BoN 78711. lindion 2]46 
1/k: {Pt. I.td. PO flix I.0. 01,/mi'linicil Ifili FAR.t[) 1 Ply Lid, PO) Box 3 1222 1. Rra: minute n 2017 
INidernian. lini]. Biekhmien & Ass.. PO Box !351. C.,pe 14'Irreiri & Vern(,te, Po,hin IH«.5. Slinny. ide· 0112 
10.1.00,),irl)241,77 Fu,h,; Flearic:,1 indu•,trieN. PO Bin 3751 Alrode ]451 
Bowthorpe·Hellermann-DeuA,·11. IN) Re, 27063. Ber,·040 Gardner & C.,rperler, 278 Ortont Street, EN 1 ondo„ 
/lllt 52(M) 

Brian Cokiuhnum, <)'Donnel & Igin. 1'0 1]ix 317IL GRC Cables Company Mr IID <icawl-li:J•waril. pO Bo,. 
Hi;/mimic/,1 1017 482. Bedfirdvieve 21*•h 
1;r#n ..eri NA. 1'0 Box 151)....ne'burg ..1 CU(C' Al©alit,rement·i !';Al) (Pt, 1 1,td. Mr R Rouktim PO 
(ahi.I>e•rit·48:Brink POBox 1070. Bkiem[onle,119100 8,™ 61,6. Be• uv I.·, 2[Ill 
(ahi. De Pric4 & Brmk. PO k 2632 1. Arcadia [)007 GEC Pinier Di!:trihiltion limitfd PO 803 13021• Knighth 
Cegelecil'ty, I.1,1.. PO Iln H()23. [lanit,funlein 1406 14ll 

Charle, 1·lit·, Agen/li. PO'30%8/2. hillam"hurgNJ{10 GEC Projech ((mpany Mr A Welbenioei Priae· Big 
Clinbeale„ #laumh,,11 Brown& l'artn. PO]10157(],C.,pe L Bcamie¥ 2014 
1......1 Gulnkl'[) 1- 142, Rehille 753[1 
I'link.%9·alex. Mal,ighan Brown& Partii., IN) log 196, Poit H.P. ] tNt and Piwel· Contri,1 C.C. PO) BTA ](186, Gallo 
111/,belh /)]•) Mai,a 2(62 (0, t) SI)2 9,45] 
€'onradic D.I.1 & 1':Irtners. PO Bin 1701[ C,roc„kIn,mt Hai;iker Siddele, Afri,·a (Nwit,h,eur). PO Bux 417. 
I ill7 Ri*kpoon 1725 
Conradie D.lit & Venter. IN».Ii„. 1009,111,1.· „,initcm „1(JO Hai'iker Siddele, Elecirir Africa PO AL,x 14350, Wade. 
Cri,htree ,1/6 IIN>] I.td.. P() 17„x *Il. Spm* 15(i{} 4 NE 
d Al. l igincerilig. PO 13,„ IN]28, Dalbridge 4014 Heineman El/1/ S.A. 1.iniked. PO 8,»: 88[ Jollimile- 
€ ullinan Ele'trk/1. Primae lt,w lk. 0#11411\554'11:111 1665 dbure 2// 
0,•>In'bwiling PO Bok le, Kernplim Park ,62,1 Hill Kaplan Scoll & hrinerN, Pe Bo, 39643, Brdinle, 
Cutler·Hinnincr (SA, 1.imited. 14) Bin 1 1089 W.,deville 2{j18 
1422 
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Huletti 411*inium l,imiled, Mr FC Mlii,Womery, PO Box R.R. Slaiem. PO Box 67452. Bry:i,••10,1 21121 
25, (}lifunt/o,item 1665 Raycheli (Pty) Ltd. PO Rin 131 Olifunbfunkin [665 
Interm·itch (rt>} 1/, PO Box 1 1048, Johannesburg 20(10 Raymond Thernn, Im,wer & 'l iljoen. Pmbus 1 I 55, Up 
11 Anders·en Raadge.vende Ing/nituri.. posbu< 11/. ing[<in 1411. 

Kaapi/ 811[)(J Republic l'ower & (Inmmi•nication, PO Box 418. Beryvliet 
.lame, Croswell & Awgiales. PO Box 4%0. 'Mwi 212/ 2012 
.lordaan Ii,ard & Venno" 1>obbus ] ]314, Br]Dklyn Reyrolle ],anons of S.A., PO k 8080, Elacd,funte n 

0[}11 14(]6 

Kar] Pfisterer (Fai Pt, 1,1,1.. PO Box 6530. lumwarl 1508 Robertson Fil & ANsociate.. PO Box 5-43, Giorye 6530 

