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We've turned
a substitute for ivory
intoa mammoth
industry.

John Wesley Hyalt was merely
trying to find a replacement for
ivory when he made his first
plastic in the late 1860's.

Today plastics are finding new
applications in the replacament of
traditional materials such as wood,
metals, asbestos and glass.

Thermoplastics, plasticisers, synthetic
resins and solvents produced by Santrachem

quantities of highly specialised
materials - we have created

a multimillion rand industry of
vitally strategic importance.
Supplying the plastics industry with
indigenous Plasticlor and Phthalate
Plasticisers, Polyester Resins, Surface
Coating and Adhesive Resins, Paint
Additives, Polystyrene, High Density
Polyethylene, Polypropylene and

through its subsidiaries and joint ventures Polyvinyl Chlaride.
are used in making an ever increasing Our total commitment to plastics
variety of products ranging from Aircraft involves constant research. Solving
canopies to Zip fasteners old problems. Breaking new

By using South African coal, anthra- ground. And our expertise and
cite, lime and other raw materials from ‘excellent back-up services are
Sasal - limiting our imports to small atways at your disposal.

-
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The Sentrachem Group, P.O. Box 61204, Marshalltown 2107, Tel; (011) 836-2075,

ncorpos plastics side: Coalplex Division, » Salri Ltd. - Impala Plastics Plastomark
Mﬁnnlmlwl Products L.ui nw‘:;cpm cPt;JTu Po(p! Uy m"&"" CMW- ic




PHOSWARE LIGHTING

Geldenhuys Interchange

JANSEN ROAD, NUFFIELD,
SPRINGS, TRANSVAAL
TELEPHONE 818-5811/2. .CJ
P.0. BOX 391, 1560 SPRINGS

(PTY) LTD.




fic, of applications.
All models provide maximised ind
Every ~m.mlx|n!(|w ear the servie sfer, automated maintenance routines,
take for granted have to I\cpn\ml iah reliability, compact packaging and the
onitored and um(llh"ul very latest microprocessor technolog
Call us for information taday and find out
just how Fulmen Africa can keep you
moving.

on

also supplied mrn v
Deesigned and manufactured ir
TAfiica, the Fulcontrol 6000 ran
d Telecontrol equipment provides remote
nerol and dat,
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‘iql'tl’h)'hd- 11 Girona Serect, Tumncy Indusirial fnnnnhr.-.
1.0, B B23, Elandafonsein, 1406, Tel, 36-5201,




STOP PRESS!

mdw
service maintenance.
® Extremely accurate

Wide load range

* Maintenance free “Floton” bearing
 Stable in all climatic conditions

Call us if you're after an outstanding meter
We'll gladly send you a detailed
breakdown an our lovely Sangamo.



Flre resistant
wiring

Cables

® Fire resistant
® Surge resistant

® Moisture resistant

® Non-ageing

® Fully screened

@ Low installed cost

y ® Easily terminated
FP200 cables have become accepted ® Mecha“ica"y slrﬂng
:‘Lrltmhioi:i‘tlie%:(t;va\?vci’ri?::;;zl::vzsv circuits ® ANTS certiﬁed

such as central battery emergency
lighting and fire alarm systems.
For further details of FP200 cables

and stocks held, please contact

Charles Elvey Agencies (Pty.) Limited,
P.0. Box 8082, Johannesburg.
Telephone 614-6541




Without us, Lindy Robinson
would be doi

sawing machines to electric
TV to twin-door relrigerators
htub

living standards, freeing
neediess drudgery and
mare time for leisure

gervant of the Robi
atian, 18 brought to the nation
many products of African
N company.
Africa for more than

leader in action

gon (A} (P1) L 6503400
(8A) (Pty) Lid. 6838300
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Bet the Sheikhs wish this
came out of the desert

(it will last longer than their oil)

- and South Africa has an abundance of it.

Almeost anything that is derived from oil can also b obtained from coal. That is why, in
1932, Iﬂnn befora the oil crisis, AECI started developing the techniques of getting chemicals
from

This culminated in the world's largest . I complex a
making explosives, fertilisers and Urea (being mmplum in 1974 at a cost ul R100m). Also
the gigantic R230m Coalplex complex (arother world's largest) that produces plastics, caustic
soda and chlorine. These chemicals and their derived products are used in practically every
industry. Another good reason for pitching one’s tent here, at the tip of Africal

Chemicals derived from coal: Ammonia, blasting explosives, polyviny! chloride (PVC),
urea, limestone ammonium nitrate, ammonium nitrate, methanol, nitric acid,

Unlocking the wealth of South Africa

AECI AECH Limited Carlton Centre P.0. Box 1122 Johannasburg 2000
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AMPTELIKE OPENING/OFFICIAL OPENING

e

M. P, J. Botes: President
raadsiid W. ODENDAAL en mey, Oder-
csen here, di s Vi 1y '8 groot cer
iese Vergadering van
nemings van Suid-Af-

Asyo al of this assosiation

was held in Bloemfontein in 1966, and thi oL time since

1966 that the Association set f .

Mr. Mayor we are pleased 1o be in the Free State again after an
o long absence of 14 years and we are also plessed to hold

\bia pragressive iy of yours, Wa i 1o thank you
itation to hold this meet

g om sy agbare die Burgemeest
fecing van dic

Rasdsid ODENDAAL 1e vra om die Ste Tegniese Vei
VMEO te open.

1. is with pleasure that | now call on His Worship, the Mavor, Coun
cillor Odendaal to open this the 8th Technical Meting of the AMEL

Mnr. Piet fotes. President, verwelkom die ofgevasrdigdes.

WELCOME ADDRESS BY THE MAYOR OF WELKOM
COUNCILLOR W. A. ODENDAAL

owal 30 jaar oud en
oem hulle doemprofetc) sou
hestuande

r

myne en ontwikkeling aan nuwe myne oor 'n periode vin §
as 1 000 miljoen Rand bedra. Die ingfigtes i nou bang om verd
spellings oor ons toekoms te wag, Met " bouprogram wat in 1979
ljocn Rand beloop het, (hierdic tendens duur steeds voort) i ons

d en inwoners baie optimisties oor die toekoms van Welkom.

Wat ons clektrisititverspreiding beircf mag u opgemerk het dat ans
abels het nie. Ons miaak 00k ten vollc van ons elekiri
k. Elke elekiricse reker 8 w8 g imforure ontrge s
gewekdige skok vir hulle, Die skol k s in dic
Site hoskjasr meer 1s RI0 mijosa Rand Inkomate wl slektriseit
Few people rsaie the vast etisitie sssociated wih the mining in
To take slectrcity i an xampl. The maximum demand of
ares is Uhe same us that of Welkos
o moahi: The Ngar fo g Stts Gedad Mt
N per month that is
million Rand per month.
Namens die Stadsraad en al die inwoners van Welkom most 1 ons gas
vryheid geniet. Mag die referate iuHc die nodige rus verska
julle besig h ele wyse gaan brasi, wi ¢k
en U versciir dat spyevertering v d
n my kant af vertroebel sal word nie

ctw
. account of approximately | 10 2

elécr

oot

One: 1\ may you enjoy your stay in our Vrystaatdorpie and
rwhmh\.v hat (onight you shold eat and drink wisely but not 100 well
r conference talk well but not 100 wisely

With \I-\.~c words 1 now deelire this 8th Technical Meeting as officially
Agbare, die Burgemeesier, RIZ W, Odendaal opencd.
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There are two things that can’t be recycled -Time and Energy.
South Africa

Heavy domestic requirements Jead to peak period demand.
By controlling the peak and spreading the foad, as shown
below, power costs can be reduced by 20%

v z 1} L] = T

Ripple control sproads the power load over a twenty-four
hour period, filling the valieys.

s both.

Time to produce energy. Time to build the refineries that will reduce our dependence on

foreign sources of fuel

Energy, to power our factories, mines and railways, and light the homes of the people who

work them.

This booming highveld town is doing something about it

by saving 20 % on its power costs
with a Brown Boveri Ricontice ripple control system.

Peak demand — an expensive luxury

Power demands in excess of contracted maximum
levels give rise to “peak demands” as clearly shown
on the adjacent load curve. These peaks delermine
the rate at

the contracted maximum level, In other words, the
higher the maximum demand, the greater s your
excess energy bill - in some cases retrospectively!
How much extra does this cost you? And, what about
the future?

The cost of power will rise in proportion to capital
expenditure requirements — and this capital will be
raised locally to an ever increasing extent.

Flatten your load curve and cut costs

An eleciricity network is like @ hi-fi system — the flatter
the curve the better the response.

The load curve of your network can also be flattened,
and its cost performance improved, by shifting the
“peaks” into the “valleys" or by spreading the load,
using the BBC Brown Boveri ripple control system
RICONTIC®

Itcan cut your energy bill by 20%.

How the BEC RICONTIC® Ripple Control System
works

It monitors power demand continuously, and
automatically switches off conirollable loads when a
paak is approaching, and swilches them on again
after the peak period has

The loads conrolled in this manner are chosen so
that temporary lack of power does not incon-
wvenience the consumer.

You meruly set the target level and the BBC
RICONTIC® system does the rest — automatically.

Syslem components
Depending on requirements a RICONTIC* system

amprise

will consist of a central or remote controller, audio
frequency transmitler(s), series or parallel coupling
equipment for signal injection, and a load-switching
receiver at each desired point of contral.

Maximum possible use is made of solid-state
techniques, thereby reducing moving parts ta a
minimurn. This means high efficiency cperation and
low maintenance costs. And fast access to the
network!

The system operates immediately, switching loads
on and/or off in a matter of seconds.

Flexibil

To Brown Boveri this means designing a ripple
control system that.

— will not easily bacome dated

~ warks in conjunction with other ripple control

systems
— can be expanded at minimum
~ is compatible with higher level control systems.

Versatility

Apart from load levelling, ripple control can also be

used for:

- street lighting control

~ tratffic light control

~ advertising sign control

~ consumer tariff switching

— alarm systems for key services

~ staff paging.

Return on

Studies have shown that a ripple control system will:

- generally pay for itself within two years

~ prolong the useful life of existing switchgear and
cables

- indirectly reduce system operating and
mainienance cost
~ improve your network stability.

Pt The s et 1 L1

contnuauny. v aporonc
et ok e eetod

Contolier monitors
ansmitior Gt pulse-instruction 1o
services. When domand lais below peak level ransmiir sends puise-
Ingiruction fo receiver o reinstale services.

BROWN BOVERI RICONTIC”...,

Tomorrow's system today

For fdrther o
the address.

BBC

BROWN BOVERI
BIIOWIIBD

AFRICA (PTY)
bil House, smss.ksue: £.0. B3 1500, Johannesburg, 2000.
r-l (011) B35-5761. Telegrams Brownbover. Teiox B-7234 SA.
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die opening van hierdie verrigtinge
ening van i konversie
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Billy. soos ek hom op skool gek k
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The good lady of our President Elect, Mr., Jeanis

as she is recuperating after an operation,
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aan ha:
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Wl we welcome you all here

thanks 10 aur Secretary. Mr. Bennie van der Wa
u

ry members, und past presidents
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there is a lot of hard wo

vir
ansmissian
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REFERAAT

GEVULKANISEERDE
POLIETILEEN-GEISOLEERDE
ELEKTRIESE KABELS VIR
KRAGVERSPREIDING

deur H. F. FORSYTH,
M.LE.R.E., MSA[EE

REFERENT

Mar. D.H. Forsyth  Tegniese Bestuurder, African Cables

SPEAKER

Mr. D H. Farsyth  Technical Manager, African Cabies

INLEIDING

rde poliétileen (GPE) kabels is reeds vir sow tien jasr in
Suid-Alrika vervaardig en gebruik, en oorsese ondervinding strek oor
ten minstc tweemaal hicrdie tvdperk. Gedurende hierdie tyd s heclwat
ondery beide in Suid-Afrika en oorsce opgedocn en baie inligting
is gepubliseer (en selfs mecr geskryl) vor die ontwerp cn werkverrigling
van kabels met. itgepersde isolering in verskillende spanningsreckse

AMEU TECHNICAL MEETING — MAY 1980

09h30

PAPER

CROSS-LINKED POLYTHENE
INSULATED CABLES
FOR ELECTRICAL POWER
DISTRIBUTION

by H. F. FORSYTH,
B.Se., M.LE.R.E., M.S.A.L

INTRODUCTION
Crelnked polythene (XLPE) cables have been manufucured and

in South Africa for over ten years and overseas experience cxiends
b sl ength of 1 Dimin this peciod a cotiidera
amount ofesperisncshas been bl up d
much infor n has been published on dcu'unnd pululmmwuha—
theaed lulairic vhbles T ilerent YohRgo Fungss




el gspublcerde inlging s In verband mt bt
L ladial il Wl
ken.

Die afgelope twee jaar is daar gewerk op 'n Suid-Afrfknanse nasionale
stunduard vir 6.6 101 33 kV GPE-kubels cn met dié skrywe is dit byna
volte

Hopelik sal dic publikasic van hicrdic nasionale standased stu-krag gee
aan die gebruik van GPE-kabels in Suid-Afrika. Hierdie referaat trag
om *n oorsig van die huidige tegnologic e gee sodal gebruikers meer
realisties die geldigheid van dic nasionale standaard kan vasstel en ook

miskien rigting kan kry met dic keuse van kabelkonsiruksies geskik vir
hulle gebruik.

DIFLEKTRIESE STELSEL

Die hoof ke nent in eni abel is wesentlik diglektricse-sielsel
n daarom is dit pasiik om dic bespreking te begin met diélcktricse 0or-
wegings. Hulle efick op ander kabelkomponenie kan dan logics ont-
wikkel word,

ONTWERP-GORWEGINGS
Die isoleringsdikie is die eerste ontwerpbeslising en ekonomiese oor-
wegi np vereis dal. dit dun moet wees in ooreensicmming met genocg-
angesicn dic voreckom
ot s makithoen ikt spa spell, wil 1carie hé dat i
siogde bersken wrd corsenkomsle ' wivarkees onluerp g
ningspeil i by
lae spannings.

Much of the published information relates to lahoratory prepared
samples and not to setual cable samples and some peaple may therefore
auestion it relevance.

For something over two years now work has been proceeding on
prepuration of a South African national standard for XLPE cables in the
vollsge range 6,610 33 kV und at the time of writing this is nearing finali-
1y,

15 10 be hoped that publication of this national standard will give more
impetus 10 the use of XLPE cables in South Africa and this paper
altempts to review the “state of the urt” in order thal users may more
vealistically assess the validity of this national standard and pechaps be
guided in selecting the cable construction besi suited (0 their re-
quirements

DIELECTRIC SYSTEM

The heart of any cable construction is essentially the dielectric sysiem
and it is convenient therefore to cammence this discussion with dielec-
tric considerations, The effect of these on other cable components can
then be logically developed

DESIGN CONSIDERATIONS

A major design decision relates to thiskness of insulation and economic
Considertion demand thal his shoukd be 1 smallu s consistent with
satisfuctory life expectancy, Since life expectancy is related to stress
Jevel theory sngaess thit hicknces ofasation thould be ctlulaie

10 ccnform ta & selcted design siess level, However mechanical co
siderations sl play heirpart et low volages these are precon-
nant — Uhus, at the fower voltages, thickness of insulation increases with

geval van die klcinste gelcicrs. Elekiricse oorwegings ipqni eper
groter rol met toename in kenspannings, Dit is internasionaal |ebrull(-
fat vir die spanningsrecks tot en met 33 leringsdi

Meinte sanbevale golcir bepual wo it gel
reeks geleics ningsk abels

beireklik di

word vir die
o

7

a5 v i e o s ucuaesiog cabas pporets
8t relalvly fow plocrialdres e, A (e rated vollage ncromes
clect nsiderations play an increasing part, However it is inler-
Wational practice in the vellage ranges up to ind incloding 33 kY that
clectrical considerations only determine the thickness of insulation on
the smallest resommended condusior size and this thickness s then
mainiained hrough the range of conductor sizes I i only n supericr-

ringsdiktes bepaal :umr volgens Hbickiriens
Tabel | dui aanbevole isoleringsdiktes san vir GPE-Kabels in die erken-
de kenspannings tussen | (00 ¥ en 33 kV

TABEL 1

leveis. Table | gives the recommended thicknesses of insulation for
XLPE cables in the resognised voltage ranges from | 000 V (0 33 kV.

TABLE 1

Conductor
Ste Thickness of XLPE at Rated Voltage (kV) *
Geleler- Inoleringadikie by Kenspanaing, (kV)*
srootte
e 081 e 63wl nm 19733
15 07 - — —_ — —=
5 07 - - - =
4 07 o = - = =
6 07 - - =) ,
10 07 20 25 = = =
16 07 20 23 4 E -
2 09 20 25 4 = -
38 09 20 23 34 55
50 i 20 25 v 1
7 11 20 23 3 3
9 i 0 25 3 53
120 12 20 23 3 58
150 14 20 23 3 55
18 s £y 23 3 5
240 17 0 28 3 53
30 18 20 28 3 53
400 20 20 30 3, 55
500 L 3 22 32 3 5.5
630 24 2% 12 3 53
500 2 26 12 3 4
1000 28 8 2 3 5
Lw £ dusr e N Comtuctor e sl tha thos fo which icknses e
st n ach cllag range e ot reconmended. Ho .
getoon word mie, u:r:lnle annbeveel nie. Alkhmu,d‘.wus:r o taan ot i A
” o die ndlesmgedivtc (of alber e s e b
i ﬁmﬁm‘:ﬁg:‘.‘,‘ﬂ ,:,:',",,.wp.,',‘j.‘f”',‘. it thickness lncreased {or both) so that the maximum siress
fovel W aite alue caleulated for the smallest
| e waande ereken wlr‘:l asnbebole grootie. level ¢ lunted o the value calcaated for
ST ———— * Syitem voltages quated are 10 South Africen Standands

Die tabel illustreer die suumz-m i gemask, Die 600/1 000 ¥ isole.
.-wnu- s suiwer volgens iese corwegings bepaal. By 1.93,3
kV bepaal

bevole gelcier, teruyl meganicse oorwepings van \oepassing it op Ero-
ter geleiers.
Let wel dat, vanaf 400 mm? en groter, 6601 000 V en 193, kV diktes
identies is,

o

178 b1 Hosctes1he s s wiats, 1 the 6001 00 Vo s
hicknes of hai

o BUNs’ ow The' Aok ecrpiGAIRd ComBiTie it Ca

that puwirds the 600/1 000 V and 1,9/3,3 K
are dantial, From 61411 1o 19,33 XV thicknes of aulaion & deter
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Die oniwerp didclkiress arviagapel, it die einte snbevele
leier, bepaal i 6,35/11 KV tot \W’)k\"cnwuld
Do al die zelmn in dw-mk
Daar is gou besel dat, om die dielekiriese spanningspeil te behcer in
hoogspanningskabels, "n radikale-veldkabel nodig was wat die gebruik
van aarskerms genoodsak het. Metaulhande aungehring direk vor dic
isolering was nie 'n die skerp kante teen die op-
PPk v e olering o ligpe vuldo blase onder i b, lohercn:
buitelyn van string-
i et b
die clektriese veid in die binne-opperviakis van dis isolering. Die pro-
bleem is om noue en permanerite kontak met *n gladde tussenvlak te
handhaa! tussen die binne en buite oppervlakke van die uitgepersde
GPE ¢n dic metaalkomponente wat bepaal wat dic spanning sal wees
iélekuikum verwag word om onder werkstoesiande te weer-

Dic voorsiening van 'n buigbare laag van halfgeleidende materisal tus-
sen die gelcicr en dic oppervlak van dic isolering (die geleicrskerm) en
tussen die buite opperviak van die isolering en die metaalomhasel van
die kabel (die aarskerm), bied 'n oplossing vir dic probleem. Hierdic
skerms is aanvanklik voorsien in die vorm van hall-geleidende bande
wal vervaardig is deur mylon- of kstoenweelstof (¢ |mpregneer met ‘s
buigsame scmi-gelcidende materinal. Lo veselpunie wal ontstaan het
tydens dic sny van die band kon ongelukkig diélckiri

minied by design stress level on the smallest recommended conducto
s o thi ticknss s raintained throug out e range ofsomdctor

i et ol ry. sppreciad hat st th higher
velisge ranges e vor of ral field Sables oHK! b cel. i

s (e proisun of  cor srcen. ed directly

ver he s ere nos the answer since lho:mhgreml\ provids

ren allog Sempen ikl B B cdpes
sul

ing filled v sharp.

st the surface of the in rihermore the pmm.. of sranded

swhen compacted, also resulls in regions of stress con-
centration at the inner surface. The prablem is 1o ensure that intimate
and permanent contact with & smooth interfce is maintained hetween
the inner and outer wrfaces of the extruded XLPE insulation and the
metallie components which define the vollage which the dielectric iv
required 10 withstand under service conditions. The solution 10 the
problem lies in providing a pliable semi-conducting layer of material
between the conductor and the inner surface of the dielectric (the con-
ductor screen) and hetween the outer surfice of the insulation and U
metallic enclosure of the cable (the core sereen). Initially these screens
were provided in the form of semi-conducting tapes produced by im-
pecte mylon or colton woven fabs e semi-
cond ompound, Unfortunately loose fibre ends arising in the
Tiri iy JEESlon b Aok A Hamss AN it it
0 ol P ol e G et v e it

ogers vorm en dus 'n vermindering in die kabel-leeftyd veroorsaak.
Moderne prakiyk is gevolglik die voorsiening van 'n reéimatige opper-

viak tusen e geleier su lering deur die halfgeleidende materi-
Al saam met die n die geval van sarskerms word
i voimtem e e v i o g o
oot die isolering. Andersins an dit 1 i, vorm van "n halfgeleisnds
Loris seam met 'n outwikkeide baifyledende bund woer ( e vernis

el “and insulation in the form of a co-extruded
e vh=m|-|omln<"ﬂ! maerial undec the inslaion. In the cive of
core screenn these are provided cither i U
Soactising (616 ity oy thes) e o i o o4
semi-condueting vamish with 4 lapped semi-conducting tape, ithe var-
nish provides the intimate contact with the insulation surface and the
tape inhibits damage 10 the varnish layer). Where ciruded core screens
are uses s ideal if ull three layers (conductor screen, insulation and

< noue kantak met die d die ver-
wistang beskerm teen beskadiging). Waar uitgepersde shmu ecbruik
v, ik b
pervng van die gesiesken
¥ verkry wort
Icnn! R it s e it
By xcilpunings grotr 18 3KY i en vl .f,esamm didlektric-
stelsel iktes aangedu in tabel | vir 3,86 KV to1

983 EV-dbels neem hiepdic tpdiae i a8,

1 toon grafics die berckende didlekiriese spanningspeile wat van
passing is op elke geleiergroatts waarvoos 'n isoleringsdiktc g
er 1. Voordat dic betekenis van fig. | bespreck word, s dit egter no-

slerng en o el
ceing proscs (gelleskerm en fo-
ngebring).

iede ronde geleier. Hiérdic is waurskynlik Kleiner us wat selfs met
samgsperde gestringde rkry word en is dus 'n voorstel-
hn‘ van die “slegste (oestan

kan ook beskou word

gel
i vnm;uhyf word, Hi
as die *sl

Die berekende mmlu < soumingspie i v fcpussing oo die
bitne-oppenviskke ¢an s iclering - di gebied ant die maksh
s spanningspel in "n ideate kel ontwikkel word.
Diaar sal gelet word dat die afgeskermde konstruksic in die figy

band van spanningspeie het v stelslspurings vaal 6. o3

¢, three layer extrusion), However good
sy i Be schieied i ot pfScssie (condictotseren and
insulation xa-extruded with core screen appl rate operation)
Bfebied ik g el sebention 1o el B sapeciid: A}
sysiem than 3,3 k¥ Tully
necessary and the thicknesses of insulation quoted in Table | for cahles
in the voitage ranges from 36,6 KV to 19/33 KV take this stipulation
into accoun.
Wil dothe ek cmes of nslation i Table | meat n e of design
siress levels? Figure | shows graphically the caleulated stress fevels
,.ppmmh 1o cath conductor sce for which 4 hickness is tabulated
 this figure, it is
s approach 10 the e R R
All calculations are made on the assumption of circular conductors.
Diameters of conductars are “fictitious diameters” — the diameter
of a selid circular conductor. These are smaller than what s fikely to
be achicved in practice with stranded conductors even when com-
pacted, and thus represent A “worst Condition’”
An ailowance of | m et Incrense 1 o fo it condictnr
sereen hias been 1aken into account in the cases where sereening is
stipulated. This also can be taken a3 4 “worst condition™,
I ik e e Mt e applicable at the inner surface
lation — (he region where maximum stress is developed in
e et s
Now looking at the figure itself it will be noted that the screened con-
structions have a band of stress levels plotied for each sysiem voliage
from 6,6 kY 10 33 KV. The botom edge or lower limit of cach band
represents calculated stress level applicable 1o a perfectly concentric

Dxe Mﬁem= ant of van elke band toon
‘ningspeile van toepassing op 'n volkome konsentriese kabel met die be-
Paaide minimum-gemiddeide wolringuiki, Dic bokant of boarste
tel dic vermeerderde spar
wag kan umnmmrmwwmswunm 5
{olersmae oegelas; du in Merdie geval s dis Bolering skseniret st
‘gewend sodat die mi oy 'n punt 907 onder dic minimum-ge-
ok 44 il el tbees"s Vet o o i e Vi goen
Vervaardiger egter bekastig om by 'n gemiddelde dikie te werk gelyk
die vasgestelde mmmu-uemmmc nie. 'n Sekere verva
singstoleransi op die deursnee sa bygevoeg word, alangende van die
Waseraee 4 deurtes Lol s ord, Exgasiridtel] wort o0k
beheer in die praktyk en dic minimum dikte-by-'n-punt sal sclde die ab-
solute minimur bereik wat tocgelaat is. Berekende spanningspeile in
Syl el ey i e 52
die figuur geioon word.
Die enkel-lyn graficke vir spanningspeile by 1,1 k¥ en 3,3 KV i slegs van
akademiese wassde asngesien dit nie in dis prakivk voorkom nic. By

slogs van toepassing op die spesialc geval waar soliede ronde geisolcer-
de peleers n vater gfoes word o wanncer ' bie-slektrode op een
+ manier voorsisn en in kontak met die isolering gebring word.
|»¢u= prakiisse geval van 'n veclarkabel, byvoorbecld, sal die werkli-
ke spanning aangewend oor dic isolering, lacr wees, met ‘n gevolglike
Vermindering in spanningspeile. Die nic.radiale veld sal die spannings-
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minimum average thickness of insulstion. The
10p edge or upper limit of the hand represents the ingreased stress level
be expecied if the manufacturer makes full use of permitted
tolerances and the insulation s applied cccentrically with the minimum
thickness a1 a paint falling to %% stipulated minimum average less &
et 01 mun. [ practce oo marfsctrer o affrd o work 10 8
mean thickness equal 1o age b
certsin manufacheing olaratos on diametar depending on the degree
10 whi
i :mlmllrdlni miimm thickaess at o point will seldomfal to
he absoluie
actual cables arc likely to be mlur lawer than shown in this ﬂault. 11::
single line g stress fevels for 1,1 KV and 3,3 k¥ systems are of
rather academic interest as they do not in fuct represcnt 4 practical
cate Sk ¢ theue vl o screning i ed, (s s velscan
only be regarded as applicable {0 the spe ircular in-
sulated conductors tested in water or by some other m=l1|| mawdlﬂl an
clectrode in contact with the outer surface of the insulation.
tical case of a mulicore cable for example the actual m\u.- ed
serous the nslaion il b educed (hus reducing e eves b he
non-radial field configuration will enhance stress in certain
regions. Furthermore the effect of the sirand nmrre in the case of
stranded condustors will alio coniribute 10 stress enhancement. Thi

preciably greate hun those represented in this figae ~ sppron



peil egier in sekere gebiede verhoog. Dic proficl van stringgelciers sal

ook bydra tat 'n verhoging in spanningspeil,

Hierdie kombinasie vin fuktore lei tof 'n maksimum spanningspeil vir

3,3 kV-kabels wal heelwat groter is as dié in dic figuur; ongoveer gelyk

san die peile van tocpassing op 6,6 kV-kabels

Dit is paslik om die onderwerp van “boomvorming”, wat met betrek-

king tot GPE genoem word, te bespree! i die betekenis van die

spanningspeile verder ondersock word.

In"n onlangse referaat voor die IEE het Eichorn opgemerk dat dit mie 'n

nuwe verskynsel ie en dat honderde v:rwymn;s na bibliografic 1ot so

ver terug a4 1912 gemunk kan word. Navorsing en ondersock in die meer

onlangse jare op hierdie gebied blyk meer qu(lr\wi to wees op GPE,

‘moontlik omdat dit tocnemend gebruik ward s ' diélektrikum en ook

omdat “bome"* makliker in 'n deursiglige materiaal waargencem ¢n in

laboratoriums ondersock kan word.

Dase word oot die slgemesn ssamgesiom da, oer oestande van hot
kiriese spanning, afbreking of erosie van die \deE nllumc!«e

ilw\:hlnkum kan plassvind. As gevolg daarvan ontstaw e wat

erleng of groei tor vorms soos dié van bom

Dri b usiess tipes baomyorms kan onderskei word — cleksicse bome,

waterbome en clekirochemicse bome,

Flekiriese Bome

Fig. 2 illustreer dic verskynsel van elekiriese bome. Soos die naam aun

dul word hidrdlie beskou s ucheel van al te wyte wan dilekiriese span

i teoric die me-
4 waardeur elckiricse bome hegin, dié van elekironinspuiting s

cxde diekrim gesrial wond Shide s maonn
e spanning. an die ekklrom kry ge-
hoeg encrgc o {onaass en §voRik die aTro¥ing an die dkice
kum te veroorsaak. Uitcindelik lei dit tot 'n “leemte” in die ek
im waarin gedealtelike eleitriesc ontiadiig kan plassvind. Deur ero-
sie groei die leemte tot 'n kanaal wat lei tot 'n clekiricse boom. Uiters
effek benodigen di s beckanisvol
rium-ondersoeke rappor-
skerpgemaikic =\=nmnt (pnnl(aﬂul minder 52,5
mcran) i Bl osaye S bt . 1 webe geval 'n dielektriese
pemsingspel van 500 LY ol berckning onsaan bel, Oader
hierdie (oestand word bome binne minder as ' uur in GPE-
bt

Waterbome

Betrekik hod spanningspeile., in die teen: vid van waer, word
i benodig om rosi e begin, Hicdiepel s ate e 8 wit ol

10 the fevels applisable 10 6,6 kY cables in the case of the 33 KV cables.
Before further considering the significance of these stress levels it s ap-
[roptise 1 disciss e Mibjet of tceing which s requenily mentionsd
in connestion with X1.PE.

Eichorn in o recant pupertpresented to e IEE obsarves that this s ot
‘and hundreds of the

e
quoted duiing Back t 1312 In more sesem years teseareh and. I
esgaton 0 i Tied s 15 has conasmiseiod on XLPE, poslby
beca its increasing use as a dielectric material hul also

tion ‘o ireex n trasslucent maierial o
laboratory investigation

What s treeing? There is general sgreement that under
high eleciric siress there can be disruption or erosian of so
dicleeirics into channels which exiend or grow inio forms resembling
trees. Three basie types of lreeing ure recognised — clectrival trees,
water trees and clecirochemical trees

and thus facilitates

Electrical Trees

Flgure 2 llustrates the sppearance of electrical trees.

These, as the i, ae considered to be entircly due 1o
electrical stress, Eichornsuggests that of il the

vanced as 10 the mechanisms whereby electrical
idea of clestran injection seems the most reasonabie. This mmlnm
that on e L R BB S T T

ot sha 163 srspaditg Qigieciri: Some of
these electrons icquire saiiclent efergy o causé onsatian 1nd onse:
went decompsion ofthsdilecric mulcales —ulimutel leading o
farmation of & void in which partal discharge san uccur and by erosion
propagate 4 channcl lcading to an fppiartin Extremely high st
lovels are necessary (o produce i efft and i signifcant L
liboratory work Asheraft, Eichorn and Shawtrcporl o test

tion using \pecialy sharpened nu'dlu lecirods (point udius fess han

Uress level of the meedle pamt in cxcess of S00 kV/mm and under these
conditians trees are initiated in less than an hour in moulded XL
g

Water Trees

These also require r:lnlwdy L
présence of water or.

ess levels together with the
dod. However the stress levels

or clectrical trees fo

om dic groel
1 ot diiciricse pusning. sl vogtighoid S yabiar de diliekrcse beiaiaind. i ol influence o
materisalin‘n hoeveehed yn“ure” lancdring ' “breuk” vroor. s th mowture penetalen it a mbr of fre g uptaring bus

gevolglik min-
o g ol &t et e e t e e che
diélekiriese spanning, tesame met water, moontlik kicin gedecliclike
uml.d.n, by die boompunt veroorsak. Gevolglik breck die water op
in suuratef ¢ waierstol, DIA veystelling van gis Wnd plass by ' ek
hoog genoeg om gelokalisecrde skade en gevolglik 'n verlenging van dic

i om sodoende ‘n waterboom te vorm,
Verder, as dic asngewende spanning en m‘ bron van die vogtigheid ver

wyder wond sl ce wsarbome very

m droog te we i
eyt i me nr\.kx toemank nadat dic water in mm- nnplﬂ e
verdamp het. Hierdie feit kompliscer dic bestudering van watcrbome.
maar die probleem kan oo o dl monse ' iewrtarto
kook, wat dan die vorm van die boom bevesti
Elektrochemisse Bome
H»éldx( i in cffek 'n spesiale vorm van n wlterbwm (met dk:ﬂfde
groei-meganisme) waar die water ione van stowwe bevat, w
ooy helisiaglm vyl o e
permanent verkleur sodat hullc nie verdwyn met uiidroging nie.
Alle bowyse toon dat, watter boom it ook a is, hul groei by punte van
hoogste konsentrasie van elektricse veld begin. So 'n hoé veldkonsen-
rasie kan op die volgende maniere in die diélektrikum van 'n kabel ont-
staan;

By 'n gebrek of growwigheid in die opperviakke wesen die isolering

kerm

By enige besoedelende, geleidende deelljic, gedeeltelik of algehecl
:r\l-lnll in die isolering.

By enige besoedelende oo permitiwiteit wat wesentlik

verskil van dié van die

By 'n leemic wat G |--x i Inkrimping bizne de inoleing of

in dic opperviakk tussen dic Isolring en skerm.
Bo n behalwe o diiekiriee sy “n verdere faktor in die groei
van bome geleé: in dis an wwegang tot lug, water en elekirolie.
kar ekt Teke veld-Ronsenireses ontiaan binbe dis larios. By 'n
leemte of besoedeling, is dsar siegs haie beperkte tocgang tot boge-

2

not decompaosi ctric material, Consequently water trees ha
a much more .mus: appearance than elactrienl trebe. Efehom
suggests (hat the conjuction of high stress with water may result in very
sl partial disc harges at the lips of trees which decompase waler ita
ydrogen and oxygen which are cvalved at pressures high enough to
cause local damage and the extension of the fine channels which make
up the waier tree.
Furthermore, i the applied voltage and the sourse of muars are
remove the sample allowed 10 dry out, the water trees dissppear.
This suggests that the disruptlon of the diclecri i Such that when the
water in the channels of the tree diffuses away and evaporates, the

knel ciose up. THi Fackcomplicais he sy of ik rees b the
dificulty can he overcome by boiling the sample in & stairing solution
which imparts permanent form 1o the water tree.

Troes

These ar elfctvly o apecal fora of water e with s growth
mechanism) in which the water contains solute ions which can be
detecied 48 saits within the delectrie and may provide. permanent
“staimng " of the trees so that it does not disappear when the sample fs

Whatever the type of trec all evidence shaws (hat tree growih staris at
points having a high concentration of electrical stress. Such high con.
ceniration of siress can arise in the dielectric system of & cable in
number of ways
At irrgulity or oughtes f the interface etween i il
tion an: reer
Ay conducting contatnant parile partally o whally embesti:
e in the insulation:

Atany

Iy from that of the insulating mterial;

At contraction vaid within the insulation or al the interface
between insulation and screen,

I sddtion 0 igh sctrical tess & urthr ctor i res growh i n

access 10 air, water or an electrolyte, When concen-

trations of stress arise within the insulation at & void or contaminant
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noemde stowwe. Interne home se groei neem dis scide ernstige afme-
tings aan op hul eie — tensy hulle naby die opperviak van dic isolering
5, in welke geval 'n deurbrank die ingang van water of lug kan bewerk-
stellig. Solank s wat dic bome ongeventilcer is, sal hulle teen "n ver-
minderende tempo groci in " rigiing parallel aan die elcktriese vekd-
yne wat gekonsentreer is in die omgewing van die sesoeteling of 3o
Teek. D4 Nora wal Warul anisaane Soe

de naam van “sirikdis”. Uieiodcht ta s v konsen s
die nic-geventileerde sikdisboom [sat ontstaan hel. et die gros| vin
dic boom verminder tot "n vlak waar geen afbrekin e diclektri-
K ka plassvind i < die buom o hou met sroci, Fif. 3 Husrser o
strikdasboor

s die sparmingaverhoger (helay besowdeing, et of gobrek) et
opof naby die sk van die soleing of skeram i, &0 dhe gevolghke
ot bk B o AR i ockmay bl it cegang (1
water, lug of elektrolict kry en so hul groeitoestande hay
langse gessghobbends oorss deu Wiersma 2 (numens CIGRE Werk-

there is s
wekdom grow to any serious extent on their own — unless they are close
1o the surface of the insulation in which case they may break through
and allow the ingress of water o air. As long a5 such trees remain on-
vented, growih proceeds at  decreasing rate in o dire; rallel to
the lines of electrical force which are conzentrated in the vicinity of the
contaminant or imper the resuliant form of the tree gives rise
ta their description us bow-tie trees. Ultimately the stress conéentration
o iese nan-vented or bow-tie trees is dissipated
owih of the (ree (0 a level ot which no further disruptin of the
ctric Lukes plice und growth of the tree ceases, Figure 3 illustrates
an clecirical how-tie tree. Where however, the stress raiser, (whether
contaminant), void or ather imperfection) lies at or very the in-

resultan radial-
Iy wutwards or inwards though Uhe insalation may have ready nesess to
air, water or an electrolyte and conditions for growth of the trce are
mu..nm«t

pmcp 211 IIy -nld Y:rllw: umkle van die

oorw

e Tt e fiu el

lingadeeljies en die teemwoordigheid van lecmtes. Saam met dit be-

spreek hy ook di effck op dis kabe) as yaierome teemucndip . I

dié verhand is dit die moeite werd om sy verklaring ten volle weet te
3

“Dit is bekend dat die lewe van ‘n kabel verminder kan word in die
teenwoordigheid van vogtigheid,

0 die aling van die kael toegeskrytan word aandic eciwoordig-
heid van waterbome, is nog onbekes

i tcrssant om dncop eIt um ontbagse erk yan a proot k-

A e itatiy w by Wi (on behalf of CLG.RE.
W\hrkllm group 21.11) mve( wm\dvllmn 1o various aspects of the
phenmencn of waler rceiog.Iner sl he cover the fTecs of volage
stress. frequency, temperature, nature and size of sofid :umummun\s
e th presence i o voda I sl B s v
on cable of the presence of water trees and, n this conncetion, i 1
worth while quoting one statement in full
“Itis known that the lfe of cables can be reduced by the prescrice of
moisiure. It sl unknown, however, whether thes failres have to
be atiributed to the presence of water-irecs,”

115 of interest 10 note that work done in the UK, ¢ cable
maker suggess thit the presence of water ires 1 XLPE fosulstion docs
ot fut educe he shor erm brehdawn sirengthof theinulsicn

VK aandui dat
PV oo e el e e e
inder nie. Monsiers met sirikdas-waterbome se afbreekspannings is
nie nocmenswaardig lacr as di¢ wat sonder waterbome Ix ni
Nodatdic nooduendig kort corsig an boomvrming n n besondsr
terbome in soliede diélektrikum afgehandel is, is pul ik om weer
il.e berckende spanningspeile, voorgestel n fig. | in oénskou te neem.
Die bespreking word now tot radiale clektriese-veldkabels bepsrk, Fig.
4 oon dude it cntwerppssingspere tocncem metspaning Dic
leinstc aanbevole geleier by 6,6 kV het ‘n maksimum ontw n-
ningspeil vain 2,25 10t 251 k¥ terwyl e ooreenkomsiige pell 4,14
1ot 447 fmmbynlzv i
Wa heteken die grootie van hierdie spanaingspeile? In afdeling 3 van sy
fuferan espreek, Wieun die ffekwt walrbome op dc kabllel
tyd het, Hy beskryl die werkli

i type water irees do nod breakdown at significantly
Tower mlll!u than sanvples without water trecs,

Having mude this of necessity a rather brief review of {resing, and in
cular water srecing in solid dielectrics, it s ippropriate to revert 10
consideration of the calculated stress levels depicted in Figure |
Confining discussion to the radial field cables the figure shows clearly
Uhat desan st lovels ncreaso 38 system voltage Increases. AL 66KV
the smallest recommendedd conduetor size has & maximam design
e level of 238 (0 251 TR R e
lev 10 447 KV/mm.

What s the significance of the magnitude of these siress levels?
Wirwa e section S it paper» discusses e ellectof vaier esing
on cable I and mentions cxlesive werk carred oul on actual eable
samples 1o determine. the e exponent fof cables fn waciree

op wes
dic leeftyd-ckspanent van kabels in ‘omgewings w waterbome stimu-
leer, vas te stel

(Die leeftyd-cksponent is die wasrde van *n" in dic vergelyking

W b i totafbreck by
spannings

b= tydsduar-or umm by
spanningspeil E;)

stimulating

(The life exponent is the value of 'n" in the cquation

y e

x (E,
Where |, = (ime to breskdown ar stress
and 1, = time to breakdown at stress Ey)

W»emna t\lnilu!r deur middel van grafieke die
erskeic van hierdie ekspanent en stel voor dat die fesulta-
o suicikdal m = v locpening op GPE inna ociandels. Iy pra-

wanrskynlik meer as 'n 100 jasr sandu, vir 'n .m.,m m= abel vai
antwerp s vir n maksimum spanningspeil ner 6 k¥,mm. Klaarbivks
Tik sal kabels, wat ontwerp is vi Spataingpele ¢ Yimm - vl
doende lseftydsverwagting itig!

:*l dag gelé word om span rlllul'lﬂhnlulﬂt onreéhmat |hai: uit te tlv

Eki as 3TV die iso-
lerngeikies el boke spanniogspeils veroomseak. w Ortlediog van '
Nocveatheid spesfike GPE-Kabetlses vanaf 6 KV 10 134 1y geen

mm..am. dil pmmlm’ﬂle vew"rdners in dié gebied op "n omwerp-
6 tot 6,5 kV/mm werk en vir hoér spannings word
:plnmrlppehh van 10 1ot 15 kVimm genoem. Vanselfsprekend sal gro-

d van tot

31 kv,
Verdere hesprekings sl nou oor die algemeen beperk word tot kabels
vanaf 6,6 kY (6t 33 kY, met verwysing na superhoogspanningskabels
wadr van (ogpassing,

ke b i wal die
Yt Crbtrar g A i R i Vo an dasromirent ge.
doen word tydens vervaardiging? Laat ons eers die betreklike belang-
riheld viadie vklends deatieof Nkire, bokrl i sirkice
se sterke op die lange duur en & ing van die GPE-
Asbet al bopaal. Daa € hosid contamighe dt die fakioe in o
de van belangrikheid s volg gegroepest kan

"

urious vlus of hisex-
d e XLVE uo-

ponent and suggests that provisional resull
e wek coseitons - . Tk g U e f 7
tion suggests that for a well made cable des

siress Irvﬂ below & kV/mm time 1o failure i

ey (o mnoec 18 ynm

[
less lhn 43RV ave o more than adequnls Ko Sl ummlr
ed care b climinate stress raising imperfeciio

Ausystem voltages in excess of 33 KV economic considerations dictate
hicknetscs of insulation which rerul in even higher stres Icvel and

analysis of & number of specific XLPE cable systems in the range from
66 KV 10 154 kV suggests thal the promincnt manufacturcrs in this field
are_all workis

case in the ranges up 10 33 kY,
i proposed however (o confine rthr dscuston genealy L cabes
in the 6,6 to 33 kV range with possible occasional reference, when ap-
propriate, Lo the )mptrl:lmnn range.
In the m..nurm..m. environment what can be done (o eliminate o
reduce imperfections which can reduce life expectancy and what
S e it Sl ek types of imperfection?
Let e frt comeidr he rlative sinifiemtes of the vrlos impeece
tions or fastors wi determing the ong (o1 elecrical srcrgth
and hence the I vexm:llmyn!xl.PEﬂb A substantial body of
mion ranks these various factors in order of

nlrcuner as follows:
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1. Elekiriese cgaligheid van die plm:r:k:m en isoleringuussenviak
2. Eumdelmnh ne-in die isoler)

3. Leemtes bin ol:nu i by die skermtusservlakke

4. Mikroporositeit in die isalering

5. Elekiriese cgaligheid van die aarskerm en isoleringtussenviak

6. Polimeer-tipe gebruik in dic GP)

Elekiriese Egaligheid van Gelelerskerny1solerlngtussenvlak

Die geleierskerm w

pers en hierdie faktor s dus grootiiks 'n uitpersingsprobieem. Die
Tobimatigheid o uriformieit a2 snigs wilpening ward 1 grout me-
te geaffekicer deur die vorm en reéimaigheid yan di onderiang waar-
0p uitgepers word. Defckte kan ontstaan in 'n gewone stringgeleier

Painkings' om die tusienrulmtes cnder dic butensie raad

van die geleier te val, Sulke onreélmatighede is heelicmal onsanvaar-
bagr in hierdie tipe kahel. Kompakte geleier word gevolghk gebrulk om
“nseaaby us moonlike epligegeeisroppervik i vorm i dieuitpers

ord sonder uitsondering saam met die isolering uil-

an die
el gt i el ooy S
die geleicr uit te pers.
Bo en behalwe die verdigting van geleiers, voorsien sommige vervaar-
diges ook 'n hallgeleidende bund of hunde wak syt o de elcorgs-
wikkel word. Die gelsierskerm word dan voltooi met crs van 'n
Tang halzgleidende verbinding (csame met die GPE-solering.
Die igeperad Lt ki Vo Ak m he bere e koetimifcde
ersmasjiene nic korrek met mekaar en met dic Iynspoed ge-
Growwe uitpersel weens verkeerde temperatuur-
toestande, saam met wwak vlosil

invaarbare \'erhulmx pr xpnm\mlsp

Dit is duidelik Iwat sandag san Bﬂnndlrhede gegee moet word

€5k e S s i

persingstocat edoen moet umrd M

voorsien die nodige fasiliteite en die nodige beheer word witgeoetn,

Gereadskuponiwerp is ook van belang.

Besoedeling binae-in die Tsol

Hiérdie kan uit verskeie tipes bestaan. Melaalbesocdeling is besonder

nadelig en sckere ongepubliscerde eksperimentcle werk bevestig dat

metasidecltjies van die orde van 30 mikrongrootte, clekiriese bome kan
wek by hetreklik lac spanningspeile, selfs as hulle goed in dic uitper-

sel gebind is. Sellulose vescls is besonder gevaarlk en moet gehcel cn al

Wiamakel word $cfbmicedeing W oor e sipsmen. v teder -

lang. In dic geval van materisal vir superspanningskabels, moet decl-

tiebesoedeling van metaal besls uitgeskakel word.)

Tensy sandag in Flnc e o

hroie suerheid Son e OFEsastellig voonin dece dis v
vaurdiger, Dit i asiliteie 1c voorsicn watl
Corcemkom met die gehilte van verpakking en om ok van algehele ge-
slote vervoersty s gebriik te mank, sodat besoedeling op 'n pllllkt
Ine viak gehon word: Die ingebriisiosk van efliencde og of v

trekke voorsien met lu rdlng by belanrike pusts. team o
smverviandiyen & desglikbemaa v pas

cctical smoothness of the intrface between conductorscreen and
insulati
Coaminssts wibin e inslution;
Voids vmhm the insulation and at screen interfaces;
oporasity of the insulation:
E\«.Irrcl\ illWUK'mt‘(‘ of the inerface between core screen and in-
Iation
rm of polymer used for the XLPE insulation.
Flectrical smoothness of Conductor screen/insulation interface
The conductor screen s invariably co-extruded with the insulation and
this factor s thus largely an extrusion problem, In any extrusion the
eularityor aniformity o the exirusion & affcted 1oa consderable cx-
tent by the form and regularity of the substrate on o which the extru-
sion s made. With a normal stranded conductor mpﬂhcllan ean arise
due to-"nein” between the wies o he sra 1 1 nestices elow
the outer layer or wires. Sucl ire compleiely unaceeplable
i tht type o cabe Clmqu:nlb compacted strands are used 10
ductor surface on
1o wmch the ',rmdnclur scrcen can be extruded. With careful control of
strand make-up and degree of compaction it becomes possible 10 ex-
trade direcly on 1 the gonductor Some manufuctorers in sddition to
<compacting the conductors ret ducting sup
%ty epad ok s the comdacir avr b he i ket
sereen is completed by extrusion oriie lay -conducting com-
i Logathe: wilh e XLPE Isotaticu,Eoidlog o th exiruded vt
conducting layer can oceur i relative seroll speeds of the extruders are
not correlated correctly with each other and with the line speed. In-
correct temperature conditions cun result in & rough extrudate and in
conjunction with poor flow paths through extrusion heads and twoling
can lead to pre-curing of the semi-condueting material cither of which
defects can give sharp points at the nterface which will have unaccep-
table siress enhancement factors,
I is nrdtm there must be considerable attention given to detail and
care must be exercised bu;h n the vvuducn-n of |h! mmlll:lur and in
the nuhhthg awnd control of e n plant
D ek oy i o Wik ot e ot Tocling
design is akso of importance,

Contaminants within the insulation

These can be of a variety of types, Metallic contaminants are particular
ly deleterious and it is knwwn rom certain unpuhiis

ished experimental

nmp]ululy excluded. Dust contaminants are in general of less
In the ease of supertension cable matcrial metallic parti-
nation must be positively excluded.)