K,!1] Shep.inne & Pertneri, 76 VE,11eyview Ro:id, Morning- Itoe 12 Ptyl I.Id. PO Box 92. Roodepoi.11 172 5 
t·ide 4(101 S A U K. Po,bus 1747, R.in/bil, 42[25 
Kilpatri; SA [Pt> I.td. Mr B Gilhen PO Box 6869, Scottish Cables. M Box IN. PieleT,nali,zburg .12{Ju 
Johanne/'irz wl Scottkh C ables N.A. 1.irnited PO B„ 3862, Johannesburg 
Klo·kner.Mmler (.NA) Plp Ltd, PO Box 100. Kemplon 20/1 
Park 163) Servitek (Pt 1.1,1. PO Box 8374. El,ind,tontein 14116 
Kwiknl I.imited. PO Box 389. Be!,01]] 15(H• SiernenM S.A. (1>0) Lid PO Bin 4583, Millne',burg 2(]Un 
Liebenherg & 'i[:Inder , Poshu, 2917. Kilapi/ Il[}[) Sigmaform S.A. (P¢.1 Ltd. PO R'x 32, Murdisburg 1700 
1.umej, (14,) I,td. PO ]•cix 39ll·:5. Br,imley 21)IN Simple, Ge-1.ighting 4/ty} I,[d PO Box 5210, Benimi 
Maral< C.H en VF,inote Po,bi,q 1789, Prelorini (HH)1 bou,11,1502 
McWade Pri,duction, (Pty) Ltd, PO Box '42 OIl- Square D Electrical Pr,/„cli PO Box [173, Kruger dog, 
f...1/rte,n If(,3 174() 
Merlin Gerin (Pty, 1./. PO 130,4 .461:K 14,1,10 16/1 Stiebel Eltron [Pt,J I.td. PO [tin 35935, Nortlic h [f]115 
Men. & Mci.ellan PC) Box 31(112. BraaInfum iii 2017 Stone-Stameor (INY) 1,/. PO Box 5 202, R:indburg 2.25 
Middelhurg Steel & Alkm. PO Box 78 1 8 15. S„dion 2146 Swilhboard Mant.fartur·,•i·n {Natal). PO Box 40086, Red 
Midland Equipinent i Pty) Lid. PO Box 440. Kempton Hill 4071 
Park 16211 Thorn I.Whling S.A. (14¥1 1.i,L PO Box 43{)75, Irilliblria 
MK Ele.·trir 4) [.td, Mr WP Smilll, PO Box 83300 2142 
South Ililk 2136 TInning & Galv. Indu.trie. ility, 1.1,1, PO B..1 377g, 
Motorola NA (Ptyl ],td 1'0 n[),4 39586. Bra!/ley 20]8 Alrod: 1451 
Net 7.Imbahwe [1>41 1.til PO Bin 1975. Salisburv 1'•bewrights (Pty) t.ld. PO Box 19[)9. Verecnigi,1.4 1931) 
Zimbabwe l'nie Staa Ikorpora/e< "Ai l"perk P,14 bal' 48, veree,111 01% Nlordland Il>n} 1.td, PO |ROK 522, Mulde,/,i[ 1747 1// 

Norman {,irnkh, PO Box 82552. Soullidak·2133 L niplan (Pt,] I.td. PO !30+ 7259 Ii,har,ne,hurg 3,Kin 
North & Mihertson (Pty) 1,1/ PO Box 30'). EN London hia [,rnduct,i (/9 I,/d, PO Box 1//7, Nuali,·I, 21]5 
520. Van Nickerk .11) en Vennote. Posbu• 51*,45. RL,iklbuig 
Oak industries (SA) rly Ltd. PO Bin 1172. Pie 2135 
termarilibure 32()0 Van Niekerk. Klern & Edward•, Mi RK [ ow. PO h 
Ogatin (Ply) Ltd. M nox 51 I. R,i,wlepoo,1 1725 12:.S,]ver.in (1127 

en & Foster. 710 Ned bank Cen,re. St!.ind Stiet 80{)1 Voritur. Pan d•r Woqhui,en & Vcr,mk Figu' 398, 
e Arup & I,artners. PO 13,1 5224.5, Sax,ing old 3132 I...4.*m, Belkille I. 

33!99 
relli Genera[Cables(NA) Pt> 1.[d. PO Hox fi )5, Flo,ida Wa/0 *tributin. PC) Ite; 161. Johanne+urg 2[X](j 
1[) Wei;tinghome Elearic S.A. PO Bor 7!2887. Siindion 

Planlech A™kial/Ine.. PO lig• ]I/06, Alk.,r,trarl,[)005 2146 
Power 1 nginee.3 (Pty) 1.td. PO Box 44 1(ppindu.1 7475 Wen·n. Bi,11,2 & Hutie,·, PO Box 7!(10. Hennopsnieer 
PowN In/allations [IN, 1 1.Id. PO B /8 7[)3. File„ v.ile [0/ 0]46 

Pliwerlix,[IN)) I.td. PO Box ly/..loh,ime..bli,g 2{NK, ¥(irk Fibregli,„ 1•ressin/, PO ]10, 190(14. Quct·il.[pilh 
Preformed I.in• Produlet% SA (1'ty, 1 td. i'/ Bii. 4158 Pie- 4(J7(I 