16 oy (ke gl s o {6 beclits coanimen of
XLPE compound as supplied to nufscturing plant unl
comsideration is given 1o the :lmlmm of l!rwssswu <o
cluding e
10 provide fucilites consistent with the packaging of 1he riw materal
and to completely closed conveying systems 5o that contamina-
vion is restricted 10 inimMy low lvels. The ntroduction
sirg

dit toe wanr nodig).

Leemtes binne die Isolering en by Skermtussenviskke

Lecmtes kan op verskeie wyse ontstaan, Een van die hoofoorsake van
beduidende lecmics is te wyte san diferensiéle verkos
massy isolering- cn afskermingmateriaal na dic vulllniknngtprm:ﬁ,
Hiérdie staan bekend s Vinkrimpingseemtes”, Analis van it
leemisformasie e voorspel ¢n om verwer
Kingtoestande (lsmperateurpralee) e bepail, wat die vorTiag van
krimpleemtes sal onderdruk.

::;;nu kan 0ok gevorm word deur viuglige of gasagtige newe-pro-

oog s
van gasloemies word onderdruk deur die kabel onder paslike posiciewe
eksterne druk te hou, beide gedurende dic vulkaniscrings- cn afkoc-
lingsgedeelies van die produkproses. Leemics van beduidende grootte
Word gewoonlik deur een van bogenosmde maniere gevora cn kan in
tene van mikroms gemeet word. Gevelglk word hull maklk met di
Bedecttelike ontladingstoets opgemerk. Gedeeltelike ontladings kan in
'™ 30 mikran Ieemite gegn word s die spanningspeil 6 kVmm hereik.
Adangesien die leemte op llpek dienas 'n lpﬂnumﬂpﬂlv:lbﬂ'ﬂ‘
hierdic peil by 'n betreklike lae toetsspanning betreklik maklik. In dié
verband is dit moontlik van hc\xn! ‘om dasrop e et dat mn m m ont.
Iading-ontstaag-epanning (OSS) wat die hoofsaak is nie — die
onlingbhs panning (l’)ﬂS\vln Ve o heiacg 4 i
redelik hogr as die werkspan maar die betreklike verhouding
Lssen OSS en OBS is v Seshvist et belang, Ad die g inen

IS moet
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ane the nnemly for these precautions
e T T

Voids within the insalation and screen interfaces.

These can arise in various ways. One of the chief causes of significant
vaid formation is the differential cooling of the whole mass of insulation
and screcning material after the vuring process. These voids are
refered o as confraction voids. Thermal stess anaiyis can be used o
prediet jormation and 1o_determine operaling conditions
ompecaturn profee) walek ahibi cosaction Vol formation. Vosds
can ulso be formed by volatile or gascous by-products of the chemical
crosslinking process or if the material being exiruded i not thoroughly

dry, (i.c. in trace of moisture). Inhibition of gascous void
fortaton s achieved by muinisining the cable under appropriate

The production proceas. Voids of significnt siss are uwully formed in
cne of these ways and can normallybe messured i tens of microns.
Consequently they are relatively casily detected by partial discharge test
imithor, PAisckabie oot Shharast vho % htoiad | in 30 m

void if the stress level reaches about & kV/mm, Since the.
a5 trcs v this siress evel s seached at reltively :.m st mllnn
Tevels of 1.5 to working

comparatively casy. In this comnect perhaps important 10 note
that it s not the discharge inception otagt (DIY) which I of mijor
sinilicance - of sosideaby grte sgnifcance 1 he et
tinction volsge (DEV). The DEV must be appreciably above working
“olage bt e rcaonshin ofthe DIV 10 (he DEV 1 of considorsb
less signifi DEV i at or below normal syem working
vl <ould continue throughout the working life of the
cabls which il coasequently bt FEIMTucly SO syae Shehurpe o1
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kende leefiyd van die kabel. Dit sal gevolglik kort wees aangesicn oni-
ladings die dlrlrklnhum erodeer sodat die vroeg faal.

Mikroparositeit in Isolering

Die belungrikheid van leemies, kieiner as 20 mikrons, hang geheel en al
af van die ontwerpspanningspeile. As dié op 'n betreklik lac viak gehou
word (so0s in dic geval van Kabels by spanning op tot 33 kV) is dit baic
arskynik dat die eemtes cnigsins die huidige beraamde leefiyd
van dl: kabel sal val»td hnulfwr:h:nd 1!! dit nie die geval wees
by hoér
on dic Wuidige Ketiek op sivom-gevulkiniseerde GPE kubels et an
dersteancrs van die nuwe “drozvulkaniserings-waicrverkoclingsproses
Iei 1ot mikroleemtes in die isolering in 'n reeks grooties hevlvmt k\:m(r
s 20 mikron. Dié leemtes is te wyte aan dic frn dat "n sekere hoeveel-
heid water in oplossing gaan in die poliétileen onder hoe druk en tem-
perstuur. Tydens daaropvolgende verkoeling raak die oplossing oor-
veradig en die surplus water kondenseer en vo leemies. In
nuutgemaskic stoom-valkaniscerds GPE kan 0 “wolkerige" sone in die
‘middelste gedeeltc van *n dun deursnit van dic isolering me die blote
oug gesien word. Hierdic “stralckrans” i sigbar woens dic belrekiike
Hphecingildehs v wner e pokiiees, Dis mikcolases [« gead

sion of the dielestric will result in early breakdown,

Micraparosity af the Insslation
What of the smaller voids? Those of less thun 20 microns diameter. The
significance of these is entirely dependant on design stress levels — if
these are muintained ut relatively low values {as is the case in the voliage
range up 10 33 KV} they are extremely unlikely to have any cffcct on
current extimates of Bfe expectancy. Naturally at high stress levels th
o (o Y it ety e ke v e i
am ¢ XLPE cables by advocates of the newer dry cure processes,
118 well Enows (Rat the e QovsLioral stk ¢,1ing sad wates eo
process produces micravosds in the insulation extending in size range to
someihin raher e 20 ieron. Thi s dus o the fet het  high

in polythen
{orphis wakér condenses und forms these microvids, Witk newly
manufactured steum cured ¢ ed polyhene o cloudy sone n the
ol rogiar o6 a th cresesen il el

the naked eye, This “halo" is visible because prTei
indices MwMeF and polythene and the voids are filled with water. M\bl

met water.
i Sialiean verdwyn i gevole daarva. Onder abnel

me in die middel-gedeclte van dic isolering. Onder toesiande bevorder-
lik vir waterbome, mag ‘n strikdaswaterboom ontstasn.

tevore aangedui, sal strikdashome nic lei tot "0 beduidende afname in
clektriese sterkic ni

Lawson e anderchet in hul refcruat oor die ontwikkeling van GPE op
superspanningsgebied verklasr: “Met die 0og op die togkoms het die
kabelingenieur dric moontiikhede vorentoe:

Om die teenwoordigheid van mikrolcemics en immuig: onsuiwer-

hede te aanvaar en om dan "n besroubare kabel useer wal '

inherente nie-homogene-isolering gebruik. (In hicraie geval sal, ge-

volglik, 'n lae spanningspetlontwerp gebruik moet word. Vanselr-

Freskes s o pia e S e e ward,

beperk]

om mmn‘lal te verbeter of te wysig, moontlik deur die t0evosging

van bymiddels, om sodosnde die elfek van omuiwerhede en lcem-

tex op die werkverrigling van die kabel te verminder.

Om vervaardigingstegnologie te verbeter met dic doel om kabels te

vervaardig wat minder en klciner onsuiwerhede of lecmics beval.”
Moontik kan bogenoeme nic s n gesaghebbende verklaring beskou
word nie, maar dit gee 'n getroue sanduiding waarom die droog-vulk:
niseerprases ont kel i, naamik om dis superspanningsaurk biine te
dring. Daar s geen Legniese rede wiarom 'n fac spanningspeil, sé §
lwmm 132 k¥-kahel nie ontwerp kan word nie. S0 ‘n kmls.l i
as-druk
bkl bl ptovch b um-«m 1
f groter) sal g:\ru\y\k noodseaklik wees om ckonol

ingskabels te voorsien. Vandaar die mskw
wat die

o4 maar bied vir die behnxﬂk:r i
heid van die geleierskernVisoleringtussenvlak of die besocdeling binne
die isolering waarna reeds verwys is nic. Dic voorstc] dat bymiddels ge-
bruik ward om dic effek van leemtes en besoedeling te v=nmmi=r‘ isin-
teressant. s dit egter nie beter om die aantal en grootte van dic leemics
n besoedelingselemente ot n viak e beperk oorcenkomslidic ka-
belontwerpspanningspeil mie?

wensvalbare superspanni
denheid s

Flekiriese van die

Dsfokle i hisdie wttcishe cnttanr0p dicsoled s, waer i be-

e time U the insulatian a

he halo disappears. Unider normal condiions o clectrical sress e

discharges within the fargest of such microvoids may start erosion

Ieadig o the rowih of lsiicl boweie s i heecnta rgion of
o rebiele i witar 142 frobah Bowile

1ype wul=l trees mny previously indicated such baw-tie type

trees do not lead to my M!IIIrICiN reduction in breakdown strength.

Lawson et 31%in their paper dirceted at development of XLPE
ok he suptrttnslon Nl sttt o i Iocking 10 the fture the e
engineer faced three possible ways forward:
to sccept the presene of microvoids and some impuritis s fo
aitempt to_ produce a reliable cable using an inherently non-
\omogencous insulation. {In this case, of course, @ low siress design
il hae 0 b exployed und this wil obvouly i e voltage ¢
which such cables san be used).

7 ] ¥
“Ghive to minlmise e <iToet f impuriics and volds on Ceble pmm
mance.

o improve manufacturing technology with the aim of producing
cables with fewer and smaller impurities or voids"
“Thi may not be regarded as an aulhorutive sistement but it cetainy
does give & true indication as 10 why dry cure processes came to be
developed,
It was in order to penetrate the supertension market. There is no
tochnical reasan why o low stress level, say § kV/mm 132 k¥ cable can-
nol be designed but such a cable would not be economisally com-
petitive with the tried and proved oil flled or gas-pressure Lype paper in-
suluied cables. Thus high strcss designs (6 kV/mm or greater) were es-
sential in order 10 produce an economically viable superiension cable
Hence the variety of dry cure processes which solve the microvoid
problem but do nothing 10 solve the higher ranked factors of clectrcal
it of vadudlar sevsetfsailatiosiiiihes o AT At
i the mlaion {0 whih reercnce ha alteady been made. The
e Ui omioe s nied 1 minimis the afoa of yos 2
contaminants is inieresting. 14 M ot bl €5 tachics vl AR SRR
nant size und count Lo 4 level appropriate 1o the cable design stress
level?

Flectrical smoothness of the core screea/lnsulation interface
Imperfections at this interface arise in the same manner but have

treklik van minder belimg us dié vi
Tob i n di e 'ehM imum spanningspetl
e sandrang van ‘Sebruiker da e sarskerms
maklik afgestroop moet word, het egter gelel (o1 die algemene gebruik
van dic twec-gang proses vir die vervaardiging van afgeskermde are in
die laer spanningsreckse.

relativel u
region of minimum stress level in the dielectric
th demand by users that easic
s oL foa B oL oF 4 s proges for
preduction of sereened cores for the lower voltage ranges. The rc-
uwmew :Ill nbw be met by W'\l 59"-‘4!‘ llml-cnnduclm. com

kan ack i word deur di ik van spe- hin : oa endeanbe oo
siale hail-geleidende samesiellings, wat now beskikbaar word vir cva-
Iuasie, Dit kan saam met dic \lvlznr\‘ uitgepers word (dric-laag-uitper- tight bond that arises with normal km'-mdmms XLPE. Very easy

sing), sonder om 50 51y{ vas te 4t s00s die gewone half-geleidende GPE.
Baic makike aftroophadrheid beicken dat ic rousitende koniak n
Ch o ek el e B L oot deeks

Jie. Verseuting van, doe mouslatende Kontak futsen nolering en nar-
skerm kan lei tot betreklik groot feemtes en ontladingerosie wit
vroeé afbreck van die kabel tol gevolg kan hé. Dus, terwyl afstraup-
baarheid voordelig vir die installesrderigebruiker is, kan dit 'n poien-
sigle swakheid wees indien dit e ver gevoer word

Polimeeriipe

is dit slegs net

Whippubiliy means thal the inmate lose contact s this isterface <an
be broken and this can result in gross imperfections arising if core is un-
daly e 13 slsequent proceuingor duing ealon, Diruption
of i contat between nultion and cors serecn may lead to
relaively Tuge vox from wi erosion could lead to carly
breakdown. Thus while core screen xmmhmu offers advantages 1o
the installer/user, if carried (o excess il presents a potential breakdown
hazard,

Type of Polymer
In the South African context this point s only of acadeaic inerest. AL
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Ourcablescarry _
two very important things.

And the S.A.B.S. mark.

If there's an SABS mark gaing for anything we make, you can bet we've got it
Which is not surprising. Qur cables are the product of the most modern manu-
facturing equipment, outstanding experience and the best inteational
technology.

Little wonder that you find Scottish Cables used throughout the Republic by
mines, industry, public bodies and Government departments

Scottish Cables (5.A.) Ltd.

P.0. BOX 188, PIETERMARITZBURG, NATAL
anen

URERS OF PAPER, THERMOPLASTIC AN

@ iy Mot Ty G734
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sem ey Suid-Afrika hestaan, Gelukki materi-
i i:vremgmd bewys en vrgelyk ol e
Vosrde GPE-verbin
Voordat daar stciup Yo v i i stelsel, i daar o
e moet word. Die geleicr- en arskerms is slegs
Iedend oo die Betkrywingte kernegee. Weems dic ket Netand s g
eerstand gemest in ‘o radiale rigting vanaf die s van die geleier be-
ik Tnag, xefs om die buitekam van di ten vofle afgeskermde aar.
Die weerstand van hierdie semi-geleidende clementc is cgter betreklik
hoog gemest in die lengte van dic kabel, en kan etlike duisende ohm
meter wees. Hierdie is nie die hoofsaak in dic geval van dic geleier-
skerm nie weens die noue kontak met die gelcicr wal o sigself die no-
dige geleiding in die lengte voorsicn.

In e geval van aaeskerms, egter, wal nominaal by nardpotensing| moct
wees, it "n bykomende aurdingstclsel noodsasklik om die kubeliai-
straom te dra en sodocnde die ophou van uitermatige potensinle in die
lengte van kabel tc verhoed. Dic aanbring van hierdie aardingstcliet sal
later in meer besonderhods bespreek wor

Noudat die diekiriese stchscl in redelike hesonderhcde bespreck i, is
dit pasik om dic ander komponente in die kabelkonstruk kou;
en om die produksieprosesse te bespreek wanr nodig.

GELEIERS

Beide luminiun-en knperpeleer word in GPEKabels sebeui c die

Keuse van gel van die verbruiker se benodighede af-

R Vieeks e 1 vn ke pterngsptos foliponing ine-in ‘n

onder druk) s

cerarige kabels. Soos vantevore aingedui,

s ertg Beheer om
e

Briik — selfs vi
woonlik saameepers en die stringpee

this stage there is only one soarce of supply, Fortunately this local
sourcs malesal hus proved uey stfacory and camgares asourably
with previously anuncd mpou

the subject of is one point that
eash 10 b mestiomed, The concietor 7 ¢0re Soreets which have
been referred Lo s semi-conducting are precisely thal. In the dir
radial 10 the axis of the conductor and even round the periphery of
fully sereened insulated core the resistance is relatively fow due 1o the
etk gl Homtar, 1 U i S of the cable
s resistance of these semi-conducting elements i relatively high an
B0 5 s thoumaaia o Ghirk e e k. vk majer
pificance as far a3 the conductor screen s concerned sinee this s in
intimate contact with the conductor itself which provides the necessary
Iovuna <osductance n e eai of e core st which thoukd
nomiealy be 4l cath polehil, (he povison of 3 swpplamentacy
Jetallic daning system [ essental to chrry the cable charging eurteat
d cvesk he bl up of exsesalve pleuitk son s Japt of fhs
cable. The .mmmm of this earihing system is discussed in more detail
Tater in this
Having it he et sxsem in some dei & is now ap-
propriate 10 consider some other components in the cable onstructio
S0 s akahincy 1d s o o the Aaalud rieg rociasst:
CONDUCTORS
Both uluminium and copper stranded conductors are used in XLPE
cablos und choice of conductor material depends on consumer re-
quirements. Becawse of the nature of the prosess used in applying the
insultion (esirusion it prescurised curing medium) it itherto
G Lors even in multi-core cables
and s indicited earlice, these are mn.n, compacted and the siranding

nu urm=. Nélmll\u bass te verseke:
0 di pokieskerca oleig, D gebel van saamgepersde pro-
fclgeleier 1n mesrarige kabels kan

die vermindering van die deursnee en bpamen Bl e vanty
maeriaal oor di stamgeslnde ire. Prfelgelcers kompiscer eper
die ontwerp van uitpersingsgereedskap die handhanwing,
o dic nedigeclkirias redimatightid i dle geleerskermmoIcTng:
tussenviak. Daar i egler neigings oorses om hierdie ontwikkeling in ge-
bruik te stel en daar moet dus kennis gensem word van moontike
risiko's. Groot versigtigheid moet aan die dag gelé word — selfs us

whete fr iidctory extrusion o the sondustr sercen und el
i of compacied sector shaped conduclors i multi-core
cables ean offer savings, due 10 the reduction | o et mmemunn unn
reduction in e Luid g

b Sl i teoliogwed i
it more difficult 10 achieve the necessary clectrical smoothiness of th
e Bstvees Comdicior acer aud XUPE Inmlnton, Thece are
however moves overseas 1o iniroduce this develapment but a note of
warning must be sounded. Great care needs to be exercised — even if
the

genoemde produksicprobleme uitgestryk kan word, sal
Verhoag (weens dic elektriese veldkonsentrasie by die proficlhocke).
Hierdie toename in spanningspeil moet nie oormatig wees nic cn die
ontwerp van geskikte profielgelcicr aal dus " belangrike rol speel.

DIE ISOLERINGSPROSES

Alhoewel die diélekiriese sielsel hespreck i, is slegs terloopse opmer-
7 dic prosesse waardeur die dilektrikum op die geleier

jord. Almal het een ding in gemeen, naamiik die sanb

T .mwumnmnu ufskerming en isolering deur middel van dic

uhpeipgecsas, Dis verskle s ek W 6 metode waardeur die

ll amilik b

Soncts Pt gebruk m\mmlllpcmkned r kruishinding en'n lempera.

tuur van ongevese 130 — M0°C ward besonky o ik bindings-

proses

’;
g%

inerease (due 10 the sress enhancement ut the comers of the scetor)

This nerease in stress level must not be excessive and design of the con-

ductor sector shape will be an important factor.

THE INSULATING PROCESS

Although the diescric system bas b dncussed, ol bref mertion

has been made ofth vriows roc which the iclectric system is
pplicd 10 the conductor. All e thing in common and that is

e sereening and insulating material by an ex-

trusion process — the differences arise in the method by which the cus
ing of the XLPE, i e, the cros linking, is achicved. Conventional XL PE
utilses dicumyl peroxide 15 a cross linking agent res

1o be initiated. The volatile and gaseous byproducts of the chemical
croms linking process necessitates (he application of a positive pressure

te begin. Die viugtige en gasagiige neweprodukle van die che-
Sk

dit moet tydens verkocli
m..agunpmlmmpmmumw o

Rttt ioiming s niked Hioide Tocstande Kan verkry
et b
,n

wone deurlopende vulkaniscringsuuneg.
fer, binne n stoomatmosfeer wat gehand.
erseél by die uitperskop en afgesluit van die
eer by die varse nt deur el Ve ho# ruk water, wat 00k
dien us die verkoelingsmedium. Sulke denwamue vulkaniseringslyne
{DV) kan gebruik word 4n die horisontale (HDV), kettinglyn (KDV) of
vertikale (VDV) vorms. Dic VDY is die uuhympm met betrekking tat
e besok van gelciergroone en i die coomvulkani-
sur e warvekoepraekl i mg hm ‘voorheen aange-

i

dui, weens die aplosbaarl die
Sircleemtes n tle oterng vorm, e i taban T
onlangs-gevulkaniscerde isalering.

Hierdie mikroleemtes is van die orde van 10 mikron in groote ¢n vol-

mening sal hulle goen nadelige effek toon solank die
pl] ondr 6 KYim geow wod ri. By dié pan
ningspeile, in die ot 33 kY, sl die

van nnmcvlﬂklmmmu PR lalering o 1 voldooads west, it
die nodige ander faktore gegee word, wal elekiriese veld-
Konsenicier in B difleinikum Kan yorm,

Wanneer mot GPE-soleri be-
tree word, nLB-ir nodig wees en die

Tk slgeskakel word. Akdus die oatwikkeling van dis droogvalkanise
ringsproses. Hirdie val in vier kategorieé.
gasvulkanisering met water- of gasverkoeling
ianiverg s dlsvekooding

resue ha o be maimained during ooling un
il temperature of he exrudate hs falln 1o 50 — 100°C o pr
“blowing" of the extrudate i.c. v . These :nndmnm can be
satisfied by extruding on a pormal mnlmunn! wuilcar
porating suitable tl\mdch‘ into a steam nlmmph:re mll!lllllm! ina
steam tupe sealed on 10 the eatrusion head, and closed at ihe remote
end by a water leg in which high pressure water is usc e
medium. Such continuous. vulcanising (CV) lines are employed in
Rorzontal catenry o verliel configuruion
Timitations on an HCV and the majority X|
calenary (CCV) ar vertical (VCY) lines. O s the VEN B he mon
versatile in lums uctor size range. This then is the standard
steam cure and cooli ﬂg aystem ferXLPE‘.MBIu.Ahpr:wnnily in
dicated M:auscurm\unmlynfuu polythene the process produces
an insulation in which microvods are formed — the "halo™ effect visi-
e in recently cured insulation.
These mcrovods 1o o th grder of 10 micton in e axd modern
thinking is that their presence is not deleteri ided deian siress
Tevels are kept below 6 kV/mm. Al the stress Icvnln plea
voltage rangss ip 10 31 KV life upe:unq of st
o rane e sdequat v the meceaeyy G i
vid (0 the other factors which mlrodua: stress concentrations in the
dielectrie system.
However, when entering the super tension ﬁaa with XLPE insulation
much higher siress levels become riecessar, under such conditions
B Iae ViEschukds ko ke hi' s sese
Gure system are climinal e development of the dry cure
process. These fall into four eategor
s curing with cither water o gas cooling
ail curing and oil cooling
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cutektiese soutvulkanisering met waterverkoeling
matryse met lang perstuile en waterverkocling

Dric yan hesdie vies el gebfik toerutin gelyksoorg aanché van
i Dic itmatry

die verlengde 25
165K M een) die 2. volksmiseingabub 'n Dun luge silikonolie
Word 3 xeceatiddel on vie BLepleiding tussen die aur en die malrys
gebruik. Verskeie variante van die gisvolkaniseringstelsel is in gebruk
‘maar hulle val wesentlik in twee groepe — waar die vulkuniscringsbuis
verhit en dic kubel gevulkaniscer word met stralingshitic, terwyl gs die
nodige druk voorsien, en waar e gas verhit word om gebruik te word
wir druk én valkanisering. Al hierdie stelsels het getoon dat GPE-isole-
ring vervaardig kun met minder mikrolecmics, wat werking by
aanmerklik hoer spanningspeile moontlik mask

“n Ander ontwikkeling s die gevolg vin die ingebruikneem van 'n an-
der chemiese metode van keuisbinding waardeur die Hniére poliétilecn
molckules ingeént word met silasnradikale wat na uitpereing, s00s vir
Konvensionce termoplastisk, kruisbind met mekaar in die 1ceawoo
digheid van watermolckules

Hechat ek word odos o it p Berdies prscs e ontwibhel,

Wil 00k nie die vorm van mikraleemics sal bevorder

Yo water o s b o \pc:lﬁ;:rin! van die uo\mnwmu; in

die prak

Die prasesse verskil slegs in die metode van valkanisering en verkoe-

ling en hierdie vraag kan bes moontlik beaniwoord word deur die ver-

skele fakiore e neem, rik beskou word om die leeftyds-

werwagting vin die kabel tc hepal, en elke proses ¢ ondersoek met be-

trckking Lot elke faktor. Die voigende kommentaar kan, gevolglik,

maik word met betrekking 1ot die ses fakiore voorheen genoem

Flekirlese Redlmatigheid yan Cank-‘/waﬂ“lmud-l

Hidrdie s bloe itpersingsproblecm en duar s wein ¢ ks s

oseste, Voorsomuatrodl wit gelrel moel word, i die:

il o e i

Besoedeling binne-in die Isolering

Weereens is dau geen keuse tusien die verskillende prosesse e aan-
gesien dit suiwer °n basiese grondstol-, opherging- en hanteringspro-

h)e:m . Diescifde voorsorgmaatrefls moet vir alle prosesse gelrel

\*-lwcnmh Lesmbes binne die Isolering en by Skermtussensiakhe
Al dic prosesse vereis Il(lm;u’u\gs en verkoclingstoe-
q.m naamlik die tempesatuurproficic, | n (in die geval van

oom- of droagvulkaniserin) die b:mhlnke |=n¢m van m:w\huwsr

tings- o ‘1osgep

keeling mag nodig wees in dw gtv-\ van dic )\lllnpnh:)
Mikroporositei fn die lsolering

Ditis

droopmukamiscer-of asniroues ml.ﬂuhl “word. Die miutsie ;mu-

iy Sl K¥/mm of ot
Augood * ht in hierdie verband gerapporteer dat dic mikrolec mtegetal
in die stralekrunsangewing verminder het na die “uitgloei” van stoom-
sevulkaniseerde monsters in lug by 120°C — 130°C. Verhiuting van
droot-gevalkaniseerde monsirs op diesefde wyse hel, egter gelel
die vorming v emtes. Hy vestig dic aandig Na
verke' Ihiinee "enol” Kookbehandelings is. ongeves
leemie-Loesi lelik met materizal verkry, hetsy vmmd.g met
i ur die nuwe pri of druk-
Vilkaniscring. Dus mag dil moeilik wees om die meerderwaardigheid
van"n gepewe GPE-cieing te hewys — formulering cn ander veran-
derings buie rekening gelant — aangesien kragkabels in gebrotk ver

eutestic salt curing with water cooling
tong fand die with waier cooling
Of these four types the firs three use equiptent very similar (o the €on-
ventional stcam cure plant but the longland die process is a horizontal
plant in which the cxtended dic fand Gwhich may be as much s 25
metres long) acs s 8 curin ube in which v thin (il of sicone o
e dic and the core acts 4 @ lubricant and heat transfer
o b wrmm»nhhe ™
Iy these fall into two g
ind the <able cured by radiant heat with the §as 33 1 pres:
it und thma [ whish the s s hied s serves  both ourng
und pressurising medium. All these procedures have heen demonstrated
1o produce XLPE insulation with significantly reduced microvoid struc-
ture capable of operating at significantly higher stress levels
Another development has resulted from the adoption of & different
chemical method of crossiinking in which the lincar polythene
molecules have grated on 10 them silane s which after exirusion
on s somventional thermaplaste extraion ine wil in conjunction with
water my rassiink with cach other, Consideruble work is being
e 1 e pasie o 1 vep s of (i By Wl o ok ek
promote the development of micravoids.
‘What significance must be attached Lo the choice or specification of the
type of insulating process in practice? These difTer only in methods of
curing and eooling and thes question i probably best answered by taking
s dered important y
and examining what each process offers in respect of each factor. Adop-
ting this. procedure and raking the six fators previously listed, the
following brief comments can be made:

‘cure system are in use but essential
RN S el e

Electrical smoothoess of conductor screca/insulution interface
There is nothing Lo choose between (he processes mentioned —
pike sxinalon probler, Prossutian ib bs taker e common 1o al
processes.

Contarminants wihin the lmsulation

Again th the — thisis
purely & basic raw material and a slorage and handling problem.
Precautions are common (o all processes.

Contraction/gaseaus Vokds within the insulation and at sereen interfaces
All processes require contral of cure and cooling conditions, ic
tem e spesds and (in the case of stea or dry cure)
selative hengths of curmg and cooling legs and curing and cooling

In the case of the silane process graded cooling may be necessary,
Microparosity of the insalation
“This i ihereat n the sieam curs process bt can bs avoided by usiog ¢
dry-cure or a silane process. rn thinking is thal micraporosity is
004 of igniicance unless desig tes lvels are o the order f 6
KV/imm o highe
In this connection Augood reports that snnealing of sicam-cured
samples ot 120°C — 130°C in ais reduces the microvid count in the
“halo” region significantly, Furthermore heatin -cured sampls
in the ssme way esults i the formation of microvoids in the sample,
draws & conelusion "Through various heating and/or boiling e tmie
sppecsiciuly e same ioal void condiion
arts with sUe4m cured, new process (dry-cure) or press eured materi
o ihchcrors, oC dlticlt 10 prove he supariory of & v b
insulation — discounting formalation and other changes — in that
power cable in service encounters various combinations of heal,
maisture nnd clectrical stress”. Of course in normal opéeration

skeie kombinasies v itte, vog en elekl teé)
e g io s sl
lure van 120 — 130°C bereik sal word

Flektriese Reiimatigheid van Aarskerm/Isoleringstusseaviak

Brablne n vrbad met biscie (3o 3 gemecmskapl

Thwu—r-amn—mu.rzmmu.
Dit s wiestuitik " grondstofprobleem wat deselfde i vir al die proses-

al die pro-

biE .nnumnmusn. EN KABELSAMESTELLING
ntevore genoem, is 'n metaalonderdeel nodig om die patensiail
van di hallpsekionse darskert i kabel e fenis e blocer, [
-hc lml van enkelire aardingstelsel geweonlik voorsien
wys aangewend is. Koperhand dirck op

uugmme arskerm kan c.iu“vurhk wees weens die veel

hmnu\uﬂuwlﬂclﬁ\ml Van-GPE. Tydens siliese helasting kan die
kante van die koperband die ..num binnedring en ‘s ontladingspunt
I8at ontstaan, wat weer ot die i swiging van dic abel kan
e, Daarom mag ‘n hl\fplzmmde lchnelbund danbeiad! Mo, v

— 130°C are unlikely 10 be reac

Flectrical Smoothness of core screcn/lnsulation Interface
Problems in respect of this factor are common to all curing processes.

“Type of Polymer used for the XLPE insulation

Purely o raw material problem this also is common to al processes.
THE EARTHING SYSTEM AND CABLE ASSEMBLY

1t was mentioned carlier that & metallié component Is necessary 1o
siabile the poiental of he semconducting cors sereen along the
ci s sually

cen —
a very much higher thermal co-efficient of expansion than
copper and ions of foad eycing he edpen of the ¢opper
tapes may penetrate the core sereen ind give rise to discharge sites
leudng o prematsce lure 1 may be Tecommended therefore that o

Moet dien as 'n onde:
die metaalbande sal mmu van die verwagte fnummnm wat moontik
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bric tape should be applied under the copper tape 10
provide a adiing fo the aea ape.
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sal vloei in die stelssl waur die enkelaarkabels geinstalleer sal word
In die geva van meerarige knbels ki 1 aantal versillende Koniiruk-
sies gebruik word. ‘n Geheelomsluitende metaalomhulsel word in clke
peval enocig en s bt omie sl Koper- of geclko-
perhande of drawdpantser. Waar die sardingsiclsel allecniik deur die
n halfgeleidende onderlasg nodig om
clebarens oI Mak cis koo e SRS AliE ot i Lotk

elkoper-
Ut TR el o B¢ b af gt
oor drie saamgesksande are.
et sl o e gvad v dftark el bl ende bind o8
ondentang vie dhe metaahsand natc YK 1o e

Fig, 4 llustreer etlike verskillends konstruksics wat vervaardig en aan
die Suid-Afrikaanse murk voorsien is. Daar sal gemerk word dat die
voorsiening vin 'n asedingstelsel in meeste gevalle die saamstel van die
kabel kompliscer {dic saamslaan proses)
Hierdic proses word of met 'n planctére saamslaanmasjien gedocn (fae-
e et i bykoomends ckmoeriguied o geki koppe ir e
met ‘0 toeg
pe vir die o b ot T (o e i pllﬂms van die ar-
dingsgeleiers). In dic geval van die toldrmaimasfien i dit uiters belang-
rik dat die lfrnhlnn.ndﬂs voorsiening maak vir terugdraaiing sodat, net.
008 in die geval van die planetére masjicn, minimum torsie op die len
R iy e T e S
katak tussen die skerm en die are moet vermy word en enige verdraai-
ing van die are, m!l hﬂl:khl\! 1ot hul as, Enige skll’l’
drasic deur dic masjien tot by dic saa
e e e e e
w3l skarafsalaingasachvakhe Ky vrsieor, kan oblan, D
van belang om keanis t¢ neem dat in verband me die aardingsiclsel on-
“locstande bevest durcnde aardfouttoestande,

o= oppervskie
¥ab ' denricpens . s dlelln ropks L oues 55 Kabal waariat
bl amermed sl i Ot owidel v ks, sar

de mdm,mlmn o e s S e

|n cen ;cm waar die pen 'n aardingsgeleier en 'n fasegeleier direk ver-

bind het, wax cersgenoemde nic in staat om dic volle foutstroom te dra

sonder uitermatige vorverbiting nic, cn het gevolghk gesmelt. Die im-

Pkl van i nee fakior s elanglk wknpest werkik el

I sistsels, heelwnarskyolik die m“m.-
of die

The number and/or thickness of copper tapes will depend on an-
ticipeied earth fault currents Tkely 10 flow in the system in which the
single core cables are 1o be install
In the case of mulli-core cables @ number of different constructions
have heen used. In all cases an overall metallic enclosure of the cable
has been required and this has been provided in the form of copper or
‘means of wire armour. Where wiré armour slone con-
e u semi-conducting

o e i et miioin i
uised these can be applicd mmn :are m |nually mc.nkumu over
Thednseibly ot scroh A gie core cables a semi-
conducting tape bedding und:r lhr mellﬂlc tapes may be a desirable
feature.
Figure 4 illustrates several different constructions that have been
manufactured and supplicd 10 the South African market. It will be scen
that provision of the earthing system in most cases complicates the
process of assembling the cable — the laying up operation. This opera-
tion is carried out either on & conventiona! planetary cabling machine
(ftted with the nécessary additionsl bobbin mountingweradles and
metallic taping heads) or on a drum twisting machine (also equipped
with suitable tuping heads and facilities for feeding in carthing conduc-
tors positioned appropriately). In the case of the drumiwister it is ex-
tremely important that et off stands make provisson for back {wisting sa
that, 8 1 fhe case with e P g il e

s applied
nd insulation b
core relative 10 it owa axs is dangero

of the
us. Furthermore any sharp bends

mechanical stresses to cause disruption at screcninsulation interfaces,
In connection with the earthirg system it is of interest Lo note that the
results of recent spiking 1ests confirm that under earth fault con
helically applied copper tapes can safely carry for one secund a current
demily of 0 smpomm’ of crosssectom area calcultad i a con-
same series of spil h

rying capacity is provided. by e
i e s in the nersics he importance of stos bonding
between carhing tween earthing conductors and
Corn eteand 0ol B SPeceatpmat e = 6 Isimacd ‘i the
spike made direct conneetion between an earthing conductor and &
phase canductar, (he earthing conductor proved incapable of carrying
the Tl faut current without excesive temperature i and sonse-
quently

these two fact

heid, bevat een of under vorm van beperking
600 ampére surdfoutstroom verg 12 m effektiewe koperapperviakte
i die vorm van ‘n buis wit verkry word deur 'n 0,1 mm dik knynﬁ:
helies om " kern van saumgedans are met "t deurines van 8.
drasi. Die 382 mm kom ovreen met 'n dric-arige 11 k¥okabel met JS
i geleiers_ Dus, wair moontike sardfoutstrome corvenkams
beperk s bl bykamelige ardgellers oanodiy e wees e die -
mhulsel mnmm.. dun middel vi B il m=.

alsanderlike lnpzrlﬂudmnwmdmg het. In hierdie geval u\ dwe mmn
van die koperband ongeveer 407, meer wees vir diesellde geleiergroot-
te.

Waar moanilike llni’uuﬂlmmc KEBRIE e i i s
mende onderdele nodig. Hirdie ks bk de koper-
b

sjority, incor-
porate. some form of canth fault current fimitation, An carth fault
current level of 600 amps demands 12 mm? of effective copper area in
the form of & iibe which can be achicved by 0,1 mm thickness of copper
tape applied h over a core assembly of diameter 8.2 mm. This at
11 KV corresponds 1o a three-sore x 35 mm? conductor cable. Conse-
uently where probable carth fault currents are limited appropriatcly it
sauld seom spplementary ar e unnecessary if the
reqnm metallic enciosure is provided by a single thickness of copper
Sonsidermiars e of caurse equally applicable if each core
e cabl i iy copye (apsd  wikh vl i bt Incrsten
o approximately 0, in mass of copper tape for the same conductor
size.

Wllm probable eath fuh curents are not appropristely imited. 8

. k.
et slosirite koporbumdoamiing. 3rbrisk wixc] af Handkard
enkeldraadpantsering (wat weer aangevul kan word deur dic byvocging
van vertinde Koperdrade).

DAAROPVOLGENDE PROSI

copper. Lapes. Sarting  sonducors (whish should
possibly l!e used

i turn, can be
incorporation of tinned copper wires).

Figure § shows the construstions which at the time of writing will be
permitted in the proposed SABS Specification, At 6,6 and |1 kV both
Individually and collestively copper taped corew/core assemblies will be
catered for and each type will be available in unarmoured

versions. At 22 and 33 kV only the individually copper taped core con-
structions will be permitied but again in both unermoured or armoured
versions.

Befors deciding on the consirustion o be wied i 47y specic spplica-
tion careful consideration must be given to possible fault levels, in par-
Wulag earth, et toves e et Loemion vupabliy o the people (and
i equipment) operating the system. canth fault fevels are
limited, unarmoursd us:m 1y be used, provided care i

during  installation. Fapidiy of Tuul loo
lgrificases o whers suphisloatad fuuk looation squlpamand i readily
available collectively screened constructions are an cconomis choise.

In die verband van hierdie referaat is daar min rede om
. wai konvensioneel, wel bekend en op alle lipes
ocpassing is, Standaard afwerkings vir 'n GPE-geisolcerde
Kabelamestelig s PYCmantel f PYC-ondeflag, EDP en PYC-bulte.

mantel

n

In the context of 1! v there is little point in discussing subsequent.
processes which are conventional, well known and toplisabl [0 al
types of cable. Standard finishes over 4 XLPE insulated cable ass

are PVC sheath or PVC bedding, SWA and PVC serving.
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Dit is egter nodig om cen finale aspek te dek —

TOETSING i

Toetse kan beskou word asof hulle in verskillende kasegerié val, 'n Per

soonlike mening is dat daar vier moontlike kategorié bestaan
Ontwikkelingstoeise

Raetinetostse

Outwikkelingstosise

Hisirdie word beskou us spesiale foetse, soms van lunge duur cn moont-
ik deel van navorsings- cn ontwikKkelingsprogramme, om die geskiki-
fid van nuwe materiaie én muwe proscsse vas te stel. Tiperend hicrvan
is dic statiese benadering om die lecfiydsverwagting of waarsky
van swigting vir GPE-kabels te skat, wat oorspronklik aan Weibull te
danke was. 'n Uitgebreide recks (oetse op veelvuldige monsiers s nodig
om die statisticse parameters vas tc stel, Dit betrek nie net korllermyn
elektriese sterkie op 'n vertcenwoordigende getal eenderse monsters
nic. maar ook die tyd 1ot swigting of lecfiyd van 'n getal cenderse mon-
sters by elk van verskeie kontante spanningspeile. Daar word gemeen
dat sulke (oetse nie in 'n spesifikasie hoef e verskyn nic,

die bedoeling
Hierdie 1oetse is am te bewys dat 'n spesifieke vervaardiger hekwaam is
om 'n hesonders tipe kabel, wat voldoen aan die vereisies van ‘n besan-
dere pesikasie ( vervaardig As die i lang n die Gpctostss wat
in die spesifikasie v nIL i is, hoef die vervanrdiger nie die toetse 1

It i necessary however to cover one final aspect
TESTING

Tests cun be comsidered & falling into a number of different categories.
A persoral apinion is that there are four possible categories —

Derlopmers Test
Type

sdiele Testl
Rautine Tests

Development Tests

These are considered to be the special tests, sometimes of long duration
and possibly forming part of 4 research and developmen: programme, to
establish the suitability of new materials or new processes, Typical of
this in XLPE cables is the statistical apy 10 estimating life expec-
tancy or probabibity of failure ariginally due to Weibull To establish the
statistical parameters it is necessary (0 carry out an exiended series of
tests on multiple samples. These (nvalve not oply determining short
term ac electrie strength on a representative number of equal sumples
but also measuring the time (o fuilure or lifetime of  number of equal
samples at cach of several constant stress levels. It is not considered
such tests should appear in specifications.

Type Tests

These may also include lang term tests. The intention of these should be
1o prove the capability of & speeific manufucturer 1o produce a par-
ticular il of Cable to conform (o the requirements of 4 particular
speeification. However, having produced cable which pases the type
tesis wruun imo the speciization. the manufcturer should rot be re

herhaal mie, ensy daart i T e e
g faie Aercs of e
Monstertoetse

Sulke toetse word op redelike tussenposes uilgevoer om fe verseker dat
£ word

uch fests unless

cd or mm ‘e sgaficant changes in musafacluriag procedures, ANt
eria

dic nodige standaard van gelille gehandhaa

Theseare

onsiers en n-verietigende toets ap n deel van die vole
el Wt Spasifikasles mag die tussenproses, of die (em-
AR e e it CAL ko v R
cindes,
Roetinetoetse
Hierdie toeise word uitgevoer op 'n iedere en elke kabellengic vervaar-
ml. s00s in die spenfikasic gestipulcer.
e D ban per hechvat rpumente onstasn oo kategorsering yan
'n besondere 1

s e o benodig in dic voorgestelde SABS-spesifiksie?

Die formas van SABS-spesifikasie onderskei ongelukkig nic tussen
s is alle SABS spesifikasies

n besending kabels getoets

word vir aaavaarding of verwerping
Sekere clektriese toctse moct cgter o clke voltooide dramkabel vitge-
voer word en is dus roetine-toetse,

Glleberwunlm‘d
Heopspansingsions op e ditelarikum
Hnn.;p.m.muu op die PVC-mantel (waar " grafietlaag op die
mantel benodig
Gadncll:luln-mll-ﬂmwom
uu bogenoemde hoef slcgs op die gedeclelike-ontladingstoets uitge-
e word. Hierdie tocts is in effek die meting van kontaminante of
e in die didekirik

required
standard of qullny s being mainiained. They will include st
tests on samples and non-destructive tests on & proportion of full cable
lengths, Specifications may stipulate a frequency or a sampling rate
cither for normal testing of for arhitration purposes.
Routine Tests
s are tests stipulated by 3|xmﬁ(l!l|m 1o be carried out
cvery length of cable produce
Within cach eategory tests will be divided into clectrical tests and
physical tesis but whether electrical or physical there can be con-
siderable argument us 1o the categorisation of & particular (est
What does (he proposed SABS specification call for as far as testing i
concerned?
Unfortunately the. format of SABS specifications is such that they do
not distinguish n routine, sample and (ype tests, All SABS
specifications are l:nslcully ’urmnlm:d on the premise that a e g
ment of drums of cabl and ncc:chd or rejected.
However certain electrical tests are required d out on cach
e Tt oI e i o e o P thca e the
routine tests.
They ur
Condustor Resistance Test.
High Volage withstand test of dielec
Mgkt i B Ot Sheat e kgt i of
outer sheat 1!
Partial Dmmrgx Test
or um( anly the partial discharge test nced be discussed in any detail.
i text i effectively the measure of contaminants undor voids in the

n each and

e benodig die voorge
Sl toeis ' "1pek" spanning van 25 Ey vt coh MIDUUL fevOlg deur

i e e tlading by 2.0 Eq. Die maksimum grootie
Van e oatuding ir 6 1 #n 22 KV kabels s 3 pC, terwy| i 10pC vir
13 K¥-kabels i, Dt kan verelyk word met IEC 802 e “hoek” spunning

vnnlSE‘enaumvmm&lI:l ing wat nie 20 pC mag
gorskiy b .25, i, 1, 20 en J0KY: it la Vi v
ding in die m.uuluppy wair ek werk toun dat daar i werkiheid i

o
dw kdwm.kwmwnm 'huﬂp selfs by 1,25 E,, as daar nocmens-
waardige onre¢imatighee bestaan wat nadelg vir die kabel se dicnele-

i met beide wetsvlakke dui aan dat n aar
i ok die SABS ot asg. Dic e

sevol
Dit kam egler ' problee met tocts wees, v i s maediker o die
berej wat 2

ortant of all
ried o it (he time of wriing (his proposed test call for

o amam o a ear e Vg ¢ u . for ane it (ollowed by a
measurement of discharge magnitude at 2,0 E, ut which Voltage dis-
charge magnitude must not exceed i3 BY for G, 11 and 22 KV tables
i 107C for 33 ¥ s, For compénton he IEC 502 eqiereni
u search” Vol and measurement of  discharge magnitude
1ot exceeding 20 pC ai 123 E, for 6, 10, 30 and 30KY cabtes. Prasica
experience in the company by which | am cmployed shows that there is
in fact little to choose between these standards. In general where uny
sigificant imperfecion exss which may be deletarios o th Ife of
the cable ischanges i High even at 1,25 E, und our ex-
perience e i hammiabed bty o W
IEC requirements also mects the propascd SABS. requirements.
Consequenily these new levels do not in fact pose any manulacturing
probles, bulthey may pose # tstingprobiem. i more dificult under

puatvan'n ksbe voor e by 1,25

Met erekking o e oot vun gedeclielike onaings. o i ke
reant i die N KEMA. die miksimum Loclaatbare ontla-
e Eleiehon .,.,..nwwn. o & " herhaling van Fig.
L ‘maar met dic byvoeging van KEMA-ontladingsgroottes. Dit is bete-
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1o routine Lesting to prepare  cable end to be
discharge free at h i. i 125 By,

On the subject of permissible partial discharge magnitudes the aitifude
af the Netheriands autharity KEMA, may be of interest — they relatc
maximum per ischarge magnitude Lo stress level. Figure 615 1
repatition of figure I, but with KEMA discharge levels superimposed. It




Renisol dat slegs indic gevalvan dic iense glciers by 2cn 11KV 0
eelclke: cglading, var ondas die 20 pC.WIK heiodis $ond Tolle
Fanecs tydens vervaardiging sl hechwaarskynlk verseke? Gat die spen
ningspeil in elk geval onder die 3.5 kV/mm-viak sal
Wat van tipetoetse? Die voorgestelde nasionale standaard nocm hiér-
die “uddisionele elekirisse toetse™ en stipuleer dal die aankoper in di
tenderuitnodiging duidelik moet aandui of hicrdic toetse benadig word
tandpunt van die vervaurdigers is dat gebruikers hopelik hierdic
toetse as tipe-toetse sal sanvaar en nic op nuwe sertifikate sal aandring
net clke nuwe Kontrak mie. Die toctse benadig in die voorgesielde
asionale stindsard iy
n lasiklustosts
“n impulsebestandheidsioets
n kortsluitingstoet
I elke geval moet die toetsmonster *n buigtoets ondergaan; en 'n slaag
in lus-siklus: en kertsluit-toetse word aangedul noresnkomstig die
streng vereistes vir die gedeehelike-ontladingstoets,
SLOTSOM
o Poging

sangewend om ‘n agtergrond te gee van probleme wat ver-
¢ ko vir die spesifisering,

+ngsbrulk van GPE Aabalin i i van huidigs ennisbeteffende die
Teeft nhvrrvul!m! wi. alering, Daar word gemeen dat len spyle

may be significantthatonly in the case of lhe smullestconductor izes at
nd 33 kV, i @ discharge level o d and
m.nurmu.m.. ioierances wil more then Ukely ensirs that even on
these conductor sizes stress levels will reduce o near the 4.8 kV/mm
level

What of type fests? The propesed national standard calls these “
ditional electrical tests™ and stipalates that any purchaser requiring
such lests 10 be carried out, must state this elearly in any invitation to
tender. From the manufactarer’s point of iew, i s (0 be hoped tha

s il ACCoph T Wty ol a5 Tosot Ehe Dk oA
are required for nch contract. The tests required in the proposed
national standard a

An impulte test
A short-cireuit test.
I each instance the sample submilicd for test is required fo be sub
Jeeted 1o @ berding test and salisfactory performance in the load cycling
shorl-circuit tests s indicated by compliance wilh rigorous partia
discharge requirements.
CONCLUSION
An atempt hs been made 0 provde s backpraund o probléms ht
may be anicipated and precaution hat have to be aken in the
of XLPE cnhki in the light of

van omsekerheid o
beskikbaar s st 6P Egefcleends Labels met vergous vermardl i
geinstalleer kan word ige voorsorg getrel word lm'l die
iy hrrrnm vervaurdigingsprosesse (insluiten
de toctse) en die hantering en installering van die voltooide kabel.
VERWYSINGS
1. Eichorn R. M. “Trecing in solid extruded electrical insulation"
(Electronics and Pawsr February 1974 2 125 — 131)
Asheraft A, C. Eichorn R M., Shaw R. . *Laboratory Studies of
Jresing.in Sold. Diletris and Vliage. Sabileation of
Pl * (IEEE Intermutional Symposim om Electrical
'Ib

3. Wiersma J. A, (on behalf of CIGRE Working Group 21.11) " Water
Treeing in Cables with Extruded Insulation.” (Electra No. 5 pp 28
3.