¥'orkshire Swilch/ar{SA, 14, I.td. PO Bin 117 Ph/*,1 
Programming Skills (Pt>) Ltd.. Pohbus 4117. R.l]idburg 361*1 

2125 (1)11) 782.6493 Zakrzew,kilisciciatcs inclirporited 41 8 1-i„w, 1,0 Boi 
Protective Nwili·hgiar. PO !]m 8738. Joh: innc.biii# 21}UU 859. EN 1 ondon 3200 

UNDERTAKINGS - ONDERNEMINGS 

Adi·laide Municip:dily, Pr) Bm 38. Adelaide 5761) Benoni •I,inicip.ili,i , 14) 11••x 45 130'.ii ] MIIJ 
All,rrinn Muni,ipality PO Box 4. Albmon I45[) lk?thai Winic·ipalili. I'(• [10: 3, Belli:,1 23]ll 
/levanilria Mi,ni•ipilileit P,1/11* 73. Al:Kandria /,85 Belhlehem Ilmicipalib. PO 110.55 I, Bethlehem,700 
Aliwal North Al„nicip,ilitv. PO Box 46. Aliwal North 5530 Blernfon.. Mullipality, PO Box .H. .•mfunle. 
A•ht,in Muni·,41.diteit. Fil•ll: n --, Ashton 6715 43lMI 
•arbe,·ton Altinicip„lity. P{) Bor 13. Barl.crton 1 100 Bokshur# ".lunicip:,litv. Pt) 16•ix 21 5. !4•kWri 1161) 
11-]fort W /Nt Municip:,lit,· PO k 9. Be /* W¢Nt 1;onnieval'· Municip„lit'. PO Bo• 10, Bonnieval' 6730 
697i l 8(,thmille Municipality. W /„1 12.1;u[haville Lifi6(• 
Rerlf,ir,litew Mliniripalit>, PO Box 3. Bedfordvic:•' 2008 Brakpan Mullicipality. P{) Box 15. Brkpar, 1540 
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Brandfurt Muni.lpalit/. Pa.1.11: Il, Ar.indfor, 9408 Kny,na Municipality. PO Box 21. Knysni, 6570 
Breda•din·p Municipality. PO Box 51. Bred:„doip 7280 Kimefontein Munisipaliteii. Po,bu, 7. K offic,nitein 9986 
Brits Murlicipality, 14) 13[)% 11)6. Bri,4 0350 Knkd Munhipaliteit. P<™bus M. Kokstad 4700 
Bultfon,ein Munhipaliteit. PoNbu• 1. Rultiontein 0678 Kon,ga Munidpalit). PO Bo,0 21. Kom/ 4950 
Burger,dorp '•lunicipality. PO Box 13. Burger•dorr 55211 Koppies Municipalit> 14) 110,4 14 Kimpe• 9540 
Cm Town Municipality. PO Bo™ 82, Cape ·rown 8000 Kn„in!,(ad Municipalit> 1>0 I]01 1,)7 Kri,Huniad 95(K) 
Carlton¥Ille Muni.·ip/ily, PO 4 3, Calletonv lie 35(]0 Krugernlorp Municipalily, PO !]0,4 91. Kruger.dorp 1710 

Carnarion Municipality. PO Box 10 Carn ro„ 7060 Kuruman Municipalily. PO [39 1 Knrunian Him 
Carolin/Municip•]ily. 14) B,™24. Ci,rolina ]185 Kwa·luma 01·own Council. Priwile Bag X 10. Kwa-Xurna 
Cera Municipally. PO Box 44, ('cre, 6815 11168 
Cradock Munlpality. PO Rox 24, Cradock 5880 1.adybrand Municipalily. PO Bi»: 64 Ladvbr,ind 9745 
De Aar Municipalio. PO Box 42 Th· Aor 70011 1.ad>irnith Municipatio, PC) Box 19;, I.:13 m ih 1371) 
Delmi Municipally PO ile, 6. Delm:„ 221Ii ].ichtenburg Municip/lit/. PO Box 7 Licmenhune 274[1 
ml// Municipality. 14) ]101 ·12. '4/0 6// 1.ydenburg Munkipality. PO Box 61. 16 enburg Ill) 

1),Werdorp Munic ipalli>. PO Bax 11. De Wel„lar p 9940 Malme,bury lluniNipaliteil. Po•bus 52. Milme,bury 7300 
1)tv. Council of the Cape, PO Box !073. C.,pe T·own M(1011 MarbIL Hall Munislp /leit. Poibus Ill, Marble 1 WI (145(] 
Dordrecht MtmWipalittit. Ponhu, 38, Dardre,_h, 5.85 Mudquard Muni•ipalileil. Poql» 44. Mudquard 4610 
DouglaN Mun•ip•likit. Pi••bu' 27. Di.ligl" 873(1 Matatiele Municipality. PO Box 35, *1:Nilicle ·1730 
])undee• Municipality, PO Ilin 76. thindee 3000 Me[,noth M unicipality, PO Box 11, Me[moll, 18 3, 
Durban Municipalily. PO Bi™ 147, Durban 4(Holt) Meyerton Municipalit>. PO Box 9, Mevermn 1961) 
Ea* 1.on,Lon Munkipaliti, PO B,ix 131, F It Lonitiin Midd/burg 'le'lunicipality, PO Box 55, Mladell/rg 5900 
52(J. Middelburg Municipality, P() RoN N M ddelburg 1050 

Edenvale Muni,·ipalit) PO Bu• 25, Edelivate thi[J MMabath) Municipali#'. PO Bm 42, MM:lhallio M) 

Empang,·ni Mirnicip.ility , Priwile Bag, Empunger, 3880 M,int:,4/ Munihipaliteit, P,k, 1 ii, 21, 4 i m „, 672[1 
Erniel„ Mu,kict/li,y Pt) Bux 48, Frinel„ 235•• Mom liver Municipality. M Box 47, MoM River 3200 
Eyhowe Munici],ality, M k 37. F.•lio.•L· 1815 Mow# Bay· Munkipality. PO Box 25, Mo».cl Ha> 650 1 
E/court Municipalil, Pl Box 15, Elcd 33 [[J ]•.aboomspruit Muni!,1 palileil. Privaa[,ak X340. N a boom» 
Evander Municipalily, 14) Rn, 5.1, Fparhler 228[J pru,[ 1)5611 
Forhville Ilinicipalio. PO [U,· 1. Fachville MA Rel'.pruit Munkipatity . 1'0 Box 45. Ne»TN 1200 
Fort Beal,fort Municipalily, PO Box 36. Fin[ Be:Li,|h,·t !•ewca•tle Municipatily, PO Bo,• 21, Ne,!.C.Dle 2940 
572,1 Nigel Municipality PO Box 23. Nigel 1490 
Franklirl Muni„pal,leil. 1>„sliuw 2, Fi:„ikfi./ 9430 414troom St.,dmd Priwi.whik 1(104. /4'Immi (Mlo 
George M,Inicipalit, 14) 80' 19 Genre: 6511] Odenda:,I,rmt Mun;cipallty. PO no,; 21. (}il,ind·aak- 
Germmon Minicipality. PO Ila ]45 Gcrinkion 13100 948,) 
Glencoe Municipalll. PO IM, 10, Cilencoe 2010 Ontwikkelingsraad Hoev/dgchi;d, P€™bw. 520 With,ink 
Gobab/ Muni/pality ]'0 Box 33. Goli:ib, 9]40 10/ 

Gord{Ini. Bay Muni. ipality PO lax 3, Gordoli• Buy 715il uniwikke[Ingsraad Noord-Kaap. Prl•:illhak X 5005. Kirn 
i,rwaff.Reinet M unit'ilialit¥ PO Box 71. (ir, fl Reinet herle• 1-k)11 
62/1 Ontwil,Ming%ra:,1 008· K:hip Poshu, [4025. Sidwell 6(Icl 
Grahainst.•trn Munit·,patit> PO no, 176, Cir,|li.L,11,10wn Ontwikkclinl,xraa,1 004·IGnd. Poxbus 57. Germiston 1400 
6!4ll Ontwikkelinju,raad 00!A ran,vaal, Po•,bw. MHK Nekpruit 
Gre>·tuwn Munic/amy, PO Box 71. Cire>·lown 3500 12(Ji) 
Groot-Bral[rivier Aluni.Nipalitlit. P,„bu, I C,rixit Olitilkk•lingsraad Oran.le-Vaal. Priv,„Nk X112(J. V,111 
81 'ikribier 1,535 d•rt,/li•rk 191/ 

liartswater Munihip.iliteit, 1,hluls #43, 11/wacI Ki70 Ontwikkelin*rraad Sentra.,1 Til.. Priv.w[U X449, Pret 
Hek,elberm Municipatily. PO /0/2/1 Ile/.letlit·,6 2/1/ ria i»101 
Heilbron Muni,//littit. 11,·ilb/in 96.91 Intwild.elingsraad Suid-OVS. Polil. 23] 3, Inocinfomem 
Ilenne·man link·ipaliti. P Box 31. II, nncm.ir, I.445 

Herm.InuM M inicip;/in. PO k 20. Ilernia,imm) OntwikkelingNr.,ad Wes.Kiap. Priv.Lat•ok X?, Cloo,iwood 
Ilimp,tid ,M aci.,1•te ;t. 11©*il 2671) 7 4/ 1 

Hupetown Munimip: lileit. Priv.i:,4:lk X.1, Hope[own 8750 Ontwikkeling·.rund Wes.[tand. P,N» 4:114, Johaline 
Howick Munic,palit>, PO [10, 3. I [nwick 32tx, 