Lawson Rechovicz M., Rigby §. J.Developing Cross-Linked

Polyethylene Voltage Pawer Transmission.” (Elec-
ironics and Power February 1978 pp 116 — 120),

. Augood D. mec Propertics of XLPE Cabls Material* (IEEE

PES Summer Meeting July 1976).

i oo b i =x|=crha|cv of XLPE insulation. It is

considered that despite some ungertainty as awn mechanisms

ST et a¥eionc i ariBsble 5 Tk koo XLPE insula-

tion to be confidenily manufactured and m:u\

ndcesury cure i ‘cxerdised in selection of ra sl

afaciuring prosesses (inchuding i) und handling and s

o of the Iiaied cable
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BESPREKINGS/DISCUSSIONS

M. W, Odendual: Albertan
Mnr. dic President, ek voel besonder gederd dat dic geleentheid aan my
gebied is om die bespreking te open na aunleiding van die twee referate
wat pas gelewer is.
Dit s my beskele mewing dat die ginde van die era vir kabel met papi
ol et MO s P.V.C. papier vervang he1 vir die
sal poliétilecn
(XGPE) p-pm vervlal vir die vervaardiging van kabeld vir spannings
van 6,6kV tol
Bk horioner my oy diedne da in 1952, e die Klsiner Stadrade be-
gin het om kabels met r.v Cisolering te gebruik terwyl die groter
Su.dumecnruwsm e, Vateig et ol et oo K
o aagtpanningskabel me. papier solerng nis, Op dicscide wyse het
me Kleiner Stadsrade vanaf die laat Stors are begin met die gebruik
n XGPE-geisolecrde kabel vir spannings van 6,6kY en 11KV,
B i e Republiek aan
koop is, is op Alherton teen die inde van 1971 in gebruik gencem en
word reeds vry algemeen deur 'n hele aantal Stadsrade gebruik. Bok
burg het uiteindelik die groot sprong geneem met die ingebraiknemi
van 1326V XGPE-kabel gedyrende Juni 1971,
Buro vir Standaarde sc ard- ik ‘ vir

Elum& Kabels met

et dan ook n leidende rol gespee n dis opstel von dic pesfikasic
waarma hierba verwys is. Hy het in sy referast op meesicrlike wyse daar-
in geslaag om vir dic ingcligte sowel a5 vir dic oningeligte al dic belang.
rikste aspekie wat verband hou met die gebruik van kruisgehonde,
y kom dan 1a my meningteres
ls met vertrouc vervaard:
B e e S Gt ¥tk Yoy ok it
keuse van grondsiowwe, beheer van vervaardigingsprosesse (insluiten-
de toeise) en die hantering en installering van die voliooide kabel
M. A, H. L. Fortmann is n brawe jong mas wat sy huswerk baie
decglik !(.ﬁm et en loc dic wéreld deurreis het. Hy het sy ore en 0¢
oopgehou. Toe hy tot dic cortuiging gekom het dat kabel met XGPE-
isolering dm ware Jakob is, het by 'n projek wat beslis 'n ecrste
Repul ‘aangepak en suksesvol deurgevoer. Vir hicrdic prestasic
en die m,. wyse waarop hy sy kennis aan ons meegedeel het, is ons
hom baie dank verskuldig.
1t has becn my good fortune 1o visit the factory where the Boksburg
cable was manufuctured. The vertical continuous valeaniscr using the
radiant ith th plant
comduciorscreen the dilciric sod cor ereen i e and Boused
iioned room where dust particles excerding Su are
ki el lnsting \mpln:m m'(llwclcnq' .m cl:an iness. This
suceeeded Lo

die Iig sien en nou het mose. Forsyth en Fortmann dic i
die doodskis van kabel met papier-isolering geslaan.
Mnr, D. H. Forsyth is ‘n kenner op dic gebied van kabelvervasrdiging
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ot actins mrsrcrated o M. Fun)llu S e i
lifs expectancy of XLPE cables

In his puper Mr. Forsyth states, on the strength of work done by

2



Wiersma, thit the time 1o failue of o well made cable designed 1o 4
stress level below 6kV/mm and operated in waterirce stimula
vironments i likely (o cxceed I ihe Boksburg cable
manufactured 10 4 sresslvelof .2k Vimm und conered by o metlic
th, Mr, Fortmunn need huve no fears and may soon find that his
\nHugun wre no longer seeptical, especially those with oil problems.
In most of the literature on XLPE cable one gets the impression that the
tiiroe basic (ypes of (resing occured in cable manulactured in the carly
duys when semiconducting (apes were used as conductor an
screens, Will Mr, Farsyth please pass his remarks on trecing in modern
pr sy T eppliabtatc
33KV cubles s mentioned in his paper
In conclusion Mr, President, it gives me great pleasure indeed to
propuse a vote of thanks (o Mr. D, H. Forsyth and Mr. A_H. L. Fort-
mann for the very excellent papers which will join the list of valuable
contributions that appear in our proceedings

Mr. W. A Bawen: ESCOM

Mr_ Fursyth is 10 be complimented an his paper, in my opinion,

explicit reasaning, conclusions and the manner in which the facts of

XLPE insulation have been placed before the user.

“This makes the fask of contributing (o such a paper, a hird ane, for |

cannot but agree with everything he says. The culmination of his

with the mention of the proposed S.A.B.S. specifications for this type of

cable makes me more convinced than ever that cubles 1o the specifica-

vion will be very reasonable pr

{Thereare. however.one or o eints that | esl should, i my apinion.
mphas

Iﬁrml) agrec w.n. Mr, Forsyth that it s better ta reduce voud and c

aminant size (han introduce more chemicals and poliutants 10 the
Slaom: The presence of Di-cumyl Peroxide with its resultant water in
the insulation ufler curing. i really one chemical loo many in m;
wian. The purer (e imulation, the beltcr, in the high vollage ranges

This leads me 10 4 compleie agreement with Mr, Fnr\)'lll in that m
most significant tests are the P Disch: a3 these are 1
susrsatce of manfaciusing qua
n and the f sereens to core. Although on page 18 Mr. For-
th lefenmlmv:ncebe;mmn: el aowroh b i ot
eneral problems that cause worries and 1 would
W st mm; e just that bit better than I.E.C. Standards 1o
iy fons of he eatra cot in obtaiing dischargefree -
4 46 Wigh test voltages m- sure, very much more
WORkraBI 5 4 mage, 10 al the vear,thes ¥ ioeh af Sl
With Mr. Forsyth
could give some indication of discharge levelsin 11, 33 nd 42 kV paper
nsulted cable at working volsgss | el Lhal we may we surprised i
m figures of these discharge levels when comparcd with XLPE cables.
On page 7 Mr. Forsyth mentions that the valus of N for XLPE insula-
tion under wel conditions equals 8. Would he please confiem that the
dry value for N should be in the region of 9 to 12
On page |4 he mentioned the microporosity of the insulation. 1t is in-
teresting that in the reglon of 1 20°C to 130°C steam cured sumples have
their dn; les heated in the
same way have un {ncrease in microvoids, Com i Forsyth confirm
that these are preferred reduction in overload
10 dowith the total
insulated cables.

From page 14 cawards M. Fath mantonstheaariiag yumm ar
cable assembly. safety and considering the
number of Third o 3 b of e 10 per annum that
1 had spiking tests carried out. One thing is certain and that is that users
of XLPE insulated cables will have to give values of their earth faull

give them the necessary information.
In canelusion | wauld like to say that Mr. Forsyth has definitely given a
good background into the subjest of XLPE cables for normal distribie-

fort that has gone into the drafling of the pr
tian for these types of cables,  $poeificeton 1 which users i
every confidence. My thanks g0 to both the AMEU and the Regional
Manager, Rand and O.FS. Region for allowing me to present
comments today.

Mar. F. J. Prins: Departement Openbare Werke
Meneer dié President, s00s u uit my hekendstelling kan aflel, is ck nie
meer in diens van die SABS, die organisasie waur die meeste van u my
deur die jore leer ken het en waarmee u my geassosicer het. nie, Ek
neem vandag aan hierdie verrigtinge deel as gas van die VMEO en wil
i ookl bestwar bedank i e winodigingen s mosie at bl
e gedocn Het om dit v my e wees. Ook wil
k wer hedank, wit $0 gnzd!un\hghk mqeucm et dat ek
die uitnodiging mag nanvasr. Die menings wat ek hier guun lug, sal dus
I ' pervoomike Rosdaniahsd svekled 5 wearpes B ok ¢ persoon
o0r 'n sk voel en dink, in die lig van my ondérvinding en Kennis van
die anderwerp.
M. President, gentlemen, for the benefit of those delegates and guests
who are not too familiar with Afrikaans and especially the Afrikaans
technical terma, | will continue in English. Thoss of you who know.
Kknow thut | 1m Bascally conservaive au no givn 10 discarding the
old, faithful, ime-proven servan in favour of the flashy neweomer: And
s tatemei aspaciaty Apples 10 he welirisd pepee-nsuisid ablé
1 know of two 11 kY cables in South Africa thit arc now very close 1o 70
yearsserice and il in peest condiion and here must be many
cable K and ocher parts of the world that must have given a1
fewt'3 100 years relible setvice.
However, time marches on and cables [nsulated with XLPE is today o
f l Mllf —thr) have come to stay, whether we like them or not. In his

4 repeat of i the
wes Cubls Canfaranse My Foryih b gheon m ar Gxeelont Insght
into the factors gaverning the it o st bl A0 T

. gives 0y a lead as to what should be specified in spesifi
for thi type of cable.
A lot of information has become availuble as field experience with
XULPE insuluted cables has accumulated and this is one instance where
we really learned from past mistakes. From my obscrations | would say
st important paraetensss far 36 XLPE cubles is con-
cerned, are the volts vels und partial disc harges, Justas power
Tt s the pararmeter the tall 38 what e have I popeninmuios
wable, so the partial discharge ut 2 Ey or 2.5 Ey will tell us whether we
ve an :(c‘p!l(blc XLPE-insulated cable. | would sy that one is now
n ta wm a gn e that will ensure that the user
XLi with confidence. Such a
i ke St oA B 1k responsible co
e and i o awaiin r....\ editing by the SABS before being o
culated for gencral c
& potcntial user 1 ..muu list my basic requirements for XLPE-
s ol
I. CONDUCTOR MATERIAL AND SIZES:
These could be cither copper or aluminium wnd should follow the
standard range of metric sizes adopted. For the reasans enumerated
by Mr Forsyth, L T
facilitate o smooth,
dustor screen and the diciectric.
2. DIELECTRIC:
In lh: term dielectric | include the conductor and core sereens as

order that safe when

damaged will be installed on the systems. The proposed SABS.
specification caters for these eventualities.

With such a comprehens p..m 2 mu it is difficult to pick on really
controversial points but if | may fe from the theme of this
paper 10 add whit | believe 0 T i R Tt ke
qusstion of it and foiring. On this mattr | would ike (o et o
1 of the l—]nnm:xl

i practices of an English Elecricity Board w
paper cables. | would like 10 briefly mention the 22 KV joint thai we
designed with basic materials. It was subsequently tesied (o 345 k¥ at

S and 4.5 microseconds wavefront impulses, number unknown,
without failure,

12, #1012 years of ith

failure.
1 dou' wish totake up uny et i deseibng the mateiaand

method int but ;m\d anyone be interested please con-
ilnllnﬂwlm i at ill ony b
u

;q: exciision of contaminanth and voids, Mr. Fw\yth aiveus m in-

o the

LCiorl Rt Be o et and pemu dis:

aroue T L s pmetuiag:ol . Aoty ralkiad e et s

parameters,

research wurk carried out by them would indicate that if the design

stress leve peased from 4 kVjmm to 6 kV/mm, the life cxpectan-

ey i halya [ shoul b pototed oot e e curad enbles e

volved). Hence, | would like 1o see dielectric thicknesses based on

design ress i  xceading 4 k¥imm and prefrsbly much s
of cables for veltages ex.

ceedig 3KV 1 one Rad 1o sy wihin the it of $ k¥, cables

would h:-:nmx =xr¢=d\u;ly bulky and expen:

comr insulated cable. You are mmrm Torced to

] IevehwalV/m und

S7 refred 1o 1he work don

exponent for

Using this s criterion one would say that a |.r= Statlent |00 yeurs

could be expected if you stayed within s des m.,

Fsma in connection with the life
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s sximate e o oy S0 ycar and others
hope for 30 years, One is reminded of the remark made by & cable ex
pert 4t the Power Cables € — pamel y igiicfol it
way of avaiding trces is not to put any voliage on the cable.
Fram information supplicd by Mr. Fortmann, it would appesr that at
the time of his investigation, i.e. 1974, 77 kV cable was in common
s in Japan and satisfactory tests had been carried out on 154 kV
cabi, In Pusrto Rico 138 KV cables had been i s since the mid
en 223 kV cable had been in usc for about ine years
nd 0 83 KV cable had been Inservic foraneyear s thus obvious
that field experience over extended periods with H.V. XLPE cables is
s a1 i a0 v s
Before leaving the subject of mclmn’m 1 want (o expand on the
question of core screens. | would to see a core screen of nominal
i s o s i o/, solid-
Iy bounded to the dielectric. | know that this ulH entail 4 lot of care
. elbow gress whs Jining o terminting, but [ o row tat
fon willgive me ihe m iwwell known
i it wonder how
many of them realisc on what thin ice they are § Various
techniques are being investigated Lo provide an sasy sirippable
sereen that will stll ensurs partial discharges within a5 seceptuble
level. Some of these show pramise. One of the methods is Lo coat the
dieectricwih  conductinglayer such s graphite and o s o
semi-conducting layer over it. But have you thought of 4 jointer
king under sramped conditions in 4 jointing bay trying to work
clearly and not contaminating the joint with, say. graphite particles?
3 METALLIC SCREENING
A metallc screen must be provided over the semi-conducting core
screen 1o carry the charging curreat. In the case of certaln cable
designs it must he rlated carih fault
a long enough period to allow the protection 10 ﬁp(rﬂ!t In the case

A et carsn i

Iy over the core screen and in cantact wih the aluminium sheath wil
be udequate.
As painted out in Mr. Forsyll's puper various approaches and
deions hive beon tried out i the case of cabis with 1o metaiie
Various parameters have to be considered — whether the
e magnitude of fault Sureas it may be
subjested o, how be protected, Bow i wil be wsed. The lat
mentioned point is quite important. A mw--c-p-‘ engincer would cx
pect a service life comparable 10 thl of a paper-insulated cabie, ie
rvice life of two

besomes very important. The cable will probably be wrecked

meehanically \nng before it's electrical service life expires. nm
ngincer, He woul

et

fe. To this

o e mi
mlhmmpmh-mn(mm rouble-frec serviet
end, | would pessonally pref a1 chiloe the able wil o

i o e i Gl ek iy R R
sp cores and i contact with th coreape. My No, 2 choice wenld
be the cable with Indivi . The effective cross-

houd] ment ok tha L4 b dsmible f the o Tl
current that could flow, should the cable be spiked when in use

4. MECHANICAL PROTECTION
A cable could be pluin PVC sheathed or PYC bedded, armoured and
PYC served. Where earth fault levels are fimis
stalled in ducts or on racks, unarmoured
sarc Il a0t e G the et B e naied
direet buri 1d prefer an armou
There is, hvwev:r, an additional aspect that should be considered,
namely th presenceof water 11 the ight ofavllble information &
can be assumed that water in contact with XLPE is not desirable,
Opinion as 1o how one should tackls (his problem & divded, Per:
sonaly | wouldhink ha  there iy doubt, a exiuded metalis
sheath should be

5. TESTING
Certain tesis are busis (ol sble, e, conductor resisance, dimen,
sions, insulatio ete. However, us pointed
out by Mr. Forsyth, there are mu denoted as type tests by him,
XLPE cables. Thesc

and partsl discharge

you have a good cable is discharge test Apmplriv made

cable wil have negligible discharge up (o ot lesst 3 Ey, That i

why 1 disagree with the values specified by the TEC, I would fike 1o

mnu.wn- SR L el s The
nority KEFIA may

imum permissable discha ude 10 siress level, But 1his ap-
pmuh will mm,nmn- o !nr xhe ondinary uses

10 measure partial discharges at this low level, poses
yrnn: problems, especially (o eyl it
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modern thyristor controlled plamt makes it wellnigh impossible to
reduce hackground noise to a level sulficient {0 oblain reliible

i

these positions. | can, thercfore, well understand tht a manufacturer
would prefer test pretssarln o B g
on may therefore well develop that the manufac-
turer, Lo save tim in testing. will develop short cuts and carry out
routine tests ul higher discharge levels
B ot 500 o o e A b oo
BICC conference lust year Le. "one must remember Hat
liy caeira s dilfcls hisg 10 mescre S ify. It is quite
i spesiy i terms of thicknesses and that type of tink. but
wality control is rather more di the fouline tedtig of
sy (80 o mteAe it o
problems i later life” In other words, genlemen. you_ are.
begiien of what you spei 1 the ha
man e ir.0. how elean he operates and how well he applies
iy sabieck
En din wi ok grim net sen puntie regsiel, *Cron
polycthylenc™ is niks anders as politilecn wal met "n pe
e s e e valleniscerproses Mt 0 .-p rubber
sébrlk word. D konrekte ATrkame benaming I s “gov ks
seerde pol — die naam wat algemeen in Europa gebru
wor
M. P, J. Botes: President
Mnr. Prins. sal u o0k asseblief ons dank oordra aan die Departem
Openbsre Werke wat gocdgunstighik ingestem het om dit vir v moont
11k te maak om hierdie bydra te lewer. Ons wil ook langs hierdie weg
orts dank aordra aan die jarelange samewerking met o, en oris wil u Loc-
wens alles van dic heste met dic nuwe betrekking
Bale dankie.

Dr. A Ericksen; CSIR
For this oppertunity, we only learned last night that | might be asked to
comment on these papers. My comments are esuen Eoint Lo be in-
fofma and shot a1 of s und genera ture, but 1 You mentioe
Mr. Chairman, about § years ago | gave 4 paper to u technical meeting
ofthe AMEU, n fus it wasn's on crosinked polyethylens cable st sl
it was on the peneral development of insulating mterial across the high
vnll:!: field, b expected 1o get a bit picked out on the cross-linked
pect. because at the time, rather rashly prabably, | expressed the
b that =m&s nked poiyethylene or “vulcanized polyethylene-
Felix”, as a cable dielectric through iis obvious udvantages almost in-
evitably m.mvd the future direction of development of applicition of
wer cables. ALY here was considerable resistance 1o this
view, | think largely because of the various problems and somewhat
bitter experience of usens, but in this couniry and the United States for
mple, hawever, | belicve thal we are moving through a pericd of
revolution here of 8 completely new technology and completely new
dielectric and inevitably there must be problems and as F said,
we have to learn from the mistakes in this field, | do believe that many
ofthe sarir problemrs n his fehnalogy aros throuah s combination
o ight call today in terms of modern practice,
inadequate S 6F (b cabies AC PRRUHA e just did not understand
many of the points that have been raised by this morning's speakers. In
addition the first users of these cables didn't appreciate the differences
inthis cable technolopy from the carlier paper icchnology, and | think it
was in some sense “the blind leading the blind” at that fime, and 10 in-
cvitably we had problems,

Mr. Fortmann in his puper this morning, however, has indicated 1o m
the tremendous wealth of knowledge that there is now about
characterisics of the dilectric about the many facts thil have 0 b
taken into aceount in the design and manufucture of these cables,
M, Fortmanr's paper has demonsirated how fur (s technalogy has
cvolved and what i already prac terms of this type of cable,
The poins | really vould ke s r.mphus!sc this morning, and it is onc
is that we have o need
hn: for & complote cable technology. | am soncerned that perhaps we
are over-emphasising the hasic cable, the basic design of the cable iself
Several of the speakers have aiready drawn attention to the imporiance
o ointing and terminstions hre, and Mr. Forumans i patculr s
as the complexity and the care tht was necessary to follow in
providing the jonts and termimijons of these cables. This | beleve s
eually, if not more important than qlnlllly Ilm!'l'lﬂ duﬂ"l the
manifacturing phase of e cable, b i e 1 am con-
corned that. he mumulacturers pefhaps are gging behind the sage of
Sdvancement Ui they have reashed with the bsis manufaciure of the
le. S0. my prime plea s to the manufacturers here 1o advance the
echnology of the huTEwRs (he whelt IR of Foting wad b
ons L0 & stage which is compatible w\m m( point we have already
reached siructure
1y bechine veare o the poesbiity o prociems with EFIT sromllaked
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hat of Mr. F
of ...mmm.n
ts and possibly inconsistant hardware and
mitations may be giving risc (0 problems and failures 10 cables of
iype, un this 5 |..:.p< of area that | think the manufacturers need 1
ddress themse e sire that they have hardware kits, ihat
they have jointing practice, that they provide the
the fied, tht th degr of quality msurance tha they achieve with
e field of joi terminati
ho. Sa this was the main point ”m..u 10 make und | would ke
thercafler just 16 commend these speakers. for their cxtremely

A1 pasicula | wowld ke b dhark shers for
I respectability for cross-linked

ing of artisans in

Mr. W, B. Stewart; Affiliate
tlemen. we have heard quite a fot today on testing and
churge magnitude detection. Cross-linked polyethylene
to discharge erosion thun paper cables. Conse
ccursiclythe smoun of dissharges iak

The accuracy of testing is then of
Known worldwide that tesiing of

techniques are used

The eric lengihs appears from lborstary (st to be sbout 250

metres. Sa, from ¢ ¢ 10 290 metres, the cable acts as a lumped

Eoperancs And induidnce’ . il or o Faflection 1aka pls
. ot Jony

uenc
the order of 50.000 ¢
e enccutisted iotfoduce 2 uch s 0% In arTo (o the discharge
measurement: So now with values (hat are being banded about down 1o
10 PCor even 5 PC is being very eritical. We now have Lo determine
these values with apparatus and which, unless we have the necessary
corresting means (o this are going (o give you an error if y
measured leagihs arc longer than 250 metres
The prescat 1EC working group hae workiwide sent out papers at the
moment an the problems of detcrmination of discharges in fong lengths
of cross-inked polyethylene cables. Now on ann's paper, he
mentioned (hat 50 s been detected on sieam cured cables in
Japan, now it would uppear (hat this level is due 10 the fuct of being
hat | did in Holland in the research laboratorics,
we never found any microvoids, and F'm not holding the Nag for stcam;
Just want to put the record straight, We never found
ds, larger than 10 microns, and produced by dry curing, larger
fcran. Now, if here we took micro photographs of | 200
ma o, team cured, it looks fike somebody with
smallpox, and ring of course, has much smaller voids. But
here i no discharge detection apparatus svailable worldwide thas
deteet a mierovoid of 10 microms

With regard o water {recing, Mr. Fortmann mentioned that water irees
grow from the conductor screcn. But | have porsonally grown waler
trees from both conductr and core screens, and the Cigre working
aroup 21 have (o date. after examining something of the order of 400 to
500 cable failures worldwide, have found no evidence of water treeing
ocar, or in the side of a cable failure.
shows 4 vertical vuleanisation line which
132 KV cables can only be produced on
rect that which may give the impression
being produced in Europe on catenary lines

M, Fortmantis pig
o e e o
2 vertical line. Now | mu

10 801 em:mher\hur fi
up 0 7

So, once again Mr. President, | must thank the gentlemen for their very
enlightning papers

D. C. Palser, Cape Town
Mr. President
In the intradustion to his excellent and lucid paper the author mentians
that a South African national standard for XLPE cables up 1o 33 kV is
nearing finality. He then goes on o state that ™t s to be hoped tha the
publication of this atioral mmmawlmve more impetus 1o the use of
cables in South Afr
1 find this 8 most dmmvumw statement, implying a5 it docs that
because we will soon have a standard for XLPE cable we must now ac-
cordingly all rush out and buy this type of cable! | am sure that this was
not the suthor's intention and I trust that he will clanfy this point. |
presume that what was intended was that the ready availability of a |

%

SOME
CADLES
COME BACK
TO US!

Cables have enabled man to develop
from candles fo spotlights, from tom-toms fo
felephones, from forked sticks to telexes
Cables carry light and power into the
deepest mine and voices from one end of
the world fo the ofher.

We at Aberdare and Aycliffe realise the
importance of our cables. We manufacture
our cables fo our own very sfrict quality stan-
dards and we are proud of our SABS mark.

With the widest range of power and tele-
communication cables in the counlry, our
service extends from cable selection through
tight and dependable delivery dates to
an effective and professional after-sales

Tvice.

We at Aberdare and Aycliffe understand
your problems and we care. So use our ser-
vice for all your cable needs
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PORT ELIZABETH AND EDENVALE
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national stundard will fasilitate the issuing of specifications for this type
of cable by municipalitics.

The author has cavered very concisel§ the design of XLPE cable and
he variows 1ypes of reing und thei cuuscs and prevention. It was tope

the ones that have up to mwmnmuny militated against the more oo
tensive employment of XLPE c
Mr. Forsah has o m‘w i vy logiel manner the viricus
suliting proc he various processes by which the diclectric
ke % sochied 1o the iundu:\ur a pity no conclusion wis drawn
10 whal is considered 10 be the best process, Perhaps Mr. Forsyth
could expand on (his point and lek us have hi views, Coming nees
carihing sysiem it is clear that because of the high thermal coefficient
of expansion of XLPE relutive to copper, there are problems in the
provision of either external sheaths or metal tapes to provide adequate
focilitis for these cables.
The methods of obtaining s good earthing system for an XLPE cable in-
stallation are discusied and it is evident tha special care s o betaken
ihen ining XLPE cables  good earthcondctivity st b achigvad
Despite the claims made by the suthor | very fuch doubl i an XLPE
carthing sysiea, with a faull Jevel cuurvultnl o that abtained with con-
ventional paper insulated e cables, is at all achicvable
without resorting 1o mnnvm ny\:nu\'z form of sheathing. Could the
pleas

§

author comment on this
Comidering next the tests s hy the proposed SABS standard i is
significant 1o aote thal. the partial discharge rest is i
test that has 10 be carried out on cach and every compl ength
ofcabla. uch i the sanavity of 4 s of oo s s b
sulating material and its method of application!

It would appear from the paper that the comstructionsl standards
praposed by SABS plice more emphasis on low cost construction than
they do on safety. Mechanical proteetion is most important since my ex

Dl aanal fre gelode. Nocat om die kabel giasalcr het. b

Vooraansia; on wal bie weet van kabels, hy is vandag hier in

die ]rhun!’ Vit my gesé: “Eugene daardie kabel gaan nic Inl\grf a8 s

hou nie." Hy was reg.

Ek s weer omerwate. Ditgian baje vat om my weee ot progresc
5 1o beweag.

Mr. A. Fortmann: Boksburg
Mr. President, it is 3 paper of this nature that we, as wkers and especially
the prospeciive users, nccd, (o gain confidence in the use of high voltage
XLPE cable and | congratulate Mr. Forsyth on m clear and infor-
mative manner in which he has presented his ps
1 hope that the few “Sceptics™ will show 4 ch W, vfh:.m o far s
cable is concerned and especially with the new SABS Specifica
Lion which will probably shordly e rsdy for e 24 which Shoud slow
for cable with a high standard 10 be manufactur
QI. Under the heading “Water Trees™ on page S, Ihm\d(nl Mr. For-
syth souid enlarge  lile on the T sentence of (he sccnd
paragraph which reads;
“Furthermore if the applied voltage and the source of moisture ar
removed and the sample allowed to dry out, the water trees dis-
appear,
Presumably the channels rem.
them, are ot visible.
Q2. Under the heading “Microporosity of the Insulation® on page
first paragraph, what i the reatively low sress lvel refemed 107
This has to do with the significance of voids uad design stress level,
I i below 6 kV/mm?
@3- Under the heading “The Earting Syster And Cable Assembly” on
page 15, Me. Forsyth m:u that it may be & desirable feature 10

. but as they have no water in

perience has been that most high voltage cable s e mnlw\ulslz w
!M:rnl\ meckanical dunsgs,sther daring 4ing o

ough the ure uf mechanical sxcavators, It sold e
s tha sk vieh B Ve possbit of serious ac-
ndtnu arising from the types of construt proposed for XLPE

In (nnrlunm’l. | would state that | am still not cnnvmc:ﬂ that XLPE
cable is the. mm—r for high voltage uppli urticularly at voltages
of 33 KV and Th S baitiveal Supl gklasil o fed eable
b Mol b L ngly be
proven thit an XLPE cable of comparabie quality and safety can b
produced at cqual or lower sost | am afraid | see no reason for switching
my allegiance at this stage

Mr. J. Lasbser: Benosi
Mr. President, | am ane of those engineers who, regardicss of many
problems experienced with XLPE cables still insist on using it, mainly
e of the fisct that every single fuult experienced om our cables wis
besause of manufacturing faults and not because of inherent faulty
design

1 had failts on two different manufacturers' cables: Don't worry | am
not going to name them.

In the first case | had many, liteeally dosens of faults on & batsh
manufectars o eubes i avery slale ohe ecarred uhere (he s
conductor tape round the individual core insulation was damaged du

{7 manufachure thereby, cavsiag & High toces potet

I he sccore cae  ful occurrd and alte osalising and opening it 8

plece of si s found underneath the semi-conductor tape. |
il beln. used 10 test the cable during the manufac-
turing process. .

My question 1o M. Porsyth i hic Can't something b done to have
this cable? And
Tiniie bbb g i bl Tt of this
re before installation or even betier, before o the
Ellhll'l r?
I concuslon, Mr. Prsdent may 306 my congratulions lo Mesi.
Farsyth and Forumann for their very interesting papers read in o very
able and eﬂ'(l!nl manner.

Mar. E. de C. Pretorius: Potchefstroom
Mnr. die President, ek wil net seker maak of Welkom in die kiesafde.
ling van Fauresmith val of nie, want netnou voe| ek skuldig as ek poli-
ek praat. -qud‘ \iélllunhbei betref, Mor, die Presi-
n stadiue vaticl gewees. En skielik het ek
pr palid b ol el i i
b e :Ieilmn:mund:ﬂ\:mlnj wal die kahel gebruik het met
aluminiumgeleicr,

»

have semi. tape bedding under the metllc tapex on
single core cables. This (o protest the core

The first question that comes 1o mind is — why lhuum this condie
ti0n not apply Lo three-core cables which in effect are three single-
core cables laid up to form a threc-core cable?

Sccondly, and this point I ruised at the SABS commities meeting
o0 XLPE cable, was why should the semi-conducting tape bedding
be aptional in the specification?

In fact, | consider the conclusion of a bedding tape under the
metallic tape, to protect the core screen, an important feature

Mr. D. H. Forsyth: Affliate
Lady and gentlemen, I think if I deal with the contributors in reverse

order us think | must thank Mr. Barr for s conribu-
tion, although he did not raise at any spesific question s far as | am
coneerned,

Mr. Fortmann usked me to clarify this question of th
trees. The situation is that water rees in the insulation are very fine
chancis of disruption and wi r cvaporates away, these close
dsrupton s thre but it s no visble. It can b mado per-
ut boiling as samply exhibiting u weter tree in a sohu
tion of methylene blue or some other staining agent to give permaneat
form 10 the tree. When | say it it does not mean that it is not
m e, 6 Jus ot Vb unles you have watt ) the chinl.

iliy of water

Mr. for the use of
mum. tape under Gl m.!um hecause of the thertmal
haracicristics of crosslinked polythene relative to the thermal
Characiritics o copper I a4 very much higher therma sostirt
o xpansion and there rs case on record whee lapped mechunic
apes over 4 single core cross-inked polythenc cable have in fact been
siriched beyond ihe ik of ssiiy b eapassion of the crom-fred
poly

M. Pretorius queried the vulnerability of cross-linked polythene cable
to system surges. This may well be true but | don't think that they are
peceasuiy anymore 2 Valbmuits cooveinkad pebeDs ey
arily anymorc vuinerable than any other type of cable. Sysiem

varges il 10 3urge au he weaket point in any cableand if you doge
Tuilures us @ resull, it was not obviously good cnough at thas poi
Mr. Loubser raised the question of was it not possible to ol ol
form of continuous quality assurance in the manufacture of these
cables, This is perfecty possble and is an ideal, I think, all cable
manufacturers sim . Bul cable manufacturers, like municipal clec-
il cngineers sre Raman beings am s o a1 sk e
time to time, and where % you g roube t i eyt ineiably hmsnan
error in the course of o of plant. There is at the moment a con-

st T theelecr ¢ throaghou -
dnl\ry A S A publication of the Bureau of Standard:

e of Practice for quality management systems, sus om and m
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decision by the Bureau of Standards 1o implement the provisions of the
SABS 0157 in all their application of mark schemes. Those manufi
turers who have o carry the SABS mark for particular preducts will in
fact have 1o satisfy the Bureau to hold that mark that they have incor-
porated quality management systenss which are giving you the necessary
assurance of quality in the finished product,
Mr. Palser posts three questions. He asked me 1o elarify what | meant
by the effest or rather (o clarify the =ll‘=claﬂh= -mummlxunldard /\mi
1 think his assumption, | would agree that his
publication of the national standard will, |
eross-linked polythenc cables, because quite rightly a lot of users of
cable ure very very conservative and would prefer not to buy o cable for
which there s no standard specification it this 1. seniially why
think that the cable making industry in this country pressed for the
preparation of this national standard. Because we felt that unil such
time when there i a nasional standard for cross-linked polythene cabl
thee will by people. posibi uiers o these cable who would
prefer not 1o make the
“The question by Mr. r:mruum passibility of acidents, the safety of
the cal think was wnswered very adequately by Mr. Bowcn.
Because he was closely involved in the spiking tests that were carried
out und were part of farmation in front of the commitiee con-
sidering the national standrd

pplicd do incorporste 8 metallic enclosare and the cables (0 the new
national standard, when it is finally issucd, will certainly be able to
‘withstand spiking and therefore be perfectly safe as far as the external
damage s concerned,
Mr. Pulier alto asked me lo expres some apinion 31 1o the be
sulating process. This is 4 bit of 4 loaded question, | mean whi
e mator sar? D you by & Rolls Reyet when  Forq would 401 and
this | think is essentially the point. There is no doubt that with a dry cur-
ing process you achisve an insulation which doss not incorporate the
micro voids that appear in a steam cured eross-linked polythene insula-
tion
Iy paper | lised six fctors i3 sequence of imporance. This que-
tion of presence of micro voids was only the forth fastor. Now the other
hree fators are in my opiion of more significance as far ws fife expec
tancy of the cable is concerned, And those three factors, the type of in-
sulating process, whether it is dry cure of steam cure, is proposed cor
mon problems in both processes 50 that there is no question of a ch
between the processes as far us those factors are concerned. So the only
reason for selecting the di 1o eliminate micro voids and
at distress levels applicable at the lower voltage levels, that is up to 33
KV, The presence or absence of micro voids is irrelevant 10 the life ex-
pectancy of the cable, | hope that that has clarified ut least my feelings
on the matter and satisfacturily answers on lser's questions.
I would like to thank Mr. Ericksen for his contribution, which 1 think
was summarksed very well, My very awn persanal feclings as fur as
o fnked polthene ace mn:emcd‘ is the insurance of the future.
r. Ericksen " the tehisatons o Joloiag 1 would
agree with him lhcmlnr\ml\ly { the lower .-nqu ranges, the expertise
is there. But when you mave 10 the higher voltages, it is not enough to
scll ables. You have 1o sell a system and :onuquan(!y 1 can assure him
that those of s wha are looking at this movement into higher voltages

i giva an (mphdu\:ﬂ on

mOue cetaloky Ean' gt way i ot e ikl i ot coutd

offer the accessories to make the eables one supplic

The only sommeat | would ik (0 make on M. Prins comments, he
make in his inroductory remarks ihe statemenis sbout the tried and

proven hypercable. My response 10 that is, well we haven

linked polythene around that long. But given time we will be able 10

make ihe sume sort of staiements about srossinked polythene.

Mr. Bowen raised two queries and asked me (o comment on the dis-
charge levels in puper cables. The thought horrifics me. There is, | am
glad we don't have to da partial discharge on paper cables. There is in
fact an ERA report published on a result long (erm programme of tests
carried out on various cables. S ich were taken from a foute
Wiich have given considerable troubles and some of which were used
cables which did not give many trouble. And this spread over several
years and the final report comes to the conclusion that if you got a dis-
Liarge evel o 4p 15 50013000, 01 gt noNhig o wory sbout. Thi
a measure of how mush more resistant the partial discharge paper as 4
diclectric is, Cross-linked polythenc is suscepiible the partial discharge
dumage. But if you make the cable that it doesn't have significant partial
discharges, then I is  good insulate. What is the dry value? Well under
ﬂN conditions your life expos will be at least one order of magnitude
{ter, in other words it will be 8 figure of 9, As & result of further work
b o i e A e
nent up to 18, But if we use a value of 9, what exactly does this mean?
What doss it mean relative 10 the value of § that was quoted in the
paper? Well using & value of 9 means that if the um: will withstand
g voltage for
5t o T 1o Mo isaR A0 s T o the b Nl
FoE Cable I Usoracing i i ey WIEE DI o 7 15 fesl s
use 4 life exponent value of 8, then 1o be sure, or L0 have & ife expectan-
ey of 40 years, then the eahle must be able 10 withstand twice warking
valtage for u period of 57 days. But as Mr. Ericksen has commented on
abics do ol just have 1o withstand working vollsge.
And when we look at life expectancy of o eross-linked polythene cabe,
we have pot to look at what is that sable going to be expected to withs-
tand, And i wedas ihat on s 0 be il bit more sooservaive in
the figures | have just quoted mean. Because cables fex, they do
have surges on them. We operate in an ares where h;h g distur.

ith
one has to be u liule it more conservaive than that, and certainly !
would hsitate fo say that | would guarantee 40 year life expectaney, if
e e anly ik i SCKIRE Pl Wt gt
its working life, b the cumulative sum of far more thin 30
St e lnxnlm 50 y0r've got to trea it you got
to be s little more conservative in your approach. Now it is Tor this
reasan, perhaps this whole question of the natianal standard speifica-
Hiam has, and 1 Nope would s the necesary Fesuts or the pequired
results in that it has been, These factors have all been considered. It will
make recommendations which should, I hope, give peaple confidence
that the cables they buy o that specification, willin (act give them an
adequate Iife expectancy
Mr. President, | hope I have answered the queries that were raised o5
result of the paper and finally | would like 10 thank you again for the op-
portunity to preseat this pape
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I OPSOMMING
In hierdie referaat word die omstandighede weergegee wal dic Elektr
tegniese Stadsingenicur genoop het om ondersoek na die m.mmm in-
stallasie en die betroubaarheid in gebruik van 132 KV kruisgehonde
poliétiaengetiolberds kibel, wat vir lc s keer In SusivATrikn 55
bruik sou word, in te stel
2. INLEIDING
21, Die merkwaardige ontwikkeiing van Boksburg se nywerhede en
woangebiede met inagneming van waarskynlike tockomstige ontwikke-
Ting i Bokaburg 36 uigsstrekis prense; het ' agshel herbepaing
van die dorp se behoefics aun clektriese krag genoodsaa
Oeiavei (RSN i ol e S ETOI
spreek en ma oorlegpleging was daar tot die gevelgtrekking gekom dat '
tossosrpunt teen LT nab i ot (R drpaptens vy s

Dit s belan om die Rad e toevost teen 33KV en et vermos van
90 MVA aan te vul en die vorige 11 kV- puBl i very
Die Rasd het o besluit om ‘1 132 kV-grootmaatioevoerpunt by Wit-
Koppic met " primére verspreidingaiciacl aan Le bring wal wwk.,...wg
twes 132/11 kV-substasics, cen by Witficld en dic wnder by An
sou behels.
Die hoofvoorsieningspunt het 'n vaste vermod van 2
plan s om hoofsaaklik die noordelike hellle van d
voorsien. Die Munisipale gebicd van Hoksburg is na
n 8 km wyd. Dit is ongeveer 19700 h.a,
Dic kragvoorsiening aan die suidelike gebiede sal na verwagting tcen
1987 versierk moet word en dan sal waarskyniik 'n verdere |32 kV-toe
voerpunt van EVKOM benodig word.

ocg 48 tecn die middel van 1973 wa die mikpunt gestel om krag-
voorsiening van EVKOM gedurende Mei 1977 L verkry en gedurende
Navember 1973 was dis Ooreenkoms vir kragvoorsiening teen 132 kV

EVKOM en die Raad aangegaan.

Div eurin e die 511V animmuen v it i 137 s ' mad
it s vosvgmon vofoidnum in verkig e
dat EVKOM se toevaer toe nog mic beskikbasr was
132 kV-tocwoer duargesel deur ' bestaande
bolk 132 KV-substasie en die 33 kV-hoofioevoerpunt by s
v a2 i
bind.

oevo

wtenby 28 ke fank

EVKOM se 132 K¥-toevoer was cindelik op 29 Augustus 1978 nange-
skakel,
Die buitemuurse 132 KV-substasies is met 132 kV lac olie-intioud
stroombrekers, in Switserland vervaardig, en elke substasie met twee 40
MVA, 13|V, veldorgroep Yyn 0, 22, impedansetrmloommaloss n
parallel, vervaardig deur n firma in Boksburg, en 11 KV, 350 MYA dub-
Delpsiitam, hod e mlwd binnemuurse skakeltuig, deur dicselfde
firma vervaardig toegen

Dic skema bessaan wit n rekenaar- en telekontrole-behoerstelsel wat
Icaighouig e Bl vin e A wn T DL doa{ van o Deathans
de verspreidingstelsel van cen punt af bewerkstelig.

Die beheerstelscl bevtaan uit ' hoofstasie by die beheersentrum ¢n 'n
totaal van 32 buitestasies wat die primére en sekondére substusies in-
it

1. SUMMARY
e factors which induced the Town Electrical Engineer to
plirsue m\/t-l\guhmuln o the use of 12 kV crosinke

iy of it wse and the insallaion of the frst 132 KV XLPE cable
South Africa, are described.
2. INTRODUCTION

e phenominal developm: burg’s industsies and
cesdential towobips, coupled wilh the ,mlmm\ futare development
burg’s spaciows boundaries, necessitated o radical re-

il i el
During 1972, this matier was first discussed with ESCOM
sultation with them, it was agreed that the provision of a poi
it 132 KV iear the porth-castern boundary of the tawn, was

instaliatic

s vuppy s planaed 1o augmen the Counsi' supply eceived a1 3
capucily of 90 MVA nd ta repiace (i old supply point
3

The decision was then tkers by the Counci 1 ctablish the 132 k¥ bk
intake point at Witkoppie and a primary distribution system involving o
Tutbes twer 13211 KV ssbsitions ore ot Wikt and the other 4
Anderhait
The main sapply point h capacity of 250 MVA and s planned to
e ket haf of the trom, The Municipal srea of Boksbueg
i Toiahhy 28 i Todg and 8 kim wide constituting the 19 700 h.a
The future nesds of the sauther h it is anticipated will need to
Semiorekc by o7 robabl be by menas o & riher 137 KV
rom ESCOM.

take p
s sarly 1 mid- 1931, the target dite fo scceving powe from ESCOM
was set 1971 and in Novomber 197, the Agrecin for  supp-
Iy at e concluded ber SCOM and the Council

The first of the (hree 132 k¥ ‘ub'«mwm was ready in June 1977, only

about a moath behind schedule, bt OM s oyt rud)
theirupply he 132V ysem was et
<xiss WV ircut king Anderboll 132 KV substation snd i -

p i oo through a 45 MVA, 13233 el
transformer at Anderboll 132 kV substal

ESCOM power at 132 KV was finally switched in on 29 August 1975
The 132 k¥ substations consist of outdoor Lype switchyards, equipped
with 132 KV small oil volume circuil breakers, manufacturcd
Switzerland, each substation 2% 40 MVA, 13211 kY, ve
group Yyn 0, 22" impedance transormers in parallcl, manufactured by
a company in Boksburg and 11 kY, 350 MVA, double busbar bulk o,
indoar 1ype switchgear, also manufactured by the same company.
The scheme incorporates a computer-driven supervisory and telocor:
trol system which allows supervision and costrol of the new and

Pt of the exising distibution system from one ceotrl potaL.

e system consisis of n master station siwated at the control centre
d & total of 32 owstations, the outstations being the primary and
secondary substutions.

Part View of Wifled 13211 k¥ Substation.
Gedeeltelike Aansig vn 112111 kVesubstaie by Witfiehd
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Chemilite makes old oil young again.

Chemlite will now chemically re-generate your electric insulating oils on site with
their latest development — A Mobile Transformer Qil Regenerating Plant —
reducing acid level to New Oil Specification.

This service is in addition to our regular oil purification process of mechanical high
vacuum purification to complete rejuvenation by reducing acid from any level to, 0.2
milligrams KOH per gram of oil.

FROM THIS ... TOTHIS ...

In Addition— Chemilite offerspecialised sub-station
testing, measurement and maintenance.

Some of the tests undertaken:

Hot Spot Detection. Earth Resistivity Measurement
Insulation Power Factor Testing. Current Injection Tests.

(Tan Delta Testing). Electrical Recording.

Contact Resistance. Power Factor Measurement
Impulse Testing Cable Fault Location Service.
Pressure Testing. Functional Checks on Equipment.

HIE(MII[INITE

CHEMLITE (PTY) LIMITED CHEMLITE (ENGINERING) (PTY) LIMITED

oy ADDERESS PO. BOX TEL AFTERHOURS  TELEX
Jonanmestusy 14 Sangberg St Demver 25720 Denver 202 3 (011)Big-6o47  B-60558A
Buwayo 7 Belleve R, Belont 5107 Mormingside i5197-009  3385AH
Cape Town ; 2105 Parow Valli 7503 g 021991200 57-63265A
Dutn ; 342 Pinetown 3600 030729924 6510258

Meddelirg Tl 25th Street Misdetug 177 Miosburg 1050 (13214978 (01321)4979 48545

Poct Elzabett 143 Commetcal Ad Scwel 14042 Purt Eliz 6061 (41413304 (0411332485 74-7974SA

Unitod States of Amesica 506 Rosamond, Hauston {713695-5944 774366
Texas, 77076




3 132 KV-KABEL
A1, Toe it dusdeik wond dut dic Stadsriad van Bolksburg hom op die
voursiening van ‘n Atelsel, nodig was om die hoofver-
unre‘d\ng"ﬂlb&\liih{:lwk met 132 kV- w.n,w.m te koppel, moes bege-
moes oerhoging aan die mess wendlike manir van (ocvoergelcl
proadgc
Die twee moantike manicre was of met bograndse elcidings, of deur
middel van andergrondse kabels.
Aungesien die roetes wat gevolg maes word oor Kein pltie, beboude
- sowel as nywerheidsgebicde sou lei, was die gebruik van n ho-
Frondae tesel igenli, Bevabwe vi mosiihede aat et e oorgan-
g2 oor beboude eiendomme ondervind word, was daar ook probleme
met dic esteliese sy van die saak — 'n vername bydrse tot omgewings-
besoodelng en. natuuri, is hogrondse geledings in sedelike gebicde
uiters angewild,
Die afstande tusen die drie subsiasies is s00s volg:

Van Witkoppie na Witfield — $467 meters
Van Witfield na Anderbol . 6 08 meters
Van Anderbolt na Witkoppie — 5 B%0meters

Dic totale lengtc van die rocte s dus 2045 meters,
n. KABELTIPE

1 dic Reune o kabel geval it s die vraag watie ipe kabel -
i
Boksburg was cen van die cesic vesbruikers van |1 KV-kruisgohonde
poliéiileengeisaleerde kabel en het gedurcnde 1968 tot dic uitsluitlike
el ‘oorgegaan. Na jare se gebrulk was die uitslag uiters be-
Vredigen
n Vendere oorweging was dic gebruik van die XLPE-geisoleerde kabel
teen 32V in tensteling met die gebrukik 172 w liegevulde ka-
ol W I

3. 132KV CABLE

t that the Town Council of Boksburg ws to
the provision of a 132 kV scheme, where it would be
necessary 10 couple the main distribution substations with 132 kV cir-
euits, cansideration had 10 be piven to the most desirable methiod of

3

The two_possibiliies were either by overhead lines or underground
cable.

Because the routes to be followed were through arcas with small plots,
i identi well s th

lines was ruled oul. Besides the difficuly of crossing Beipdrte i

overhead lines, there were also the problems of acsthetics

Tactor in environmental polluton and, of esrse, overheud et i -

ban areas are generally resented.

The distances between the three substations are as follows:

From Witkoppie to Witfeld — 8467 meires
From Witfield to Anderbolt — 6 088 metres
From Anderbol to Witkeppie — 5890 metres

A total route lengih, therefore, of 20 445 metres,

32 TYPE OF CABLE
e the decion d boen ke e ase cubethe rucial question that
arose was, what type of cable should he
oksburg was one of the main pioncers in lh: e of 1KY crose ke
puLyHilyl:ne insulated cable and around 1968 went over to ts e
s of s use aller & number of years were promisng i

deed.
The next consideration was the use of XLPE insulsted cable at 132 kV
a8 oppased ta the conventional 112 kY ml-ﬁllxd cobl Wharem mu\u

reclde nagaanwerk
wlen d.( ﬂqnnkmuhume op die oliegevulde kml ml!ﬂnﬂ moet
Kabel

TERER ok nodg i
Indien herstelwerk aan die XL PE-kabel, wat meganies beskadig word,
uiigevoer moet word, is dit veel makliker en goedkoper in vergelykin
met die oliegevulde kubel waar duur en hypassende vaktoerusiing ge-
Bruik

Die kabel-isolusic van XLPE-Kabel het die vermo& om op 'n hoér tem-

peratuur as dié van ofiegevulde kabel in werking te bly ¢n die diélek.

triese verlies van. | is veel laer as dié van ulncg:vu\d: kabel,

Gevolghik het die XLPE-kabel 'n hoér sroomdravermoé vir dieselide

grootle van geleier cn is om Hiedis redé meer dbaiirellend,

33, ONDERSOEKE

Op die tydstip, 19731974, was geen 132 kV XLPE-Kabel in Suid-Afrika

in gebruik nic en die kabel kon ook rie plaaslik vervaardig word .

Navrae het getoorn dut die mees gevorderde vervaardigers van XLPE-

kabel in die 132 kV- tot 154 k¥-reeks in Japan en Swede gesetel was.

Toe die Rasd tot die slotsom perask het dat XLPE-Kabel utstaande

voordele inhou, was die Elektrotegniese Stadsingenieur afgevaardig om

corsese vervaardigers en gebruiken vir verdere ondersoek met die bog

op die moontlike gebruik van die kabel, te besock.