.18 n K empdorp Munisipalileit, PON bug 24 I, Jan Kcnipdorp •>rknuy Municip/ily, PO Itox 14 M/ncy 2620 
:55(1 'tji•arongo Mun•cipatily, PO Box 221)9, Dtj,warongo 
.leffre» Ilay Municipalith. PO no, 2 . 1.·ffre,+ nay 61.10 SWA 921{} 
.Inhanne%1}urg •Ilinicipillitv. 1'0 Bi™ 694. 3011.innraurp Oudthhoorn Mullicipality, PO Box 2 55, Oild!.110•iri• 6620 
3llix" P:,arl Municip:ility. ]'( ) 8,)1 11, P 1.| T | 763) 
Kaki,ina' Mtinkipali[>. PO I]ox 174' K.ik:"1 1 :{870 Parys Munkipaly. PO 8,3, 359. P,iry, 944 
Eximansh,•ip Municipality. PO Box 2i, Ke¢[man•hoop I'cri Urban De,elopment Board, ]>0 Box ] 141 Pretoria 
.(]21 ( {,()1 

Kempton Park Monicipalith IN) Ihi ]3, Keniptim P:,ik Ihah,barwa Muni•ipalith PO nox 67, Phil|illiorw• 1,398 
1620 Piet [letief Munk·ipallt,4 1'0 IUx 23, Phel RUbeT 2380 
Kenharill Municipnlie. PO [Ax ]5 Kell.ird, 89(,1 Pietermarilzburg Muni, ip:inty. PO 1103 321, Pie 
Kimberle Muiliclpalit>, PO Box 191 K,inbriley *381] te•In......1/KI 
Kingwillian™Uiwn •Ilinicipillit,·. PO no,4 n. Kiriy- Pietersburg Municipality. PO Box 1 11 , FL ll'15burg 117[/ 
-]lilini•[i)*ni ifilMI I'lk/berg Municivalit¥. The 1 own Ch'rk, Pikele™ 7320 
Kirkwo,id /1 unk·ipality' Ilic 1 inwiC[crk PA Ki,k/„od Plette/liergb/ai /unitip:,Ii,/it Po,bu, 26, Plcile,ilic- 
6121) r,baa,660(1 
Klerkh{Ii,rp Munbilpalitult. Pi•hux 99, Kic i k wl,up 2570 Port Alfred Minicip,,lity, PO Rnx I 3. Port Alfred 6170 
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Port Elimbeth Munici//,th PO Box 116. Porl El,zulk·th Swellendam MuniHipatiteit, Po.hus 7,0. Swellendam 6740 
'rhah,/imbi Sladsraad Po!,1,11 90,111:ihaziml /80 

Port 91-pilnne Mi,niapalit„ PO Bo* 5, Port Sheindirie 'longaa, Munlcipality. PI) nor 33, Tong.11 4411[) 
4240 I'zaneen Munisilial//, 11"// 24, Taileen 0/50 
1'0.mal. g Mull'll#. P{) Box 5. P.Ima*/ 842, Uitenhage Mulip,liteit, Polut, 45. UI[enhage 623(/ 
Potchef„rn.im Municipality, PO Box Ill, Polchefulrourn Untata Municip:Iliti. PO B„ 57, Luiaia 3 100 
252(, L pington MInisipaliteit I [pengion "INI 
Potgletersrui M imiripatity, PO Bar 34. Polgietersrum 1)6(If Vanderbulpark Ilini•ipaliteit. Po/uh 3. Vanderbulpi,rk 
Pretoria Municipali[>. PO Bia 4411, Pretoria (](M)2 toi]1) 

Plie,ka M,inisipal•,41. INishii, 16, P,iesk:, 89/ Verecniging 4 unihipalit/, Pi,·ihip. 35. Ve]/cl• g,/g 19.11 
Queenstown Muni•ipalith Po nox Ill. Oucenmawn 53,0 Verfirdburg Mun„ip.,liteit Po.bus 14013, Vey- 

Randburl Munii·,palit> Priwite R.mg 1 , Randbuirg ?175 10: rdburg (11-10 
Randf,inkin Vllinisipatiteit, Po•hu• 13• R.rnilt'ontrin 17611 Viljoenskroon Munivipaliteit Posbu• 37, VdjOL·rl,kroon 
Reiti Fli.ni,ipaliteit, Po,hus 30, Reit, 981 4 952(1 

Itichard,ba> Municipelily, Pii,al. Bag. Ricliardhbuy 390,1 Virginla 'unis'llite' P.I.' 116 V ..Id 94./ 
Rlverdate Munil:ipality. PO Box 29, R re'dale 6.7791 Volle;ruqi Munisip/ileit Pod.w; ith. Vol„ N 3470 
Robertson Municipalily, PO Rm 52. Roher-r, 6705 Vrede Munisipaliteit. [\4l:% ]55, VI•de 2435 