Die voorwaartse stap van die Stadsraad van Boksburg om die Elekiro-

tegniesc. st-chmunnur p 'n oorsese studie te stuur, word as baic wys

u. m toer s lu‘hlnum m.\\ulwc aarby onskatha-

ad s¢ voordeel opgedoen is. "n s Magdom van

Wwd Verkry watneer 'm mets met ingeniews £ st

jou cie wm:l:l:nlk Klein sfecr van ondervinding in inge-

Nleuwese, n el

Die volgende stap is om lumml!: van die bevindings van die ondersack

aan te haal

138 kY krisgebonde
i

een-geitoleerde Kabel, verviardig in Ja-
uers Rieo e s ek B Wi and
et Rsnwsa waae s seerd FAbRH s O e Vo e b
Pt
Die tyd an die aorvese besocke het ongeveer ses weke in beslag ge-
neem on die eerste land besock was Japan waar met

sprekings gevosr was,

I die V.5.A. was met cen frma inverbinding pire, dog me weinige

5 Svnde s e dreibekende fima i di vervanriging van
kabel besock

As ,T.,-m.‘ vir besreking met e ingenieurs van Nirdie Frmas et
die E vraestel opgestel en dit voor sy
vaek s e i B b frmi o Syt 6 b
sese laat bekom. Dit was vir twee llhxlvw“ludlberi in Japan,
o 1 e e etk v Ko e n Swede,

Dic opgestelde vrae siuit die onderstaande items in en dek sommige
Kante vaa die ssak wat opgehelder moes word en fs kortliks so0s volg:
331 Ontwikkeling van eh.s. XLPE geisolecrde Kibel e bybchore,

8§

2

cheeks and
and alarm circuitory of rul-ﬂll=d mlg, cmsl-lml:ed pniyelnyltll: -
sulated cable was considered v

Should the cable require repairs w gt 101 fllowing mechanical

it was o considered s simplr und clcaper o cary o

these repairs 10 o1 d polyethylene cable a5 opposed to oil-filled
cibie, Whete contly g mpm-mmd equipment is mqnlmd

The cable inultion of XLPE cable s able to operate at 4 higher
temperature than cleetric loss ..r XLPE in
salated cubi 15 lower than tha af oi-Tld < o is that
XLPE cabl has o igher curren: rating for a0 cqu i

therefore, has & better sfliciency,

3.3 INVESTIGATIONS

At the time. 19731974, no 132 KV XLPE cable had been in use in South

Africa and this cable could not be manufactured locally,

Enquiries about the cable indicated that the manufucturers who we

most advanced in the field of XLPE Stble-nuking i the 131KV o it

KV voltage range, were situated in Japan and Sweden,

When the Council decided that XLPE cable might hold distinct advan-

tages, the Town Elecirical Engineer was delegated to visit overyeas

manufacturers and users for further investigations into the feasibility of

using this cable,

The progressive step taken by the Town Counail of Boksburg 10 send

the Town Electrical Engincer on the overseas study {our, was con-

sidered very wise. The tour was most rittal and enlghtening wheve .

valuabie experience was gained 10 the henefit of the Counci) A wealth
information s gained when one s able to make contact with

engineers and scientists outside one's own relatively small sphere of

engineering experiense.

‘The next step is 0 relate some of the findings of the fnvestigation,

138 kY crosslinked polyethylene insulsted cable manufactured in

Japan, was in use in Puerio Rico at the Puerto Rico Watcr and Power

Resources Co.. whare the first cable was installed in tho mid-60's.

The time spent overseus on this investigation was about sins weeks. The

irst country visited was Japan where discussions were held with two

companics.

In the US.A. comact was made with one company, but with Tiile

In Sweden ancthersumpany of world enow i he cable-making feld

was

For the baisof discuasion wih engineer at these companies, st of
was drawn up by the Town Flectrical Engineer prior to leav-

SR Sk i s o et e e

cable comparies ia Jagas, o in the Unied Stte of America and

anal

The quullnn Soqeie ncluded the ollvin o covringsome of

the uspects which needed clarification an b

51 Doraapimarm of ks KL PR Douniid b -md their

aceessaries.
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GUT ENERGY GOSTS win
GYGLOGONTROL

mains Signalling -
system G

® Automatic or manual
load control

® Compact construction

@ Integral PERM
controller available

@ No tuning or
attenuation problems

The CYCLOCONTROL Load Control Systern will help Municipalities control domestic
geysers and space heating at a considerably more economic outlay than previously
possible.

CYCLOCONTROL transmits switching signals over the electricity mains but differs
from the ripple control approach in that it signals at distribution supply frequency.

The use of solid state technology has resulted in a compact equipment design. Single
or multi channel receivers for switching up te 80 A can be provided.

Savings of up to 40 per cent on energy costs have been reported from present users

For further details please write
or phone for Publication M3-004D to:

GEC MEASUREMENTS S.A. (PTY)LTD.  meensat by ohicing
energy

P.0. Box 13024 Knighis 1413, T|
Tl

es: Cape Tow
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332, Die gebruik van spanningsiabiliscerders en anti-oksideermid-
dels

3.3.3, Probleme in verband met gedeeitelike omladings en dic voorko-
ming daarvan,

334, Uitstakeling van onsuiwerhede by die isolusiemateriaal.

335, Verwagte lewensduurte van XLPE-kabel.

3.36. Werkdrukspanning van XLPE-isolasiemateriaal

337 Knmlml_m( materiaal en vervmardigingsproses van e.hs. XLPE-
geisoleerde kabe

338 wulemoumuolmlu en die voorkoming duarvan.

339, Sulfiedboomvorming.

3.3.10. Nadelige itwerking van kopsr op XLPE-isolasiemateriaal.
3311, Konsiruksie van kabelendstukke.

33,12, Konstruksis van kabellusse,

34. BESPREKINGS MET VERBRUIKERS

34,1, In Japan is die buitengewoon hodspanning XLPE-kabel nogal uit-
pebreid in gebruik, masr in betreklike kort lengtes.

Besprekings was met senior lede van die Kunsai Electric Power Co. ge-
hou. Dié kragverskaffingsfirma i die tweede grootste vin tien kragver-
shaffngalm i Japan <t van wie dic makimim aanyraag sodurnde
1974 17000 MW beloop

Kabel van tot TTKY van m: XLPEps was algsane i gobrsik on -
Ie het geslungde toetsc met 154 k¥ XLPE-kabe! uitgevoer.
H

332, The use of voltage stabilisers and anti-oxidants.
333, Partial discharge problems und their prever
34, Elimination of impurities from insulating material
35, Life expectancy of XLPE insulated cable

\.\o Working stress of XLPE insulation.

7. Construction, material and manufscturing process of ey
NAE iied cabie

338, Water ireeing und prevention.

339, Sulphide trecing,

3310, Detrimental ffect of copper on XLPE insulation.

3.3.11. Construction of cable terminations

3312 Construction of cable joints.

4. DISCUSSIONS WITH USERS
341, In Japan, supertension XLPE cable had been in use fairly exten-

sively, but in relatively short lengths.

Discussions were held with senior members of the Kansui Electric
ower Co,, which is the tecond largest of the ten power companies

Japan, with & maximum demand in 1974, of 17000 MW,

Cable up 16 77 kV of the XLPE type was in comman use and they had

carried out satisfactory (ests on 154 kY XLPE cable.

The only concern they expressed, was the fact that water could

rinal mag deursyfer wa nie wenslik was nic — veral in die baie faaglp-
gende Osakagebied. Osaka is 'n stud met meer as 5 000 000 inwoners en
s die grootsic ladingsgebied van die Kansai Electric Power Co,
Alhoewel sommige ingenicurs dic meving toegedaan was dat die pro-
bleem van waterdeursyfering in die acsiemateriaal i die Wiiaters
randgebied nie 'n oorwegende faktor sou wees nie, was die gedaglewis-
selings mes Kansal Electric Power Co. die hoefrede wat duartoe gelei
het dat dic Elckiroicgnicse Stadsingenieur metaalomhulde kabel ge-
nptﬂﬂﬂ het
ie Puerto Rico Water Resources Co. van Puerio Rico het 138

w 5mud XLPE kabel sedertdie midde sestigeriue geboi. i het

Algeme uperintendens, Flektrvegnice Beplanning, sy
vnu: vemuu- in hierdic tipe kabel uitgespreck en gesé dat hulle dit sal
sanhou gebruik — afgesien van die lengtes benodiy.
343, Wan de Ispanee vebrwkes erigiger n hulle benadering in
Verband el oorgang (ot dis gebruk vam was, was die ge-
bruiker in Puerto Rico en dic Swedish State inu I!mrd
wasgsiam,
Gedurende 1974 vaslasgenosinde vicongeveer 457 van e kraper-

ing in Swede veraniwoordel
va.em die Hoaf van die Elekirolspaisee Ontikielingsadeing en die

van die N ing en il i

deling, het die gebruik van X1PE-kabel van 75% ol 100% van alle
kabelreckse van |1 kY, 22 kV, $2 kV, 84 KV tot 145 kV uitgemask.
Die cerste XLPE-kabel geinstalleer was 'n 22 kV-kabel wat toe reeds vir
nege jaar in gebruik w

Yenkeie dusende kiomesr XLPE kabel i n Swede n sbrulken ge-
durende 1974 w m ieen spannings van 52 kV en boér in werking.
:lﬂll‘ Idlnmxlem |enk:ln|) 145 kV-kabel was toe vir 'n jaar al in ge-

bitie meer

Vyf-en-vyftig kilometer 88 kY ondersesc kabel in tussen dic Sweedse
vasiclind oh Oland In werking.
38 BEVINDINGS VAN DIE ONDERSOEK EN ANTWOORDE
O DIE VRAE
151, Diewntwoarde vandi Ja e irmss ofdis v s uirs b
moedigend, Die
nieurs redelik goed vir die besprekings in verband met die XLPE-kabel
yoorbereid sou wess, maar dic ingenicurs bt in werlikheld i ver-
ing reeds volledig in dokumentvorm ereed gel
|h:| deuydl geblyk dat die ontwikkeling van 132 kV XLPE-kabel in
die V.S.A. minder gevorderd was as in Japan,
In Swede s blykbear twee firmas by die vervadiging van e s, XLPE-

abel betrokke en 'n besoek was by een afgelé. Hier was dic ontwikke-
was die verduursaming

1e3 epter nog met die “Hioomproses gedocn, terwy die twee s in
Japan die “drod pus e infurooi-ral e trse gas™-manier ocgepss

;s.z SOMMIGE VAN DIE GESIGSPUNTE OOR DIE
ONTWIKKELING VAN XLPE-KABEL IN JAPAN

{iy b s duidelk du e osnterydhe niws Lrugsbonde
sirale 08 druk i plaas van
bruiklike “versidigde” stroom ..mmn was, 'n antsaglike verbete-

especial-

\y in m very low. \ymg Osaka sres, Osaka, 4 city with 4 population in o
5 000 000 t, constitutes the largest load area for

o,

Kansal Blectrc Pw:r

th i
tho cable in the Wiwaersrand ara, would be of no consequence. the
discussions with the Kansai Electric Power Co, was the main influence
which induced.the Town Electrc. Engincer ta specily cable Witk &
mesallic sheath.
34.2. The Puerio Rico Water Resources Co. in Puerto Rico has been
using 138 KV grade XLPE cable since the mid 60's. Here the General
Project Superintendent, Elcetrical Design, voiced complete confidence
thie (pe of canie ang. sated tha they would continue wsing it
espective of the lengths.
343, Where there was possibly a more cautious approach observed
with the change 1o the use STALPE bl by the Japanese users, the
confidence shown by the uset in Puerto Rico and the Swedish State
Power Buard, was far bolder
In 1974, the Swedish Stste Power Board was el oy
provimately 45%; of the total power generation in Sweg
Aceording 10 the Head of the Electrical Development Sewuun and the
Chi Evgincar of o Electrea
o laR XL e 5%
n the voltage ringes 11 kY, T
The rm XLPE nm= installed was a 22 kV cable which had been in use
for about nine
Several ihnuﬁnd Kilometres of XLPE cable is in use in Sweden and in
1974 350 km was in operation ai voliages of 52 kV und higher. Thirty
Kilometres {single core kilometres) of 145 kY cable had been in service
for one year.
A 55 km long, 88 kV submarine cable was in operation hetween the
Swedish main land and Oland.

35 FINDINGS OF THE INVESTIGATION AND ANSWERS
TO QUESTIONS POSED
381, The respanse by the
tremely heartening. Where the Town Electrical ||nwrupﬂ1=dl.e
find the engineers reasonably prepared for discussions on able,
ey had in foct prepared complete dossiers on the queries submittcd,
It sppeared at the (i that development of XLPE cable in the 131 kY
range in the U.S.A. was less advanced than the development in Japan,
n Swnl:m mm are ntly two_companies involved in the
manufacture of ¢ hv. LPE cable of which ane company was visied
e Hawever, in
1974, the curing process was still donc by w sicam process whereas in
Jiwn dr-gas curing and infare rays andfnet gics procemss hod
adopted by the two companies visi

3.52. SOME ASPECTS ON THE DEVELOPMENT OF
XLPE CABLE IN JAPAN
35,

(1) 1t was evident that the then new cross-linking method using Eonesd
rays and high pressure inert gases instend of conventional sat
{4eam, was a vast {mprovement, especiuly for &-hv. eables. With this
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ring veral in die geval van e.h.s.-kabel was. Op hicrdie manier isdie ui-

ters kicin blasies in dic isolasiemateriaal, sowel in aantal as in groott

merkwaardig verminder, met dhe gevolgiike vermindering vin wai

houd. 'n Weinig water was nog merkbaar — moontlik van dic verkae-

lingswater.

Dit word aangencem dat dis onderstaande omsandighede die verswak-

king van die isolasiemateriaal beinvioed:

(@) Water in die materiaal opgess

(6) Blasies of ugecgis in die mmmm

(¢} Onsuiwerhede in die ma

{3 Oniwsredihmde o1 uistoeksels I belda dis gelsor- e sardeclpe-

leierskerms.

By i stoomerdusrsamingsmstods kan sposd ook beperking i s ge-
in die buslrkls wat et hodr druk van veradigde sioom en

mmmm hoer temperatu 4 ander woorde, hoe

hoér dic temperatuur, hoe hoér die druk.

Met die “verduursaming-met-bestraling-metode” (RCP) kan dic ver-

warmingstemperatuur onafhanklik van dic druk van dic trac gas ve

hoog word sodat. die isolasiemateriaal teen ‘n temperatuur van 300°

Celsius, waar die materiaal byns ontbind, kruisgebind kan word.

Fig. | dui die vertikale verduursaming-met-bestraling-metode wan,

I. Extruder

2. Spliee Box

3 Heating Zone
4. D Gas Inlet
5. N, Gas Outlet
6

i

£ W

3. Water Outlet
10. Packing
11, Water Level Controlier

1. Deurperser
2. Splitskas
3. Verhitlingsone

RCP Regopstannde Deurlopende Volkaniscerder
80 m Hoop: Ulterste voorsorg word met die samesielling- en by deurpers-
prasesse teen stof en onsuierhede pencem

Die kruishi langs
die inleigedehie van die buis, ‘n vﬂyhnelmwmuue oy die siceierd
van d\e buis en 'n tussengeplansde mrr:rioe

Binne i word

11 ot o ol eun S K o bt ect Besme i e

ter onder dicelos drakking s ié van e troe s, Wa-
voorsien deur s inaatl 1 dic lac gedocto
rkn:luumu:m loap by ‘n die boonste gedeclte
Y20 i o Ul 1 ekt g e s e S Rl e e

method in the markedly in
number and size, als with a resultant reduction in water content. A lt-
tle water was still evident, presumably from the cooling water.

The following factors are considered to affect the deterioration of in.
sulation:

(a) Water absarbed in the insulation

(b) Voids in the insulating materisl

{s) Contaminents in the insulating material.
Inrcgularitics and ions of both and core semi-

conducting screens,
With the steam curing process there could also be Timitations in the
Sroulinking speed, becaue of cros:fnking tube Arengi euied for
higher Tn other
words, the higher the \emverllule mn higher the pressure
Wik the radant curing process (RCP) however, he heating
{emperaure can be Thised indescadealy of the Iner gas pressare ag
o ks A T i ek e B0V e of s
(tmus where the insulation nearly decomposes.

Fig. 1 ilustrates & vertical type of radiant curing process

RCP Vertical Clﬁh— Val
80 1 i height: Great care s taken in the ing and exsiruiing
process 10 prevent dust and other impuriies from entering.

The crossinking ube is comprised of 4 radiant heating zonc located
adjacent 1o the lead-in portion of the tube, 4 cooling zoac provided at
the lead-out end of the tube and an intermediately located pre-cooling
2ome,
Inside the radiant heati i
e e
essurized water with the same pressure is the inert gas. Cooling water
{ ik o S ed ot oAbt s i of 1 b v
and exhausted from the outlet port at the upper portion of the zone. The

tingsone ingelast cn by die lacr uitlasiluik van die

gelaat, en word in omloop gehou en gekondenseer om sodoende die in-

dringing van stoom wit die, verhittingsane te hou.

Gegewens van Lostse 0 verband met Verpelykings van die grooties van
lugleegtes het getoon dut by XLPE-kabel wat met die verduursamin,

Dses et sicem onder goec behesrde (oestande vervandip w. '

aantal fugleegtes 0 pm het. Sommige |

inert gas nlet pert of th
ks haumted from t forwes ot ot f e pracstl
lated nd condensed 5o 10 pra Vet i nicvaion nl!lwm into the
heating 2o
omum from tests carried out regarding the comparison of the
s o voidn showed thit in XLPE cable manulactured with the sieam
curing

18 50 um was gevind

By XLPE-kabel wat met die verduursamingsmetode met besiraling ver-
vaardig is, het die meeste lugleegtes nic | um oorskry nie en shegs 't paar
van 5§ — 10 pm was gevind.

Rede vir bogenoemde word sanvaur as synde die verskil in molckulére
kunmulkend van stiksiofgas en stoom.

ux Giedurende 1976 et Dr. Tkedu en 'n span Navorsers van 'n ander
Japanese kabelvervaardiger hullc bevindings in verband met die vogin-
houd van dic isolasiemateriaal en die water-absorberende cienskappe

YMEO TEGNIESE VERGADERING — MEI 1980

& number of voids
of about 10 ym. e large as SO pm were found.

In the XLPE cable manufactured with the radiant curing process, most
‘of the voids did not exceed | pm and only a few S — 10 pm voids were
Tound.

‘The reason for the ahove is assumed 10 be due o e oot
molecular characteristic between nitrogen gas and st

152,11
{2) In 197, Dr. Ikeda and a team of Rescarchers of another Japancse
cable manufacturer, presented their findings of & study made with
regard 1o the moisture cantent in the insulafion and the water sbsarbing.
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van kruisgebonde poliétileen-geisoleerde Kabels wat met gas en wal met
toom behurdel is, opgestel
Die bevindings was soos volg
() Dic aanvanklike voginhoud by kruisgebonde poliétileenkubel, met
handel in vergelyking met stoombehandelde kabel, was faer
a5 100 g p m v gas en 3000 g p m van stcom
Self by dke kabel, in vater gedompel i dit gedruog was, was
1lacr as

Handelde et
(b} Die versadige voginhoud van kruisgebonde pollgieen gciieer
el is in nove verhouding met sy digtheid, dit e hodr

pra digtheid, hoe lacr die voginhoud.

2
) Fiekirise wekverigtinatocte was itgevosr o dnar was gvind
dat die htl e stoom. en
delde kubel 50 t¢ 5é cners epter van 'n "breck onder druk-
Sbtisogturea da s g vy besiralingbehandelde (RCH) ka-
bel minder gebreke in dic was as dié by stoombe

o

aperties of cross-linked polyethylene insulated cables cured in gas

and stearm

The study resealed the following:

) Initial water content in cross-linked polyethylene cable manulac
tured by the gas curing process compared with that of the siesm
curing process, is below 100 p p m for the gas curing process and
3000 p p m for the steam curing process.

Even when cach cable is immersed in water afler drying. the ab-
sorbed moisture content in the ‘h-mr:d XLPE cable is lower than
that in the steam-cured XLPE e

(b) Saturated moisture content of < ed polyethylene is closely

rlaed Lo i densty, . the arger Ahe denarty, e lower the

.
Ietricalperformance tests were conducied sad 4 was found ths
the breakdown characteristcs for both XLPE cable manufastured by
‘the steam cured process and XLPE. cihlc manufacturcd by the radiant

delde kabel

353
DIE GEBRUIK VAN SPANNINGSTABILISEERDERS EN
ANTI-OKSIDEERMIDDELS

3531

Sky Jaar by g di

kabel met spunningstabiliseerders cn vulsels en hoofsaaklik om hicrdic
rede word dit nie .l;:mm ‘gebruik nie — versl nic by kabel in dic hogr
spanningsrechse n

pigrmcoaine unti-oksideermiddels hy dic samestelling van
XLPE-isolasicmateriaal gevoeg ten cinde die hiltclewensduur e ver-
leng.

354,
GEDEELTELIKE ONTLADINGSPROBLEME EN DIE
VOORKOMING DAARVAN

Die fmwuwumd van lugleegtes in die isolusiemateriaal veroorsask
gedecltelike ontladi

Die in die
Akl i TDCTVIAKL van gl e S0 g4

re almost the same. However, from  breakdown stress
probability curve, i was evident that there are less insulation by the
l;E_P thay 1 able munufactured by the steam curing process
G ).

A5

THIE USE OF VOLTAGE STAB
ANTLOXIDANTS

3531,

There appears 10 be some doublt by nufacturers as to the service life
of cable conaiing otge stablers e ler and maimly because of
this, ¥ o generally wed. sspesaly in cable in the higher
range:

ERS AND

K daais 45 b S o e oot 8 O REPE
pound 1o exténd the thermal life of XLPE.

354
PARTIAL DISCHARGE PROBLEMS AND THEIR PREVENTION
3541

The i of voids in the insulating material causes partial dis-
<h

Thew prescnce o impurllies i the disectic and protrusions n the sur-

roorsaah BoomwOrming NakTdeus gedceltelie omladings plasssind
l‘edtdleule ontlading beskadig dic diZlekrikum e mag ot algehcle
onderbreking van die kubel lei.
3542,
(31 Die vervaardiger wat 132 kV-kabel aan Boksburg voorsien het, het

minder.
(a) Die aanbring van deurperste gelcier en dielektricse halfgeleicr.
skerms.

face of th core Causes trecing

1 whlok ARl Sckaryss Dooat:

Pantial discharges damage the dielectric and may lead to cable

breakdown.

1542,

(3) The manufacturcr who supplied the 132 kV cable for Boksburg

adopted the following eountcr-measures (o reduce partial discharges.

(a) Applieation of extruded conductor and dicleciric scmi-conducting
sereens,

wruded conductor and diclectric semi-

The_application of
i i

Dit

die halfigelcierskerms
(bl Die tospassing van die drielaag-deurperssiclsel — een laag volg op
ik, die geleiorskerm, didiektrikum ¢n die diélok-

mmm driclasg-deurpersstelscl bring mee dat dic drie lic stewig
nmekar gebonde raak en verhoed die inbring van onsuiwerhede
s i el st
(51 Die wospasing van die besralinghinc-behandeling,
38.2.1. beskryl, di
i uglecgtes met icrdie gk ot ' bl hod mate verminder en
e oot o drastiese vermindering van ge-

3.1& IJHSKAI!.LING VAN ONSUIWERHEDE BY DIE

u.s

ng muatreéls word e slegs tcen die inbring van onsuiwerhede in
i i self getred nic, maur word ook op spesifikasies deur die ver-
vaardigers van XLPE-mengsel streng toegepas.

Dic XLPE-mengsel word in verseéhde houers met ssamgepersie stik-
stofgas vervoer.

Kiein hoeveelhede anti-oksidecrmiddels <n kruisbindingsmiddels kan

moontlik in “onsuiwerhede ontwikkel, tensy dit cgal ng word.

Die meng van met ik
pedoen.

By die werksplek word die mengsel deur lugdrukpypleidings na die
deurpersstelsel gevoer.

he interfuces of
the insulaling material and the semi-conducting screens.

(b) Application of the three-layer tandem extrusion of the conductor
screen, the dielectric and the dicleetric screen.
The three-layer tandem extrusion allows the three layers

irmly and prevents the introduc

of the insulation,

(<) Application of the rudiant heat curing process (RCP).
As described under clause 15.2.1. the RC i
the size and number of micro voids drastically und as such con-
iributes to the prevention or drastic reduction of partial discharge.

10 bond
A of impurities onto the surface

388, ELIMINATION OF IMPURITIES FROM THE
INSULATING MATERIAL

3851,

Not only iire strict measres adopied to control the introduction ol
purities at the factory, but strict :p!:ll'cudum and meusures are
adopted by the manufacturers of the XLPE compound.

‘The compound is thea transparted in sealed containers filled with com-
pressed sitrogen gas.

Small quant onidants and cross-linking agents can posibly
eccns impariies. 1 000 SOHELY. mixed. Gival eire is, tharefore,

taken that (his mixing is properly done.

Once the material is on site, the mm'lrlmd 15 conveyed (o the extruder

through pneumatic pipelin

The extrusion is conducted in a specially dust-controlled e oom,
Dust filters are used 10 exclude dust particles exceeding

it te sluit,

EY

i

vent foreign wudd being present.
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Prsorc wal et ek, e isondielike Kidirg e skoehe om i dan-
w(sgnclﬂ van ongewenste deeites te vermy.

deurperstoerusting word rekenaar- mw en ongewenste metaal-
inshiollgivsirdgray bnfstaboc ol woordig mag wees, word met
Sebalindaerts magnetive veldaposle OISR
Hupaiaizstos i craslperhede wond ook S rvia op monsters
uilgeve
338 vz:mr.n LEWENSDUURTE VAN KRUISGEBONDE.

LIETILEEN-GEISOLEERDE KABEL

61
T Yo
kabel onder gewone wmm.-emmw v 90° Celsius, it wil 8¢ onder
volle ladingtoestande, is dertig ja:

o V't (Gwl, wear orspasning BRDgebriag woe, I e macs nge
mene metode om die lewensduurte van kabel te bepaal.

sl kabelmonsers word onder versiende spannings e ver:
skillende omstandighede geplaas, byvoorheeld so n lug, ander
water en nog s et 1 adingcoom,
Die lydsdwr il e il e

pa betrok

paste s Ke monster uit
Van i e di
Myl g e Lo oo b

diens onder gewane omstandighede bercken word.
VAN XLPEISOL

e maksimum ing van XL

Kabel is ongeveer 7 kV/mm in pat {ocstande, terwyl dic toclaatbare mak-
simurm spaning 1t $0 hoog as 10 kV/mm in droé toestande kan wees.
Kruisgebande poliétilcen-geisoleerde kabel tot op 13 kV.spanning mag
stoombehandel word, maar die opsieller is persoonlik die mening toe-
wedaan en verkies dat 33 KV XLPE-kabel met die droémetode behandsl
hehoort te word. Die droémetode word cgter gewaonlik vir hoér span-
vings gebrul.

4 KV per mm beperk. e hogr welhdmkiylnmn! b
132 KV-recks gebruik wor

Hoewel die i e
bel hoér o wees, het die vervanrdigers besluit om *n laer waarde,
e g gl e ot b ol
bruik.

Die groatte van die geleler beinviaed die ontwerp van die dikte van die
Ksbelisalse moverre du, it sekers vasgeseld spuning. die dite

n die iso ir 'n kleiner geleier dikker as vir 'n groter ge-
e Vi dieide nkepaning e ees:

Die onderstaands formule is by die berekening van drukspanaing van
10epussing

Drukspanning (5) = 2 x By

d L
i

Wiar§ - IJnlIhﬂnnMn\!mlem
'y

77
5
-2

gelsierskerm gemeet in mm
D~ Buitedeursnee van
diElcktrikum in mm
Moswel e kabe uat n Bokatury geratlcr s v drukspnoing:
viak van 6. Sl Seslel i
e i v afmetings, ongeveer 5o
S= 2x7.21
663
Whx L\IE= ‘ﬁ

= 625 kV/imm

KONSTRUKSIE, MATERIAAL
ERVAARDIGINGSPROSES VAN ;.lu. XLPE-
GEISOLEERDE KABEL

358,
rdic item word verderaan in hierdie referuat met besonderhede van
dw spesifikasic beskryf.

The extruder it computer-controlled and foréfgn metal objects which
may be present in the riw plastic material are detected by balanced
fi

Y tests by continu

pling are ulso carried ou

356, LIFE EXPECTANCY OF XLPE INSULATED CABLE
56,1 tancy of XLPE mulu\ed cable s 0 yeare o
normal uperating temperature of %0° Celsi load conditions.
The V — L test, where over-voltage is upphm i

method of determing the cable life.

& i of uble ki e aket 4 each ecetically srewcd 1o
different value and different lest co
A kA s armphes K ] CHE 45 A g oad ireat

The time 10 break-down of the various samples is then plotied against

the stress applied 0 the cable test piece.

The results obtained are then used (o determine Uhe permissible stress,

therefore the thickness of the insulation, for thirty years of satisfactory
i normal service.

357, WORKING STRESS OF XLPE INSULATION

aximum working stress of XLP! sulated cable cured by steam,
7 k¥/mm hile in dry the

permissible maximum stress cosld be ay high as 10 kV/mm.

S e ot el b i e

cured, but i is the author opinion and preference that 33 kY

XLPE insulated cables sl % be dry rur:ﬂ Dry curing, however, i

normally adopted at higher voltages.

Maximum design steess at 33 kV is normally limited 1o 4 k¥ per mm,

whereas higher stresses are used in the voltage range 42 to 132 kY.

Although the XLPE cable cured by the radiant heat curing pmuu it

capable of a siress,

2lover desga o, V. € 4 ¥/ s & o oty workiog

1h=m= of conductor affects the design of thickness of cable insulation
in that, for a specific voltage, the insulation thickness is greater for 4
small conductor than for a large conductor Lo maintain the same siress
level

The following formula applies to the calculation of stress:

Swess (§) = _2xEy
dtos B

Whres = Sisin v
Ex = Phase o ossthvollge iKY
d D]amlr over conductor
sereen in mm
Outside diameter of
dielectric in mm

]

Although the cable installed in Boksburg was designed to a stress level
of 6,4 KVimm, the stress of the completed cable, based an actual
measurements, is spprosimaely s follovs:
8- 2x7621
246xLog 563
e 26

= 6,25 KV/mm

358, CONSTRUCTION, MATERIAL AND MANUFACTURING
PROCESS OF ehv. XLPE INSULATED CABLE
3581,
The construction of the
in the paper where detai

the material used, ete. is described later
of the specification are given.

WATERB: EN DIE 359, WATER TREEING AND PREVENTION
I:Anvun
.1, Wanneec water by di gelies irkom, of deur die ol e vl B

359,
nlul sopel vind boomvormieg s de ulmrltermnd e
i deue i XLPE-lasiomaionaal beur ondor

Dotk I drukspanaingsioestande
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the
diall
vards tocnigh the ‘XLPE Ireutaion: THs Deoues 1 nlmvdy Tow
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i

i gevind dat hierdie verskynsel by kabel voorkom waar

ostadleio i wais, maar nie by kabel waar

Iecrakerm e i deurperstehe behande] wos b1t DI B ot fundn

dat die deurperssielsel by geleierskerms onentheeriik vir die voorko-

ming van boomvorming in wate

3592

Oor die saak of boomvorming i water, waar dit i lughecgtes e ol
orhede sprui, die lewensduurte van kabel nadelig beinvioed of nic, be-

taan dusf verkillnds menings,

¥ — L toetse oor lang (ydperke dui danrop dut XLPE-geisoleerde kabel

wat met die bestraling-hitte-steisel u—a ndel is en wat kleiner en ‘n min-

der aantal uglecpes hevat, n ang gonocg ewcnsdiiri et 1l by

ioste WTgenode Lk de Kabel nnd:r water was. Dit dui aan dat die

ming is.

3510, SULFIED-BOOMVORMING

15101

(4) Waar kahel in grond, waar onthindingsmikrobes swaelwatersiaf vry-

sl gelé word, dingdie waelwatersof deut die polvinielhloiedor-

helsel en die isolusiematerisal waar dit dan met die geleier in aanraki

Kom, i word gewoonik in die omgewin. van besaadlde srome. e

Ie en afloopwater van ehe miese fabricke teégekom.

Spachunertalteagee hee) makiik met 'n aanil metale en meaalok-
des en wanneer dit met k ageer, gee dit "n swari Koperhou-

dende sulide af. Die verwerihgsmatenaal vermeerder or ke eet oo

sorspronklike volume en dit word aangeneem dat hierdie uitset in volu-

me'n meuw druk op die isolasiclasg uiloefen,

Dy veronderstel dat die verweringsmaterias geleidelik n weg

dei i weAte pmte 74 b E vind o SATOTRIRE BB STt

e krake rask met die verweringsmateriaal gevul en veroorsaak sl
. bocmorming, sycereen bobens b T el e e
orming.

35102

Waar kabel in grond, waarin swaclwaterstol asnwesig i, pelé moet

word, en om sulfiedvorming te voorkom, is die mees doeltreffende ma-

nier om die kabel met "n metaalomhulsel te dek.

1511 NADELIGE UITWERKING VAN KOPER OP DIE
XLPE-ISOLASIEMATERIAAL

ASALL

Dit s bekend dat koper 'n nadclige uitwerking, as gevolg van kataltie-
s¢ werking. op polipropilecn het. Op XLPE-isolasiematcrisal is de uit-
werking egter onbeduidend.

Die voorsieners van die kabe! het 1etse itgevoer ten einde die (dbe-
stek, wat dit die XLPE met verskillende tipes van geleiers sal neem om
met suurstof deurdring te word, te bepsal,

8 van koper was bemerk, maar was van 'n onbe-

Katalitiese uitwe:
langrike sard.

e stcl of *n hoeveelheid anti-oksid

This: ph: nenon, it was found, occured in cables with taped ggm\-
Conducting onducto seren, bul no in cables with exrud
conducting sercen. It i, thercfore, svident that exiruded conducior
sereens re vital (0 prevent waler tresing,

3592

As for water trecing from voids or contaminants, there were differing
opinions whether these trees formed had detrimeatal effects on cable
fife o not.

Long term V — 1 tests indicate that XLPE mmlmmn cured by the
radiant heat curing process, where less and smaller and water is
present, hus cnough service life even when the ¢abie i tesed whil sub.
mersed in waler. This woukd indicate that the usc of the radiant heat
curing process is a further counier-measure (o prevent water trecing
problems

um SULPHIDE TREEL

ductor, The environ-
ment where these condions we oten found, is i poled rvers,
sewers and drain water from mmcan factori
Hydrogen sulphide reacts r w\manumb(lnfmwd:mdml\llvl—
o, oy srhem i reaci with soppr, prodaces back supic suphide
et {ncreassa 15 rwe tines the original votume At
e |ntcmlt i thought 10 create tremendous pressure in the
insulation layer.
The carrosive product is presumed to find its way gradually through the
weakes parts, radally exiending outvards, i cae crickn Which
e filed wih the corrosive product o orm supfide tres o 1 s
phenomenon is also knawn, chemical |

15102
When hydrogen sulphide exists in soil where eable is o be laid, the most
effeciive method of preventing sulphide permeation, is to cover the
cable with a metallic sheath,

35,11, DETRIMENTAL EFFECT OF COPPER
ON XLPE INSULATION
35111

catalytic action. DnXI P ity the st B e st
10 be negligible.

induction of
omen absorption in XLPE with muus 1ypes of conductors,
The catalytic influence of copper wus observed, but the cffect proved fo
Ibe negligible.
Tests e abo camind ot o dstermine the effect o quanty o ani
osidant the XLP! s found that by ad-

L

riaal beinvioed. Dit is gevind dat die by-
anti-oksideermidde! die X1PE-isola-
invloed vin die kopergeleier vrywaar

15,12, KONSTRUKSIE VAN KABELENDLASSE

siemateriaal teen

1.
Illllml(ine Handbock

voorbereide handbock met volledige uitcensetting word by
D FaeReS o
Toe kruisgebonde pdllll\l:(n-(mkﬂmrde kabel in die 11 kV-recks vir
die eerste keer lurende 1967 op die Suid-Afrikaanse mark
verskyn het, was die indruk geskep dat hierdie kahel ru en onverskillig
hanteer kon word.

e ndm(dl:we] eruimtoc besf s da, boe-
aeis n die hoér span-
e e iy orprapocigbpbod tote
word,

handboek uit die staanspoor be-

die teenwoordigheid van stof en vogligheid ge-
waak most word.'n Lys van materiaal by endlasse nemdg, ord voor-

sien i moet nagegaan word voordat met die werk begin

35122

Verscélde endlasse is vit builemuurse gebruik ontwerp en bestaan

o-propilsen-rubber-isolusiemateriaul saamgestel s
kabelond aangebring en met 'n drukring op ™ cpok-
erheid vasgepes e uicindelik i1 it porelen-deurvoerder ge-
huisves word.

By koppeling yan alcers word die vispersmetodeteen 306 MPwdruk
(25 ton p.vk.dm.) gebru
Die porseleindeurvoerder word met silikanolie gevul,

g il quanely G e e L e was protecied
nflusnce of the copper conductor.

3512 CONSTRUCTION OF CABLE TERMINATIONS

3.5,

|nl|l1l=“ﬂ“ Manual

i\t s crefully prepared nstrotion mal was provided for

the outdoor type termi

When crosinked peiyﬂhyl:lmmulnud cable inthe 11 kY range fiest
appe ihe ket South Afic bout 1967 e impreson was
iined that this \wu of cable could be rough-handled and mistread

Subsequentl . this misconception has been S the

st g gD ik o spite of
the faet that # is more robust than paper insulited and the higher
voltage oi-filled cables.

It i thereore,signifcant 10 note. that at the outse, the insinuction
manisl stresses the fact that care must be taken against the presence of

dust and moisture.

A material lst was provided for the operation, which is required ta be
checked hefore praceeding with the work on the terminations,

s

e seling o are designed for cutdoor use un J

relief cone a of semi-conducting EF I'Hhh:r IM e

mm..u EP rubber, which s plﬂ on the cable and pressed on (0 an epary

unit by a compression ring. This is housed in white porcelain bushings.

The compression method using & 306 MPa (25 tons p.s.i) press s used
for the conductor connection.

The porcelain bushing is filled with a silicone oil.
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Al am die vierde dag was dric verseélde endstukke gemonteer en vol-
oo Indie hele voltonidesile] s dasr ugtion sk cndliie o fon-
derd en sewentien deurlass

Thres tealing ends were erected and completed every four days, In the
completed system, there were 1% sealing ends and 117 struight-through
joints

152 &V Cable Sealing End Under Construction
132 kV-Kabel Verseélde Endlay Onder Konstruksie

3,513, KONSTRUKSIE VAN KARELLASSE
Een lasvlak met drie deurlasse, skakelkassies ¢n aarding was elke vyl
dae ol Die It v i peciet wond et n erbesligring stge-
oer. Dic lengtc van dic besiaging voordt i gepers wnrd is 1500
Dl perstoerssing van_ drukeing vah 308 MPa (35 ) o
wikkel. By elke las word 104 x 10 m rolle silikon elikieerbuiel rub-
berhand gebruik. 'n Pypvormige koperhuls vorm die skerm van die las
en dien 85 warddeurlopenbeid D huk, op sy beuri, word deur ' -
hwkxg:mmmdc hitteverkrimple PYC-omhulcl beskerm. Die
perhuls word met 'n hars-isoleermengsel, in blywende ,esulmme
et g s
isoleerbund word met "n bandmasjien, wat deur die vervaardigers
witsluitlik vir hierdie doel oniwerp cn ingevocr is, aangebring. Die ma-
sjicn verseker dic cgalige trekspanning en corvleueling van die band en
word voortdurend verstel om die verlungde profiel te bewerkstelli
4. INWAG VAN TENDERS VIR XLPE-KABEL
4.| ALG[\IEN

m miar cen van i handjevol ingesieus i die Repubiick an
'ﬁud -Aflrika te wees wat die gebruik van kabel in die ¢ h.s-recks
voarstaan, terwyl die meerderheid vm]wu Kollegas et ingeniers van an-
der organsasis eptiedduaricenoor ean, st mens werkEk allen
vael, Sa was dit
Die uitslag v k in verband met die
XLPE.peticteanls kabel 1n die 133 KVerecks, was apet 40 bemosdr:
send dai die Elskiroisgies Sadsingesie die gebruk dianan kon

B-hthg\:\ “RESPICE FINEM", wat "let op die einde™ of i
dar o Lk voara” Y Setulca i I e pore gy vam
passing.

410 ey s gidmds ManiUART 1975 ingewag en teen dic
end van Junie 1975 1

Wa die spesifikasic nlmbclrcV was tenderaars versack om aanbiedings
te d\xn i, eerstent, gespesifisecrde groottes van kabel, dit wil s& vir
¢ aluminiumgelelers en 300 mm? kopergeleiers of XLPE-geisi-
lezld: knﬂel. of oliegevulde kabel en, tweedens, kabel geskik vir 'n
Llrdvemm: van W0 MVA. Die redes hiervoor was, (a) dat alle ten-
ir dieselfide grooite kabel 'n prysopgawe sou gee en (b) dil was
m-n. dat die groatte van kabel vir 100 MVA groter vir 500 mm* alu-
miniu of vir 00 mm? koperkabel sou wees, Aunbiedings vir oliege-
vulde kabel 7|=I dieselfde grooties vir sowel mm? Ilumuhum- wsook.
vir 300 mm? koperkabel vir 100 MVA sangebied en die vervaardigers
n XL PEgeisolcerde kabel het kleiner grooties van Saltors Vi 100
MVA kabel angehied. Om hierdic rede was dil sanbeveel dat dic asa-
biedings van 100 MVA XLPE:{abel ne corwecd ord nie cn dat slegs
500 mm* aluminium- en 300 mfn? koperkabel oorweeg behuort te word.
300 mmkopergeleier XLPE-kabel was ongeveer 18,37,

Rotr g 6 van 300 e kopergeleier oliegevulde kibel.
Die maksimum ononderbroke siroamdravermoé van oliegevilde kabel
wais 440 amp, on di¢ van XLPE-kabel was 71 amp. teen 'n geleier-tem-

AM]
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35.13. CONSTRUCTION OF THE CABLE JOINT
One joint bay comprising 3 straight joint link hoxes and earthing was
completed every § days. The conducior jointing was effected by using
sompresion feral. The errule was 130 m long pior Lo compre sion
The comprason ool devsiops » prcue of 306 MPA (25 ton 5.1
Each joint requires 104 10 m roll of silicone bascd i amalgamaiing
butyi robber ape, A cylindrical copper esve forma th foint protection

and provides earth continuity. The sleeve i protected by a factory-
Sbpiied het sheink PVC sheath, The copper sleevs s il i

FARIEG Sl AN e i
The insulating tapes are applied with the lpmg machine
pecially imported and developed b bl miushing

s teasthe Wepes sre spried Nich th§ sarfec asion
“The machine is constantly adjusted 1o give the desired profile.

4 TENDERING FOR THE 132 kY XLPE CABLE
4.1 GENERAL
411, To be one of a small handful of enginers in the Republic of
South Africa who favours the use of XLPE insulated cable in the e h.v.
range, when the mrlgﬂm of one’s colleagues and engincers from other
weards i1s use, i indeed an experience of
Kanwlitos: Thi s the snée I 1974
‘The result of the investigation into the passible use of XLPE insulated
cable in the 132 KV range was, however, so encouraging that the Town
Flectrical Engineer recommended it use
Boksburg's motto “RESPICE FINEM”, which means “heed the end"
or interpreted “look nhead”, can in this instance be taken that
Boksburg really looked ahcad, when it was decided (o use XLPE cable
an 132 &V,
412 Tenderswere called fo during March/Apri 1975 nd aceepied ot
the end of Jun
As far as the \pcul'nmnn wis concerned, tenderers were asked to
quate, firstly, for specified sizes of cable, viz. 500 mey! aluminium con-
ductor und 300 men copper canductr cabe, eithr ELPE or ol led
and, secondly, cable suitable for u cnpicl of 100 MVA. The main
reasalin for {hi were () all tenderers would quote on the ssime sice
cable and (b) it was thought that the size of cable for 100 MVA may huve
1o be larger than $00 mm® aluminium or 300 mm* copper cable. The
tenders received for oil-filled cable retined the sizes of 500 mm®
aluminium and 300 mm? copper cable for 100 MVA and the XLPE in-
sulated cable manufacturers offered reduced sizes of conductor for the
cable for 100 MVA. In view of this, it was recommended that the offers
for XLPE cable with 1 eapacity of 100 MYA be not considered und that
only the 00 mm® aluminium and 3 mm* copper conductor cable be
given consideration
The price for the 300 mm® copper conductor XLPE cable was up-
provimately 18.3% higher than the 300 mmlnmp:!\.nndnw-rm\ lied
cble, but the XLPE cable had o capacily of approximately 298%
higher than the oil-filled cable.

»



132 KV 1 306 mys-kabel met geriffelde aluminiun ombulsel en mer PYC
Buire-omhulee]

peratuur van 85° Celsius vir die oliegevulde kabel cn 90° Celsius vir

XLPE-kabel. Ander aanvaarde wesiande vir beide tipes was sao0s ol

Grovdiemperatuur van 23° Celsius

Dicpte gelé — 1.0 meter

Omgewingsiugtemperatuur van 25° Celsiug

Hitteweerstand van grond — 140° € cm/watt

Met inagneming van die hoér dravermoé van XLPE-Kabel in vergely-

king met oliegevulde kabel en wat meer as vir dic hoér prys vergoed,

was die sankoop van X LPE-kabel dus as gunstig goug.

Behalwe snder omsiandighed, baie waarvan roeds gemeld is, wis dic

aankoop van XLPE-kahel, wat meer voordele us oliegevulde kabel in-

hou, ckonomies " gocie helcgging

4.1.3, TENDER VIR KABEL

41301 BESTEK VAN DIE KONTRAK

Die bestek van die ontrak het die voorsiening, sflewering, installering,

tocts en inwerkingsielling van 132 kV-kabel en tocbchore behels,

Loodskuhel was deur die Raad aungekoop en aan die kontrakieur vir
Jé daarvan oorhandig. Die laswerk was die Raad s veran(woorde.

Hkheid
Grawe van slote ix nie by die Kontrak ingesluit nie en is deur die Rasd
uitgevoer.

Dic voarsiening van 'n geskikte onderlang van gesifte of ander geskiktc
grond op die bodem van die sloot moes deur dic kontrakieur met die
Rand se arbeid aangebring word. 'n Geskikie bedekkin

betonblokke bo-oor die kabel, was ook deel v
veruntwoordelikheid. Die orige opvulling vas shote s deur die Raad on-
der toesig en leiding vin die kontrakicur uitgevoer

Die arbeid deur die Raad verskal het uit 'n meganiese slooigraal-
masjien, wat onder die Raad se jaurlikse konirak gehuur E

word, en ‘n
plocg van ongeveer vyflig ongeskoolde arbeiders onder 'n opsiencr, be-

i 1¢ van die kabel en die meganicse toerusting benodig by die uittrek
van die kabel, was die verantwoordelikheid van die kontrakieur, Die
plocg arbeiders, slegs met grawe en pikke vir dic graswe van slote tosge-
Tus, was met die 1€ van die kabel en beskermende hetonblokke behulp-
saam.
Al et die Raad die bogenoemde tocrusting en hulp verskal, het dic be-
veiliging teen beskadiging van die kabel uitsluitlik op die kontrakteur
rus.

Vn die kontrakieur i verlang om die lasvakke met sy cic arbeid it te
grawe en voor te berel

Hierdie werkstelsel van hulpverlening by die installering, het uitste-
kend gewerk in dié opsig dat die Kontrakteur nie met d yging van
‘n groot aantal ongeskoolde arbeiders en bygaande wetlike maatreéls
{(rompslomp) belas was nie.

Nog 'n voordecl wat hierdie werkstelsel ingehou hel was dat, wat die
Raad betref, die administratiews werk verbonde uan dic opmeet van
uitgrawings deur dic kontrakieur in sagte en‘of Klipperige grond uilge-
voer

Vir geskoolde en ongeskaolde arbeid by lisse en endstukke, was die
Kontrakteur verantwoordelik

Hoewel die Ruad by sekere take hulp verleen het, was dit 'n voorwanr-
de dat dic beveiliging teen beskadiging van die kahel uitsluillik op dic
kantrakteur rus. Hierdic stelsel het tot bevrediging van albe partye uit.
stekend gewerk.

4.13.2. HITTEWEERSTAND VAN DIE GROND

Die WNNR was versock om die hitteweerstand van dic grond langs die
hele roste. hehalwe ‘n kot afstand waar dif as gevolg van die voorge-

40

1324V, 1 x 300 mn? corrugated alumiium sheathed and PVC outer sheath.
e cable

The maximum comtinuous currenl-carrying capacity of the oil-filed

cable was 440 amps and that of the XLPE cable 7] amps, at conductor

temperatures of §5° Celsius for the oil-filled cable and 90° Celsius for

the XLPE cable. The other conditions assumed for both cubles were

Ground temperature of 23° Cebius

Depth of laying 1,0 metre

Ambicnt air (emperature of 25 Calsius

Thermal resistivity of soil 140° € em/Awatt

Due, therefore, to the higher capacity of the XLPE cable as compared

with the oil-filled cable which more than offset the higher price, the

purchse of the XLPE cable was considered a proposition

So, esonomically, the purchase of the XLPE cable was u good proposi-

tion, besides the many other factors, mentioned earlier in the paper,

h held numerous advantages over oil-filled cable.

3. CABLE TENDER

3.1, SCOPE OF THE CONTRACT

The scope of the contract called for 1he supply, delivery, installation

testing and commissioning of 132 kY cable and sccessorics.

15) Pilot cable was purchased by the Council and handed over (o the

cantractor for laying, with the jointing being the Councils responsibili-

1.

The scope did not include trenching, which was ulso
unil,

eried out by the

Co
The pravision of a suitahle bed of screened or other suitable earthat the
ottom of the trench was the contractor’s resy ibi using Council
le covering of carth uver the cable, together with the
bs. was also part of the contracior's responsil The
balance of the buck-filling was the Council's responsibility undsr the
supervision and direction of the comiractor
The labour supplied by the Council consisted of a mechanical trench
digger hired under the Council's annual contract arrangement, logether
with a gang of approximately ffty wnskifled labourers with on overseer.
The laying of the eable and mechanical squipment required for pulling
out the cable, was the contractoe’s responsibiity, The gang of lubourers
was only equipped with picks and shovels for trench digging purposes
and issisted with the cable laying, and laying of the protective concrete
kb

Although Council Labour and mechanical equipment was provided for
trenching and assistance was given with the laying, screening the soil
and backfilling. the responsibility for the safety of the cable against
damage rested entirely with the contractor

The contractor was required to dig and prepare the
awn Isbou.