Roodepnor, Munisipatilril. Posbu• 217, Roodepoo# 1725 P redendal M unisipal keit. Dit· flad* k. Vredend:11 bl611 
Rustenhurg Mimi,ipalileil, Po•.hu. 16, RlIN|enhllig (1/10 Vryburg Munihipalit,it. Ah 15. Viybur g 46[}I) 
Sandion Municirali,1, 14) Ae, 78(101, Sandion 2146 ¥ryheid '.In/ipalit,•It Pir.hi,s 57, Viy!1/id .11(MI 
Sagilhu, g Municipalit>, P€} Box rio, Sa;olburg 957(1 Walvisbaa i M unkipalitrii. Posbu• 86, W:11,14.1.1,0 Ul '10 
Secunda Mimisipnlitrit. Die Stud,klerk. Secund.1 2302 Warmbad Munihipaliteit P,/m, 48, W.11,1,1,dil [)4?;lJ 
Sen,kal Muni,.maliteit. Po.hi/. Senekal VAIM Warrenton Municlpality. PO) 110?, 11), W.i, rewri 8530 
Srnider-Paarl Mirnisipaliteit. Priuip..ik X611(13, Sinider Welkim Muni,ipaliteit. Podim 708, Welkon, 9460 
Paarl 7624 Wellington Munic/palit>. /O nox 1 1 Wellington 7055 
Somerwet East Municipalit>. PO Box 21. Sonierrer naqi Wepener Munixipallieit• Pi•/i. 11, Wepen. 9944 
5854) We# m Muni%]p•liteit, Podili• 6 We•eNbron 9860 
Somerset We# Municipality, PO Box 19. Somer,/ War We,tirnaria Municip:ilic¥, PO R.. 19. Webtonarla 1780 
7130 Winburg Munisipali„it IN),hu. 3. Winhi,re 4420 
Springs Munisipaliteit. P<,sbil, 45. Springs 156{} Windhigk W unli ipal teit. I•o· bu, 1055 WL]l,lhoek 9100 

Standerton Muni•ipaliteit, Po•h,IM 66. Stariderton 2430 Wit Itivier Muni%ipalitelt. Puu/. Winivicr ]210 

Stanger Municipality. PO B,•·< 72, S[Anger 4450 Witbank Muni,ipulimit Po,bu•. 3 Witbank 11)15 
Stellenbodch Munihipaliteit, Poilbus 17, Steller,hne. 761)0 Wolmaran,Mad Munlpati//11. Posbur 17, Wnlm.,r.inw./ 
Stilfinkin Muntsipalitelt, P€,Abus 20. Stilf,mie,n 2550 3631) 

Strand Munislpaliteit. PO,lbux 3 Strand 7140 Woriter Munlqi]}allteit. Privaa,gk 13(146. Worceger 
Stutterheim Municip,lity, PO h P Stutterlk•,m 411.30 685() 

Swakopmund Munisipaliteit. PO,11,5. 51, Mvi|kopmund ktrin Munisipatitilt. Za.tron 995(] 
91@0 

HONORARY MEMBERS - ERELEDE 

1915 - 1936 1956 
Dr H.1 p.in der Diil - Electricit> Supplv Commigion Wli Millim -1•Ii'etr:cil• Sup•i]Y (•1rlin,•41•1,1 
J Robens - Durban Alderm:in A \·lurlon 1.•fli iv balid,my 
E Po" . Secretary,Tr ea•.urer Major S(, Recini:in Me z & Mil ell:LIi. J (inanne.burg 

Couneillor CEK ¥01'ng - Pie telin:m/•ury 
1938 
LL IIarrell . Pretoria 1957 

DA Bradlev - Pari [·1,7,01,·ih 
1944 

Gl i Swingler · Cape Bwn 194 
C',ilonel EG Ewer - Pic)crm,irit,hurg 

1945 A Foden . Easi I.ondon 

A·[ Rodwell-Johanne,burg CR Halle - Pielermarii,burg 

19So 1960 
Dr JH Dol.9,11 - Johannesburg Councillor 1 .1 ('.,Kielvn - 111,/cill,inte,n 

Councillor LP ..lie' . 'pring' 
1951 
1 IA Eas,man - Cape Town 1962 

SR Simp€on - nuL,wa/1 
1955 JL #under W.,11 -Ver:eniging 
W Bellad-Ellis - East London 

JC Fraser - Johannesbul 1963 
C Kinsman -Durban CG Down,/ C·.ipe T·own 
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1964 R Plowilen - Miunnesburg 
IC Downey . Spring, JG Wannenburg- Chief Inspector of Facto•le, RL Kane - lohanne,blug 

1977 1963 
Dr RL <,1 Str:w,ick, r Muller - Blciemfi'ntein Ele/,„city Supply Commis,]on 
AA Middleci,te - SABS 

1967 /C I heion . Vandertiilpal k 
C•)tincilkir ID Marak- 1••Ii,inne•bii,g AC W.idd¥ · Pieterin:ir,1•burg 
JR]e[Ies -Lorenco M/rque, 

1979 
1969 

RW Barkin Welkom 
W [Jee•,le' · I .B,ika C ""Ic itt:"H J 1111' c PA Giles - Eaw[ London K»I,/1,31[ 
I) Murry./i,bb, - Por: /|17. brih 