This system or method of installation worked extremely well in that the
contractor was ot burdened with having to abtain & farge number of
unskilled labourers with ull the associated legal proceedings — red tupe
A further advantage with (his method was that, for the Council, ad-

int bays using hi

o o

ing to be taken for trenching through sof asd/ar rocky conditions, for

wark carried oul by the Contractor

The skilicd and unskilled lshour for the jointing and terminations was,
awever, the contractor's responibility,

Althaugh the process was adopted (o carry out cenin work usin

Council lubour, it was conditional tht the itire responsibility for the

safety of the cable was the contractor's. The princiy

well 1o the satisfastion of both parties.

4132 SOIL THERMAL RESISTIVITY

The CSIR was employed (0 carry out soil thermal resistivity ests along .
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$-dewrpad gewyiy i, 1o bepan, Di utsng van bierdie
s in dic tenderdokumente ter inigting mgmw

egter versoek om hulle tender op ' hitteweersta n 1400 C

Emvatt te grond Len einde die kapelgrooltes ensol dic kabel se vermod

wan te dui.

Die spesifikasic het bepaal dat, waar die grondioestande ongunsiig was,
geskikie grond met 'n hitieweerstand wat nie 140° € emiwatl oorskey

ie kabel tot die hoogle van die betonblokke aan

Febring mioet vard,

Die witardes van die hitteweerstand van die grond al langs dic roete met
tussenafstande van ongeveer 250 meter geneem, word op onderstaande
Tabel | mangedui

TABEL 1:
Wanrdes Van Hitteweerstand Van Dic Grond

the emire route except for & short distance where the route was altered
duc o he propased PWY 15 road. The resulls of these ests were -
cludedin However,
& s s i b i T D resistivity "
of 140° € cm/watl for dediermining cable sizes and/or cable ratings.
pecifications stipulated that where soil conditions were un.
favourable, suitable fil, having a thermal resistivity nol exceeding 140°
" e had to be imported for the soil under and over the cable to
the height of the slubs.
The values of thermal resistivity of the soil along the cable route, taken
approximately at 250 m intervals, are shown in Table | below.

TABLE 1:
Values Of Thermal Reslstivity Of The

Langs Die Kabelroete: Soil Along The Cable Route:
Thermal Resistivity “Thermal Reskstivity “Thermal Resistivity
Paint No. om “C/W om Point No. om °
Punt Nr. Hiete W Hitteweerstand cm ° C/W Punt Nr. Hitteweerstund cm “C/W
1 146 29 61 54
2 [LE) 2 62 %
3 125 1”5 63 15
4 “ 42 64 48
5 ol as 125 65 158
6 8 124 66 m
1 52 kil 41 67 286
¥ 3 k3 243 68 10
5 bid » 120 69 28
0 56 O 91 o 182
i 13 4l 45 u 9
7 35 2 48 2 185
3 42 a 192 n 168
" 173 a“ 164 “ 163
15 91 a5 158 75 2l
16 141 46 145 6 160
" 197 47 102 7 299
18 s 396 % 390
9 80 L 178 e Route
Alternatiewe Roete
49 9 Ll 4
2l 407 51 4 0
2 285 52 97 81
3 106 53 n 2
M4 “ 54 kg B
s 90 55 u L
26 253 56 123
n 159 51 520
% 280 58 158
» a2 59 156
0 132 63

4133, SPESIFIKASIE VIR KABEL
41331 KOPERGELEIER

Die geleier bestaan uit uitgeglocide onbedekie koperdrude, suamge-
nel\u in ronde vorm in oorecnstemming met 1EK Uitgawe 228, Ecrste

41332 GELEIERSKERM

Die geleierskerm bestaan wit deurperste halfgeleice poliétleen,
41333 DIELEKTRUM

Die diélekirum is uit ongevulde kruisgebonde |mhnnan vervanrdig.
Die antwerp was vir " spanningsviak van 6,4 kv

41134 AARSKERM

Die garskerm bestaan uit 'n deurperste en gevulkaniscerde halfgelcier-
g e is van die betrekiik makiik verwyderbare tipe
41135 DEURPERSPROSES

Die gelcierskerm, diglekirum en aarskerm word in hierdie volgorde, die
een volgende op die ander, by wyse van die deurpersproses, aang
bring.

41336, METAALAFSKERMING

Bo-aor die asrskerm word 'n saglc aluminiumband met 'n tussenge-
vocgde hand gewind

41307 METAALOMHULSEL

“n Gerieflike
pebring

word oor die

2

4.1.33. CABLE SPECIFICATION

41331 COPPER CONDUCTOR

‘The onductar consists of annealed uncoated sopper wires, compaie
and circular in sccordance with IEC Publication 228, Ist Edition.
41332 CONDUCTOR SCREEN

The conductor screen consists of extruded semi-conducting
polyethylene.

41433, DIELECTRIC

The dielestric is manufuctured from unfifled cross-linked polyethylenc
The design was for a stress level of 6,4 kV/m,

41334, CORE SCREEN

yer and is of the free-strippable type.
41335, EXTRUSION PROCESS

The conductor, sesee, dilciric and coe scren wers etruded n »
fandem operat

41336, METALLIC SHIELDING

Over the core screen, a soft aluminium (ape with interealated tape is
applied.

41337, METALLIC SHEATH

A corrugated aluminiom shést i applied over the core screen metallic
shielding.

4.1.3.38. ANTI-CORROSION OUTER COVERING

The corrugated aluminium sheath is covered with 1 4.5 mm thick black
PVC anti-corrosion sheath.

VMEQ TEGNIESE VERGADERING — MEI 980



41338 ANTI-VERWERPING BUITEDEKKING

Die geriffelde alumintumomhulsel word met *n 4.5 mm dikee swart PVC
anti-verweringomhulsel gedek.

41329, TREKLUSSE

Elke lengte van kabel is met 'n treklus vir di van die kabel voorsien,

13210, TOETSE VIR GEDEELTELIKE ONTLADING

Toetse vir gedeclielike ontlading i aanhoudend toen 2 E, vir dic hele
kabellengle met *n toclaatbare gedeeltclike ontlading van nie meer nie
a5 5 pica coulombs uitgevoer,

4033101

Die aangehegle bylsc, Bylae I, dui sommige besondsrhede vin toepus-
sing op 132 KV-kruisgebonde poliétileen-geisoleerde kabel

5. INSTALLASIE VAN 132 kV XLPE-KABEL

5.1, 132 KV XLPE-Kabelsteisel

Figuir 2 sagehey, oo deskeraice diagam v de 32 V-Aabel
selsel

Op die dingram word die sardingspunte en verbindingskaste met af-

leiens vir dyarsdeur-verbinding, ens

Kabellengtes i ongeveer 500 m cn dwlmﬂznrvelnmdmw- word by clke

twee lengles, of elke 1000 meter, aangebring. By clke 3000 metcr, o

drie scksies van | 000 meter, word dic kabelomhulsel geaurd.

By die substasie word die omhulsel by die kabelente nok geaand

Alle aarding word deur middel van koppelstukke in waterdigte verbin-

dingskaste ul langs die roete, en waar die kaste op dic kabelendstryk-

tare by die substasics gemonicer i, sangebring,

52, LE VAN DIE KABEL

Gedurende April 1976 wis met die | van dic kabel begin cn op 6 April
77 volgen rooster voltooi

822 Meganiese toerusting, deur dic kontrakteur voorsien, gebruik om

dic kahel van die tol af te trek cn slegs 1ot ' baie klein mate s hande-ar-

beid hiervoor gebrui

Rollersis op die lévlak van die slote en teen "n skuinshock waar die ks

bel om 'n drasi getrek moes word, gepluas

523, Kabels s plat op die 2vlak van die sloot en 200 mm middellyna-

stand van mekiar of gelé met die loodskabel tussen twee van dic fases

sangebring

6. TOETSE OM DIE KABEL IN WERKING TE STEL |

Die uiteindelike toets om die stelsel in werking te stel, was om 'n span-

ning teen 264 KV gelykstroom vir ‘n tydsduur van vyftien minute, met

die drie geleiers oorbrug en omhulsel ha aarding, (¢ bewerkstellig. [n

der warheid s dic aanbevole spunning vir dic locts op 0KV G ge-

tel, maar die hoog-

te bo secy

1 slogs 'n spanning van 264 kY bereik.

Die lekstroam was ongeveer 0,5 mA per killometer

62 Toetse op die buteamhulsel van elke fase wasLeen ' e
s

riiurger e Iosgepasten lnds die srgsskondabeid van dic

‘uiteomhulsel te toets. Die aanvaurde lekstroom het lussen ongeveer

0.1 mA en 0,3 mA per kilometer gewissel

43 L mirgs s saimarvmenéar i ssmemm Mt ot oo s e
beraumde waardes vergelyk.

INSTANDHOUDING —

7.1 BUITEOMHULSEL TOETS

Een keer per jaar word n panning van 6 kV gelykstroom tussen die

aluminiumomhulsel cn aard vir 'n tydsdutir van cen minuut bewerkstcl-

ten einde die ongeskandenheid van die PYC-omhulsel te tosts.

7.2. SKAKELKASSIES

Elke jaar word alle skakelkassies vi si

maak d

e foute nagegaan om scker ic

() die stuwingafleier-isolasie nic gebreek i nic;

i)

dic isolator nie gebreek of verwronge is nie;
(iil) daar geen water in die kassies is nie: on
(iv} dic paksiukke in goeic toesand is. Indien nie, word dit vervang.
7.3, TOETS VAN ISOLASIEWEERSTAND VAN
STUSINGAFLEIERS
Een keer per jaar word die stuwingafleier-solasic met n 500 V megger
getoets. Indien die lesing laer 3 10 Megohms is, word die siuwingaf-
eier vervang.

AMEU TECHNICAL MEETING — MAY 1980

41339, PULLING EYES
Each length of cable was provided with a pulling eye for laying par-
poses

413310, PARTIAL DISCHARGE TESTS
Partial discharge tests were carried aut continuously at 2 £, on the (otal
length of the cable with a permissible partial dischurge not greater than
S pico coulombs.
4aa

ached schedule, Schedule 1, gives some of the technical details
-Anp\wnbla 10 the 132 &Y eross-linked polyethylene insulsted cablc

& THE INSTALLATION OF THE 132 KV XLPE CABLE

S0 132 kY XLPE Cable System.

Fipuse z. tnched, showsthe schematic disgram of the 132 kV XLPE
cable

on \ms m-mm the sarilog poies, Hak bomes with aevsons fo ross-
bonding, ete. are indicat

The cable lengths are nppmx-mmly 500 metres und uw,handmg is
carid ot cvery two lengths o | 000 metrs. Afler every 3 W0 metres
o three sections of | 000 metres, the cable sheaths are carthed

At the subniion ond of the cable, the cable sheaths are aiso :ulncd

lmk m« uhmg |6 6ot oA A Bk Dok iowsead e (e Gl
end structures a1 the substations.

5.1 LAYING OF THE CABLE

5.2.1. Cable laying commenced about Ap
schedule on 6 .lp'll 1977

522 M equipment supplicd by the contractor, was used 10

pull out Il: unlq while manual Isbour was only used Lo & small degree

with the pulling.

Cable rollers were placed at the battom of the trench and angled t the

corners for pulling around corners

5.2.3. The cables were laid in the trench in a flat formation at 200 mm

centres, and the pilot cable was placed between the centre phase and an

outer phase,

976 and was completed on

6. COMMISSIONING TESTS
6.1, Final commissioning tests were curried out at 264 KV DC for 15
minutes hetween the three coductors bridged out and carthsheath.
“The recommended test voliage was in fact 300 kV DC, but equipment
available at the time was only able {0 hold a voltage of 264 kV due to the
high altitude conditions
The leakage currcnt was approximately 0,5 mA w Kilome(re.
62, Commissioning tests on the outer serv rricd out on euch
phise ot 10KY D appiid between the alammines sheath and cath,for
one minute, 1o test the integrity of the serving. The acceptable icakage
current .1 mA 1003 mA pe

d ot and

mred favourably with the calculated values.

7. MAINTENANCE
1.1; SERVING TEST

cecvey ear 6 Y DC i applied betueen thealamintm Hthend
S T ke 8y S o

7.2 LINK BOXES
Once every year ull link boxes are visually inspected to ensure that
(i) the surge diverter insulation is not broken;
(ii the metal caps of the surge diveriers at the top and bottom of the
insulator are not broken or distorte
i) there is no water in the boxes, and
v) that the gaskets are in good condition. If not, they ure replaced.

[{
(i
u TEs’nNn INSULATION RESISTANCE OF SURGE

Om a year \h: insulation i tested by using a 500 V megger. If the

reading indicates less than 10 Megohme, the sor d(ver\:r:wplirnd

7.4 Apart from the abovementioned regular maintenance detailed un-
der 7.1, 7.2 and 7.3, no maintenance is necessary,




74 Behalwe gereckde instandhouding wat onder 7.1, 7 2 en 7.3 uiteen-

gesit s s geen instandhouding nodig nie.

7.5, Ingeval vin ‘n kahelunderbreking en na die sanbring van 'n nuwe
deurias. word 'n toets met ‘n spanning van 108 kY gelyksiroom tusscn
die geleier en aluminiumombulsel vir 'n tydsduur van tien minute witge-
voer,

8. SLOTSOM

Die eersic pedechie van die kibel was op 9 Junic 1977 nangeskikel,
Die huidige lading op dic kabels is betrekik laag, ongeveer 110 Amp. o
cen been van die kring, aangesien die sicisel heplan is om vir 'n liding
aroci oor ‘n aantal fure voorsiening te mank. Tol op datum, ongeveer
drie juar werkingstelling, is nog geen moeil mm ondervind nic,
bokibzs e e g seval waar beskadiging van dic PVC-
wmbulsel met die jaa: 15 van die buitcomhulsel nan dic lig ge-
kom het cn ‘n under peval wanr dic kabel vermoedelik devr 'n (and
"n stoctskraper, heskadig was, Dic slewigheid van die
dit alhoewel die aluminiumomhulsel op al drie are he-
— dair geen fisiese heskadiging van dic
isalasie én aarskerm in *n [sboratoriumtoets, in Japan, vin die twee be.
skadigde gedecltes gevind kon word nie,
Indien die toets van dic buil

lig gekom het mie, sou dic kabel moontlik vir 'n enbeperkic tyd in wer-
King gebly het

Gegrand op die diens oor die algelope drie jaar, kan die Raad met ver-
trouc na nog baie jure van bevredigende diens uitsien,

9. ERKENNINGS

Die opsteller wens dis Stadsrad van Bokshurg te bedank vir dic
geleentheid gegun om hierdie referaal te kon voor

2.5, In the event of u cuble failure and afier a new straight through joint
hiss been inserted, a voltage of 108 kV DC is applied between the con-
ductor and aluminium shesth for ten minutes.

8. CONCLUSION
The first section of cable was switched on, an 9 June 1977,

loading on the cables is at the moment relutively light, up-
protimuiely 10 umpe on o leg of th ing. s the ysiem i planed 1o
cater for load growth over & number of years, To date, nearly three
years after commissioning, o problems. ).m Gccurred, exeept minor
damage 10 the outer PYC sheath, which was detected through the n-
sl serving tests, and on ane oceasion meehanical damige was done 10
the cable, presumably by s ripper attuched to o bulldozer. The wreagih
ofthe cable was such tha, athough the skominium sheath
onall hree cores, o of them seriously, subsequent romshea
two badly damaged portions, indicated no. phys
mm.g: to lh: insulution and core screen.
Had the damage o been detested by srving et . I probablo that
shis cable would Been in service and operated indefiniiely
Based on three years nlpe!alm; experience, the Council ean confidently
expect many more years of satisfactory performance
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Fuchs Instrument Transformers.
Designed to a spec.
Guaranteed to that spec.
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BESPREKINGS/DISCUSSIONS

Mr. W. A. Bowen; ESCOM:

M Forimana s 0 be congratulated oot oy o i paper, which -
deed comprehensive, but also for his pioneering spiri

In offering these comments | would like to put this paper into an Escom
environment and 1ry and give potential users of 132 kY and say 68 k¥
eable some different points of view,

So taking Mr. Fortmann's paper section by section — here goes,

a

Let me take the point of aesthetics. Yes, eable is certainly better than
overhead lines but it must be remembered that cables of the power
ratings and voltages covered by this paper can be adversely affected in
operation by trees on their roules Just the same as lines but for different
reasons. Cables require moisture in the ground to keep them thermally
stable, 3 point of which, environmentalists arc, 1 think, completely un-
aware

£

Cross-linked versus oil-filled. In the Rand and O.F S. Region nu-rned
cables were required in consequently I order to_be
autonomous we acquired oil- mm Eubl seniciay saulpment, S il
now, we can cut up and joint 132 kV. s casily as some supply
horiis shn eut say a1 KV cabls 86 thie, s enomlcaly Focal
we can, and do, consider oil-illed cables subjet 1o thei being in he
PW.V, triangle and therefore readily aceessible Lo specialised repair
teams

The Mgher npars rsfesed 16 hee b s cogdion angoatars

Potential users should note that the 8.A.B.S, have stated that in

vestigatlons sheath (smperatures oughi nol 10 exceed 50° o,

generally speaking, in South African soils.

331 te 3302

It neresing 1o note.hes M, Potmasn i ot hoes retrciion ot

the care insulation. He is indeed fortumate in having cable from a

Toputable mmalueturer,

“The question of retraction of the insulation is an important considra-
an indication of the correctness

has been extruded. This is from the conductor speed Lo extruder screw

speed point of view,

1 do ot think that retraction is so mush of a problem up to 33KV but in

voltages above this and with the thicker insulation it does assume some

significance.

Retraction of some 2 mm fs considered to be satisfactory

34

The previously mentioned list of questions is comprehensive and com-

plete enoug

The Kansai Electric Pows i

their requirements of a sk ek oo

without them and the Dutch for instance bury their XLPE cables in

waiomed pomid and e i Ttk dhe s o hey o

not export them. Presu s because they themsclves are not

s aad ik 154 |G- sarvice axparlanon

My ex s me that i one doss ot enure ¢ fe syt for any

el iyl oo i shot willcall the tune in event of &

power failure, | am not quite sure haw some manufacturers ge1 away

bt & el et ik ey i T (S rocpnct 1w uld g A 5t

of convincing before sccepting cables without metal sheaths under
South African conditions.
3821

| agree that dry cured processes arc infinitely better than stcam cured
ones at this voltage due o the more homogeaeous insubition obtaincd

48

with this process. The other thing that one must remember is that there.
is also water present in the XLPE from the di-cumyl peroxide which is
normally used in the crossinking process, cven with dry curing
processes,

3874

“The safer siress level of 66 kY/mm i, from a pioneering poinl of view,
very sensible even if a more robust cable Is provided.

388

One can only agree r. Fortmann

1hal water i the conductor s ata. But | woold a0 conform thal waler
trees can oceur with an extruded conductor screen, as | have had one in
421 kY cable,

EESTRY

1t should be pointed out here that copper docs have an effect of
degrading the semi-condusting screen if the polymer s constituted of
«certain chemicals.

One uses

of his strandsd copper conductor to obviate this phenomenon.

1 belleve it Is necessary 1o include in the spesification that all maserinls
‘must be compatablc under all foresceable circumstances of instalation,
This ma bit vague al the specification preparation stage but at
lest it will ensure umu reliable manufucturer investigates your cable
environments,

35121

Nothing is more true than the statemonts about “rough handling” and
““fair treatment™. An excess of the former and deficiency of the latter
can have serious adversc consequences with all types of cable,not only
XLPE ¢

1812

ed f . Of interest
48/ woakd bt e e o et ik el o o i emarpene
cies and, following upon this experience, possibly for commercial use.
il whas we 210 20 42 KV e satisfagiory results.
asn
1 have o doubt that the Jupanese have tested their taped rpe Slats
very thoroughly and, 1 hope, with a bias towards thermal te:
Dorins an overseasstudy tour | lesrut that some cabe comparies hd
Joints thermally because of relative movements bety
¢ conductor. with hese in various arders. | il b
to full

Tong period.

A moulded joint must surcly be  beticr joint as it & thermally con-
irslied by a process Umer during curing. This process ensures that the
join hus been made elose co the way that the cuble wiss mads. This isa
very desiruble requirement with any joint, While on the ssbiect of joints
y expericrite single core oil-filed cable joints
are as quick, if not quicker, (o make th
4132
Tha sl iy nedings sn; o ey e o e
pand. on. this matter for praspective users of EH.Y.
The sl resictviies 4 e sre o o unles e mokturs sonical e
included for each reading, r:-lams um this could be n ificult in
mck 1 would have though mix concrete has been specified
nhe lace f i W wid v s s
The selectod mean,
In any case 4 proper | umﬁ-mea cable and trench map for where cables
igh "' o essential s the selected backfill 10 hellhl
of cables may not really be sufficient
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How many times can you afford
to make the same Cable Joint?

With ‘Scotch’ Splicing Systems,
you're sure first time!

armarihcominuty
Pra-sratchad g
Localedoverpoint S

Plasticairipcaiiedio
Dk tubing
Breiieiched positon

ol i

Scotch SPEED SPLICE

joints L.T. cable
in less than half the normal time.

y
Africa, , heat
orresin, took less lhan na\ﬂnwme oomoareaw\m
conventional splic

mlm ables

4 mm* 1010 mm-.

on low-price Jointing
Kits is false economy. Sooner or later,
you'll probably have to do the whole
job again! That's why you need
‘Scotch’ Splicing Systems; they last as
long as the cable itself. They're made
in South Africa, for South African
conditions, using exclusive
components developedin 3M's
international laboratories.

Remember, 3M pioneered
modern cable splicing techniques,
both in South Africa and world-wide.
What's more, they're backed by
research resources noother
manufacturer can match. Lastyear
alone, 3M spentsome R170 million
onResearch and Development

With ‘Scotch’ Splicing Systems,
you'resure—firsttime!

To: Electro Products Divis: P.0. Box 10465
2000.

Please contact me to arrange & demonstration of your
Scoleh Speed Spilce.

Name:___

Position

Company;_

LTeInpl\png L o

Scotch Brand Splicing
and Termination Systems

_______________.J

Johannerburm: P, B
[ B B 16040 ek 7o
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This. Immfmmﬂl trench map had 1 be done for one of our installations
which was in ash

a1

The cross-bonding system. The diagram on Fig. 2 covering the one par-
tion of the Wilieht to Wakopyie et 10t 1ees 1o e The socioms
da not appear equal, The cross-bonding minor sections on systems hat
we have installed were stricily maintuined to + l‘ of each other, Were
the cable d in any of

&

Commissioning tests. A commissioning check test that we have carried
out s  low voltage J phase mjection test with about 200

voltages on the cable sheaths, Can Mr. Fortmann confirm if the voltages
are balunced in his system P circuluting currents flow in the
sheath

7.1

1 ussume that a P.O,P.LE. type of instrument is used for detecting ser-

With a orving rnun which could be undetected for nearly one year the
corrosio uminium sheath could be extensive. s there any con-
tinuaus manummerme tegrity of the sheath? | like the idea of using
helium ot some moderate pressure under the sheath. Any gas low
prepure couldriager  ow pressurs alarm andthe s i very casl-
Iy detected as it perculites through ground or tarm
1 hope that potential users have been able (o see u !:w more aspects of
what to be aware of when deciding on E.H.V, s of this nature.
In conclusion [ would like to say that :mmH) wg-\.;kmg the Nlllr is
generously r rom 4 stress point-of-view and hoad
e bt bl
My thanks go (0 the A.M.E. L the. nqnunu Manager Rand and O.F.S.
Region and Escom for allo o present these comments.
D. . Palser, Cape Town
Mr. President,
Without any shadow of doubt Mr Fortmann is the main advocate of
XLPE cable in South Africa — so much so that he could well be styled
“Mr XLPE™
But scriously though, Mr, President, | think Mr. Fortmann has done
ibly more than any other engineer in municipal scrvice fo foster and
B S o e e ..m“;..;u voltage. Only time
I tell, however,
1 mvlwd:rudlmfclm though, that on me basis of experience in Japan
decided 10 include & metallic sheath, namely sorrogted aluminium,
10 counter the possible ingress of water or moisture into the insul
Clearlytheprovion o a metallic
believe abou
amounted 10 3 m....um of 185 averths mare somventiona ol lleg
cable. he rating of the XLPE cable in this case was some
07, higher, but this would be largely ncademic i the increased rating
could nat be practically and nraﬂﬂb\y emplayed. Perhaps Mr. Fort-
comment on this p
But basic cable cost s only one mm To make & proper and valued
cconomic assessment it i er all aspects of a cable in=
stallation, including jointing em\s i e guaranteed life of the n.m:
installation. For exam mber of Jupancse fms that bave
proached us in Cape Town, A Ve Bave oo gropred ta
Euarantee 40 year life for ol mkd cabie they have only been prepared
10 offer 1S years for XLPE c:
unmm. jointing costs, | nnnm wwm it is any cheaper 1o joint &
han it is 10 joint an oil-filed cable. Althaugh not men-
ot iyl 2 expensive lapping
machine wab feauired 10 4pply the insaton (5 the Jois. Als, the
jainting of high voltage X LPE i by 10 means o semi-skilled process o
ot of engineers imagine. It would be of interest if Mr. Fortmann would
comment on this aspect and whether he considers his stalf 1o be suf:
ficiently well m-uwd 47 Gipineed 3 mderale ol jntiog
maintenance and this pasticular cable_ installat
bt the Spacialioed Joltiog amisos of s FATMSIS,
Finally, Mr. Fartmann also briefly mentions damage to X LPE cables by
mechanical plant which highlights ane of the dangers of this type of
eable which is nat of the self-monitoring type as s oil-filled cable.
1o conclusion, Mr. Presdenl. Mr. Fortmsnn o be congrasulaed on
PE field — 1 for

Mr. President | feel 1 would like to join in this dehate and add our posi-
tion 1o the general views that have been given here today. We in
Johannesburg, I think we have gone one further than Boksharg, have

put in to date 30 000 meters of cuble af 88 volt, we have not provid-
ed & metal protective sheath over the cable, we have over ihe screen
tape, we put the water-proof tape and then a PYC outer sheath. | cannot

0

agree with Mr. Palser that any cable can withstand the mochanical ex-

cavator heing run over it, we in fact accept the fact that if your cable is

cd to that sort of treatment, it i going to fuil, But | would recom-
mend to you um hc should particularly for a higher voltage cables
adopt the practice of putting some sort of slabs over the cable, we put
ash slabs over our .-m: and we have never had any damage to the
cable, Persanally | must associate myseif very much with the comments

e by Dr, Ericksen. 1 was b ono of Ihoyt peapie uhis by years
g Torceatthat the day of the puper cable was rapidlycoming 1o
convinced tha is the position today. When |
W S S DIF O 4872 240 10 Jmn 15 ke I mrufacturg of
our cable there, | was quite interested and surprised to find that you
could no longer unywhere in Japan buy paper cables. In fact they had
closed down their paper cable fsctories in many arcas, and | cannot see
how an outmoded insulan like paper and ol can survive against the
modern solid insulants.

Thank you

Me 3. T. Grundy: Affllate

As you know, | am ot sn e.h.v. cable specialist, lighting is oy specll

Iy. ek ‘having read and iistencd o the presentation of your Papes

I id like 10 make some comments to you,

1. Of all the Technical Papers | have scen over many years, this is one

f the best sct out, comprehensive and cleanest | have come across.
Even an "ehv cable layman” like myself can clearly and fully ap-
preciate the data and problems,

2. Your 3,3 “a wealth of information — when onc is able 1o — outside
one's own relatively small sphere —* Generous of you 10 admit it
and | most certainly emphatically agree with the statement.

3. Your 34.2. 1 used to know Puerto Rico and the soil conditions. [ was
surprised at your statemcnt that |38 kV grade XLPE had been in use
since 1960, | assume withou failures?

4. Your 3.53.1. Antl-oxidents used 1o extend thermal lfe, Do you know
wh are?

5. Your 1.56.1. | note 30 years life with great interest. Ta a iy
illoran isd, we. re! Nom s, petfa iyl 0 oM Sghe
lanterns (e.g. Eloff Street, Jnh:nnexbuu] and the life of the. mllemi

in whatever sphere i to e unknowa, aecelerated life tsts nol being
feasible,

osion increased 10 three times, very useful in-

7. 1.1 Catalyiic aeton. Very useful o know. also o sscertan the

8 vnnrszanuau 1 have in past years had il filled
cable i ships, waler getling 1110 paper inaulated undmmnd cable
contracts and corrosion of underground PVC,
sheathed cable in Kuwait, all of which problems arc difficult. Hence
1 note the protective e o acied i ik ma i
miration. Finally, your 4.1.1 ‘majority — engineers
stand secptical \mrd.\ its tse, is indeed hn enp:r::m:x of lonclingss
—* Only another engineer worl n fully appreciate that
Sttement and & s ] worth having  pt o one's desk wih th ad
ditional word “But | am never Alone.
Once again my congratulations on an excellent Paper,
Mr. A. Fortmann:
rang more, Odendaal en Bowen en al die ander sprekers wat
Kommoniaargelewerhet or die iwee rferaie bje bedank. M. Oden:
dual het nic baie vrae gevra nie, maar baie dankie vir u kommentaar,
mnr. Odendaal. Now Mr. Bower usked s few questions and made a few
comments.
About the insulation retraction, | think the problem is known, the se-
‘cond installation at this voltage was at SASOL where another manfac-
turer for Uhis type of cable was responsible and it hus (o do with the

spee
o rnh!ﬂ
The queson was posed,f hes terminations can be used af 112
KV, Well, | do not »w.nn..mu et oltage and | think
the manufacturery are in u betier position to answer that question, | do
i Ko o ary feka B ks
Motilded type joints, well moulded type joints now appear t9 be the
trend, | i preference (o taping. Even the manufacturer who
supplied ou i typs of Jin, Abou sl hermal festiiving,
M, Bowen mentionied thatthe wer content of thesoil must be ke
into account, and 1 think this & pretty obvious. When in fact we did
these tests, we got the CSIR to do these i dry season, the driest
part of the year.
Cale ypacirg s the same throughout irrspestive of the slight
lengihs an alfected
the voltage balance on the sheaths. | inpm i would il depree
but L am sure tha it was not more than | or 2%, The sta oltage o
1R syem. on the underpround buried cable 455 wol. trlssagks fon
foad conditions.
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sting point which goes with
4 iacid i it e

Now, there is an ins
bic,

Now, we actually had a high enough volt
e ik beince Fimi
ested 1o

LW which two cores in the cable

ud the et p Sierkin e {hges WWo EOves w ed for e relaTs KA1
this has worked very well

Cable s

not hav

aths monoioring, conts
th

ciple 1
atisfactory. The aleriniom or corrod:
ed du 19 cxposure where it has been by which has oy

T cannot do
oI ki et

cabiein e L bk e oo
ainly that would not be the case with oil
ast cifference between these twa types of

for your positive contribution
ve approach by Mr
me of the engines

Incidentally Just & short. comment o th
Palser and o Pr

1do not say
think this i the approach
proac

We must ot be
ook at. this ob
svailable soon

g ncgative, | think «
y the specifications which sh
Vet how we can take It from there.

™
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INLEIDING
etrasionaal dek die term versy

INTRODUCTION

10t en met 2 SO0 KVA met die m;.n:mmeuu. iy sormaive 50
cogss primére spanning v dic toeruing (olgons ‘5C
Pnbhuuun 38 s 36 kV 10t 24 kV met xcknnnempmnm!nm hoog-
5 1.1 KV, Dic spekirum vir verspreidingiransformators s asrsieniik

o 4odek et ol AR 180 spesifikasie, beide vir kragvermodns so-
ot asspsanigreskse Tipies v die RSA, s i bstavanKici rans
formators vir afgeleé gebiede met vermodns van laer as 0 kVA (3 f;
sawel us enkelfasc). Verder, met um uitbreiding van kug\erma:m oo
3150 kVA, primére en sekondére spannings vun 36 kV en 12KV respek-
Tiewsllk des die SABS 740 speskiie, beCKen it Ll srogi mone
formators deur die spesifikasie ingestuit word.

Die prukticse gevolge hiervan is dat die produkreeks volgens die SABS.
780 sassienlk varicrbaar i ten opige vanoniverp en produlic. it

sal later hespreek wor
Die basiese ilal\ﬂ.lmum\z van clcktriese gegewens in dic SABS 780 i
besonder hevredigend. In die algemenc spesifikasic is dit vanselfspre-
Kend dat die kunwuksu.!: geRewens nie in detall gespesifiseer kan
word nie
Die drie olie-preserveringeisteme en die spesiale en verskillende mega-
niese vereistes wat deur klante gespesifiseer kan word, bemoeilik sake
vir die vervaardigers. Die tipe probleme verg decglike nandag cn daar
spond vrirot dat et die Konkree sphte s weerge word ndie ver
slag (ot "n vruglevolle besproking sal
L VAN
Die maderne aeverics keramateriaal wat recds e tyd ol beskik-
baar is, vereis 'n 45° versteklas om sodocnde dic beste. wsﬂwelnnm‘ e
verkry ten opsigtc van u=d-=-=‘ mugn:lls«r‘ﬂrwm asook klankpeil. Die
prinsie van ' versiet S asige kern word gellustreer n Fig, |
Vir beide dietwee sykeri en di el Rers ki ki versileson
unsigte van die snypatroon voorkom, maar aangesien dit 'n geval is van
..m.iew.g: ontwerp, is dit nie van algemenc groot belang nic. Die klus.
ieke k:m-lmlwnp mhuu i sippe soce sangedul in Fig. 2. Die

the term “distribution transformer’ covers power ratings
up 10 2 500 KVA, the lowest ruting at iy normally being 50 kVA.
Primary voltages for cq Publication 38) cover the
ranye 3.6 KV up 1o 24 KV and the sec or equipment has
an upper limit of 1,1 kV. The :mp: m‘qummml ransformers sccor-
diny 80 45 mqu both € power ruting range
nd ihe valuge range. Typies for Sobth ATren i the xisiemse of ol
iral disiibision. Uransfarmers m D lower than 50 kVA (both
threc-phase and single-phase): the exiension of power ratings
up a3 B0kVA, primaey ma-e..mmr} woliages up (o 36 kV and 12kV
i SABS 780 ulso includes small power transformers in the
. The practical result is that the product range according to
SABS.7H0 bavamcs exre ey wide b T she viewpaint of dexign
and production. The consequenses of this will be further commented on

in the paper.
The has Rusdtsdiaion of slearical daid Jo SABS W0 s e
satisfactory. It is natural that in u general specification the consiru

iomd] euretants sannot be defined i e, There s trgs o
preservation’ systems in use and together with specinl and diverse
mechanical requirements, which may be specified by users, com-
plmmum arise for the manufacturers. These problems deserve a
mnmm and it is hoped that some of Lhe concrete viewpoints
he :t will stimulate a fruitful discussion

.wr

1. THE CORE ALTERNATIVES FOR DISTRIBUTION

TRANSFORMERS

Maodern low |oss core material availuble f:qu o long time requires

45° mitred joints for obiuining the hest le performance with

regard to losses, m 1 crrest e lad 2500 Ll

The principle of obtinng mired joins for o tres-phase cors s -

fustrated in Fig. | side limbs und the centre limb sligh

i Terbl g patio 4 possible but this is a matter of detaited

sl o i  of gl e
i

Fig, 2u). The coice

en
e slappe. waed fomncyies naceeie i Bern vergroot.
Dic stappe van kerns het sy ontstaan te wytc san die sirkelvormige win-
Skegs hierdie Lipe antwerp word vir groot kragtransformators ge.
Vir dio e roeks van versprsidingitramstormetors b die
Kige kern ' (Fig. b). Dit

Ho s it Fesaing plas wids & am
design, hut in general

number = llqn sl oo betiabill e
coils, Only this design Sl large power transformers. For the
entire range o

tribution transformers; the rectangular core section s

n reghoekige kern. waar slegs cen planiwydic benodig word, die mak-

Tikste is om te n Derde aternatief word sefllustreer in Fig,
2¢, waar daar van 3 pilllwydul gebruik gemauk word met ovaal win-
dings. Vie reghockige kerns word daar gebruik gemaak vin ‘n winding
vormer ca as moontlik om die

epas is. Histories b:unn dic reghoekige kemn
12 Ker e wacbasend

kend is dat die reghoekige gewinde kern nog steeds e
dic ontwerp van enl nsformators in Noord-Amerrik. Spesiale
antwerpe vEr gewinde kerns vir 3-fusige transformators bestaan ook
v 29 jar gleds e bestvat st in dic RSA) was en
Kon die van ker deur

| Met

st

die ou metodes anvanps geword. Beyde die kwalitei
hoogde arbeidskeste ten apsigte van die materiaalkostes was verant-

woordelik vir 'n totale nuwe vmurdlgbummbm

| il hoéspocd kernstaal snymasjien is die

'n Gesofistikeerde outomatiese
seuteltocrusting (Fig. 3). Vir ' gegewe kern en bepualde stap word dic
drie verskillende plate outomities gesny in die regte volgor
dosnde die rege aantal pte o verkry it n aaral kems. Elke plat

g
skkuraatinpoise Tepiia wasdont s volldits ammekiarek en e

s op spesiale Infels grootliks vergemaklik word. By die beginpunt
van e aaen kan sl Kearsiag i ves sk Wodies gemantees
word en die omsk: cen wydte i " ander vind baic vinnig

plass Dit e e

seigens tcale aanial plaie) vehoug word indn reghoekipe ke in
plass van gestapte kerns gebruik word. Hoe meer sty kem ver-
ey algemene gevolgirekking kan gemaak
word nie, maar dis voor die hund liggend dat klein kerns bestaande ult

Dic modeme toerusting v die pmdw:ﬂlu v raloctorkarss wat
kartliks besprock i, het ‘n absolute noodsaakiikhei om be-

5 e gocie rosikate o varkey an opwghe ven &) e Koupion:
pe. Hedendaagse hoe kwaliteit kernstaal is ‘n s il
it e senaier b vi verskel fheshends ikore Do b
kernplast gesny word, most sover moontlik vry wees vin cnige defckte,
Dit word verais dat die dimensionele toleransies hesonder klein moet

52

8. 2b). Obviusly core of anly

m e L RS nmm possible core ta produce. A allernative

by Fie, 2, ypically making e o tres plte

wmmmmamum.w coils tangular core a coil form is

ased AT I s i pracally ponabls Lohe rectangular shaps.,

Hisorcallythe rectangular e s olderthin the sipped cor, which
ot surp

. the cectangular core has been
the dominating ﬂs\gn mr single-phase distribution
tramsformers in North A o ex
sl far three-phase transformers.

10 the old days fssy 25 years ago and more recently in South Africa) the
fabrication of cores for distribution trandformers could be, s
typically made with simple, inexpeasive cquipment. The modern core
teel Inroll form wnd improved core designs have made the 18 methods
soliely sokla: Bolh ualty coorderstion md nsseming o o
costs_ relative (o material costs have resulied in ly
manufacturing technology, A wophisticated high speed automatic cm
cutting machine has become indispensuble (Fig. 3). For u given core
Gokigh e evaal ¥Terant lals e Sucamticlly Cel T 4 myucnos o
obtain the right number of plates for 4 desired number of eores.
Epen plte ty ' sutomaiclly sacked o  omplc package
slerrate laye 1l positioned 3 thi the sy afc ompts
cores o e leyingabis (g, A, s Sty ToCHHMED Ayt
titing 41d 6 the sumghine severn sl of Alnent Wikt Sas be
mounted and a rapid change-over from one width 10 another, can be
achicved,

Obwiously the capacity of & machine of this ind (expressed in total
‘quantity of finishad plates) becomes larger for simple rectangular cores
than for stepped cores. With an increased number of steps the output i
ed No generalised conclusions can be made, bul the ohvious
trend is away from small cores of the stepped iype. In an apiimizution
process of the design of a certain range of transformers, many variables
must be considered and therefore no valid generalisations can be ms
with regard to the ratings for which siepped type cores become un.
favourable.
This. lmxlz!l\ equipment fdl core. ptﬁdm.lmn is essentinl l'llfr ubumllqu
1y's high
bt il et i s
e Cctors AN st o culng mus rovide bre (e sdees v
reason. 0 be n order
10 abtsin smallest powsible ‘it gaps n the overiap ot bevween s
and yokes. The (ina crteion for judging th i con Tehacuren
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wees om sodoende die kieinste moontlike luggapings te verkry tussen
die laspunte vun die ke en die juk.
Die finale kriterium vir die hepaling van die goeie funksionesing van die
Garuatudt 1 e AR e viking Ve e pulliaptions ox B 1 ver
‘zelyk met dic spesifcks verlicse van die materianl wat gebruik s, u\e
loetse vereis spesiale toerusting, " sogennamde plaitoetser (Fl
waarmee verliese direk en akkurant gemeet word van clke individiels
plaat. rd|= is 'n relatiewe nuwe ummtmu en dic apparnat is so-
Vet Ees i Wl Ve Y $O0MT 19
1n hierdic kort bt-xkuu\ng van die basicse iwml\ixi en die nuutste ont-
ingstcgnologic, moel daar ook melding ge-
die super-georié
s, Die spesilieke-ver-
laer in vergelyking me! die beste graad gewone
kemstaal. Dit is egter baje moeillk om dieselfde Klas vermindering in
verliese van 'n kompleet kern te verkry, Die verliesvermindering is eg-
ter binne bereik as die vervaardigingsproses baie noukeurig beheer
‘word.'n Ander alternticf i om di vioeddigtheid ietwat te verhoog in-
dien die mikpunt is om dieselfde nullasverliese te verkry. Die ekono-
miese aspek van die super-georiénicerde kernstal i dic koste 1en op-
sigte van dié van kernstaal en die
ring.
Tipiess verlies-evalusrings wat deur EVKOM en sommige munisipal
teite gebruik word, s egter heelwat lucr as die intermasionale trant. Dic
transformatorverliese wat deur SABS T80 gegee word, s gebaseer op
relatewe lae verlisw-evaluering, el ook vir die laeveries kaegoric.
'n verhoging van die verliesevaluering sal plaasvind tessme
met stygende inflasickaste, is natuurlik te wi
2. DIE NUWE LAAGSPANNINGWINDINGSTEGNOLOGIE.
Vir dic volledige reeks SABS verspreidingstransfarmators is die stroom
it 400V kernspanning ongeveer in die verhouding 1: 100 met die hoog-
ste stroom in die orde van 3 000 A Hoofssaklik vir die hoé strome word
die konvensianele windings uiters gekompliscerd ten opsigie van clek-
iriese en meganiese aspekte,

process is o measure accurately the no-doad losses and compare with
the spcific foss of the actual material used. This has to be measured
it spscal cquipment,  so-<alled shect tascr (Fig. 9, which wllows
sccurate loss meastirement of an individual sheet. This is &
Telatiely reeem development and 1 Ta s i known, the isrument
shown is the only one of this kind in South Africa.
I this very brie review of basic sore types and the newest development
the manufacturing technology, some prastis
super.oricnted teel, availible on the
should also be mentioned. The specific loss s ahout 1
pared with the best grade of oriented steel, The same [oss red
not easily obiainable for complete cores, but can, however, he ap-
prosehed if the manuacturing technique is tightly controlied. 1f the sim
5 10 maintain the same no-load loss, an alternative use of this material
would be (0 operate the core at a somewhat increased flus density. The
cconomy of the saper-oriened core stecl depends mturaly o ils o
relative 1o the normal oriented steel and the Joss evahustion, Typical loss
eahions s by ESCON e v by the rges mmcioaiie for
ecial tenders, are still quite low compared with the tresd inter-
matonaly The fied losses sceording o SABS 78D can,even for the o
loss category, dered to be based o1 4 relatively low o
tion. An néresss of the ioss evalvation in step Wil the general In
Tationary cost inerease would, of course, be
The fixed losses in SABS 780 are, however, well balanced and there
should he no need for  revision of the values for some y ome,
“The SABS losses are alo reasonably in fine with the latest proposal for
new European (CENELEC) standard

2. THE NEW TECHNOLOGY FOR
LOW VOLTAGE WINDINGS

For the entire range of SABS distribution transformers, the current for
M0V rated voltage covers a ration approximately 1100, the highest
Saycen eing of e ck of 0U0A Expocily o s uow surriet
range, conventional windings become quite complicated both clec-
rcally and meshanicaly.

"0 Drast dings s die foslie of s
winding, Die geleler-materian! kan koper e s, g
genoemde egter dominerend vir die meests tocpassings. Die term foc-
i word segs virdun material gebrulk, maa Vi ,(....ume.mnue
sal die ulldmkkmg "nmukwmdzu“ ‘Eebruik word, onafhanklik van die
muteriaaldikte, Die wydte van die strook is die effektiewe windin

3
b i recks 500 — 2 500
n kan egler windings vervardig met groter vermoéns, unﬁl:n dit
Vot sroki i parake] Kas wind, Db Solssemaesial lse
waae daar i pelilems! 1 gelsies gabuall poc wried, 1 ' 1o
siale kwaliteit pressphan. Aangesicn dic spanning tussen dic driaie be.
(maksimum 25 V/draai), e isolasicmateriaal ui
ik deur meganiese versides bepaal. Dt gek ok wnar duar van
e do Tolie gobeull gk ond 0 om, Uit 'n prakiic-
se oogpunt gesien, goe dic dun i) !-uﬂg limiet ten opsigte
van die oppervlaklebenuttings en meganiese aspekte
D i heelvat muwe kaliciverestes oi e ipe koper. en -
niumgeleicrs, ¢n is noodsaaklik om wi lie te ver-
. lummat ok vaa Gevrediged. Ewalied word pamsik vere
Kopersiroke s sgir nc bes nie, maar veroorask geen
Lerugalag nic, aangesien

die enigste nadeel van alumi-
in vergelyking met koper), Die
baie [ae spesificke digtheid van aluminium o
per) is egler 'n beslissende knmpcmmmmm Dic huidige prysver-
hotuding tussen koper en aluminium het tot gevolg dat die transforma-
tor se prys ongeveer diesclfde i Vi bed geiblrs Vergely
kst s egtr e vir verspreidintransformators gedocn e, maar i s
{silews kisn Erouraafoenlos s e deie v ver
Dit

foil or bind winding. The conduictor
material can be cither copper or aluminium, the latier however
‘dominating for most applications. The term foil s used for thin material
only, bt for simplicity reasons the expression ‘band winding’ will be
used here independent of materia! thickness. The width of the bus
the effestive winding height

Band windings are made on speclal machines. g ¢ fusraies n lrge
machine used for the upper size ra and
thc wehin s aslenky: capable of hund n‘ o mg" sizes, a5 1
bands can be wound in parallel, ot s ity e
bands. e = spocial quaity of prespae; The tlsinice
between adjacent turns are naturally quite low (operati
25 Vjuur) ml  therefore the mumm is exclusively determined by
mechani 0 the case for the thinnest band in
usc.wmchmuyh:m| 1< 050,1 . Froma practical point mch  thin
material represents the lowest limit with regard to space fictor and
mechanical reasons.
Fnr the aluminium or copper band material there are several special
ality requirements. which are essential for obiaining windings of a
Sigh siandant. Locally produced abuninium Sunde of u selsletary
quality are availuble, Copper hands arc not available which is no serious
drawback, as aluminium has several important sdvantiges compired
with copper. Naturally the main disadvantage of sluminium js (5 lower

Tor alaminium (3% comparcd with copper) i & decisive compensiting
Tactor. The present price ralion bewees copper and shuminium results
in very nearly the same \ransformer cast for both winding macrinks
Theee cos samparions ave, howevr, 5o been made or dirbution
uransformers. but mstead for relatively small power tranaformers, in
which alumipiam can be 4 ubstitate for copper,

Obuiously band windings are considerably exsier 10 manufacture thin

it o i vervaardig us dic windings. Die tipe winding

het ok heelwat i M

strookwydtes (S wydtes) en die verskillende dikies
. word feaik e Dit s

waarin hull

aantal kies kan word
aan die vereiste spesifikasic wat op sigself van beslissende belang i vir
die verskillende laagspannings.

Vir die strookwindings is dit natwurlik nodig om terminaalverbindings
‘aan dic begin en eindpunte van dic winding te maak, [n die laer siroom-
recks word gebruik gemaak van plat kopergelciers. Vir dic hoér siroom-
recks word gebruik gemaik van " masjien so0s getoen in Fig. 6, wat ko-
per. el algminiurverbindingskan maa. 'n Besnder
miniumgeleier word vereis by baie hoé strome en die verhmduu word
gedoen deur middel van die TIG-(WA\lpm(tl Die m:upronu word
outomsiies gedoen en verseker ' vellge clekiriee en megariese ver

indi

ing.

Vir verbindings met kopergeleier (in srook- of siamvorm), word ge-
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windings. From the design viewpeint they
are further much more fexible. With a limited number of band widths
Afor ml,llllu. five sizes) and !ﬂlm dd’lmm thickness values for cach
dth, ulmost. complete design flexibility is obtained. Further, the
A T i R required data, which s of
decisive importance because of different LV voltage requirements.

the start and end of the windings. In the lower curreni rangs the conn
tions are made of coppet stip. In the higher current ringe the machine,
as illustrated in Fig. 6, i equipped for muking connections cither of
copper or aluminium. Rather heavy atuminium bars are needed for the
largest currents and ihey are welded to the aluminium band (TIG
welding technique). The welding process is automatic and gives safe
joints both electrically and mechanically,

When the coancetions ar of capper (aip ur bar form) he Jonting
technique is & cold welding process, For different ¢

auminium and copper thickness, special hycrwl\:lllr eyhs
fuse the two metals together at 4 number of points across the width of

st



per en alominiumdikies, word ‘o spesiale hdrouliese ewpel gebruik
Je in'n *smeliproses’ oor ‘n grok gedeche van die
-«vm&wymt vasheg, (Fig. 7). 'n Baic veilige clekiriese en meganiese
Serbindig word Biadeur verky. Selfs n die RSA i osse gedoen om
die ~=|I|l= verl 'n Beslissende toets vir die bepaling
die clektriese klnkmww:ke van die verbinding is met hoé strome,
Tipetoctse met 'n tydsbestek van | sekonde en ' kortsluitstroom van
0t twee maal die normale wasrde (ongeveer 40 die kenstroom) is ui
sevoer Al e losae wa wgevoet i, het beredipende rsulute gl
wer, sells et 2 maal dic kortsluitvermog-waarde (geen toename in di
kontskweerstand asook cma: opsigtelike fisiese verandering).
In die RSA word die kouedruk-sweisproses al vir ses jaar gebruik vir die
Iaer en medium stroomreeks sonder 'n enkele faling. Ondervinding in
die hoé stroomreeks (2 000 — 3 000 A) s egter meer beperk, maar nog-
tans voldoende om volle veriroue it (e spreek oor die spesiale en ge-
vorderde tegnologic
3. HOOGSPANNINGWINDINGS
Vir verspreidingsisteme in die RSA i 11 kY en 22 KV oarheersend, al-
hoewel 'n paar 66 kVoselels nog vnorkom. Plitne vir dis latere oor-
tkakelingna 11KV et 'n
belspanting verspreidingsiransformators 6,6 — 11 kV. Dic tokomstige
vrasg vir e tipe transformators behoort dus relatief klein te wees,
As gevolg van die «mm\md: spannings wat nog voorkom, is dic totale
stroomrecks egter noy r 85 vir die lungspanningskant, beskouend
0ot o bafa reaks vrodin. DI word segs genoem om Hiem t  op
die wye reeks wat gedek moel won
Hikend] Wit vekics i A i
segsgshrak word, ke dua i i hoomspanaingswindings i sk
oper of aluminium gebruik gemaak word. Die trant
b Srborbcle ‘ebruik te maak. is dominant in Europa en Noord-
Ameriks.
“n Belangrike fukior i natuurlik dd‘ w)lvemk]l tussen di
. As. gevolg van die Koper se prys wat grootliks varicer, kan d
slegs gebruik gemaak word van ng:m\ddtmep'}-! vir koper, wat oor "0
periode van ‘' paar jaar gemonitor is, om 'n kostevergelyking v
twee tipes transformators te maak. Vir so 'n vergelyking & dic verlies-
evaluering van groot belang. Dic gestandardiseerde verliese vir ver-
spreidingstransformators in die RSA volgens SABS TR0, word redelik al-
gemeen aanviar wat meebring dat die komplikasies ten opsigte van dic
verlies-cvaluering grootliks e-climineer word. Indien daar somtyds 'n
erlesevalueringalormulc gespesificer word, i dit gewouaik e faxg
uit te oefen om van 'n kopergeleier gebruik (¢ maak in
Pl van aemision; Auperen andansiseing o gonsi gemas e
vir die gebruik van slegs cen tipe materi € gevolgirekking dat
luminium 'S slgeocos keuse i vir Noptpanais i diaga bt SWLAL
rikaanse toestande.
Die ontwerp prolslbm vir hoogspanningwindings 11 — 22 kVuﬂﬂk 33
V. kan s redel; rvaal beskou word. Belangike f4kore, behaive dot
i winding ook die iélckiriese tostse moet slaag,
it van die gevorceode legaelopis vir die ontwerp van dic windings. Die
Reoua ven 10 s gnek e Eelei
o gosie en voordurende ki
sleutelfaktor in di

the hand (Fig. 7). Safe joints electr ..n and mechmically e obained
Special fesis have been made locally o verify this. The decisive elecr
ureal performans i hest shecked by high Surrent tgst. For Mstoncs,
for a duration of one seéond type tests have been made up to twice the
nuaximum short time current values (upproximately 40 % rated current .
Alltesix made have proved m(lacoryperformance of the ity ven
during such an cxtrem texi, (no measurable change of i
resistance and no ofher measafuble oy observable change). Locally {he
cold press weiding teshnique has heen used n the Jower and medium
et range doring sy years wil a0 fiure

in the highest current range (2000

ent 0 justify full canfidence ir

oy special and advanced iechnology.

A HIGH VOLTAGE WINDINGS
For distribution systems in South Africs, the dominating voltages are 1|
and 22 kV. Al [ Phinned cha of

these to 11KV result i the need of so-called dual voltage transformers
65 — 11 kV. The future need of such transformers ought, however, lo
be relatively smail

Because of the different voltages, the total current ringe from ¢
e e g s bcamacs v areater than the relutive m,,
for the low voliage windings. Thes is mentioned only (0 ilustrae the
wide range (o0 be covered

Although the preferred conductor material for low voltage bind win-
dings is alumimium und in fact is the only one ussd. complete freedom
echnically to combine these w h cither aluminium or
copper in the high voliage wmmm The dominiting trend hoth in
Europe and North America, is however, (o use aluminium. An impor-
tant {agtor is naturally the price difference between the two material
Becausethecopper prie flucuates uit widely, ooy th avrag prive
over a period of some yeurs can be used in a cost comparison between
the two kinds of transformer. In such a 2 compation the losevaluaion i
alse an important factor. The standas losses for distribution
rasformers in South Afrci according to SABS 780, and the rather
sereral acceptance of these s sl climinats 10 s age etont (he
complications of loss eval en buyers do specify a Joss evalyae
tian formula, he typical trend s that the loss evaluation 1 not

st only, he conclision
s that aluminium becomes the maturaf choiee also for the high voltage
windings for South African conditions.

The design problems for high voliage windings || — 22 kV iind even 33
kY may be considesed us rather irivial. Including, however, important
properiies ather than passing the standurd diclesiric {ests, even these
windings require guite an udvanced technology. The sescton of the

best possible and most suitable materials s naturally ess or of

igh waiy. Rloal ey fucs

i the winding pracess.

dingtiot: yeedl "“"l““" e ““"'“""‘f‘ The type of winding especially well suited in combination with fow

ningsirookwindings widr elke laag oor die volle wind e strek,
edu in Fig 9. Die tipe Mnd\nn kan :ubrmk wuld v:nu' die
Keinse trarsformator, wear dun draad geleers gebruik word tot de
raneformisior waat daar vin reghockige drasd Sebrulk phc
el
Verskee fukore beguntip i gebruk van di ipe winding. maar die
volgende fakiore behoort genoem te word:
—  Uniforme ampere-draaie verspreiding, veral belangrik by groot
wramsfarmators.
—  Besonder gocie stootspanning karakteristicks
— Witsonderlik geskik vir gerasionalisecrde produksicmetodes,
Die lwln:n-dmu vlﬂprenlu is hahnn‘ilw faktor by mmum-
SndE vl el e volgende hoofstuk. Die si

e rifm
il et ot 140 s o T e die spanning ussen
e lac oorkry vir i gev i Dic prakier rsulan bervan i

¢ kry word waar
aae sncderiv 14 gevoly, yen volgehiue Krgte b e e soerour:
spanning veroorsaak word, die faktor is wat mormaalweg die isoluic-
dikte bepaal. Die multi-lsag winding is egler nie 'n nuwe ontwikkeling
nie. Ons oorsesc genote het, by uitsek, slegs van die tipe winding ge.

voltage band windings, is the multi-layer type, cach layer extending over
the r..nm;.d.n. height s sehematicaily {llustrated in Fig. 8. This iype of
i be used from the smallest size transformers with thin wire

conduclons 10 the egeas s of rectangular conductors used for the
very largest transformers, Among the i which make this winding
type 50 avourable ure:

~ Uniform ampere-wrn distribution, especially imporiant for

large transformers.
= £00d impulse veltage
~ Particularly well suited for rational production

The emperc wenldibuion € us imporiant Talot [ shori<ie

sire will be treated in the Bext acetion. The irmpube voltage

s ] exprescd sy, h the Vlsge dirbuton for

the normal wave shape 1.2/50 us results i 4 maximum voliage hetween

{ayers not more than twice the calculated rmm \mmm: ibut

The tractical effect of this is that it i relatively casy 1o obtain an extri

ki the impylse strength, as in fact the contimuious stresses, caused

by the operating vollage decide the layer insulation,

layer type winding is nol # new development, Our overseas
used this winding 1ype exclusively for the entire runge of

Deuk peruak vir i hel revks Jaar.
In die RSA i dit in gebruik vir byna 10 jaar,

4 KORTSLUITKRAGTE,
As gevol
sluitkragte en vermoens vir transformators sal dit slrp op 'n elemen
tére viak bespreck word. Beskou 'n 2000 kVA, 11 0001400 ¥ transfor-
mator wal onfwerp en gebou is volgens konvensionele metodes vir krag-

4

diribulos teamaTormaen e 2 years. Locally it has been used for
almost

4. SHORT CIRCUIT STRENGTH
The complicaied problems of short ciréuit forces and short circi
strength for transformers cun in a short paper be treated anly in & ruther
elementary wy.

Consider a 2000 KVA transformer | 100400V designed and buill in 1
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Ims\slnmulum Selfs met koper as g=l=|er mot die laagspanningwin-
ings it verskeie parallcl pa an (32 geleicrs vir 'n prakijese ge-
wla it is " cliese of
winding. volgens konversianele ontwerp beginsels, ul n skyiwinding
Die normale £ 5% Lappe it in die middel van die winding. Reke-
lm.lrb:r:kcnm‘x van dic aksiale kragte gee ‘n wasrde van ongeveer 100
N virdie minus tap en ongeveer 130 KN vir die normale tap. Die krag-
te is bepaal vir "n maksimum sssemetriese stroompick vir 'n transfor
mator met ‘n impedansic vin $,57%. Sulko :,mm.my. wat slegs met be-
hulp van *n gevorderde program <n groot rekenaars gedoen kan word,
s o die praklise probime vt e in die orann

o groot
VAl clé ocAEp£oou thwe waskina, Vi ' saoriGooke ManAlor ooy,
r lchrmk semaak word van ‘o stsooklsagsmnniog

mul oogspan ningswind dic aksiale kragte feitlk ge-
I fisiese uspek s dat die kA v it e

yna uniform is vir pposisie Alnxrsi:n
die Iiu;spanmu\y\el« - die volle hookte vas die hookipsnings-
inding strek, w igtheid op enige hoogle outomaties

sangepas it 1 ese u:rf:k!r ampere-draie halans. Die lekvloed ws-
windi aksiaal en die enigsie rudiale komponent kom
e van die winding voor. Kortsluitioctsc i uilgevoer waar die
windings xlrun op die ondersteuningspunte van dic onderste juk gerus
et en aangesien geen heweging van dic windings plaasgevind het nie,
word die uniforme ampere-drasie halans bevestig, Die bai¢ belangrike
praktise voordeelHiryan s da geen aksile vishegting benodiy word
e, terwyl vir Lunv:lmullﬂ! windinj r van swaar strukture ge-
ik et word om die windings in posisic 1c hou tydens kort-
suing. Die r..m.a: km( luitkragte veroorsaik ' krag imwsarts op die
hingeste aagspanns co 'n vitwaarise krag op die buitensie
pordssethrepiprtan o o S i
reken werd. Die kragic vergroot namate die transformatorvermo ver-
ool Vir cndwarpe me ceghoskigs e ovual wintings, word demping
e ir baie kicin
iese voarbecld hiervan word §=\Hu.ll=(r in Fig. 9. Tydens kun.
Mg . i sk hormige s e (skin 1 e sl van
die bultenste winding nie genoegsaam probleme te veroor-
Saak i el i 61t vt 1001 HIAgMMEToO ie i Cokroar ook
nie vir die hele recks van v:npmdmplurpfnm»mn nie.
Die llﬂmlr m-nrhc krs dic binneste winding gee egler uanleiding
1ot 'n meer geke phsﬂtﬂle teorie. Indien dic kragle grool genoeg is,
Kun die winding fosl 3 gsvol van die “krornkeling® sas e phimer.
Dic (ipe tendens i redelik algemeen wanneer kragiransformators faal
tydens "n kortuitin vie vers

conventional way like a power transformer. Even with copper as con-
ductor material, the low-voltage winding would have to be built up of
it large mumber o arsliel pars 2 conduc(ors i practicl el
The 1ype of winding would be a so-called helicul or screw winding. T
Iigh vollse winding socording to conventionl design pricipls i
be of the dise type. The normal & 5%, taps would be at the winding ce
e et minus tapping ap-
provimately 300 kN and for the prineipal tapping. 150 kN,

These forees are calculated for the maximum assymetrical current peak
for a transformer with a 5.5, impedance, Such calculations, which can
oty be made with advanced programimas on lurge computer,ceary
prove the practical difficulties encountered in the design and building
large distribution transformers capable of withstanding axial forces «
this magritude

anding transformer with a low voltage winding and 1
bigh Vit s windi. the sxal forcesare vy climinated. The
echanism is that the amperc-turn distribution in the high
mllnge winding for any uppmg is fuirly wniform. As the low mn..g:
or hiss 8 width extending over the entire high voltage winding
ot demsity atan height evel automaticaly duss el
alince. The leakage flux between the windings
¥ T S oy B S
winding ends. Actual shori-circuit tests curried out on transformers
where the windings only rest on their supports at the bottom yoke und
are campletely free 1o move axially, prove that no measuryble move-
ment akes place. The vesy importani practical conseuence i i win-
s kind need
ventionsl windings need massive clamping structures to be able 1o
withstand the maximuni peak forees resulling from full shori-
currents
The radil st

et forees create an imvard premis on the inside
ward pressure an the outside high voltuge

winding oo rud«ll focims o b Calnl v A Tt ] e
slemenary way. The forces and rsulig seeses increase wih the

oo o or designs with rectangulur or oval windings radial

blocking ecomes neceary xecpt or wnal atutormers A prac

cxampe of i ype of desin v ilstrated i Fig 9

dings the d

e gyl pluhlum aven for quite large power

transformers and are thus ot problematic for the entire size range of

distribution transformers.

The el i foreer b 44 e ol Uinding e e 9

forces are sulliciently large, the win-

preidingstransformators het normaalwe genocssame inberente sierk-
(& om die kronkeleflo 1 wocrsamn. Doe basiese metode am

die kronkeleffek te bied vir is om n el-
fektiewe vashegting te bewerksiclli {ussen die venskillende lac, Dit
wond verkry deur gebrutk te mask van 'n spesiale isolasic tusscn d lae.
onderviding ten opigie v trmalirmaors wa fu
. ko heslema Bevrcigend G e ot
rate itk bevkikbaae s e, Yelgend inigting il dic VEA San
gevet tien jase gelede, was tramlormators wa tydehs kortshing gt
il het, wirartwooedeiv Air ongeveer 25% vin al dic falings. Dit mag

omen;
ding can (nlmpiv el by 'i-m.hlmn “This failure mode is typical for
power transformers under short circuit failure,

Canventionally built low voltage windings cven for the largest distribu-
tion transformers. however, normally have suflicient inhereat strength
to resist buckiing. The basic method 10 obiain a high u ngth and
resistance against buckling forces for band winding e an ef-
Ticlent bool between adiacent tufas, This  schiessd by sing special
inter-turn insulation

The practial service experience with r¢gard o shorkcisuit filures
seems 1o be ctery.athough o sceraie saisicaldta

misk
sluit-impedansies in die VSA laer is as elders.

s ram[rss KARAKTERISTIEKE EN VERKOELING

Die temperawursiygingsiimiete vir boonste olie en windings,

SABS THD, 1 Goreetaieming ml e 1ECredts (Publikasic m.z; n
Spesiale bepaling van SABS 780 is dat daar na waardes verwys word vir
“m hoogte vin 1 500 m, cn aMangande van die weekline hoogte waarop
die metings gedoen is, word nangepaste waardes gespesifiscer vir lace
hoagles in stappe van 300

lgens ikbaar, s die

avaitsble. A re than 10 years old) data from the
USA_ short-ciecut mlnmcanlluuwnﬂw.’. 4 the total llre rate.
“This figure may igh, but

tha shortchrult impedanees in the, USA . sypich
elsewhere in the world,

5 THERMAL CHARACTERISTICS AND COOLING
Toeemperatre e s e op o 10 ol ecersing 0 SABS
780 corresponds fo the 1EC rul :»‘ A special require-
ment of SABS 780 i that the vllu(i n!(r u) m and,
A M Y s W s e made,
corrected values are specified or lower altiudes in steps of 00 m
Ascording to prastical experience and published data. ageing of the in-
sulation 1 ot & seriow even with service pariods of 20-30

Tawer thin

veraudering van d e nic 'n ernstige
e vir dienstydperke van solani as 20— % jaar nie. Die ol
rvoor i dat dic transformator normaalweg so belas
word dat die windinglemperatuur selde die waarde bereik wat 'n vinni-
e Verouderingstempo veroomsaak, As voorbeeld kan genocm word dat
0 transonmaior wat aan die SABS TW0spesifiasic voldoen, ' warm-
ingstemperatuur van ongeveer 80°C sal hé vir n volgehuue lis
AT et 80°C is dic verou-
deriogstempo baic sadiy, Transormators met vaste verliese en stan-
daard temperatuurygingswuardes (vir windings en boonste olie) ksn
g is e mate lllﬂn:on{u:mudmmhtmvlﬂ!ﬂwnﬂlwnnp»
sigle van die warmpunt wi uar. Dit moet egier heklem-
100m e dak ¢ indinpgfhiat oie werkilke W
bo di¢ van dic gemiddel
dic olie se temy verikillénde hoogies bepaal, #s00k in dic
Boofmaa s o wse windingt s betalp v kcieatr. i

£
3?

years. This is are naranally loaded so that the win-
ding temperature seldom reaches the high values needed for 4 fast age.
ine rale, A+ ypical example, transtormens whth dita scconding (o
SABS 780 will have a winding hot

307 C be agcing rate s quie Tow. It hould .n»h;..« ed out |
cansformers with fixed losses and rd temperature rise values
[vundmg and |upm|nk mnm.hmwm rise gan only margimally be in-
uensed by practcal devn, i is becaus the posdble v
rangs of the ‘winding e i uny ol cate s rathr St
mist be cmphasised gradicnt is the real
temperature above Thes lnll\pemnlv uF the ‘average oil’, s
windings. In comparative tests the oil temperature must be measured at

ereni. height levels both outside the windings and at least slso in the
ain dust between the two. wmmm with thermocouples 1o determine
the tewe sverage ol temperature. it s beeh bl by some ex-

gemiddelde van die waardes.
i goicdvds olltemperstuur, Gecuronde 4 lklr:ﬂmlnl: is eger
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perimental i particularly the ofl temperature in the
main duct between wdmn is hurdly influenced by different mmu
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wevind dat die olietemperatuur in die hoofkanaal feitlik geensing km -
“lued ward deur die verkoelingspype op verskillende metodes te mon-
teer nie. Die verskillende rangskikkings pee dus dieselfde W\ndmyl:m—
peratuur. Die normale metode vir die bepaling van die gemicdelde olic-
{emosraluur s dewrdie boanie oetemperatuus e vermindst el die
helfte van dic wmreumurdnhwg oor die
konvensionele vertikale Leer ll th metode kan egier nie
witgebrei word ten npmglf van ander rangskikkings van die verkoe-
lingspype rie,
Gevolglk kan uit die kort bespreking afgelei word dat twee transfor-
mators van verskillende ontwerpe waarvan die verliese sowel as win-
stemperatuur dieselfde is, nie veel kan verskil ten opsigte van ter-
mess cienskappe wat die sorbeudings karakteriieh <o kapestoh
belocd, D geld, s uanyaar wond dai daa van soortgeyke islisic-
materiaie gebiuk gemask word wat dieselide rouderigreienkippe
esit ' dat die
probieem van oorhelasting van transformators meer sandag moet ge-
nict, kan cenvoudige reéls szamgestel word vir wr&pludmg;lmﬂm
matans wal deur dic SABS T0-spesifikasie gedek kan word. Die begii
sl hervan sl ier gebasese wortl op die TEC -Loacing gide Tor ol
immersed transformens’ (Publikasie 354). Dic gids word egter normaal-
unn as te gekompliseerd beskou vir pmmse aanwending. Deur dic
. te beperk Lot
veelheid benodig, kan daar Vi 'h xekere kajogoris transformators, 'n
exnvoudige handleiding saamgestel word. Vir Si Ainse foestan-
de sal dit voldoende wees om die reéls te beperk tot ‘n tempe ratuur vin
— 40°C.

?

ne

cooling arrangements. Yarious rrangeiens would thes resutin
tually the same windig temperature, The normal method of calculating
the average oil temperature as the top oif temperature minus hall the
temperature drop aver the radiators seems to ugree reasanably well for
the' contentionul radiator srrangement. It wse can, however, not be
generally extended 10 any type of radiator arrangement

It follows that twe rarormers of iTerentdesign, but baving he same
loss data ame winding temperature. rise

anifcadtly wki refard 15 darsi propertcs. inflen
pl

sulating matérials having s properties ate used.
electricity undertakings find the overloading problem sufficienty im.
porians.simple generld oveioadii: ey could culy be worked
out or Irunsformers with data £ 5 SABS 0. The prnciples

ould be bascd on 1ns IEC -Loading guide
iransformers (Publicuton mnnugwg A Pty e o
00 complicaied for practical usc Seraln calsgory of
teansformers and lmiting the load cycles e really isim-
il g for peactica 156 coukl be biained. For SoLih s som
ditions. t would probably sl be sufisien o inis 1 rules i an s

fent temperature range 20-40°C.

6. VERSKILLENDE METOD
Die term oliepreservering word algemeen Aok (ol e g
shuit in die SABS 780-spesifikasic nie) om

VAN

bekend, verl diélokiriess vermoé van olie en olicdeurweckte

b il verhoogde inhowd van voggehalte. Transforma-

torolie kan slegs *n baie beperkte hoeveclheid water in oplossing ap-

neem, en selfs vir ' watcrinhoud van <o laug a5 o

1), verminder dic diflekiriese vermeé aansic:

vermoé van die soliede wolasiemateriasl word r!l.cl nie in 50 'n groot.
feal

6 THE METHODS OF OIL PRESERVATION
The term o vation is generally used (although not included in
SABS 7801 1o define how the oil and ths aso the complete insulation
sysiem is proieeied (rom the stmosphere. As is well known, the diclec-
e strength of oil und oil-impregnuted cellulose material insulation is
gradually reduced with an increasing moisture content. Transformer oil
can hold only extremely smal sanils nf vatet i soltlon, and

iready a ) the dicleciric
Strength ofthe oil Flsfather rapily. ] 1'h=d|¢1==ln=smn|m of slid in-
sulation is not much affected with 1 water content of up to 277, Even

mate heinlued vir‘n waterinhoud van 0127 e
rdo na 4%, het dit nograns nie ernstige gevolge vir dic relaticws cen-
oulige holsraieme ven 23 - 22 AV it verayeidi ngstransformitors
nie. Ondervinding het cgter getoon dat dic stootspemningsterkie min
der beinvioed word as die kragirekwensiesterkte deur die tecnwoordig.
‘heid van water. Dit s haic belangrike upek, dangeen ou ramtor
i wat mountfk 'n hoé waterinhoud bevat, 'n aansiiike vermi-
k toon, v:rwy[ e nie
e el L
Dit bring mee dat dic uitdroging van ety formators nie noodwen-
dig perfek hoef fe wees om te verseker dat die standasrd diclekiricse
o e, D oo vanaefpreknd . s o
mators wat die verlaa ? i
e lns waterinhgd bevat N jare van dlens o o

W 1045 s not slatively simple in-
suation sptens el or 1122 Y distnbuton -m.rumm. General
experience is (hat the impulse strength is ted by moisture than
the pawer frequency strenaih, This is an |m;mr!uli practical point, as
very ald transformers may have 4 high mojstare content resulting in an
apprecialy reduced poe (rquency irength bo notnearythe sme
reduction of the jmpulse sirengl
Therefore the drying of the sanstormers in the factry necd not be-
perfect in order 10 pass the standard dielectric tests, vever, self
evident thit new transformers leaving the factory, nugﬁl 0 have a

reasomably low moisturs content, During service over many vears, all
moistune which i picked 4p o the sosphere, will nataratly be s
ed to the original Conter. A maximum moisture content which can be
and which is . i 1,5%, The verifica-

van die atmosfeer natuurlik die oar ke wiierinhoud verhoog. 1
Maksimum waterinhoud van 1,5% word wnbeveel en is vasgestel deur
praktiese :kipﬂmm_:lm: i1 Gesike metode i G bepaig van ol

presspha
1433 oo, b e waterlo b v i othslesmasopi

Inligling beskikbaar oor hoogspunning Kragiransformators wat met ‘i
uitsettingstenk en ontwaterpyp 1ocgerus s, dui op 'n waterinhoud van 3

— 4%, in die isolasiemateriaal na ‘n 10 — 20 jaar dienstydperk, Dic be-
kikbare inligting is relaticf skaars, maar dic waardes aangegee, f 'n

prakticse bewys dat die ol cpreserveringsmetode 'n baie laz lempo van

voginname tof gevolg hel. Seifs on r-mam. van die grootste transfor-

mators met van 400 —

prepe s s to P bl el

i rasformtorsonde ' coumterpyp, sal i iindel e ok

baic hoé waterinhoud, Die fisiese me;

.T

ak met die olie opperviakte

olie s hicr slegs as 'n oordragingsmedium en beinvioed nie die finalc

vogewewigstoestand nie.

1 Uitetingtcnk: dra uansinlik by om te veehoed dat di ole s toe-
verswak word deur oksidasie-prosesse ens., deurdat die kontak

ookl atmosfeer grootliks beperk

for

gebruik word, het uitsiekende eicnskuppe en dic peluﬂehl.: i
ort nie ‘n

hcpmmnn fakior te wees nie, Die volgende Sevoigirekkings kan dus
en is geheel en ul onafhanklik vas wsklas van

transformator (maks. 12 kV en hoér my u

tion of a i :-r this kind is of a quality control nature. A suit ble tcst
1240 0 408 prescpuinbloc s {3005 e oo Seeian) together with
the transformers and measure the moisture conten ale completed
drying in the centre of the block (Karl Fisher method), The presspahn
block s intended 10 represent the insulation p.e&ei which are most dif-
r:u\l to dry in the transformer. If the tent in the centre of
e block ek 1,5%, he meisture comtent for th eal insution
ek elow shin e
D lable from high
type fitted wi ydrating ysmu ge!) Bth(u IMICWE that the
typical moisture content of i n  10:20 years of
service. The available data % g e the figures men-
oned serve only as b practéal prol that th il preservalion sysem
resulis in & very slow rate of moisture wbsorption. All service ¢x-
perience, even for the largest transformers and the ighest system
voltages in usc (400 — T00 V) proves also without any doubr, that this
il preservation system functioms very well

‘or a transformer without a dehydrating breather, the moisture content
will finally reach considerably higher levels. The physical mechanism
which determines the maisture satwration level, is uctually she average
relative humidity of the air in cont surface.

' truniter i and dous o¢ MAvc the fral st cquilibeium.

A Somervier helps, considersbly to provect the il el from

by oxidation p incon-
cct i e ot e P sl hcmpgmml: ot
lower. Teanslormer oils in use for many yeurs have, however, excellent
propertics and for ormal loading conditions the gFadual derioration
of the oil may not be a limiting st [The flloving can the -
concludetd and these sonditions rc <niirely inciependeot of the vORage
Gase o the tranctorent (man, 12 XV o ‘igher than 12 K
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(1) Vie dic venkillende metodes wat vir wiylugiransformators ge-
ruik word, is die gebruik van 'n itset met 'n ontwa-
\6rpyp die Rukiesvolkte €n BehoOrt Sondet wilteK voorkeur 16
weniet, Die alternaticfl om nie van ‘n ontwaterpyp gebruk tc
inaak nie, word nie aanbeveel ni.

(2) [ndicn duar as pevolg van ruimte of ander praktiese omstandig-
hede nie van 1 uilscttingstenk gebruik gemask kan word nic,
o di vry\aghimﬁ"mnhm nogians et ' ontwAlespyp 1be
ers

it moet eter uitgewys word dat die (weede slternatief geensins ‘n
kastebesparing meebring indien al die falore vir dic bepaling van die
werklike hoste in g gencem word nie. Dic reéls soos gespesifiscet
“Tabel | van SABS T80 gee geen leding nie, gee veye teucls vir enige ver-
skillende metode om le gebruik en dui ook geen voorkeur aan nic.

Wanneer die verskillende ulwpmimrvc(mpmnm: b:(lml word, moet
die andérhoudaspekte ook waierpyp waar-
ka risall versaig 1 1 gevolg van die Vog, et Gun patos.
1k ophou funksionesr: Veal v i iunfcrmators 5 die ondechod

ms posible, the conser-
the best und should he
firin e aliernative 1o omit the
dehydrating breather cannot be recommended.

(2) W spuce vestrictions or other pructical circumstances: 0 not
allow fitting of a conservator, (ree breathing irunsformers ought
definitcly to have dehydrating breathers

It should s be clarl pointed out thit he second alicrnatve osuls
in o cost saving if all factors ufTeeting the actual costs are conside el
The rules in Table | .wlﬁM}F'WII o110t give the users i

Doty

When the different ol preservaion sytors are fudged, maintsnance
viewpaints ought raturally also asidered

Ereuitia in wiish b sicaged s S e, ot
course seased 1o function. Especially for the small sizes of transforme

the maintenance of the breathers is i major problem. 1I\=hrrm¢ncu[\)

problecm. '
tuurlik voorkeur !mmgl vir lie ammmucm ‘e 4 ot nm
dit aan te beveel vir transformators met ho kenwaardes nie. Die

transformator beskerm dic ofie en isolasiematerisal natuarlik hee st

transformators in Le 'n klein spektrum gebruik is om voldoende n»der-
vinding op te doen

Om gk s sad kel o el wrd e vosnds vt
gemiak vir besprel

< I00KVA St gesedide tipe tranformaiors.
200 — S00KYA Vrylugtransformator met vilsettingstenk <o
ontwaterpyp of geseelde tipe (gebascer op
die verbruikersaunvra; me van
ondervinding n dis vervaard
> S00kVA Shigs mecuitieiugasa enoevIemIR:

In hierdic aanbeveling van vrylu;hp:[rlm'mmnturs is eenhede sonder
witsertingstenk hecltemal uitgestu redes. Deur die hoge-
osmde Takior ie sorweey, i hesul vanselisprekend.

hecomes the natural preferred solut
iz vange, but 1 i il posible (0 recommend any upper sze
s

South Afrca, bt 1019 Europe. Uh type has Aok ye Actunly besn ke
widely enough for obtaining the necessary experience in all respects. z
the interest of obtaining a desirable sound standardisation,  propos
far discussion is, however, made:
< 100KVA Only hermetically sealed type.
200 — SO0KVA Conservatar type with dehydrating breather
or hermetically sealed type (based on

uter's preference und taking into account
manufacture's prefcrenice)
Only conservator type with dehydriting
breather

> 500 kVA

In
been snicely omited s o pectcal alismitiv, Conideinthe s
mentioned above (his conclusion is fairly obvio

7. SIENSPUNTE VAN DIE EN ME
KONSTRUKSIE-BESONDERHEDE

Die standardnoring van lekirien gegewans in die SABS 760-1979,
word geheel en e

s S ek ke e TR
oofkask b .62 ee o4 i Ak 10, rumvess BOOKY K Vi
hot recks word standuard verlicse cn impedansies gespesifiseer, en al-
haewel dit met die eerste oogopsiag arnvasr word, & dit besis nie vol-
doende vir ulle toepassings nie. Die tipe ransformator het 'n verskei.
denheid gebrue i die nymmm en al die spesifikasies neig om ver-
skillend te
Eokire A e b dn relatiewe: I IasFakior L6
vir sekere industricle toepassings die lastaktor baie hoog is. Dicselide
transformator kan dus nie die optimum wees vir beide gevalle nie.

Alle modenms standandsasi het 'n modulérs nlging. Vi Kien trans-

€ groepe I

ON SPECIFICATIONS AND

ASSOCIATED CONSTRUCTIONAL MATTYRS

The siandardsaion of clecric data fn SABS T40-197 n eniiely
Rkl o e miuy erd segh 1y o substantial advintage for

pedanses, alihough acceptable as a first approach, will certainly not be

‘deal for ull upplivations. This class of transformer has alsa  wide in-
ustrial e, und the requi 10 be rather individual, Take for

instance the loss problem. Certain tramsformers are runn

patativly light loadfactor while foe certin ndustia applications the

foad actorcan be vry high The same transformer cannot b the op

timum for

formators s 'n volledige opsig
el il i nuenu
st lekrisedata (venise en mpedursi) degs van bai ki voo
dee geien ul ' cabverpongput. Die koper kaa cender ‘o nrhu-
modu-
{E2 ot Kol ¢ Wb ek Sae SOG PRopeat
me van rekenaars, mi ldnmwntlrhmdwnnwrpkwpﬁvmnur Ten
opsigte van die vervaardigi e transformator cgler gexundar-
diseerd wees om aan te pas vir 'i" produlsicsspekic. Sandiard clek-
triese gegewens i vun minder be fa-

e s S o Fostbu sl st
of transf complete s desirable, which impli

dutn. For large SO LVA anc upy
fsed il du losss and impodance value) .oy of [l -
i specify

 Joas cuniation formile Lot acseplable Irapsdaes reras. The
|nnﬂnllr o cmeept.anc e <sicuive e of 6l ﬂrﬂ!lﬂpid

Fur m: nmnq the resuhting trunsformer has to be standardised with
all production aspects. Standard electrical data i of minor in-

brick. Die met
-l hl by~
val vir i tipe aniwerpkomep s iy basander pesklh v gersonel-
seerde produksic

Aangaande dic as-

pekie i cpilevia dhe e b lr-nnlunmlw ndie
ABS TR — 1979 gespesifiscer. Dit is voldoende aangesicn o

|.m sal wees om die kern en windings in detail te spesifiscer

Die volgende gedeclie sal dus slegs die tenk, tocbehore en knmmksm.

besanderhede behand

Die meegaande bewerings mag o1 *n sekere mate van 'n alkeurende

anrd wees, maar die doel i om ‘n produkticwe bespreking te stimulosr.

7.1 Konstruksiehesonderhede vir die verskillende

Oliepreserveringsisteme =

Veronderstel die olicpreserveringsistcme kon gekies en beperk word vie
verskillende wransformators sons sangewys is in die vorige hoofstuk. Dit
sou mecbring dat vir (ot en met 100 kVA slegs verseélde iransformators
n vir hodr waardes sé (o0 S00 KVA 'n alternatiewe lipe verkry kan word,
Dic limict van 00 kVA word gestel, aangesien daar nog onvoldoende
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i fuctory. The type of tmnioraer
which hus been described with LY band windings a layer win-
inge, i bes e for ths Kind of design conoept e A
rational production.
ltwdmi mm«rm.mmnl matters, all rﬂ\nmmelm in SABS TRO-1979
e part include only the aspects, This s
v parpose 10 g0 into detai
care and windings. The following comments wil thercfore deal only
rh e k. asocaed gy andconrclore doals Whas ik
nature, but

sl e G

7.1, Consiructional defalls for the various oll preservation sysiemns

Assuming the oil preservation systems can be chosen and limited for
differcnt transformer sizes 45 oullined In the previous seetion, up to 100
k\U\ e would ave onl sl tarmformers and un ltermtive ypefor

S atcies wmgeionse for el uuer sizes,



ondervinding vir groter vermoéns bestaan. Die hoof konstruksicbeson.
derhede vir verseelde transformators, wat hoogs verkieslik asook in ba.
siese beginsels aanvaarbaar s, is

—  Die uitsettingsruimte relatief tot die olievolume (X2}

Aanvaarbare metodes van afsiuiting,
Daar bestaan geen goeie Legnicse redes om X (20 ¢n 25%) te differensi-
cer vir spannings van (ot 12 KV en hoér respektiewelik. Die hod waar-
de het 1ot gevolg dut die uitsettingsruimie vir die olic asnsienlik ver.
hoog word vir angekontrolserde aorbelasing, e voordelig
is. Die tenkhoogte word 0ok aansienlik vergroot e dusean i it dus
oordelig. om algemeen die 257 uitsetingsrui

EVKOM het bo ile iwyfﬂ die m:mr dierriiigven et
formators en spesifiseer ‘n 25 uitseltingsruimte omal

" proses, indien dic korrekie toerusting g uurmk word,
ch hele agtergrond van h:rmum verseélde transformators met ge-
sweisde tenkdeksels |€ in die kostehesparing wat gepaard gean met die
\radisionsle kontpolering en m.wmdm.u wal deur die verbruiker
uitgevoer word voor instullcring. Hierdie metode vereis natuurlik hoe
betroubaarheid van werkverrigting, asook vervoer vanaf die nywer-
heid. Die hele konsep van verscélde transformators val in duic indien
die betroubuurheid ie op 'n sanvaarbare viak is nic.
Vir verseélde transformators word geen Kleppe van watter nard 2okl
gebruik nie. Dieselfde geld ook vir drukvakuummeters, asook dic
. Hierdie is wok dic £

sifikas die voorafgaande he:\l:r: ing s versedlde transformators,
wasrya dietenkdekacl vasg ongun . Om
mansnie veretling van 20 30 sar 1 verkry, is baie mosilik of byna
onmoontlik. Dt moe in gedagte gehou word dat " defektc seél die risi-
ko om water in dic transformaior te ry, heelwat groter s ws it 'n o1
aerprp. '8 vmu.-e..e bespecking van die probieme vat geassosieer

word m an versedlde
T Vet Worc erel B iy e Verbruikirs
72 vir Te met

e miin comtructional detals for sealed transformers,for whih it s
highly desirable ar even n(u:;\:v), agree on basic principies, are:
The ce l:lanuew the volume of the oil (X",).
oertable vypes of jo
There are no good technical reasons o ilrentte X (20 und 25%)
lepending on the highest voltage up to 12 kY
hvgly‘ “The higher value results in 1 mmmmm, increased mirgin for
the “oil expansion caused by uncontrollable over-loading, and i
therefore naurally an udvaniage. The resulting tank height increase is
duie marginal and theefore the 35 sxpansion spice ought to be
chosen generally. Escom has no doubt the more extensive experience in
1he e oFsealed ranstormers ane speciles 255 independen o voltage
das,

The only reason hkmﬂh\mmuulnlmm{urm:rr:\mh\y for the whole
ifetime is by means of u welded cove nk lange. Proper cquip-
fmen o the 08  of ciuris exentl Sl rkading . ot o
remove & welded cover. This can be done very neatly and fast. Both
cover edge and flnge are quite smooth afer such an opteatinn. i e
right cquipment is used.
The whale philosophy with hermetically sealed transformers by means
of welded eovers i to eliminate most of the traditional checking and
maintenance work cartied out by the users vefor istalng them ind i
service. This necessitates naturaily a high degree of refiabiliy, including
0 the ransport from factory 10 site, The whole concent. o sealer
transformers faits compltely, if the reliability is not at an acceplable
vel.
For sesled tearsfrmers with welded covers no valvesof sny
be used. Th applies 10 pressurcivacuum gauge and
mometer pocket, Thi yerecs s wih the EACOM Specitcation,
Tt Tollows from what has been stated that a sealed transformer by meins
of & bokied cover is considered to be an inferior aliernative. A perma-
nent seal lasting 0-30 years is difficult or impossible to nchicve with this
method. I has o be remembered that 1 defective seal 5 actually woree
than {ree-breathing with regard 10 the risk of getting moisture ifto the
transformer. A full discussion on afl the problems associated with the
technology and experience with sealed transformers would be most
welcome especially regarding users' experience.

72 details for conservator transfarmers

Uit prakiese coapun kan die enk o UietUngelek in 'n kort e
waord dan wel ook so aangegee

S 'ilnlqptilﬁku Vlmm 'n onitwerp- en med
¥ ings-
Pype en hybehare, i dit 'n baie .:knmpmemix nmmmhgm Dn
onlwerp Ya0 T sokere Brooe resks tenks, mostsodani wees da
produl van uitstaande gehaltc gelew Sk plesale ol
Dit bespaar natuuriik Koste Nat t6t dic voordeel van die

strek. In teenstelling met 'n cenvoudige praktise ipm'ume o

From a functional viewpoint the ank with its conservalor can be
specified in a short and simple way. This s relected in the new SABS
wo 0 specifiction. From the poin o view of nd fabrication, the
range of tanks with ﬂm!nlvulm rad; accessories is u

very COmpHcAIed maier, The deign o€ ks over centain s range
must be such that a high quality product can be rational
way. This reducesthe cos considerably, 9 the ther” ahimate beneh.
In contrast 10 a simple funciona specificaion the trend in Sauth Afrca
i 10 g0 into S Tl or o

ipant 1 die RSA o n e groot detai ie gaan v
derhede. Indien Huiso sndies verbruikars ot dicsede pevolg.

feast mmn-ﬂwmmme llm:wn:lnmum_ resulting in the s
the situation would have been less severe than

irkking ckom het ten opagic
die toestand i R ot e D e o ooty =
maak is vir verseélde het natuurlik

deta
now uctually is. The proposals slrcudy made regarding scaicd
rpose of redueing ihe number of

had om die wye verskeidenteid senks namienik e verminder. Dm
word egi
ternaticwe wat genoodsaak word vir spesiale doelei mdw
Die doel hier it egter nie om elke individuete |Avd te behandel nle.
mlﬂrd!ur\hnlirzﬂl'“ﬂmmuxﬂebl:mk der twyfel van

leme te last. Daar word eerder *n hasiese bespreking verlang wa
Eepork ki word ta randommRtoq Bt settingsicnks wat die ou
konvensionele tegnologie verteenwoordis,
7.3, Bybehare
‘n Aantal aspekic aangaande Lermometers en gis- en olicaangedrewe
rel al ws

Termometery

Volgens die SABS speifikasic word die gcbruk wyserpltipetermo-

etersbeper (0 50 kYA en o e sl e gebraik woed indien it

Bespesifiseer word. 'n Termometer van enige soort dui slegs die baon-

i olietemperatuur s, 0 e wharee v Ifortmacs ek s
. aangesien baic fakiore die emperatuurbeioed wisrvundase

nie met almal hecllemal vrrvmld is nie. Basies dui die boonste olietem-

die olickanale geblok-
min inviced op die boonste olistemperatusr.
Hierdeur kan daar dus gesien word die beperkic waarde wal 'n ermo-
meter Bied. Di¢ termometerholic kan derhalwe aanbeveel word vir ol
gemene gebruik, behalwe vu vemeélde transformators.

Gas- en Otiensngedrewe R

Volgens die SABS.spe 'mm word die gebruik van gas- en olicasnge-
drewe relés beperk 1t SO0 KVA 41 NOEEon ol slegs gebruik word in-
dien dit gespesifiscer word. Vir sekere tipes beginstadium interne foute
vir groot. kragiransformators is die gasopsporingsfunksic van die reld

iduat aaks considerably, There are, however, several diflicalties
due 10 the wide range of alternatives necessitated by diverse special re-
quirements.

‘The purpase here is not 10 treat any individual details, as what has been
mentioned na doub i guieclar Lo those concerned. Instead a basic
it could be limited to conservator type
rasafocnen, epryaehiing the okt Samvent il ochaony ogy.

7.3, Accessaries
A few comments will be v regarding the use of hormometers and
gas- and oil-actuated relnys.

According 1o SABS the usc of indicating thermormeters i limiied to
VA an larger,and hal e sid ony when speifed A .au.mm:m
of any kind in the top o i n just the
and the “informafion vl & tcaly s
2 os are influcncing the temperature and
they are not too well Known, Basically the fop oil emperature docs not
pive dirsct information about the winding temperature, Even in the cx:
treme case of blocked eooling ducts for the windings, this would have
litle influence on the top oil temperature.
‘Therefore we can see ihe sute limked practica value which an
dicating thermometer s, ple. thermometer pocket ca
However, be ‘recommended. for general use except for seal
ransformers,
Gas- and Olb-actusted relays
According to SABS the use of gas- and oil-actusted relays is limited to
S00 KVA and larger, and shall be used oply when specified. For certsin
1ypes of internal incipient faults for large power transformers, the gas
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ml;m nml:mmlm; wansicnlik beperk, Selfs vir dr: sroonsic verspre:
ding os, i it e etuye of dic g wfunksls eni
& Vel 51 v bogha b late: Wi T e R
Titg et priklicss ondstvieding bevesil word. Indies a Interde fout
skielik sou voorkoim, wat *n kortsluiting met sorvonking laat ontstaan, is
die skade alreeds verrig en die reaksie wat dasrop volg (dic olievioei
deur die relé) sal die transformator nie gouer kan afskakel as die oor-
sroom beveiligings nic. Volgens beskikbare ilgiog oo e perisic vin
meer as tien jmar, het die skrywers e "n enkele geval gevind waar die

B G Yooty o e L van s ereng St
vie die bespreking.

K. BETROUBAARHEID VAN VERSPREIDINGS-
TRANSFORMATORS.

Die recks van verspreidingstramformators is besonder groot en dit sal
mie sinvol wees om almal gesumentlik te groepeer n;:‘ ‘n Redelike
homogene ks, is dic relatiewe Klcin

1 the reliy has & certain value, but actuslly quite
o all pructical experience. For distribution
he highest ratings, it is doubtful whether the gus
deection funcion weuld fats uny rea prscinl vl\ue in pratecting
i incpient s, i agun confimed f (he prcical ex
ith u sudden internal Fak. causing  Wgh powee sr¢y the
5 I 4wt dots 3 the bua ko anecion (o o through the
relay) will not trip the transformer faster than the over-current protec-
o A covniing = lachs e e 10-year period, the authors
Have not found ane single case where gas- and ol aetuated relays have
had any protective valus, Any experience to the eontrary would be of
Freat intered 1o bring it i the dscusion,

& RELIABILITY OF DISTRIBUTION TRANSFORMERS
The range of distribution transformers s extremely large and it is
therelore ot meaningful 1o Lump all togthe in o common group. A

dingstransformatars van $0 — 100 kVA.
Wolgens inligting wat deur EVKOM beskikhaar gestel is tyders n sim-
posium in 1978, was die pemiddelde jarlikse tempo van fulings in dic
Hogeld 1.3, i totasl van 19,000 ramformai

ewige weerlig was biykhaar verantwoordeik vie die meeste fu.

falingstempo, cn intussen gewysig m.w.d:u- die stuwingweerders san
dieynkart vin seplaas het, w: d

wcerder verskele meters vanaf die tramformaior wis, Die
ot oo el beskermingscien.
van dic stuwingwearders feilik vernieiig word vir direhtc weer.

igslae
\J\E deursllm‘m
Dt die stavingveerdendirckop dic yraotormatorto e o, word
dic problesm opgelos. ‘n Spesiale toets i vers uitgevoer
om die basiese vermod van 'n standaard 25 KVA z: i 34“; transfor-
it tecn rapemasite welipli e locis, 'n Stmnbry Joan:
dingstipe angs
monteer s, is gebruik. V:rikllummspmmnﬂ\an 1000 2000k 3
anngewend sonder dat enige sigbare heskadiging opgemerk kon word.
Die faet het eger goen shtisias waarde nie. D Jemossiee segs
indien ‘m transformator behoorlik beveillg is, dit dic inherente
fekiriese sterkte het om weerligslae te kan weerstun.

Daar falings vir

ik dat dit heclwat laer

groter trans(c ie. Die trant s cgt
s, miskien in dic ordc vn 0,5% of selfs minder.

OPSOMMING VAN GEVOLGTREKKING
Hierde venlag beskou oonigel die karhtrileke fastis an di
stransformator cgnologie wat in die afgelope jare in

i KA bekend gl b DY eoss eleuppie visamlen

werp, i die gebruik van aluminium-windings en die nuwe tipe laag-
spanningswindings. Hicrdic ipe winding word nou ir die hele reeks
verspreidingsiransformaton gebruik, behalwe vir bais cenhede.
Tesame met dic gebruik van dic muli-laagwinding aan dic -
word die asiae Kortkmgte geliminer,wai di moar-
m mask am die ontwerp van indings te vnmnvwm. en te verbe-
Dic kernmateriaal, ook in gebruik vir santal i dic super.
!=nm.mme tipe. Dic muwe aniwerpe hel sarleiding ge geges (ot die
van spesiale . veral vir die kem

en windings.
In die latere n=|n= van die verslag is sommige tegniese probleme van al-

om ‘n bespreking te stimulecr tusen die ver-
vaardiger en sl wangelcenthede is van algemene uard en
dus nie grkupgml aan enige spesiale riwerp e die messic o han-

fairly
Ui irandlonmers 1p 10 30,100 SEVA. Arcon data made availuble
by ESCOM at 4 symposium in 1975, the mean annus felure ratc in the
Highveld was 1,37, the total numbe of transformer years heing studied
a5 high as 19.000. Severe lightning secms L0 have been resporsible for
the majority of faults. An important factor, resul
failure rate, was verified. namely the placing of surge irresters on the
line side of the fuses pesulting in 4 distance of some metres between sur
ge arresters and transformer bushings.
This distance has 1o be extremely short. If nat, the protective properties
of the arresters shall be more o less mullified for direct strokes to lines,
characterised by an extremely high rae o rise surge current.
Direct mouring of the anrster o th trans{ormer.scves this problem
complets

.vml test was made soveral years ago 10 check (he hasie ability of o
standard 11 kV 25 K¥A three-phiase trarsformer (0 withstand simulated
strokes when protected with standard distribution type surge arrestrs,
mounted immediately odjacent to the hushings. Several impulse
vultages were applied in the range | 0LV widhou causing any
apparcot damage to the transformer and arresters. The test has, of
‘course, no statistical significance. It demonstrates only l'lli @ pmper\y
protected ransformer may have the basic inherent dieleciric strength (o
withstand extremely severe lightning.
There are no similar statistical data available of fuilure rases for the
arger sizcs of transformers. The trend s, however, quite clear that the
failure rate is much lower, probably in ﬂw order of 0,5% or even less.

SUMMARY AND CONCLUSION
This paper reviews briefly the characteristic features of a new
echnolog for dilriuton fxsens uced in South Africa in
recent years. The mos change in design is the use of ul-
kb b aeally m 137 oflow vollag winding.the
so-callod band winding. Thi ype is now used over the catirc
pemmeprtont bl Al m:p. for e very smalietsaea b
combination with du.' sy tpe windin on e ligh vllage sid.the
[
improve the m.« it complete active plﬂ i ars m vl s
been for some years of the super-oriented type. The new designs hive
alsa necessitated special production equipment especially for cores and
windings

I the ate half ofthe ptper some chrical probles of ommon -
lerest are mm‘l l|| stimulite discussion between users and manuface
twrees. The matters are of a general nature and thus not related 1o any

pecial designs, uclull\y mosily dealing with constructional matters and

del gor di

sies,

Verwysings: Simposium oor die mm.um.lm van verspreidings-
kraglyne, Oktober 4 — 36 1973, aangebied deur dic
Wetenixeplice Nywerhcidasvorsapsrtan,

Reference: Symposium on the lightning protection of isteibution fines,
Octaber 24 — 36 1978, sponsored by Counsil for Scientific
and Industrial Research.
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BESPREKINGS/DISCUSSIONS

Mar. D. E. T, Potgicter: Vernoerdbarg
Mar. Salomons nmcl elukgewens wa
voorbereide refe

met ‘n interessunte en goed

In die gcmldil:\d! marisipale lckirideiimeterk musk verspridings.
transformtors o ngnr: aaloie vun e foal shema

eekilrca varejandipes wmpcbied wnd 1 gusolg van dic andass-
disaic wat bowerksiellig word deur spesifikasie S.A-B.S. T80, en wan-
neer die lﬂuhfufllm!m‘t\:hnnmnu!gpmiluupev is, Kan " mens geluk-
kig duarvan vergeet behalwe om 50 nou en dan 'n oliclek te herstel,

e Nt 1c et dat inlging doarop du da lemorn

wit of ongevees i Elt ell' Om hierdie
tydiy dat munisipule ingenicurs weer kyk na dhe Karrekte gebrulk van
dic transformator

Die Uitvocrende Komiice verdien 'n woord van dank vir die keuse van
die onderwerp van die referaat.