1981 EL Smith - Bok,bure 
JD van Wyk - C (nuncit for Se,entilic .und Iridu•Inal Re 

1971 *carch 

D Hugo · Pre"" Dr RB Arider,in /inincil 10, s„enlifi.:ind Iliduslrull 
ACI'Frnme-r'ape'l·„wn Re>carch 

HT l urner . Unniall John Morri.on - Affiliate 
R Lchm:in - J,il, inne€hurg 
R]%,1/ Sintr'•}n Durl'ri 1983 
W Ra/er - Pret,)ria Ir Maish - Affili,re 
F Slevenx - Durban JK vor[ Ahlften - fpr,n/ 
1[ 1-alegan %tellent,wh 

1973 1985 
RG Ewine . P.,5 Secretary AA WAh ( hici i,INFeclor Occupali-/ Safely 

KG Rob•.„,1 - F i.1 Lo,id€,11 
1975 Bulor RI & Lange - East London 
< ouncillor 1 [C i K L pling - r. 1,1 1 on,]Lin F de C Fre,or,11• . Potch'/iroom 
C Lombard. <,irmiwion W Bariiard Johannesburg 

PAST PRESIDENTS / VOORMALIGE 196(1-61 RM() Simps'in Durban 

PRESIDENTE 196]-62 C Lomb,ird Gerii•ton 
1962.63 +PA lili' E# Lo/.in 

1915.17 91 I ./.0,1 1963-64 IC Dowm 
Mmi.burg Spring. 

1917-19 9 1/ob:rt, ]964.65 RW Durb,n Barton Welkoni 

1919.20 1[}65-67 43 S inkey Port Ii}b:,beth 'D Murry-Noht. For, Eli/aheth 

1920.22 9(·/ 1//,1 1967.69 GC Ihoun Prellri' hindirbijlp.irk 
1922-24 1969-7 •Gil [il· 1 Swingler +Irn•·r Call [own Umt.ili 

1924-26 U .... 1971-73 JK Mir, Durban Ahlften Spring• 
1926-27 197175 

'B Sankey jc Johanne•blir: *:106 Meterm.,rity'lii g 
1927-29 1975-77 '.IM 1/mbe E de C Fas[ Prelariu, Lindon P. chef•.tr'.m 
1929-3 '•R Mac.u,Irv 1 977.79 KG Rob'Lin all,crifon,cul Laht L ondi•n 

1431-33 LL] larn:1] [979-HI PJ Bow Prelori. Roodep,wirt 
1933.34 LF 1983.83 Hickell Fi,rt Flin,betti DH Fraser Durban 
1935-36 +GG Iwer 198185 W Piete,·maritz, Barnard 

burg Johimne'burg 
1936.37 'A Ri*Iweli Johanne:burg 
1937-38 JI[ (Iyte• DU[ban 
1938.39 liA hamm Cape 'lliwil PAST MEMBERS 1939.44 / VOORMALIGE 'LI Nichold, umlall 
]g44.43 'A [1•>dwel] IM.i)E 
1945-46 JS (linton Zimb.ibwc(Il:,ra,eJ Alterid,c WIL N) mix 169, Pult Fll,/ibelli 61)1/ 

'JW Phillips Zlinhahwe (Bu]•w.,>,•i) Barrie J.I. 82 14/2 Avenue Ilum,/g.Li. F.demale 1610 198-47 G] Muller 1/Inemtiontein B„hek KH. 63 We•.1'.illi· Ro:id. We.1/k 1630 
1947-48 C Kil'min Dorban lk,vark IK 44-19111 Streel , Menlo r.il 008 1 
1948-49 'A F.,len Eal,1 1.indan Burton Clt. 54 Mi ni,lri ll R,•ad. Kim!.21 le', 83(11 
1949.32) DA 'radk·v Port Eli/ahelh Cumpliell AR /) 11„x 1. Ilnlicidliele 4545 Ig5()-51 CR 1 h 'll Picic maritihilr' ('tit,u,11 .1% Pt] 8.3,* 46;K. 1/,nne#hilrg 21•/ 1951-52 ]C I.-•I Srn]% Ciradie I),1/ 14,•bli. 101« Bloemfunicm 9.4)(] 1952.51 'AR gh,on Ziin':•hwl (1•,il:,wa¥') C rcinje W, Wc iming,1 i .,al 1 7. Crroenk loof. I>,e tor a 0!Ht 1953-54 1J( 1 '•el Johanneiburg 1}aw•on C. Electricil' Supply ComIT,ini•in. PO B•i>: 24(18, 1954-55 [,1 Muller i j|Ocnifix/,·in Duilun 4(101] 
1955-56 1/ Ilugn i.'In,i De Villier, [<L, Amger,1 iniwee. 9(1. Clut.vic# 00•. Vcr. 
1956.57 It, Mitchell /'11):3:111 w: (1 1:'rae} vr,),Irrib Ilil41) 
1957-58 91- van ar W.iIi Knger·.doip 1}reyer MC. Nomini».ari»Nia, 1(17, Weliwinocd 753,1 1958-59 CG [)ownic Cape Ti,wn Im an RS, /O lm ] 51124, Flneruld Hll, Port Elizabc,li 
1459.60 *RW K.ine WL,Ine'burl! .Il 
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P.pa Members rnmd./Veorm.le, lede ver, 