ER praat onder korrekse, made vandat aluminium-windinge ‘,.,rq.“,,

st wat v0o die YMEO gelewer ward oor verspreidingstransiormators.
Vamwct dic bot nfsieyle i it vir Plasdike Ouetheds voordel g om
2 Xaptaslgoedere oor di langste mpontilke leningsermn an 1e
koop. Die hnpel-t\vmdr\mnd’ I vir baie jare a8 bic
Doioxieaas w04 S B {ghed deur middel vin ' Knimg
oor "n 20 jaar é!\glng ermyn wangekoop word.

Kan dieselfde van die alumi

wees en gevolglik he

Vomal wegashial ki word
During the lust contury the busic design principles of the transformer
have remained the same and no substitute to fulfil the function of the
transformer has as yet been found. Howeser, in one low power applica-
tion of a transformer, it has been successfully eliminated. In transfor.
ming AC 10 DC, it was normal practice (0 use a transformer 10 lower the
AC voltage before rectifying it With new technology the switching
regulaor was ivented in which the trnsformer was replced by &
SCR. Would it be far-fetched 1o wonder if the same principle
shCnat oad 1o the replacement of  ansfurmer where an AC voliage
has to e lawes

In closing, | mmu appreciate it if Mr, Sulomons could give us some
BSE L« lew o iranifarmer hus to be overioaded ur-

‘word en sou mar. Salomons sy verwagie lewensduurte op 30 juar en fan-
ettt ot iesiags ot wage (dperks angian ki monl Veral
an in ag geneem word dat die verwagte lewensduur vin dic

ponenls van ' lekiies netwrk op 10 jaa en anger gestel word? G
ig van die hot koste van kapitaaliogrusting is die llm wm
prtleeti b o derhr Dottt 1 erike fak-
tor om in nu teneem wmmr ontwerp van die clek ul»ne.nm o J
n u'-vd
AAE ueh gadiegits dw otk ol o ipek
of 3 aande per juar wi

Dit sou gevolglik un(hdnams wees om "n stelsel e ontwerp om vie
Merdic enkel dae voorienag te mask snder om Uraniormalos X
ol mukwmum 1= orbelas nic. Die SA BS-spesifikasic 1 nic 'n maklike
¢0 ennvoudige robl mear waarvolgsn s makilimum corbeiastng bo-
past kan word e

In

oorbelastinbg van 357 toe te lant. Ons verhmr M: transformators deur
vorbelasting i,

oksidasie van die transformatoroli 45 gevolg van die hogr temperature
e

Kan mir. Salomons miskien fets byvoeg oor iransfonmator-oorbelas-
ting?

Minr, Salamons versack in sy referaat bespreking oor hermetics.gescél.
de transformators sowel as die standaard-gebruik van 'n uitseltingstenk
en ontwaterpyp vir sekere groottes transformators,

Indien 'n gebraiker van transformators wel skepties staan oot die ge-
bruik vin ‘n hermeties-geseélde groter transformator, om waiter rede
word die uisettngstenk ¢n ontialerpsp soms wegeclaal? Kin .
Salomans ‘n uanduiding gee of dar ' groot verskil in prys i tusien 'n

settingstenk

ricéling en die ge-
isanipuel Ui u-,:: aan "o trasgheid
ok veiapa e 4 i Sl dsmiaE
die stuwingsweerders of weerligaflei

Die plasing
transformator vir beter heskerming teen direkie weerligslac is
sant_ Aangesien die deurstroom a.,, weerlig dan deur die se
e teamslormator heskerm al iod, | .. o weigele e word dear die
weerligafleier, most 'n mens meer onderbrekings as gevoly van smel-
ting van sekoeringe verwag.

Hocwsl mar. Salomons meld dat die waterishoud van transformator-

alie beperk moct word ot 1,57,. bestann daar heelwat verskil van opi-
e ander manisipale ingesicurs oot die noodssakiikhesd ol dan nie om

wer en uit te droog, Wil mar. Salumans miskien sy opinie hieroar uit-
spreek?

Mar, L. D, M. de Wet, Brakpi
M die Preskdnt, grang i ck . Saloors elkvens dathy 1
feraat gelewer het oor so ' alleduugse onderwerp soos 'n transforma-
Ao, Vie dis meeste Munalgale Elokirtegnies Tngseisurs I de tra

formator die eenvoudigste stukKie toerusting om wan tc koop en
stalieer,
Met dic hulp van dic S.A.BS. 780, kan ‘n

transformato volledig gespesifiseer word in ongeveer ags 1ot lien redls.
Die aanvaarding van 'n tender i net so maklik aangesien da

wal deur

What
G 488 R 0w ‘ammbicst amprratatd pokatiis ,x-u:mqu

SABS

e committee responsiblc for the drawing up of SABS

ution Transformers™, it was u plessuire to me o read Mr.

Salomons's paper on Disrbution Transformers. His paper & In some

parts u tribute 1o SABS 780, which appeared as Rc\vin‘m No. | lust year,

fd e s AR B oy VRS oot particular

document was the result of a spirit of sincere co-operation between th

various sectors of industry an

The following are comments on some points in particular:

1. Loses

‘We can indeed foresee an ever increas n! «cost benefit in the low-loss

range of the standard lowes of SABS

Cortain buyersars il being persuaded 10 buy bgh-fows trasformers,

as thair first cost are lower. | believe, for instane, that certain mining

Hounes ustify high loss transformers because of their high loading Toe.

tor, & limited fife of a particular mining operation and therefore &

tendency for @ rapid amortisation, which places & premium on the

purchasing price.

Wil this may be 50 in certain industrial sectors, the bureau feels that
blc busrsshauld rathr tick (0 the o oss Fange, espesially widh

pul

e

Ve lenmlly e L
rapidly rising cost of energy which becomes very important i

ﬂw!lml!u -wcr o H[e of 20 years.

The author’s opinion in i«uw 7, that loss standardisation in

transfarmers of a rating of 1000 KYA and greater urc of little benefit, is

regreltable.

“The loss values have been established in commitiee and if the standard

foss values should be reviewed, the Bureau should be notified.

The use of capitalisation formula, as advocated by the Autbor for units

of 1000 KVA and over, is alio viewed with scepticism.

Many of the quantites i sich Tormel are produstsof guess work s 10

the lowiin cycle and e o

accuracy in adjudication can normally be expected than by ad-

Judntmun on price only.

2. Temperature Rise

As the Auther can confirm, the Burcau demands from tinie 10 time &

temperature rise (o be canducted la confirm compliance with the

specification.

IEC 76 is indeed departed from s the standard refercnce altitude is

1180 kot s AL Yo et T s oy O SO

tranformer, which gives him a better overloading characteristic. As

i ot ks &€ higher Siuder, & sandar
dllll on of the reference altitude of | 800 m is therefore @ practical

3

With respect to the overloading capabilitics, SABS 780 states on p.21
that  distribution transformers can generally tolerate temporary
overlouds of up 1o 1507 of rated current.

author propescs. (he general adoption of seued

niortaes i whlbed v I e ofart, the distribu-

lllll! "W“m“ﬂ‘!l‘ generally meets all nwﬂnlmm ul ‘consistent perfor-
< and long life.
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Dryfkrag vir 'n volk..
op die pad
van Suid Afrika

Indie hart vandie
land se handel en nywer-
heid, endielandbou—dis
waar trek dryfkrag gee vir
die pad wat voorlé. Hog-
krag-stukrag om vooruit-
gang in elke sektor verder
te help uitbou. 'n Diens-
stasienetwerk om die
werk voorhande viot te

trek &~
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The Burcas would hreforegladly support the wathor les (o buying
itatimes o ip with a sealed cover, provided an up-
propriste sealng test i r’urmﬂl ufter the welding operation fo prove
i vesking s o horeacte

Dangers! (Sec SABS 740)

AsTar us expenion spce s consarned, for many yeur 1 apuniion
space was regarded as adequate, bearing in mind the ability of oil o ib-
0rp 34 WhEN DFEMULD. i Icreading and remasing | when pressare
draps.

For prictel purposes X0, & dready n veluively lvgs incrcase of &
vertha prebicus 57 Thu Ry e 23 e e et
that 257, is necessary, and the cost inerease for the 257 expansion space
is bore by the Lax payer anyhow.

Also, with greater cost comsciousness, (anks todiy are more flesible
than the extremely rigid designs of the past, which further decreases the
pressure Mlustuations in the expansion space.

In the Bureaw's view, 20°. i 4 liberal expansion space, and should not
be pushed up again 10 25%,

A congession of 257, was made for 22 and 33 kV transformers for on
it

11 Dileetric treses i 22 k¥ and 13 KV (runsormers e preater, and
an udditional degree of safety is warran
21 The 22 kY transformer s not a commen pm{lun and bought in great
ctities by ESCOM only.
31 22 &V transformers re ot used in minisubs and height restrictions
are not important

4

The Burcau cannol bt suppor pinion that biyers
are 109 often inclined 1o order additional rmm over and above
the standurd fllmu\ specified in SABS TH0.

Omitting such speials reduces not only first sost, but ulso helps the in-

dustry in standardising more cffectively with further cost benefits,

whih are passed an to the buyers. This, incidentally, also applies to the
standardisation of losses.

Mr. D C. Palser: Cape Town
Mr Preident, the authorsarc o b congralated on produing suh an
interesting and thought provoking puper.
zlicm, Manever, b beve chafines (NBAD 10 frasforey
mploy Hype low-volsge windiogs,wit layer ype ighvolsge
Vinsgac the berial of ot band ik
copper Bands are not svuiable lockly. At pointed oul thi € 10 10w
Alrawh-.wk since at current metal price levels, there is little difference in
final
11t B ded that i \ype of arsformer Al teckalcal b
satisfactory us o Lnnm nally wound transformer, and |
shogeihes cammieed o i hsi o ik e Ty pri 1
ettt iz vt v he 70 ofoms s R Uik N0
S il i, i, nmgomabional design. Could the authors
therefore give th
e range betueen b winding 1y irwfonme and cone ioaally
wound transformers.
Llnlss there are sound technical -emm Justifying conversion to band
ing ypes, and [ doubt tht e, then | w:nld think that o
Vsnlticent M ot ioukd be uade uses
Ve ivay om conventional Icsformers 1o ths reatnely new

type
In South Africa the total capital outlay required on generation,
transmission and distribution capacity 1o supply s consumer i droL
of ADMD, wi f this figure bein
tributable to the goneratidn component, If the distribution transformes
costs, say, only around RI0 per kilowatt this represcnts anly about 1
o the toial capital oulay nccesary o aspply one kiowat of . |
., band winding . 107, less in
cout than convenlionsl ypetslhen ths epresens & relatrcly b gl
cant 0,17 in overall capital cost
would accondingly subsit hat price hre s not ol mportan. Wit s
important s that the highest possible degree of service reliubility be
Gevighed i the iransformer. R eliabiliy oast 1t be sacread merely
Ko achieve o lhly Jower prie. The ahars comments o this point
culd be apprecisted
mmn. now 10 oil preservation syster [ fully agree with the vkor
proposas, namely that only ﬂ:m\ehnlly sealed types be ¢
to 100 KVA, conservator 1 Gehyorating bresthers or
hérmaticaly eated (ram 100 VA, 10 500 KV snd aply sonserviior
types with dehydrating breathers for wnits above 500 kVA. This is the
practice currently followed in Cape Town and one which has been
found ta he quite satisfactory.
1 sgres with the authors’ views on the fting of ges and ol sctusted
Cape

70 advaniage i
Tu-m we um, it them to units about 12,5 MVA,

I conclusion, [ woukd rfer 10 the ires qoted sy th authors o the
failure rates ol e ol Stk ar ATy
transfarmers. The quoted figures are about twice thase expericnced in
an ruv.n. |wsuhl3 hecws: of the far lower incidence of lighting in
this
VoM. w‘ Walter: ESCOM R & O.F.S, Region
Mr President,
would offer # few observations on the authors' paper on Distribution
Trunsformers.
L.V. BAND WINDINGS
Escom has many hundreds of Distribution transformers in service ind
although not all transiormers which become defective are returned to
oar Conral Workshop, o dte e have ot b o Bind wosnd s in
Workshops for repair. Presumably this can, ut least be
counted for by the increased axial strength of this Iyrv of design .u
transformer,
The onecdadasisgsof i typeof winding s hat rewinding of b
wery sophisticat pensive winding equip-
ool b sl 10 avers oxbe than Iy e

.uu oot

HEIIM!TICAI.LV SEALED UNITS
Lu:nll! stipulates hermetically sealing for all units up to S00KVA Escom
s found that sealed units can b ground open and rewelded up to S
e Vit o &t up
1 eannot comment on Mr, K. san Alphen's questioning Escom's ir-
sistence on requiring 25%, air space in place of the 20%, | will have to
e e e
the reasons behind this requircment.
GAS/OIL ACTUATED RELAYS
Although 1 can only speak for mysclf and not for Escom, I must aiso.
tion , with the authors, the valu ng these type of relays (o
transformers. Al uu|h these relays undoubtedly have value in
wansfarmer protectior idence of carth tremors in the Reel
4764 s meoukiaiod b deiayiog the tipping of hess relays to pre-
veni nuitance (ripping. Thus the advantage of fast ripping of nommal
Gl st Tl b boen bt T, Lgeher il U puthors
me also question whether the fitting of Gas/oil ::lumtd
elkj o Watriilon tramtormers can bo it
Mr. D. H, Fraser: Durhan
Ageing of insalation even with 20 — 30 years scs
or outsoor service in 5.A.7 17 SABS e
80 C °C what actual
an outdoor or pnhvmnunl:d lmnsrnm-er m full sun? Maybe SABS 780
s oo conservative
Regarding abuorption of water, AU 20°C water satyrated all contains
some 40 mg (45 ppm) of dissolved water and may rise 0 400 mg/f (450
ppm) st BO°C if sullicient frec water is available water can
only be reduced by evaporation — not filtration. Agree strongly with
recommendation (st parugraph Clause 6 Page 14) tht afee brthing
type of tramsformer withou! conservatar is not a prac!
Faure it Lowdon Ehms:ny Board has | transformer failure e
(ormer years (0, 2 years oid Data Vil al subie
mnmm and ot -nn,«ms 5 m:u storm conditions. Expericnce
in Durban June 1979 and March 1980 0.3/ pa,
S 124 tranformers, 13 o hieh were SOKVA offes. In 15 fth Fllures
the fault was in the high voltage winding. In two cases the tanks burst.
It s interesting to b e ot
solution to the lower size range of
transformer. the Allt)m lMH.‘ll: dl there ‘cautious attitude in
recommending the use of hermet led transformers both in
Europeand RS A, because of {esalMest sxparionct having becn i
:¢ts. Would the Authors care (o enlurge on the reason for
Ui ik Eniidet fine they any records of transformer tanks
hursunj. w:lded seams_ st guskets hlowing outun

s this for indoor
inding hot spot of

wieal pmumm. or pv::mnm that nmuln 56 (0K when i dealed
msformers? Would an explosion vnt o excess pressure release valve
be considered a disadvaniage?
The Durban Corporation Electrisity Department has hadthe ex-
pericnce of a hermetisally sealed transformer exploding, setting fire to
adjacent equipment and causing structural dnm‘g m ‘the brick sub-
station building in which it was housed. ( g was luter
demalichad. There i e doubl that had a'ﬂmml persannel been
present fatal
injured. Have the designers given wmmmunn 10 these punhlmﬁ.
1t would be inorosting to know whether any of the members present
have had similar experiences er have given consideration to the explo-
sion hazard of sealed transfor
I is surprising tht the .\mhm have not found a single case where gas
and oil actusied relays have had any protective value (according to
available records over a 10-year perind). From our own experience |.
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would however agree that their value in detccting incipient faults in dis-

tribution transfarmers is Jimited but several instances of Buchholz reluy

nnrmum or incipsent faults in 36,6 kY 15 MVA transformers have
.1t has been the expericnce in Durban that these relays certainly

fedace the amGUAL O damegs becutoe they ars exsermely Test wnd iy

fac, depending on where the aut has occured, frequenly beat he

over-current prote:

e sasoperated m., i pryi nimlaable o i eary war

ning of low oi level laks from the transformer. The alarm s piven when

the oil level falls below the level of the gas uciuated relay.

1 firmly believe that the gas and oit actuated relay sill has a place in the

protection of tramsformers and would be pleased 1o hear the comments

of other members

Mr. S, H. Salomens: Afiiate

M. Pogietes s the maltc o Trantormers with copper winiags

dardisation for the small distribution transformer, we &re more of less
Torced to fall in line wiih the requirements of various customers for the
larger sizes, much 0 our regret, We would sirongly prefer all customers
10 stick strictly to the SABS Specification bs regards their requircments
and in our opinion it i somewhat short-sighted of some of our
usonner 10 neston devting herfrom, Weare sirong supportes of
because w in cveryone’s in-
teres, We would definitely mot advocate the uic of MEh. low
transformers in such cases. In fact, beeause of the high degree of stan-
dardisation that we have introduced in our factory, the high loss unit
may ¢nd up by costing more than & low loss transformer
Wit regard o the saling of ransormers, n our apinian selig by
welding is the best to get a maintenance free transformer. SABS 780
leaves the -mhon i e« e e T4 e
weld olting, In our mind, u bolied cover does not give you
unent (2 et S0 " ol o 1o o A Ao
worse than free breathing with regard to the in-

‘which hav pes of 20-30
420 year py mm and asked the uuc\llml wmm lh: |=r= nmmmy nf:
transformer with wluminium windings sformers with
ey g e gummziy sine the
war and they have ulso been used a1 least for some ten years in Furape
0 have prowcd o be s reliable s tramformers with copper windings
‘What determines the fifc of a transfor mer of ageing of the in-
lation maierat ussd, Coupted {bereta s the way . which the
teansformer has been maintained. If in a free beeathing transformer the
silica gel in the dehydrated breather is sol regularly maintained, this
would sharten the life span of the transformer. The conductor material
ed for the winding. be it aluminium or copper, has nothing 1o do with
ctancy and we are convinced that transformers with
aluminim. windings will serve you s long and as relisble as
tramsformers with copper windings
Another imcresting point Mr. Hnlgmm‘ raised, is the fact that in
Verwoerdhurg they are ma) of the overlond capacity of
temmlormers; xcpecally dulws bl Sl ]
overloading tran; ul 357, and e asked our comments (o
o pet et N e 15 reply o this question (o M.
Sollergren who has served on the 1EC Committee that has drawn up the
“Guide 1o the loading of transformers”, and therefore s quite an expert
on these matiers.
Also Mr. de Wet raised this matter.
Wit regan 1 prce compacivn between a trasformor fted wih s
conservalor versus  sealed uni ay that for & true comparison
Varsam fuctous have 10 be ke il SousiOeTation ki Ihe co omparison
cannot simply be bused on ex factary prices. To my mind you have to
take into considsration the savings resulting from the lesser of
maintenance in the case of scsled transformers, In the case of a free
breathing transformer with a dehydrating breather, maintchance musi
‘be preity expe that at regular intervals, be it three months or
hlkyeary, he s gel breather bus o e checked. L would defnitely
ned pink.
IF this cost is taken into consideration there should h: a ll(lev advan-
tage towasds the use of sealed units escpecially for smaller sizes
Wuh umd {0 surge arrester positioning, ESCOM have changed their
e specification such that on all disteibution transformers moun-
et ) directly below the HY terminals such that a sur-
ge arrester can be fitted directly in Finc with the terminals and con-
e, You gt the best form ofprotecion ithe g arescr
is situated as close as possible and directly connested to the H
bushings. Mr. Potgieter made the point thas due to the surge =urr=nl
once could expect a greaier number of (ransformer outages
pared with the case where surge arresters would be. postioned before
the fuse. | am not convinced that he is right there. However, surely this
would be @ malter of selecting the sorree fuse ratings, and anyway, it

i been proved that comnectin. (e surge Mreuery ircly o the
tramformer terminals definitely gives the besi protetion to the
g el

of lightning, There may he certain disadvantages associated herewith
but would ot thess be more than out-weighed by the advantages?
M. de Wt and alo Mr. van Alphen,rsed the matte o standardise-
tion. 10 what Mr. van Alphen h
said abmn Tass. twluu{lnu far the langer ransformers, We have probably
been ather prgmitic roach and | am in full agreement wil
be visw-poiats expressed by br, a0 Alghen.In prctice,utmanlc-
e, e B sl scldom buy transformers in ex-
cess of $00 VA in rating. When it s ih lnger sises hese are
ry, mines, ete. and we have found that a

s losses and impedanees. They oficn require units
working in parallel with ¢xisting units. They have theicova ews
S 21k o G ) aormally take th the
transformer over a limited period (cs T the case o syt

do oot care about loss o .u mmklactyrrs, Ve BV o Ie
with these
RaveCaken 8 alher Brgmbc s wth ogard v thss s
tribution transformers. While we really strive for the uliimate in sian-

press ar moisture. Thre are certain dissdvantages and there could be
certain dangers in sealing a transformer by welding, as Mr. van Alphen
has pointed out. In our pinion, however, the disidvantages are out-

the advantages. There is no doubl that wekding gives you
perfect seal and should give the user & mainienance frec {ransformer,
§ peronutty question the uie o an o evel idictor s reqdeed by
SABS 780 on a sealed uni f the vel indicator !l!kt would
be sbove ol evel aed mm dorarorataIn which eust e penling
would become ineffec

As fur ns expansion space is concerned, we fully agree with Mr. vai
Alphen. The point we wanted ta bring home is standandisation. In our
opinion there is no need to have different requirements with regard 1o
the volam ofexpansionsptce: W ol prter o e one ol e
quirement in this regard, and we feel there is no good on
15 Ve GiMToerd Solsants of SpaRson et e aRasint SoiSecs
Mr. Palser raised the matter of the relative cost difference between
transformers with copper us compared with aluminium windings. His
view-point i that he would only buy 4 transformer with aluminiun win
dingsif b least there was a price dilference, It is virtually impossibe to
give 1 definite figurc with regsrd 10 the relative cost diflerence. Even il
at a tender opening it is found that the pli(t qru..mfwmmmm copper
and it cames
ohe payment of the Contraes rive Afstmant,there e price
differcnce. The price of copper has been Muctuating wildly in the past
nc I Tk has rcoustly i, quho 3 jup. by a1t wel up, oo
R 700 per ton (0.4 price of over R2 400 in a very shost period of time.
The prce dropped tain fler the el wis eachied b f your CPA in
dees happencd iod hat the sopper prive was high you
may find ynumrrm a situation where the ultimaie price you are paying
Tor the transformer is considerably uffected by this. You may argue that
the same cold happen 1o aluminium. However, the pust his shown that
aluminiam is much more stable in price and has never Muswated as
«copper has been doing. | fully agrce that transformer reliability is ex-
tremely important but we are pleased to state that world wide ex-

reliabl
nnn of axial ihoﬂ circuit forces to my i gratl’ <ontribute to making

bty I arguments in favour of aluminium but unfor-
tunately my time has run out and | cannot go into any further det.
naw.

Thank you

e
Mr. President | woul
Silama el ou's bile e ors o he s Tores o lighting mm.
tion of distribution lines, distribution systems which is conducted by
diating commities of the IR

member from the AMEU, This
e by ip. This committee
ddn Innl at me pmMms o luhu-u protection nlmmhumn systerms,

e i e by Escom for example and you
e 25 Salormons mé tlased Uhc St of (g el oo he
transformer thermals. :lmhw used a20 A
ueceutuly. bvipily o canto ombi
30 A Bacauee th fuse il e, Atledion s being o 1 kg
il kg srvmi o o 55 T o
n as high as 45% per annum, which is extremely
high and costly considering the expense of replacing them. The first
Sowirds amestng (i i been o propose he incroased hermal

the IEC s lmnafclnm n dl- course. But the Iuk fnrrﬂ s nm Mlll)
ill operate on

and has heu\ given atication to making 4 test read to be able 1o test the

ler multiple surge conditions, This equipment has been

Iilv!luud by the SABS. Hupd'ully one might have a lest for it by the

«end of this year, Under these conditions onc will be able ta test the local
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manufucturers' arrestors to sec if nm can in fact withstand 3 multiple
stroke of lightning. One other th uld menti hat i the ex-
perimental work being done by n, nww..“ In 3ot programme vith
Fscam on |1 k¥ line outside Pret fengihs, which has been
measaring thesurges du to I ieg mm:rmmcm\lruhomm: line
or strokes and we will be e

E
greatly in formulating optim
protection for 11 kV distribution sysens, 1 befeve. Uhis coming seison
will sce a move towards fiting arrestors
measurements on the effect of light 1
ou would b inerested Me. PresidentIn aving these nfor-

thought yo
tion. !h:mk you.
Mr. B. Sollergren: Affiliate

1. OVERLOADING
‘The problem of overloading transformers in winter ime aceording to
the questions b csars de Wet and Potgicter, | wish to make
comments based on the loading guide for ail-mmersed transformers
(IEC Publication 354),

K, = 07

1020°C
L=4dh Ky = 1367127
L=6h = L2T/1E

Because of the nature of the overloading problem the K,
should not be considered to he 30 precise. Depending on the actual
condiions, characterzad by the three vaiabls temperaars ime of
overlaad and initial load, rounding o valuss is suitable and
o tasbi it Ly Ml oo
expresse a5 follows: For an ambient (emperatre not excecding
s prmiseible up 16 4 hoars premtsat i ki
S R e average been lower §

SEALED TRANSFORMERS
Althasgh we hae writtsn in the paper hat a 2% xpansion space

ought to be ur main poinl was not
Siccaa Rtiagta vt 1 12 1 ke Th Vs bR
by Mr. van Alphen support definitety the conelusion that 20% expan-
sion possible ta uccept generally, We have also made

Aceonding o s guide the daily variable ad y divid-
up in two parts as illusirated by the simplified mmm
K
Laad
K
I

Initial load power as & fraction of rated pawer

= Permissiblc loud power as a fraction of rated power, duration t
s

For tho ypical or maybe ruthe high alucsof the inial loud. 07
and 80%; of rated pow, and 0,8 the following Kvalues
are Mnmcd Twmrrmm ambicnt temperatures have been assum-

20°C, representing maybe the typical winter
ltmptr‘mur: range for South African climatic conditions. The
selected overload periods are 4 and 6 hours.

smilar expeimsais s s confm he Coy s Ot ol remson For
proposing 257 expansion space independent of voltage data was the
standardisation aspect — it is not practical to design the tanks to in-
dividual cusiomer specifications with regard to the expunsion space
Our cuutious atitude t0 recommend 1 it oS00 VA for sealed
ansfors -d on practical considerations und ugai
it o prnu For larger sizes than ‘A muintenance
Viewnoints are prabably not o decisive s for smaller units, and
refore conservator iransformers seem (o be the preferred solu-
tion, and by expericnce iLis & good oil preservation system.

r. Fraser mentioned a case of cxplosion on & sealed transformer.
Without knowing the actual circumstances und how the transformer
J25 preckvisk 4 ot s pr i (st o o e
tike this, but it ought in our judgement 1o be of an exceptional nutus
14 may further be of ferest o menion that we bave — lthough ot
0uth Africa — experience of scaled transformers up to the largest
wm oF gk vk taafirmiers. Expechally in USA this ssien s
referred and specified by many Uiliic
Sp:ukmg finally on behalf of both aut it are most satisfied that
the new technology of distribution transformers for South Africa has
had 4 good eceeplion. It may therefore b of inierest to mention that
the same basic technology is defenitely not fimited to distribution:
transformers. Wark is in progress 10 emplay the sme design prin-
ciples in the smaller power transformer ange up o ratings of above
10 MVA

WANTED

SIX OIL CIRCUIT BREAKERS
TO EXTEND TOWN'S DISTRIBUTION SYSTEM

SOUTH WALES TYPE C4X.
11 000 VOLT 400 AMP 250 M.V.A.

Reply to: BOROUGH ELECTRICAL ENGINEER,
: P.0. BOX 5, HOWICK 3290 NATAL
TELEPHONE: 03321

- 2124
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are now doing installations in the various systems available (0 us locally
and then these sysems would be viewed by the likely tenderers for the
first contract of Soweto which is § 000 h Our experience Mr.
Chairman, is that there is & cumldrnhl: mnm- swmg with the new
systems and is also a saving in mat e of the fact that
e have {0 e adapors 1o it nto The ocketoulia Lo and swiich
boxes. The reason being that SABS (085 has tied us down to a certain
but I believe work s in progress to al leviate m: stringent con-
ditions and also 1o permit square knock outs that the
sysems could be fitted casily and expeditiously, Mr.Chairman the
results of Soweto ars not known to me yet, 1 will only kniow this on Fric
day when we check them over labour time, taken 10 do each individual
system, but | can assure you even if these labour fimes do not show con-
sxderable saving, with mass production at the ratc that is cnvisuged for
Soweto, which is 200 houses a day, we see this up to the end of the year,

the next 2 years, We heard over the radio
completion date not only for house wiring but also for
i Syl - ‘peoduction these new sysiems will show o
lubour saving and un economic suving lnr the country, It is in the

national inle; cause not only do these systems save labour and
cost per the icividualwing it e s great saving in
materia uce PYC locally, cheaply, we can casily outphase the

bt e i wiring Rouses
Thank you Mr. Chairman

Mr. K. G. Rabson: Exst London
Mr. President may I thank Mr. Lap for his remarks this morning, but
gray | perhaps ndule the electricalcontacorson ths e, W have
n East London officially on the new cade of practice
xince the benivg of the year 4ad i
municipalities i the Cape Pravince also officially operating on the new
code. And we have had & number of :pmrm.m or contrats or
tenders out. has
made provision for the new wiring systems and not in o MMI! case have
we had an offer. We have becn hearing for years here at the AMEU
conventions, and technical mectings 1hat we have perhaps been di
ing our hecls-and | dor't belicve that this i the case. One has 3 suspicion
that we arc sfill living in the times of tenders, that are based o the
sptemofwhatthe kot i bea, | hnk on o the weakneses rom,
the * point o view, means of
adapilon of the mets tyWem havm't Keph pace, e the sevual cable
systems, And in fact | have not yet seen u set of nccessories 10 e with
the new cables. Now it may be tha the distributing syste is wrong. It
would sppess o e thet ther s s & o0 Tt s o ekl o
tractors 10 use the new systems,
1 Soud be wrong i i and one hesiates t write o specificaton tht
rovides only for the new sysiem, 11 is difficult 1o decide at this state
Whethe ther s mach ifaenes i Tct botwevt e, PYC.pondus
system and the new wiring system. [ am disappoinicd that we in East
London and at any rate have not heen abie o prove to ourselves that
there s & cost saving with the two systems.
And may | make an appeal 10 manufacturers or their distributors 1o
make sure that the conlractors themselves are aware of what is on offer
and then perhaps ask the clectrical contractors' assoiation 10 make
sure that their members also are urged Lo do some experimenting with
them at least w-m the pricing of the new systems. Bul in our case if |
may repeat, have not received & single tender offering the new systems.
Thank you Mr, Fiies.

Mr. Wessel Barnard:
Mr. Questionmasier I think the problem is much wider than we realise
Lap.

and its been certainly oversimplified by M.
We in dohannesbury at tis stag, will b respomsibl for esing wiring
installutions in Soweto, Now our inspectors work on the ba: u
have 10 test an installation to cos
tice. We do not
L

ullliansorl code of
e W ot o men dises
n, So

members. It comprises people from the nduny, lecriea conraiors
from cverybody involved, | do't know if the NBRI are perhaps
represenied on Uht, ot | would suggest tha they should serv

fere 0. In fuct Soweto is part
of Johanncsburg. And | want a St which tels me that there are

Mir. P J. Botes: President
Ladies and gentlemen as Chairman of the New Commodities Com-
mittee we have had great difficulties in assessing these new com-
modities, They do have at times before, just the cables alone. the Ler-
minations alone, the boxes by themsclves and they all want o have ap-
proval. And i e s whre we hive  complee wione ssem beore
o assess what it will look like in a
have mination

; 5.
And now you must think whethes s  sable. Hew cam you ssses 1
However, we have great assistance from SABS on )it uiing s
on quality of products and what should be approved. The exact same
thing may be manufactured in S?;.nh Africa that e <ablesthe SVE e

th
less that ane should have pilot plunts done by the NBRI, that is how [
ool bout . Whereahse eso satams £as be ikcao e appecne |
think that is the only practical way. But for us to approve this type of
system before and the trouble i most of these systetns are only sys(ers
manufacturcd overseas, which people intend 10 manufacture in South
Africa. but they haven't got a sample for the South African product kis
0 difficult we don't know what to dar in this respect, Now I would
guidance from Bt | tak one shéol have thiough the
NBRI (o have pilot planis where these things are installed hat way and
where we can assess them aflerwards and then approve, Thank you.
Mar. Jan Loubser: Benoni
Mnr. die Voorsitter cersiens dink ek moet ons nel mnr‘ Barnard rng—
ielp. Dit s nic provals Committce™ nic, dit is nie die goed|
ringakomite nie, di is 'n “ Aanbevelingsko
hevelings. Dic gebruikers wat usell Is, kan b
vaer of vaar ni
Tweed

cste van ons sanvaar
ﬂe is nie.. Wl! cintlik betcken dat 1ot op daare
radingsmetades nie gebruik gewees m nie. Maar daar
Tk en di is dat ans hicr
vandag bymekuar s, i eindik Akmal voorsieners van Slekuuan s
huise. Dit is net toevallig dat ons Rade dalk betrokke raak in behussing
skemas wanncer om vereistes kan stel 5008 nuwe bedradingsm
Maar in werkikheid is it now ic meet ons werk nie, Dil s nou dié
clekiriese kontrakieurs se werk om te sorg dat hierdie nuwe bedra
dingemetodes wigsvoer word. Duar Is ' verdere vroag en wet 4 wal
‘oak na die auus geluister het, het now dic dag gehoor dat daar 'n nuwe
aciody v TN 1t i uitgevind is, Daar gaan by.
der onderdele in hierdie stel wees. Maar dic persaon het gesé die el wl
mie gocdkoper wees nie. Dit het my |aat wender. Gaan hicrd
drudingstelsels werklik virdic verbruiker goedkoper uitwerk of gain 4t
net meer geld in iemund anders sc sak wees? Daskie mr, die Voorsit-
ter,
Mr. L. Clarr; ESCOM
Gentlemen we have contractors puting in wiriag in houses on farms
but, basically farming supplies. Now we have approved certain of these
wirng systems for e Rand an OFS Reglon and | just want 10 poioe
out the problem rises with the systems. The systems themselves
worked wll pppaled probicms here and thre where we havefor
example i e fite
Ting docs o Tl i the cavily, The rel et problern is tha the wir.
systems are developed in Johannesburg, the price is much cheaper
than can be dane by local contracions 41 e el sty b

factories and people from Jobas neshurg Wk & e vt
in thal the farmers, basically farming supplies, are really toid Escom
ot appeone of this. That s the e tha ges around A ther they
say cheek wilh Esam. Now i thes paopks o votcheck wilh Escom
and find that we do agree with it, then the contractor gets the job.
ank you,
Me. G. Welch; Chief Inspector of Factories
Mr, Prsentfor n Mocharien Engnee o mu 10 electricals of cost
could be’c xe but list arguments about
e g that the peculiar
bird that runs around in ever decreasing circles until it eventunlly dis-
appears.
Mr. President then in the first place the question of costs. The new
cheaper. Don't ask me 10 prove u 10 you, but the Germans
cast conscious people and they have been using some of these
iotems ince e war and they v been uum it 1o reballd ther bom:
they did it
mmu !seuuu they wanted to ﬂo it, they did ft. |
A =unlll=lm Haihorites 1. y give these
lass g I hera s facrs Coth o systems wil be
prodiced A they will ventually be chetper. At o st approval of
these systems are concered, cvery supplier can upprove the system in
t does not require the approval of the Recommen-

Mr. Loubser has pointed out, He is quite correct

in domestic installations. Thank you.

n

in that respect.
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WHAT SOUTH AFRICA NEEDS
IS A LITTLE MORE POWER 8|

anything, it's a desire for economic g
And if there’s a power source that can
them fulfil that desire, it’s Escom,
E: is one of the largest producers o
ty in the world. It generates 0%
y used in South Africa,
of the electricity.
used in the entire continent.
But electricity isn't all Escom generates,
It contributes to the development
of all people in South Affri
A development that will never be held up
by a lack of sufficient power.
Because by the year 2000 its power stations
will produce over 4 cim==




‘The reason why the relustance on the side of local suthorities, | can
anly assume is hecause they do not want. at tis siage (o change their by-
laws. They are tied up in a tangle of legalitics which they themsclves are
pelctanttounte, | know tha | shulcall foth s torent ofshuse o1 my
head. As ecommendations Commitice of the AMEU | am very
disappointed to hear your remarks Mr. President, | think as responsible
engineers u is possible 1o visualisc what the system i going to look like
by looking omponens. We are a 3 poit in time where we re-
quire (o introduce th t irge scale, 1 am not |

ics, but you Gty ol fiddling with m;\
i s o baning going on, ou ill heve o secep!
these n.«pons\hlhl\:\ ilhovs uiiog o scrasas see, Yo mis g o
with the job. Thank you Mr. President,

Mr. H. Barnard: AfMiiste
Mr. Question master, you are on a very thin ice problem here at the mo-
ment and | would like 10 say 3 few things from the contractors' side.
slthough we are ol house wiring contractors, | can see the problem
why these systems are not just installed in every house wherever con
tractors work,
Now firstly there s a question of stafl 1o install these things. You will
fin tha @ contastor it will ndet on ajob ik that, will s exsting
methods rsonal stall. Should they use
ot i el s
situation where you will have most probably 600¢1 000 of his labour stafl
that has got t0 be trainod 10 da these new systems and when you have o
contract rnaily o SHIT penally clause at the end 50
that he won't have 100 much time (o train his saff,
The other problem ariscs, is who s going 10 train the siaff? Wil the
mimufactrer come out und shov thess people? At you wil know most
ik e Somap e daioh | Hil =1=l:lr|cmm whieh
ViN rageies quite s Wi of § 10 learn the new metl
The other thing s the existing :)mmm have been praved. You bad s
lly nice day yesierday trying i

Better than the old. Ho has got o laok after that system for

before he gets his last 10% of the contract’s monies and in a blacl

wownship where mechanical things are of very important nature.

the availabifity of
You have 200

houses 10 deliver a day and you ean’t have a 6001 000 chaps standing

around waiting for individual parts. On a system you have 10 have the

pecil
10 specify exastly what he wanss. It is not for the contractor 10 leave
design an offer for 1t a really com-

petitive game, you really g0 to know what you want 1o do and if each
one is going 1o come with his own ipc:»ﬁsulum o alternative 10 the
ation, you s ging Lo find yowself n very desp wias.Firsly

o0 WouY b comnpeti and secordly you will et all funns Iookin e
Mnr. die Vraesteller, dan is daar net een of {wee punte vir my eic nuus-
Kierigheid, Watter sisteme, en word die stelsels gekodrdincer, wal ge-
bruik word in nuwe swart dorpsgebiede, want dit is tog ‘n baie belangri-

di

Soas uself weet, dic VMEO het al baic werk gedoen in ierdie rigting
‘Watter stelsel gaan gebruik word vir al hierdic verskillende ds
conmerm. Tnesdons, die komsulante vt sangenel s
etk pubrvik Ml e riirns el dairgme) i dake
sals ‘of et elkeen maar sy eie sisteem wat hy volgens werk?
n Laaste vraag. Gaan relé geinstalleer word in hierdie plekke of gaun
it i pataons word wie? Daakis avenpor s Vrsssiohar
Mar. A. Lap; WNNR
M. die Voorsiter ek <t van onderaf bein met . Barnard, Hy het
ey o ‘mecstal na Soweto gerig is cn dasr het
ek voorheen genoem dat onis Gasr n paar huise tan bedraad met
eabllenda e, Ok dle speikatos vam e werk loa oo vi et
verskillends steluels et vier verskillende hoeveelheidslyste. Daarbe-
newens mocl ck ok byvoeg dat daar ook Locgelaat word vir gemengde
stelsels maar in daardie geval sal die tenderaar self sy hocueelheidilys
oe opate, Nou ratr esn gan asovasr ward, die tender it
e stadium nfe sé nie, maar die (ender is
“n voorbecld gebruik vir die res van dic
70 001of ek w1 g Beaa smout wand i e o ok

Mr. Robson, East Landon thank you for your little talk and absa the
question you mentioned that the problem lies in accessories, | know that
you und Mr. u,;ymdm it out und | umd-il}i‘ﬂllm\nﬁlh.ﬂ you did not
ct any erderers. Perhapsat i later stage When w
durdisation of et T i i bt s
which we will send 1o everybody concerned as a guide but perhaps then
you may find some tenderers M. Barrd you taked sbout over
Agrced. We have u problem —
nccessories, Mr, Robsan also mentioned it, But there arc ways of over-
coming it if the local authority or the caniractors are preparcd fo use
Uheir initiative. Mr. Loubser put it veryd clearly, you have the perm
sion of the code o try everything yourself. You do not have o wait for
approval {rom any committee.
Dankic mar. Loubser vir u bydrae. U het dit hmrdmd:lll gestel en die
rees wat u hef van die TV:stel, is seker by ons af
o die piar Ruise bedrand om te sien wat die werklike tyd is. EX het self
andervinding waur hulle cen huis bedriad het I ¢en van dic myne naby
en dit was moontlik om die hele stelsclin te it in scs ure, terwyl dit s005
u wet, drie dac neem met normale professionele siclsels. Dic mate-
rival was ongelukkig bietjic duurder, maar die spocd is daar. Dit kun ge-
doen word.
Mnr, Weich ook baie. | appreciate your help in this matter and | Know
W re going 10 get more help form you when we hope certain
wmendments will be mude to the Act, the Wiremen's Act, and perhaps
the 1953 ko ke R sl 1t g b el om0 ik
up these syt made s no actual
wiring dane. Thank you very much
1 know everyhody is aware of the various systems available, but in case
there are some wlm Mv: not seen some of the European systems, out-
side here in the porch | have just put o board showin

Wsalc iype o nleraurfuce o olher wordsFr plastered vl The
e aldo e for face work n which cse the web i
S | hank you M7 Chal
Mr. P. J, Botes: Presideat
Tosit an this Committee you will note what the problems are. May | just
rion thitthers e 9 be & i (o e Dep, o Labour af thay
ime. on this We have not had one for some year now. |
Wwoukd ke M7 Weich to an»d!l 10 let us have one of his men on this
immiltee. Thank you Mr. Weic
Mr. Johm Morrison: Affiliaie
ms Do ATy e
entative of industry. | know that |
Eetisiaraf olthese kg ey
1 tho fetcs uril s s mind. |
s ngativ thing, bt whet oL i spendung money o1
ottt 0 o A ok oot e Mo e o i
J 1t ey n spest ek LAt s i o s
accepled, | fully support Mr. Weich, bat th d-l!'wu-u.
for example the committee a- rez| ont v okl
SABS haxes, which in effest b s g s
s in Germnywing o b 10, o A 51 0
onto our standard four box or whatever they may be here. So | would
suggest that maybe s igh Mr. Lap or through our own sssociation
Where, we are réally ring und pet moving and 1o get of the ground.
Thank you genilemen,

Mr P. J. Botes: President
s and gentlemen, | trust that all of you know about the existence of
SATEPSJ\ calied SATEKG in Afrikaans.

SATEPSA (STAEKG suands for the $A Tebssommunicaons and
 Supply Authority, Ie members consist mainly of government
it Srpaiziions n he pnhll:sulm The Chairman is &
senlor member o F. SATEPSA is vested with very wide rang-
o et A el s P e
seeks to slimulaic and co-ordinate the preparation of cantingensy plans
in order to minimire the disruplion of essential seryices in the event of
an emergency situation of any kind.

o
Tot formulate polisies, co-ordinate planning, document resources and
prepare contingency plans relating to:

(@) Procedures and lines of communication,

() facilities.

van die land. Indien dit uitks
u}dmmrlwr - Regee wurd‘ vunldh is logies hoe meer huise
i ki bedrapd Vi d1ssoHBe e, hoo Buter sal i wes i uns Al
Dan was die kwessic van dic kodrdinasie wll!ek nou genoem het, hos
word

mandateer is en op hierdie stadiun Is daar niks verdul te 5é nie. Alle
huise volgens dic kode moet dairmee voorsien word,

k]

(¢) Standby power supplies for telecommunication facilites
() Supply of power in emergercies.

‘Tasks which concern the AMEU

(a) Establish categories of consumers.

(b Establish criteria for determining prioritics of consumers.
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A view of the

(<) Establish criteria for relating priority to duration of supply interrup:

(d) Evaluate ull consumers in each area of supply

(e) Establish district, regional and national priority rani

1) Menify crs with high priority and inadequate security of
supply

(g) Consumer lisison and edusation

() Establish unambiguous procedures for the initiation, mainicaance

und cancell

jon of load shedding in accordance with prioritie

(1) Co-ordinate the adoplion of standards for and the provision wnd use
y power supplics.
d extend mutual assis

aprecments

d mutual standby agreen vith Ese ene

i th los of ,.w =i  provide for proper recoery
ng of pe

re continued supply of fuels in an

In the Rand and O.F 5. aves o supply all corsumens have receved 4
Ieticr fram the ESC r n Data Collectior
It reads thus

The South Afri

tion and Power Supply Authority,
which was formed der the chairmanship of & member of the
South African De The aim of the body s, inter alia, to co
ordinate clectrical pous iplisfn el wey 124 0 provide for the
a y hen there
od averilcy ower for up 10 48
e, Soni Fegeeicutaiveb o the Dapis i at0r FORE
mun various arms of the South Africa
h African Police and other state depart
nts/ institutions secve on this body
SATEPSA functions at national level and is us ional sub-
committees und lacal work gfoups in (he exceution o it tak, T
h rements which may arise, it is n

ations, Escom, the

pla
ation und electrical pawer supply for con

concerning felc s
gencies be drawn up before an emergency

[ infor concerming electrical power
suppl; The collection of this date is presenily the
i sctivity of the SATEPSA subscommitiee concemed with power
supply. Once the data has been gathered, it will be processed and @
priority list of consumers who will then receive essential services during
Emergencies will he compiled

The collection of this data is s very large undertaking as information has
to be collected from all the Republic of South
Afien I order {0 make the ik more mantgeabl. i us .mmm

nt of collected data for processing by working o

ower consumers

mit the am

e ption. With ths in mind, allarge consy ki ke
have been informed that they are not on the priority list for receiving
electrical power during any emergency. Data nced then only be
collected from those consumers wh it applications for inclusion

on such 4 priority list
1 must appea 10 you to give your co-operntion s far as possible. There

AMEU TECHNICAL MEETING — MAY 1980

aatkou (hak he i pies Ear b9 e o0k
i fckae Tepond 1a s latter . e qu st s s ol

Mr.

will also like 10 say a few words an this maty

M. M. Waller: ESCOM
Mr. President, gentlemen hr\(U‘S/\ u ,i\ you have heard from the
resdent an orgnialio t Government's level. Escom
he major supplier of clectricity \immpnml the coutry s been
invalved right from the commencement or the PS;
and there have been meny things over many mos
working out how power provisioning under emerger
i put delib
carried out, sample questionnaires hav
larger consumers of Escom, a compt
and in oct s been tesd o
categoris of emergeney ang c
qmr:rm.mx Tiest of all obviousk

o effect. As 4 result o

ations that hs
el it

ramme has been developes

situations of pows
by 4 nsare uhe safty of e A Il
Now 1 don' want ta say 100 much about this, Mr. President, but | must
appeal 10 all members of your organizution to take this matier very
seriously. Murphy's eleve States that what has aot been planned
for is bound 10 hapy ally all we're asking here, s that we should
planfor siall every poxibs oningency. Agu one doau'Lvant b
say (oo much ina Nm‘. all of this nature, but | believe we must realise
L\.m\:mw thetime s running out. We can', g0 on ling inthe bopes
s 1 4s, Sorse yoars ago we i safle i quike lew
‘.mv, attcmpied sabotuge, and it was  very amateurish
5o rain power line siru

ot the tension legs. In linc
suspension sir struetures, and par-
ticularly not angle strain structur 1 don't believe we are
caling any more, and this is been confirmed by very senior officials of
the various State Departments concerned with security and defence, we

amajor emergen-

8 power supplics, sither
mation wide. | belicve that aiso 5 pant of our otal
have in

fered from oods, from &
" of the same cmergency planning that we believe that responsible
responsivii o plan

of

adequately for these contingenc
Murphy’s eleventh law I e do ol
jent, | would ask that you nd your members give this matter very
s thought. It is not an e quﬁ!mmmr: that you wil be asked 1o
Complet. f you return that reply can cve that all, | thin
ol ther. ey, repiomal Comilieed o the SATE
but SATEPSA needs this information if they a
job, if in fact somebody says the paw-paw does really hit the fan ot any
time and 1 believe that if you have problems incidentally, filling in this
questionnaire, please contact the Local Chairman or his assistant on the
regional sub-commiliess, power
SATEFSA, you will be ab
them, you can always contact through the local Esco
office, as in most cases the Chairman of the Power Provisioning Sub-
ommitiee is the Head of the operations or distribution in that par-
ticular area. Thank you. Mr. President




jou b:nk by jou beste vriend

Statistieke toon dat die meeste
mense nie daarvan hou om hulle
mk-nlng, na ander banke oor fe
plaas

Nie noodwendig omdat hulle
gelukkig is by hulle banke nl-

hll net unvcudl e veel

bul. mense ml-l bolo

geld bv odbanl( Intelligente

mense In fopbetrekkings.

Mense wat sonder hulwering ‘n
ander bank sou kies as hulle nie met
ons diens tevrede was nle.

As ‘n bank vir jou meer beteke:
blfm ‘n béreplek vir jou geld, kom

Want dan Is Jy ons soort kilént.