ADVERTISERS Prik,son .IC:F. I'() Box 24. Marg.ile 4775 

Ford WP, tfi A hie> Ro.id, Kloo!' 16()11 ADVERTENSIES 
Futcher ]., 170 Olter Street, Eint Pli] k. Ke[!11}1<,r, P,ifk 
1(121) 

Gamble·JS, 114 Form a G,irde' Aberdere Cables 4 Vill"· PO RoN 416, 
Pletlen berg Bay 6600 African Cable, 63 
Harvey PH P() Bil·, 581. Gieviown 350[1 A,ca 1 
Heasm:In GG. PO Bor 77, tbri Vickirl.1, H.11.:Ic 
H™ I Dc Raek, c '1%11 t I .lic, c 1,1.1 intl.l 7/10 A,h Brothers 2 
Honnihal GT 14) [10,4 !7011, Groenkli,01 (]027 Bcka 1{)(j 
1·lehenherg 9,1>"bil: 98 Prel••rld 'MIl 

Beltel 37 
Mognwan JM. (Chairin:in) The Standard Bank, PO Box 
373 Hanue CCG S,sterns 85 
Mc{:ibbon .1, PORM IM, Carletimville 2500 Cheinico 96 
Mcintyre HA. 95 (}en Heityng Ro:id. 1 ·hree Ri,m 

Vcrrenigine Cullinan .irc 193[) ......., 

Mole EW M Im 19661. Bulnle, 2018 [berhurt Martin 114 
M'Williarn EA, 2(J2 Nicliol..[irel, Brook[>'i•. Pm., Eca. 38 
(}181 

Pot/leter Electric NA. Webl·,graN,1 Dll. Oilcen·.wood Prehkl.L Moulded component. 62 . 

0186 98 & 94 Escom , 

Psotta Kt. M,ilherbeNtr.1,/ 9. [.pilielun 8/Ill Farad OBC 
Relchert WJ, P':i 1 Inirer·.1•eitiingenieur l,411,er.iteit I.in 
K Golnix 123 a/px[ ad, Priv.wi[,ak. Rondebi.jkh. 77* ) 

Rossler A..1 Gkenwoo• 140.id. Ii¢torniarn,burg. 3211[ Lumex. . 47 
Schreuder 1P [ 0 [10• 59 l. Vredelittal ble,) 

MLA Power Svstems .. 48 Schales EHI. 20 (invin Aver,ile Pine P irk 5144 

Van der Merwe 111 P<hbu• 1]]1. Carletotwille 2500 Motorolla IBC 
Willhams JT. ') [10. 16]7. Pretori.'0001 3 Siemen' . 

We* ly S ],. 4 I 1 1/410 [al %1ree[, Cr:,dock iNHI) 

Wylle IUS. PO Bti, 217. Germi•ton 1401] 

1here areElectrical Kiosks 
and there are Electrical ... 

Wi th ove r 20 000 11 n it, in oppra t io n th roughout houth Africa 
Golnix have extablished,hemselves /5 the ;perialistq En electrical kiosks. 
Exter,5ive research has produced glassfibre reinfnrced plastic kiosks thal are 

* Aesthetically pleasing Kieiks. 
* Require minimal maintenanre. 
* Madelolastwellintoth/21.tcentury. 
A range of over 50 models are available 10 1.k=-ET 
handleall metering and diqribution equipment 

i In freestanding, wallmountedor poleniounted units. •'• ' 

r • 3.1• Allmnipl,are!*upplied atarystagenfrompletion. IT-:NEZE •-• Fromempt,hellsto full¥ operational,witchbaard, 
,• Abk for adetailed uldloRueand w why Goinix 

/ ciearica/kio,Ab/ren?like.invothuelectica/kio•k. 

- GOLNIX 44 
' ....WN Mi||•r,·1.Bi·||I|E.. ..1,/ /2,/4|'1||L I' ./1•h.i. 1ek,phi.• «14,9/ .'IhS 14·h• '411'll 

I 1 JRG PO ...74 .. ...36. beuth Afri'i Ti·It••One ,(11 '14 •841 Tele 4 .M;;I M 

No Ardinary reinforced plastics company. 
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RM - The Receiver whkh 
I!*• 1 1.:4 Expands the Applications 

of Ripple Control 

1 The first ripple control receiver 
which can be directly and freelv 
prograrnmed is now available - 
ZellwegeT's un•que RM 

Zellweqer 

FAAAD IP[,i Lid t 
PO 00•31220 
8./.eir 
Traf,vaal 2017 1 /1 Telepnona lOrI 648 4446 
*4 24405 

01210E 