& NEDBANK

etk B G ercn Harces

gesel

lets van belang: Meer mense kom na Nedbank op grond van wat hulle by ander Nedbankers hoor

N
«as om enige ander rede. Vra ‘n Nedbank-kliént ult oor Nedbank. Hy sal jou vertel dat Nedbankers
almal besander lojaal Is. Dis miskien hoekom ons die grootste bankgroep in Suld-Afrikaanse besit is.
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DRAFT CODE OF PRACTICE FOR EARTHING
KONSEP-GEBRUIKSKODE VIR AARDING

AMEU CODE OF PRACTICE FOR THE APPLICATION OF MULTIPLE

EARTHING TO LOW VOLTAGE DISTRIBUTION SYSTEMS

Intraduction

Multple earthing systems were first established in Europe in 1980 as 4 means of o e ire
sreasing ey f bianin Tent caths or LV distrbion etworks s consne

S oo on s s ecaio and s of ki WIheFo wrs accspLabis and relisle cnnns
T nergrova metale waies maine and burisd lectrod

The pincpl o lowing consumers Lo conneetthir carthing ead o he el was el mq-mi
several years later and in Britain | ic Light Act 1999
trodu e Ak e b Mlite Bahlng hpproral Ack 1916 and i it Mullmi:
Earthing Approval Avt, 1974,

“The former provided legislation which applied 10 supply suthorities in Britain and the fatter epplied to

a

These Ac i : is t0'be carthed 1o
the supplier's nutral, subject to compliane with certain conditions,

Ut brckmatear sondiion,the Protective Mutpe Exrthing (P M.E.) System can ive rc o
cer ards which are avoided in the Multiple Earthed Neutral (M.EN.} Sy

o T i e ko RS S a7 o p\:ew!hll’lin\nu voltage dis-
tion systems.

"

1. This Code of Practice deats with the design and installation requirements of o multiple carthed SCOPE
: 10 new insta by to modify

ing existing instaflations,
Three systems are spscified in this Code: TYPES
() Multiple Eurthed Neuiral (M.EN,)
(b) Protective Multiple Lil“}lrl' (PM.E)
(6} Protective Neutral Bonding (P.N.8.)
1. Description of Sysiems
3.1 MLEN. System (Refer Fig. 1)
A system in which the neutral s carthed
(4 AL or near the star point of the translormer
{b) A athe points om an LV disributor
(e At the remote e..u
Al service conne: Gk miwued neutral and a separate earth conductor, The con-
et carthing Teud  ¢00macted (o Uhe-Suppier's Sarh terinal 1 the CORUMEE's SUPB
point on his prediises
The newtral and earth conduetor are solidly connected at the tee-off point on the distributor.
P.M.E. System (Refer Fig. 2) PME,
A system in which the seutral is carthed
{a) At or mear the star point of the transformer
(b} At other points on an LV distributor
{€) At the remote end of every distributor
Service conncetions comprise o neutral and live conductor. The consumer's e
connected to the supplier's neutral at the consumer's supply point on his premises.
3 P.N.B. Systems (Sce Fig. 51
A system in Which

3

fed from & transformer supplied by an averheas

) Onty ine without an earth
cantinuity conductor.
[b) The neutral is not carthed at the star point of the transformer
) The scural s tarhed ut i pint on the cansumer’s service connection, at least 6 m
m the transformer siar poini
4 Basic nmqu between MLEN, and P-M.E. Systms
the MEN. and P.ME. syst aguide

The followi dvantages and dis

in the cholse of system 1o be adopied.

4.1 Method of Earthing Neutral
The basic difference in the M.EN, and P.M_E. systems Ties in,the method of connecting the
consumer's earthing cad at the supply point on his premises, viz.:
M.EN, System: Earthing lead is connected to the supplier's earth terminal

PM.E. System: Earthing lead is connected to the neutral
42 Safety of Operation
4.2.1 Broken-neutral Condition: P-M.E. System
A break in th lofa P.M.E. on can give rise 10 4 hazardous si BROKEN
because NEUTRAL
(3) A broken neulral result n a loss of an earth connection 1o the sonsumer's premises:
) I foad i

he premises and the wpplir transformer which may be hazardous (o public safety.
(6 Loss of a supplier's neutral will not cause un earth leakage device 10 operate
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4.2.2 Broken-neutral Condition: M.EN. System
A break in the neutral of an M.EN, service cannection would
consumer or public safety.

4.2.3 Earthed-neutral Condition on Consumer's Premises

b huzardous 1o the

The indvertent dthing of  newral i the wirng Imtallilon of o conmmecs prmses  EARTHED
o Myt lestm g /1 ndypet ofesnhlerkuge desicss oty ey HEUTRAL O
In the PM E. system the uf;ﬂmlumg effec is moee pronounced than fn the MEN,  CONSUMER'S
sytem beeaas of ihe vhed tura® clfet of the neutsel carth Tl and the  WIRING
neutral-to-earth bond,
4.3 Cost
e M.EN. system is mare cosily than the P.VLE. system to the extent that an additionalcun-  COST
ductor mus 5o provides wih ceh serviee cannection,
5. Technical Requirements for Distribution
Systems and Service Connections
5.1 Distribution Systems DISTRIBUTION
MLEN. and P.M.E. sm (Refer Figs. 3, 4A, 48, 64, 6B & 7) SYSTEMS
Distribution h mer substations (h mounted
b dine, with or without

ty conductor, should be installed, connected and earthe
Quirements:

o et sk o . arutomimbep Evltgons a4l et Wk pposae e il 1V i
cled direct Lo an earth electrode hereinafier referred 1o a an H!

accondance with the following re-

Lty iy
by Where the rsstance 1o earh of an 1V carh lctrode i 1 s or e, 5 permisbe 0
arth the LY neutral at the HY earth electrode position.
© Where ihereianca s cat of s HY earhelstrd ucseds | . the LY mewar
d at 4 minimum distance of 6 m from the HV carth elecirod
) m cnm-;«nnmi o o e AL ORI e i ot e 1 ek i
 phase conductor.

(<) The neutral of underground and overhead LV distributars shall be carthed at m...m ends

(f) Where the overall resistance 10 earth of the neutral of an LV distributor exceeds 10 ohs
the neutral shall be carthed ut intermediate pasitions to reduee its resistance 10 ai
belaw this fimit.

() No circuit breakers, isolators, fuses, switches, or removable finks shall be installed in the
neutral beiween the transformer star point and the remote end of uny LY distributor or ser-

(W) All metallic sheathing and armouring of cables and all metal work supporting or enclosing
LV distributors shall be connected 10 the neutral

(i) Where u separate neutral earth (S.N.E.) cable is part of an M.E.N. o P.M.E. system. the ur-
mouring and/or mesallic sheath and any earth continuity conductor shall be bonded (o the
neutral at bolh ends of the cable,

) Multiie carbiog may be saried out by contacteg the nautal o ober supoly et
S clctrodes, cable hcalhy e STIauring A these connctiont e 1o b
quired overall earthing resistanse value ot 10 exceed 10 oh

(k) To ensure the integrity of the newtral, it is recommended that alf connections and joints on
or ta overhead line conductors be mads. by compression fittings or, ahiernatively doubie
bm.l sonnestors,

(0] P.M.E. may be applied to any single LV distribuior without alieration 0 other
IV ko supplied from the sume transformer.

5.2 Pratective Neutral Bonding P.N.B. System

ystem the neutral i oot connected Lo cath . the ransfommer peion:but ool o ove

position, viz. adjacent (0 the consumer’s install: ince the neutral is at one point

oy, th Questan of multple sarthng docs not rie and there i, therchore, o Seceschy 10
meet the M.EN/PM E. technical requirements.

5.3 Sarvice Connections: SERVICE
5.3.1 MLEN. System (Refer Figs. 3, 4A & 6A) CONNECTIONS

The following conditions £ Appy 0 Somumen ervce connectiont 18 el e vice Cone

nestions 1o raffi si sy et Uglag s ot paiersconsurlng casip-

et msaled in public thorauahta

(a) A single phase servise connestion comprises a live. u neutral and an earth continuity
conductor (E.C.C.)

(B) A polyphase service eonncelion comprire two o (hres phase condustors, a neutrsl
and un E.C.C.

(6) The st 134 Ptk s deotee e ok connerit sl abe ol i LY
Mgk

4 Tnmconmumarssevicsocnnecton, the carhing e i comneetcd 10 h E.C.C. of i
serviss: conncetion al. the supply point on. his premi
(e} In & servise connection 1o (raffic signals, sireet l.;nu und i povssenuring
equipment installed in public thoroughfares, such equipmen s carthed io the E.C
of the service connection.
532 PM.E. System (Refer Figs, 4B & 68) PME
The following condit
(u) A single phase service connection comprises a five conductor and « neutral,
(b} A polyphase serviee connection comprises two or three phase sonductors and a
meutral.

s apply fo consumers” service connections only:
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richest sources of metals and minerals,
Dul finding them, mining and refining
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{6) The:contumer's serthing Jotd i connesied 1o the neutral f the comumer’s service
connectian at the supply paint on his pre

b el S G el \a-l\cwpplypt o1 an his premises indicating thi the

is part of a P.M.E. sy
NO‘I‘E Iuis nat v=c.mm~=nurumm the I'M E. system be applied unupph iraffie sgnubs,
street signs or other installed in e
because the PMLE. system is inherently unsafe under "hv()kgm\\cuu con-
ditions.
6. Appendices
6.1 Appendix A®
Size and type of contuctors for eurthing HY equipment and LV multiple earthing connections.
6.2 Appendix B
Recommendations on the practical installation of earth ckéctrodes.
* Not yet available
W.BA Kh.l RD
CHAIRM
H\RTHIN(\ SUBCOMMITTEE
1.5, 1980
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BME SISTEM APPUIED T0 MON-BME
AND NEW PME CONSGMERS

o ent_sren oces o [FIG ]
OF WY EQUIPMENT AND NEUTRAL EARTH

et

e e
pehe

Mr. W. Barnard: Johanneshurg
“The subject that we are discussing here, which is basically wo earthing
systems, there arc wircs in both systems bt most of usdon't understand
e bole nbect of (i secre g cim w 2iplta e e o
these two systems. Basically there are two sysems, which is s M.EN.
system and 3 P.M.E. system.
We don't want 10 get involved with the campus from the Cape abaut the
use of CNE cables, We don't want 1o get involved with Transvaal, the
Verligte Transvalers, with their refusal 10 use earth rods and we sertain-
Iy don"t wait to make the people from Kakamas cross hecause we won't
sl o ws ic ey pipes

So eft out
b e e pmmm We have tried to give you
‘s and cons but in the ond it will be your desision what xystem you
we said hiere that the M.E.N. system has got certain very sub-
mnmlmm tages. Firstly It s 1 safer system under broken neutral con-
ditions. The second thing where it alsa has i big advantage is it doesn't
desensiiv carh leakags reliys 1 the same extent as PME system can
be descmmitiscd. As | sec if, the only advantage on the PME system is a
wery slight cost saving, | lhmk e saving that when
you take into aceount the ris you can run with spurious voltages
and leskage currents undesbroken neutral condiions. We have pur
sty 68 the aresares bassaus we don e b0 heve ruu e
debate today about this, but | think that the sanexures or apy
will be u vital purt of this document, hecause it will lst und e i be

ron mmendations on the
ion of earth electrodes and finally, we will also it the
ey e S hand between the

d o
structures. "\: mlcllll-m i mt we would ul yw to mcm this as a
draft ind for

o i lccepuhle They are
this us 3 Code of Prastice without alteration.
1 nm s shicumd it ¥k b Chint Hipacte b, Wik ind B b
lintdiec at least some. progress in ¢omi
o ol 11 W 8 1o 0 St i subject, i
e qule remendous provices 8 Grer thecouniey now for & pumbet
of years. Thank you Mr. Chairman.

"

Mr. J. C. von Alphen: SABS
M, Charman | agree with the iea thal M. Baard s put forvord
‘We have been battling us you all know for more fhan 4 year
ik Vil ol Sl sl ol et
essentials snd | think Mr, Barnard's frst approuch here is very good and
jould carry on 10 furiher discussions
Now also at the level of the S.A. Institute of Electrical Engineers and
the Chairman of the Power Group have also been discussing this and
from a return of questionnaires we found that there is quite an interest
from various regions in cither workshop or u symposium on P!
MEN and we have decided in our power graup 1o convenc a sym-
‘posium, not @ workshap but a proper symposium, where the various
speakers from regions should answer matiers of proper document, leee
turc, probably next ycar, say ubout 2 months before the next AMEU
meeting and 1 think then the resuis of the symposium could then be
reported back 1o the AMEU for further action. Thank you Mr. Presi-

Mr. H. Barnard: Affliste

Mr. Chairman to me there is just ane point that does bother me
these codes of pracice and standardisation and so on, and that is thai
You have given (wo systcons 10 hoose from. Why can't they jus sort this
ane aut to one system and everybody wses that and that Is the end of it
You have various municipalities spplying the two systems, maybe two.
towns are using the one system and the other two towas ot and that is
alko going to cause various problems once sgain. Thank you

Mr. W. Barnard: Johannesburg.
M. Question Mastor | think we e, put forvard two Aeritivs
inky bocause members feel they don't want to 9o (o desr i
Hopetully the majoriy wil implement an; s, bk ou el serian
coue where it e probls You g xve ses again where the
cost i appreciable, I you have very long services for instaice, this
could be a factor and | am hoping that in general we will adopt ane
systeam, but | donot belicve we have got 1o be dogmatis about it and iry
and say 10 our members you shall do this and you shall do that, | think it
mast be left to their discretion The PME system is certairly the inferior
system, but if it is used carefully in sccordance with the technical re-

ithall
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nents that we have listed, there is o reason why you should not

q
use it

you
Mr. E. de C. Pretorius: Potchelstraom

M. have one question, traffic signats
and cables to streetlights. The ECC cable, is it a proper ECC cable? I'll
tell you why I am asking this question, if you refer 10 figure |, the ab-
breviation ECC refers (o earth continuity conductor. But 10 my mind
ECC cables is something special, that i 4 cable with copper conductors

in its armouring. Thank you.

Mnr, W. Barnard:

Mar, die Vraesieller, ek weel nie of ck heeltemal die probleem rasksien
hie, maae dit blyk vif my of die nardgeleier, of hy in die kabel i of los b,
maak nic verskil nie, masr in altwee gevalle vervys ons na dieselfie
aardgeleser. Di is heeltemal oorgelant aan dic ingenicur se diskressie
Eksell sal nie baie gou die pantscring gebruik vie 4ard nie, mast &5 mn.
Pretorius dit wil gebruik, dan kan hy dit gebruik. In dic byvoegscls sal
it meer duidelik gemask word wat die alternatiews is.

SABS ARMATUUR SPESIFIKASIES
Die implementering van die nuwe SABS 1277, 1278 en 1279/1980 arma-
tuur spesifikasies v atraatverligting en vioedverligting.

Mr. J. Morrisan: Question Master

SABS LUMINAIRE SPECIFICATIONS
The implementation of the new SABS 1277, 1278 and 1279/1980 laminsire
specifications for streetighing, Interor lighting and floodlighting.

. Did ding was so drngend dat k vi, my topbe-
stuar ou cn nou, nadat

Ladis and gentemen Me Jan Smit s dus o eud this . He
n opcratan and s now bome-seconeing and ve il i bi
very el me e will ke that message back with him. Can | sk
Mr. Steyn e sabstling for hien
Mor, H. J. Steyn: SARS
Daar is 'n paar dinge wat ons onder u aandag wil bring, maar om my in
staat e svel om dit duidelk te dosn, most ek ecrs 'n kort historiese oor-
sig van die projek oor straatverligtingsarmature p-:-: Dié spesifikasic is
warspronkiik dear die VMEQ aangevra en daama is daar jaar na joar
deur die VMEO druk op die SABS uiigeoefen vir die spesifikasie. Die
opstel van die spesifikasie het funk geduur, mas daar was goeie redes
daarvoor en ck ml dit kortliks aan u verduidelik. Die .,.:.u.k.m vir
kasie vir
Jamps I kst yd sangevrs. Daat s 108 besuh om cors die 9e-
siffkasie vir Klaar te maak,
i G0 (A I i e ik mi it Mridiiigs reaatis a e ptlk, Die
spesifikisie vir hinne-srmature, SA BS 1119, i toe in 1976 gepubliscer.
Dic projk vir straatligarmature word daarna om twee redes verirasg:
Eerstens word SABS 1119 nle aanvaar nie en ons kon dus nic vinnig ge-
nueg ondervinding opdoen nic. (SABS 1119 het selfs now nog maar net
angeveer 3% aanname. of u dit now wil glo of nic.)
Twesdens het dit mel die klein bistjie undervinding wat ans wel opge-
doc het, vir ons baie duidelik geword dat daar cers ‘n spesifiknsie vir
die bt vic ancingarnpe sl moet weet voordat. o peifkaie ir
apgestel sou kon word. 'n Spesifikasie vir balluste vir ont-
SAl . i toe in en nob is die spesi-
Mikasie vir strastligarmilure ook uiteindelik gepubliseer.
Omdat dasr 50 "6 nowe verwaniskap tussen sirastligarmature en twee
ander fipes armature. waarin antladingsampe ook gebruik wqrd. nl
binne-armature en vioed! et die Komitee op aanbeveling
o e SABS besuit o el e ook sommer spmilikades Vi
twee tipes op e stel. Deur dil te doen, i dusr geweldig bie tyd bespaar
SO By ot e e A o o RS AT
seer word, nl.:
SABS 1277 vir Strastvertigtingsarmature
SABS 1278 vir binne-armature
SABS 1279 vir viosdiigarmature
Al die nodige spesifikasies is dus nou gepubliseer en ons is seker da
van dal ns nie in hierdie geval dieselfde prableme gaan ondervind s
wat ons in die geval van ballaste vir fluoresseerlampe ondervind het nie,
waar ons veral hitteprobleme gehad het. In danrdie geval het ons in die
oargrote meerderheid gevaile gevind dat dit nie die balias se skuld was
da dit it et nie, maar wel dié van die armatuur, Omdat daar
nie "0 spesiikasie vir di armaiuur sell bestaan het nie, kon o piks
.0 nie, maar vandal die spesifikasie vir binne-srmature ge-

hel
ittt bl o Wb
moctck cker o eioops s dat 2 ot hom Besul, y samok om
d ok sal doen. ikicn deasop s da deaakin:
de an 'n snkele sprsihbasiesKomilceversaterig R

Mar. Smit het my daarom versack om 'n berosp op die VMIEQ te doen
alu lede
rat sowel 3 op armature, Mor. SmiChet gesé dat ek vir U moet sé, dat
weet wat om met 1oekomstige aamsocke van
dic VMEQ te docn, want ons moet ook ons prioritcite in die regtc volg-
orde kry, Hy het alreeds mes mnre. Eugene Precorius en Jules ven ANf-
ten geskakel e het my versoek dat ek did twee here bedank vir die on-
derstcuning wat hullc tol dusver aan dic dag gelé het
Dic tweede verskynsel wat ek moet noem, is dic volgend
tecvergaderings het dit duidellk geword dat sekere fabrikante dic in-
druk skepdat die SABS merkgeded e pryse v produks opstaot en
dat hierdie indrek nou by verbrui ¢ het. Daar word by, op
Nolirarymdseige 961 ethesins ek e K vt e
SABS-merk op dic prys van sekere produkte gaan wees en selfs op die
afgelope SANKV-kongres is dic vrasg ook gestel, Ons is deur 'n ver-
bruiker ingerocp in die geval van “n fabrikant wat twee oSnskynlike
identiese armature sanbied, een mét die SABS-merk en ecn sdnder die
merk. Die éen met die merk kos R24 en dn‘. cen sonder die merk kos
R21 en dic fabrikant vertel aan die verbruiker dat die twee ienties i,
maar ot die sen et e merk duardr v, omdat by merkgelds duarop
moet betaal. Toe ons die suak ondersoek, biyk dit dat die twee arma-
ture nbe identies was nie, want dic R2 cen het nie 'n Mllenlk in 004 dic
ander cen nie. Die gnedkoper armatuur sou dus A0t ' kans gestasn
et om i spesilasic deur e kom nie en s mens kan skaars gl dat 'n
die indruk te

diger 30 onetie
probeer bring dat dic twee ekt
Om Berdic bewerings dat dic SADS-merk dic prys van produkte aan-
sieali  weerls, het mnr. Smil my gevra om 'n
bl t¢ ocm van mertgdkle op veablicmde peodia
orbeelde in di verligtingsveld aan w noem, omdat ek my nie buite my
SESIS il as S atar ok week o ez, Salt g e Y007kl
aan u xou genoem het, (Ek vermocd dat hy veral dic voorbecld van dic
belaglik Iac merkgelde in die geval van sckere elekiriese kabels aan u
500 wou genoem het.)
Kom ans heskou egter cers 'n produk wat ons simal ke gewone gloci-
lampe. Op to1 'n drywing van 100W. hetual ‘n mmhm nan die S,
Buro vir Standuarde gelde van 32 sent op clke — 1000 gk
By mot die SATS-mork op vervaardig
in die winkel + 52 sent. Die verbruiker sol
i et ke then lampe wat by km' o o v-rs:krrmﬂ

€ kos ecn !Joc 3

publiscer i, het
armatuur dic SABS-merk dra nie. En dit is 'n bekvol. In hies
van srmature vir oniladingslampe et ons nog ‘n iy
faktor deurdat ons “n minimum van kins B-isolasiemateriaal vereis vir
die maat nogtans ‘n van net 65°C
U 0°C toeua. DI i el o gt aepeving un abrkante o o
i stem om aan sulke streng verhittingsvereisies te ey {Trloops
Kan ek noem dat ..dmmlmd. p:. Kasic SABS 90 vir bal-
Uit v Duowescerlamp, i veriungersiesverhoog I n it
1 e g diselde Taowairige sameverking vir Rbrikan:
T Sndirvind
ac b sou splar st verskyeis vt wat ;S o e b
somdr i dic SARS i di aigemeen hinder
Eerstens vind ons oms dat ‘n spesifikasic asngevrs word en dat daur
druk op die SABS uitgeoelen word om dit te voltooi, maar dat niemand.
gebruik dasrvan maak wanneer dit voltooi is nie. SABS 1119 is byvoor-
8197 o gepebliea cn et sl i nog i eer 7, uanmame:
Ander erdic vereniging te
e e

geval
heids-

8

dat die Jamp p moet maar self
sluit of hicrdie
of nie. Dic inslag op die laagste W‘ aarvoor dic Cuhﬂklllll q \nm'ﬂ
verkoop, is ongeveer 0,18 persent! (Minder as | sent
Kom ek noe el van *a produk it A lerl Die ge-
val van hnHme vir Nuoresseerfampe; Die fabrikant betas] merkgelde
van 85 ser y verkoop.
1 sent pl(h- s e weereens minder s | 3ent of R
S0 kan ons voorigaan met voorbeelde en ck kan maar net 4an
dat in my ufdeling die haogste inslug wat SABS-merkgelde op die
an ' produk a HE ongeveer 5% . Dit i n die el van sekere
ballas atrumdumpampe war di omset i di i nie
baie gyml i e Bl st onder v sandag bring it wrdx SA. Bl
vir Standaarde mlmea e R2S 000 per jasr kos om die merkskema m
hierdie produk aan die gang te hou en da per enkele item meer
sal kos indien die omset luag is. Indien die inslag van dic merkgelde op
die fabrieksprys van 'n sekere produk, waarvoor 'n standaardspesifika-
e oorweeg word, te hoog w, <4l my Raad nic tocsiem dat 50 'n spesif-
kasie opgestel word nic.
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Kom ons gash now terug na die voorbeeld van die twee sogenaamds
identiese armature, waar die een

met dic merk Rza #ekos het en die een
3. en ons probeer vasstel wat

die verskil in prys na regle Yehoort te gewees h:! indien die armature
werklik identics was.
Gestel dic lamp, die ballas, die kapasitor en die armatuur self he( almal
dic SABS.merk p gehad dan sou u, wat merkgelde oanbelref, maksi-
maal die volgende gelde chstra moes betal het

1 sentvi die ballas

1 seni vir die hpn.«i\ur

§ sent vie die

§ dent vie dic amataur self
Dit s dus "0 totaal vn 8§ sent verskil! Wat ook al die verskil is wanneer
die armatuur by  sankom, behoort dit heelwat minder as RY te wees!

Mar. Smit et my gevra om 'n uitnodiging san u te rig dat enigiemand
wal twyfel het in verband met merkgelde, enige tyd met hom in verbin-
ding kan (reg, Hy sal vir u die ware feite goe. Hy beskou dit 38 55 be-
langrik dat by te eniger tyd, tyd in verband daarmiee sel sfstasn
Mr. John Grundy: Affliste
Mr. President, Quiz Masters, Mr. Steyn, gentlemen, | am only speaking
on behalf of my own Compuny, | am not referring Lo.any other company
tsocver. Overall we fully support ( regard to the
specifications that Mr. Steyn has mentioned. We were invited 10 join i
the commitice dranwing up cification, 50 really had our say and
having in effect co-operated, pul our names
agree with it, Mr. Steyn mentioned :qln()hmlzflhr)pm
the costs. | would say. us far as we are s part of an inter-
lonl goup, inee e b the e o 4t Rt o
South Al we sataraly have o manuluture rosd Ushtng
Tuminai lights and others really Lo fil in with iniernational
SoRciisiiont: eatts s DIk CoRpmcs BTk ot secasonaly
<all on us for components, culled upon us for luminaires and we
also call on the ‘we might say we have been munufacturing H)]lll!l'
nntional standards, io Brtish standards and whatever particular stan-
dard s b reqired. M Sty entioned i question of coss
ourselves have a very happy relationship with the Burcau and we think
aically th the Goasare quie i and quile Jogial for the ime ¢ n-

¥olied n eting pard . Quality <
come ts Il‘d 1 am goi tn raise with the
Bureau thi handle the quality control

re goil
4 the e octrer. {shia e Mure el be 1o the advantage of the
municipalities in so0 much as an refer to & particular SABS

inflicting un il
Som wich vy oten 3 o 4 pages of o of Guesionnire 1o befiled .
The yellows Tho it The et audi The rght ptbat et on

of the Nr\mnllr luminaires, Thersfare in future all that s necessary for
the ng we require these
a particular speciication of the Bureau: Now o this qucstion o cost of

lestng. | looked ot 8 paricular municipalty's tender rviation for 1

125, 250, 400 W

Mongte % recenty and i can %0, apour
famps. 55 W, 90 W, 503 Jow pressure mdmmwd the ke
on into high rlr-mm: »lnllum 270 W, 350 W and 400 W cut-ft an

ality is not gw-lx 1o \n:nd Wik
year :\urth,m\lp |M wh lic r‘lrl.(c A\Illhh( luminaires, because as far as
he d. 22definie the SABS
mark is really quite against the economics and what we would do, would
0 select what we regard popular luminaires, strectlighting
uminaics. (oo Ights Py 10 the Breau 1o The thark nd ook ot the
market, it is going Lo'cost us 4 R\ 0 i mark on one.
particalar umin i going 10 sell a | 000, that iy Rl per
fuminaire, that i going 16 go on pm. also of course what you might
repirdas the Burcau royalyfec o S or 6 fo putling.on he vk on
the luminaire. We would be quite willing 10 pay this figure on the in-
ot 1 1 1ok ot 10 ke praf o M, Sieym sgaesind of
putting o certain luminaire with wt the
Burcau mark and saying that is R2 and R3 différence, it sould not in aur
Torm of business of flaod lights, road lights and luminaircs continue (o
our factory in this method
N { ot hink this o sclly o {0 Mr. Sty Bt n Vet or
April. on page 50, there is an article, who t domt know,
Pk 1 v (o SABS accrndied or ecticated Ubaaiats, ks
this is ane for fesoe bt 1 wouldscem {1t accoding
10 the list that the SABS chases the hope being able fo aceredit
testng abortorie in South Africs, We have. 1 shoul thin fof the (ast
5 or 6 years, been uu:s\luhmgv\hdhlr!lle Bureau would centificate or
scredi commercial wriing lsboators in he Republi 45 the
answer has always bees is completely impossible. Th
Tather contradicary v his ricle which hoppens t be In Vector”, We
m\i nxt»rx\lv lmh lh\!» up with the SABS and see what sort of an answer
L. Thank you Mr. Presides
Mer W, Barnarty Johannesburg
The three new specifications are welcome additions to the SABS list,
They deserve 10 be supported and implemented as soon as cach
Authority ean mﬂlml?y doso. It :uvmm(ndcd lhxl each authority
carelully monitorequipment supplied un specifications. in
e o sscentan I sn ehat siHTcaions e boce e essary in
the future
There is one problem which is immediate with the floodlight speci
ifonin tha the | ght discibation dits s presented on the basis o veril
pelar axis of angular measurements. This is nor-standard with other in-
ernational datu snd  therclore dircel comparison of i andela
g7 svbrited by Josal and vecsess HARMIREiaref. & no. ot
Bl I aaion some el rubanlactaras photouist hcid ﬂ"«’d“ﬂﬂ
data is 1 ith
i Trom the/SABS: 1. Is recommended s i s.\ss P
disgrams b made available on a horizontal polar axis bsis
otherwise Authorities cannot insist that supplies. munl uuhw 5A!E
photometric data

DIE PUNT VAN VOORSIENING
Wasr hhd—-l-n-hnpnﬁtmﬁ“p-

wettige haal moet word? ks dit by k
¥
l_m‘ku!dlrllnl-'uﬁ

‘THE POINT OF SUPPLY

e vt dard bas (o b malnabed? I ot ol
at the meter position?

rf-grens te being of al die pad na die perscel wat voorsien word?
15 daar *n behoefte of andersins vir lsolators In misubs?

‘above sbould the municipality take its ssrvice cable only 10
the boundary of the eff or all the way to the premises o be supplied”
s there & need or otherwise for isolators in mini-subs?

voer wan verbruikers In plaas van dic huidige onbeperkie toevoer wat be-
skikbaar gestel kan word?

Timi wﬂ] 0 consumers in-
e e e B b

Mr. K. J. Murphy: Somerset West
Many undert, uding ESCOM make use of H.V. rings in which
mini-substations cannot be isolated individually.

The mini-subtatons e requently not proved with an isoltor for

:ompartment in which an electrician may be tempted to, for
"lllmph. repae  hot comnecton ive.
i 315 KVA mini-sub busbs
B o ks order o 73 k.
I i LV

compartment, ez becoms apparent.

Even where H.V. isolation is available at the mini-subs, an elestrician

may be reluctint to make use of

s i1 not desireable that an isolater for the LV. side be provided in the
V. compartment of all mini-substations

What is the expericnce of delegates and where do we stand in the event

of a serious sceident?

AMEU TECHNICAL MEETING — MAY 1980

POINT OF SUPPLY AND CONSUMERS TERMINALS

The Electricity Act (Act No, 40 of 1958 Reg, 24) stiplates that in the

abscnce of uny agreement (0 the conirary, the pressure ai which clec.

wricity i supplied. shall not differ by more than 5% for a longer pericd

than 10 consecutive minutes, The point at which the standard pressure

i 10 be maintained being the consumer terminals.

16's common knowledge that the percentage variation of the standard

voltage is 16 be changed

(o] I view ofthe differcut points at w erminals miy
e shomod, R e s o L o point s being the
erf houndary in the case of domestic consumers?

{b) Couldsamcane larify he situaion with regard 0 the ew propos
e standard clecriiy supply pressores an the propesed devintion
percen;

afew of S

5



refe 1 the sotape uesios fet The IEC have in fact taken &
- unmemw divorsions, wha they e laying
down at this state, that the dire should move, is the
Vkage which s far s my memomy sorves me gl 230 volls plus or
minus 10%, but they sre not even saying thal that is o be achseved
ecuuse there arc many people who can't achieve it, but |
that that is the direction in which we should mave.,
1§ | can refer to the oifver maiters as far s we In Johannesburg are con-
cerned, we take the point of supply as the point where ihe valtoge wil
e measiired and that should be at the point of metering, but where you
buve m:krmg i common cubiclss on the pavement, we accept that it i
I re the consumer cun operate the switeh 1o isolate (he
el rds, cithier the isolator ar at the meter. If | con just
briefly i Ltheathor pofn sbet the |m|n|w| in the low voltage sec-
Lions of the mini-subs. We are in fact going through all your mini-subs.
We have today got many or rnning e, putting in
isolators, hecaus we have found it is lbmlukly cusental. We ars 1o
on
we had a number of aceidents s ;-u-:yl: ot
burnt. We cven had a case whers we had a fire and the whole mini-sub.
Jurnt out and 5o we are going around. It is difficull in some of the mini-
subs, becauss there is not 4 1ol of room, but we are putting on-load
isolators on the low voitage side
Mr. J. Loubser: Besoal
M. dic Voorsitier, ek het gehoop mar, Dawson gaan daarop ant-
woord, Maas u weet die Nusionale Bounavorsingsinsituut is besig met
“n projek om diensie a4n huiseienaars, die voorsicning van diensie san
huiseienaars Le ondersock. Tn die komitee waarap uselr, ckself en mar.
Dawson dica, het ons "0 hesluit geneem dat die punt vin aansluilin
op die crfgrens. Die metade van kragvoorsiening wat ons daar oepas, is
ook baie beter op die crfgrens. So, ons het gevoel die spanning wat ons
moet verklaar, moct op dic erfgrens verklaar word. Baie dankic,
Mr. J. Dawson; Ubteshage
Mr Onnnmma-ur Mr. Loubucr i ot quite dght wik whal werregor
10 do at that meeting if 1 could read back the minutes, if reads ax
was confirmed that the pmmmu the householder is
defined as 10 that point where the C el o the supply
‘main and Lo be on the boundary and irre where the meter is
unl:d and the voltage at that point i .\m bes d!:lm:d Voltage of
47 e wout ow further to say “it is recommended that o
ws 5% be at the point of supply and that this be the
. bearing in mind hit he voltage drop should be
e o1 thi.srcapective of the allowance of the IEC of plus or minus
107 on the overall voltage that s consumer could take supply™. In other
waords, if you design yuu- reticulation system, it should be hased on
plus o minus s' e deviaion, Bt you would allow Lo supply the
consumer at i < within that the tota range of plus or minus 10°
.,r i | Sons oo i1 e mad thl ok Qi ceae. Thank

the world

Toad and in fact we h

o . 4 . Prosais Pukditaroes
Mav dio Venetelle, ek wil mar. Barvand net o paa yese v X i
haie belang in dic feit dat hulle nou al hulle mini-subsentrales met
isolcerskakeliars gaan wrm. maar ck wil hoor of hy kmlsckwenl s s
i y ook shedigikakelses i 41y distribusiekaste gaan
Danki
Mr. K. Murphy: Somersel West
Mr. Quismaster, | am very intercsted to know wha Johannesburg s do-
ing and Mr. Daswson has clarified the other point. It i really for gener
nformation and to hear how the other members fee! about this question
of making the erl boundary the point of supply. You know us the Act
veads, ut the moment the terminals and the standard voltages will have
t0 be clarificd, | think we have 10 know a itk more clearly what is be-
g spoken of s It is open tu various interpretations,
Mar. die Vrasseler ok het mt  bespreck die moontheid, et om
Hier vir u te noem, dat een van ons lede. fc wete n op Malmes-
bur,ene mr. Wil het s ptent uigncem o " " sikie tosput-
ting om word, dit
iraounle’n e by m i l:rwyl ons in die Kaap
ik dat by die palor ek bt i iedie ding. 6
ik elangsel n 10" apparaal indien § dalk nog leere teen pale ge-
brutk, dat u hom miskien maar kontak en mee
ms. van Malmesbury. Di

1t has heen the practice in the past, when costs were relatively low, to

give every comsumer an nlimiied sppiy. provided of course he was

prepared to pay for it.

In oday's iy work,though,pechaps e ime has arrived when
consideration should now be given to limiting supplics. 1 sonsumers,

cither directly by means of nad control,or indirectly by méans of tariff

%6

In Soh Alren i present o o i Fortunae n vt et having an
energy shos soblem really is une of capital shortage and our
e 3 TarEn exhange o pay for plan and squipment, Accordingl,
thee s syt o e econly o o smery comsmion hut rather
w0 make more effective utilization of increasingly expensive capital
plant.
As i consequence ther is an awakening interest in load management
systems o ensure that the best uowblw utilization is made of genera-
transmission and distribation plan
As mentioned, control can be =.u.=ru.r=u or indireet, Direct m
contral involve the reshaping of the load curve (o reduce the ma:
demand, either by cutting it it peak times ar by shifting it 1o off-peak
Valley periods. A syssem employed extensively in South Affica to shifl
foad from on-peak 10 urr-pc-k periods is ripple control. In Cape
we have employed pumped-storage to achieve & similar effsct, In
emergencics, both these encryy storage systems can be used fo dump
it

Cominig now 1o indiréet means of control, we have the obvious sysiem
i extensively used in this couniry and hat s Lhe circuit breaker
tariff. Another indirect method not cxtensively cmployed
time-of-duy or mulliple tarilf metering whereby the e
duced to move bis demand from on-peak 10 off-peak periods.
There is no doubt that we are all guing 10 have (o employ more
histicated means in the future (o make more effective and economic
use of our fimited and expensive capital resources.

It would be interesting i have members” views on (his subject

D. Fraser: Durban
Sectian 30(1) of the Flectricity Act of 1958 obliges a licencee Lo supply
electricity 10 every applicant wha i in & position 10 make satsfactory
arrangements for payment therefore”. While this condition may not
%o a Local Authority supplying clecirisity w
Municipal boundarics, it seem (o me that the spiril of (h
there should b no resiriction an (he provision of Uhe supply (0 the cart
sumer. It does not follow that the cons hould naf he required or
couraged to utilise the supply available in the mosi economical
fashion fram the supplier's point of view through load conirol on water
heaters, ete.. a wentives which favour a voluntary limitation of
maximum demand. In respeet of domestie consumers, limitation of in-
dividal maximum demands will only berefit the Supplier to the extent
st the domestic peak Ioad co-ineides wil tem peak.
o timitors for sub-cconomic and non-Europeun areas has
red and adopled nforte s, Thel e ok suniony

?

I vipire 10 the greater use of clecwieity, Illllnk ihe nm
scale application of load fimitors should be discouraged und

arcas should be designed initally for a lower value of ity
maximum demand, withost restriction on the use of electricity. and
provision made in the design for future reinforcement,

M. J. Mackay: Cape Provincial Adminisration
For many years | huve been very worried 4 a consumer and working
with 4 ot of other consumers that somebody onc day will change the
{arif just when | worked out how nicely 1 am going to use that Larilf,
And this (requenty hoppers. I heppened in Mr, Pusersatct o 10
lomg 185 When | a2 bk youser, evenbody v s raged to us
fectricity s warill was refated e way. There
ere various wage of Puying apporatus, Iike sloves and hot water
cylinders and dish washers and 50 on through the municip
could do this and that was fine. The minute this became a litle bit un-
cconomic, ¢ [ar gs he musicpally was concerned snd cianbody
started using i 1arif, then the tariff was changed and the tarif
o hall ' oaat 3 i ove A cenain amount and it & fow
something ke 3,2c 8 unit. It seems that we are not going 10 have o max-
imum demand tariff anymare but perhaps we are going to have
Araight unit tarifl or block tariff or something like that for the whole
system o be uprooied, cverybody il sart again. So it is very
dangeros o sart aking shout g hings it regrd o ariffs. So
rather say we should encouruge peaple 10 be more effcient
it of ey by all meam dscouruge waic ad creourge he
se of an elicen 0 we are talking about
Ioad li it oy At . olred townihip 1 v whors
{h coloured cletrician who [+ in charge of the coloured tovnship, i s
a coloured municipality, himself decided what they should have 25 A
toud :.m v in v o And e imell | rine ¥ bttt s
ot water eylinder and his wife u’es a dishwasher, on
s ;mm;-lmd Timiter. He has suggest d be done with
kbt o skl 90 m: sub-economic
kYA of normic
2L 113 A o & 9005 om0 kb
wiity by it mfhod i wach ot for Lt changes.If the
changes too much on the one way, will go 1o another form
ShTRs wiaae and then you bave Lo Changs you lani again. Thank: You,
Mr. Chairman.
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Mr. W. Barnard: Johannesburg
I wonderif the membersof the Elesrisy Control osed wil e theic
e, becuuse | find myself in a camplete state of shock at
what Mr, Mckay B sald ihcow Certanty b the Transesal 45 { hink
can speak with great authority as far as Escom is concerned, we strue
iteria, One is m TECOVET Our -lﬂlmml r!hl:d

ariffs
ity and one is L0 rec
fittle bit to cover aur awn inte
ture of the tarifT. And you mm Yy o it e ave
3, because people are (.Mlmy i

done, where we give spcial re
10 supply ﬂn—m‘ for instance \[lhﬂ will take their it night when our
i s aning ide, ve will i

et dscgnt, Bl th b ruc.

ure 1 th commonly accepled not oaly in South Africa, but

ersmhore i e workd/And If o

shat o can be cought o 43 M. McKay
e c living in order t (it in with a particular structure

) s o e Aetlacy b sppireal M. Palser compleiely
turns the whole tarifT upside down as fat s he was soncerned. Perhap
e hus nat sxamined the (i orthe nte o the il sefseaty,
because o block tarif, for domestic €onsumers, iL is structures
1 ich 3 'way that you have diferent sieps in order 1o recover again
Hhese o cont of your demand rlated,snergy-relaied and | cannotsee
that ainy tarifl can he structured in any other way. Thank y

Mar, J. Loubser: Benoni

mum va & 18 uur op °n dag kisar te kom, dan betaal hy iets soos twee

en "n hall sent per cenheid. Dankic

M. E. de C. Pretorius: Potchefstroom

Mar, die Vrsesiellyr net bl Kot it vrbind o o 19,3 il ok vt

tehelstroom, waar ons nou di

s L e ke Rl i e

ormatarstasies het omirent 10%, verminder. Alhd

ms totale fas geen verskil gewys het nie. Dankie,

Mar. K. Murphy: Somerset-Wes
et om aun te shuit by wat mnr, Palser dasr ge-
m he besig om nuwe bedradingsteliels te ondersoek
i cire kosle t Besnael, Nogtans gaan ons voort en
70 A wil h, dan kan jy dit kry, U weet dit is 'n feit. Dit is
deur ander sprekers dan *n hiis. ek dink mar, McKay het dit genoem,
i wellwaas et beperk oevoet b oo Ksarkons 11 Somer
Wes het ons ook 'n stroombrekertariel, ek wil dit nie zan u verkoo

W Jaar of wl nclm 10¢ die brandstofkrisis op sy hoogtepunt was
nons nic gewoond was om S0k 'n liter te betaal nie, het ons geds
allerhande maniere am m, te bespair en om Maksimum sanvrasg 1
beperk tot 'n m maas o & ons i dt o man i ke et
as i Ny i o ot B e ey or te

plan ons nkeer
daarasn dink, want die gewone huﬂhundmg K met gemak o 45 A
etrkom e dit s v  vesl mositevir 0 huisrou ot 03 a
eruy s S x4 sGALHRK het i Bl desic

Mar, die Vraesieller, ¢k wil net 'y voorbiceld
nocm van wat hulle i Sidncy in Australié doen met clekirisicitsia
riewe. Duas et hule impelbehesriaias osgenss op ke hu Elke
s e segs o< mieter maat e verbruker pas et e voancnct
cbreenki ' ok Acerm hierle Ny nc s ' voarbeeld, my yfers
e, madr s hy 24 uur op nliugtl'l'vu\ he mw huis, dn
s 5o 4¢ per cenheid vir die krag. As hy bersid is om met
23 wir ot dig Kl 16 om, dam b5kl by ' Wl s, 3 4 s
w005 drie en "0 half sent per senheid. As hy bereid is om met 'n minl-

Mr. D. €. Palser: Cape Tows

Me. Quismaster | think (he subjeet has been adequately covered. but |
must put the record straight, Mr. McKay has got me into 3 lot of
ble, Mr. Barnard has been at me again, but to put the recard straight, we
did not turn the tariffs spside down in Cape Town, and if they were, it
wats before my time. | will go along with what Mr. Barnard has sai
Thank you.

M Numun&ummm vnvulmh‘n VOLGENS

Mn-\-h-ummnmkmum-um ur-substasies, bt ver-

MINI-SUBSTATIONS MANUFACTURED TO
SABS 1029 AND 1030

With the rapid increase in the use of mini-substations various makes have

oy dat
e transfor-
like kupltaal in spasr vir elke tipe van moct
belt,

Hos benader ander

tors vie minksubs?
SABS-spesifikasie nie verder genysig te word om die afme-

tings van transformators te standurdisect nie sodat cen transformator met

alle versaardigings uitruilhaar sal wees o

Behoort die vermo# van mini-subs nie tot 00 kVA uitgebrel te word nie?

m-umnlyun:l-un-hnd are not inter-
requires | y 10 hold a spare transformer for
nch sl o muks o oabbinible spare equipment.

How do other municipalities deal with this peoblem of spare transformers”
Tor minisubs’

Should the ot be

Should the rating of mini-subs not be extended to say S0 KVA?

Mr. C. Adams: Port Elizabeth
busically | information Isent
ks i I, it B S5 OuauE 14kt o kb, Ve vt
subs may be building a problem for ourselves. Where you use conven-
ol rick ubstations,
. B

T 2 e 3 aiferont sasuiaciiem you M Sack Reobiary that you
don' have 4 spire transformer which will it in your mini-sub. And we
Telt thay ¢ should gve some attntios o Uhis and possby -
clude dimersional speeiications 5 wel, 1o hat onc space Iramformer
K0 i ekttt T il ]
recently been informed by afachune {hat the okt min-iobe
id the hkes imkeube ars i the sare i the ransformers are ol
interchangeable. So we do feel i is time the SABS give some attention

(o sl sl you.

one m:

Mr. K. Robson: East Londos

Me, Addim did st M. Quicrar st b wes ookl fo peciage
some information on experience and i perhaps give s few details
Iugr::wllh Mr. van Alp:m.ums hummﬂkr\unmﬂ i Ly take o bateh
of ubout

S Wi over it comivte nulnh-r of 100 quite ndrqnuill) We

regard 1o 500
that if you are up round abou. S

thomal substation, We have ane 500 KVA substation in use. We think we
have temperature problems with that une. We have had it for a number
of years and we would say that heing 00 315 KVA. it docsn't seem to be
the case to be made out far any other type, But it would uppear that '
ot really a problem with regard to breakdown of transformers, (it does
happen. Thank you

KITSTIPE WATERVERWARMERS
Di invioed op die laskromme met die installering van " groot anstal kits-
Waterverwarmers in 'n elckiriese installsie teenoor die installasie van
e normale tipe opgaar waterverwarmer plus sony

INSTANT TYPE WATERHEATERS

type waterheaters in an elctrical ntallaion s apposed {0 (he in-
ulhi--nh-r—:yp-nynubm hus solar heaters.

Mr. D, van der Merwe: Withank

Mr. President, the subject ix instant water heaters and the objec!
discuss the influcnce of its use regarding load curves and a few other
points,

AMEU TECHNICAL MEETING — MAY 1980

Mnr_die President_ ek sal grasg 'n paar woorde wou hyvocg tesame met
die kurwe a.g.v. hicrdic 1as. Ek het ier golys wat die effek of di

vioed sal wees wannesr een huis 50 tocgerus s teenoor ' gros
E et verder die vraag. wat sal die invloed wees op die bene
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sel. us ons dink an laste van 12K enmiskien meesper ceaheid. Sl di

ig wees om ‘n drie-fusige aunshuiting vir hierdie doel te mak? Ek

0 g wou weet hoe it huldige beactingsteiels sl beimiosd? bk
liver van Senetinpteticls w lredlk uigedin s, s i s

'n e ver(urkings toen ot Komic tal moat am

van hicrdic cenhede? Dun ie daar ook die kwessic van hoc vergelyk die
Kapitule-insallasiekoste met die komvensioncle stclcls in ag gencem

van waterpype? Verder het ck ook gelys, wat word
unde rimpelbeheerstelscls us so *n gebruk sou tocneem op
Erootskual en wal word dun vin dic kestc van wat

mist and the cold weather

e csimated tha cven in the middle of winter. when s overcat that
st 40%, In the summer months, we have got
e sun, w have been down to 68 units i doy
Tov the hostl s, of the morimal o provious yeurs of Someviers
round about 500, So | think ts a question of design as Mr. Palscr said
One must be aware of the fact that you can get o

s and design ot i, you s wanlto pul n 2 sun enerty sysiem
which fs run by o your normal eleciricity sysiem,
ihen s ad econpmios m ke i e should accept the fuct
that there will be e there is no sun and you may be a little bit

recds aangegaan is, veral op bestaande stelsels?

Danis hier nanamm,w.xh.nm,.u Ons het nou jus 'n gesprek ge-
araombrekertariewe. Ek wonder nou as ons ierdie itsver-

wurmcn insit van 12 kW cn meer of selfs § KW en tmeer, hoe gasn dit '

stroombrekerlarief beinvloed?

Danjs daardiewerder fit da wanncer ons Kitverwarness ginstal

leer het, en ons het *n kragondet g, dan b dit 50 dat daur "n voor.

el 30 wees, dut winneer die kg peresoreer word, duar ie 1 shi

fke snerag op dc e s i Masr o A T
ok op at dit sou e

o &

Dan sou ek net ook s
akior, want dit is con van

e dinge wal uitgeliy is met die ge-
bru e cenhede. Soos dic veaag ook tercg gesicl was, hoe ver-
ander die puniie s jy die cenhede of konvensianele e sebruk
same met 'n sonverhiiter? Mr, die Vraesieller, 5005 u weet b
Hodvelds ak vas e sk Bespreek cn ck het inderdaad einilik on-
Qi o e weotatebiokie m en waar daar
serskilee lipes van warmwateryeitens geins ord en
reds toi otnen 5, 5.4, ook " vethlingatokil, ® serosn.
et ol e st
waaneenhede deur cen sentrale verhitingstelsel verhit word. Hicrdic
masorsin word indsrdaad gedoen seam e s Bounivrsigsiniut
en ook in samewerking met Evkom, s he
derduad hehoort, Ongelukkig op hicrdic stadium  di nog nie moont-
lik om u enige inligting te gee Lo.v, maksimum aunvrasg nie, weens die
feit dut hierdie cenheds maar nou onlungs cers bewoon i, Ony sicn
daarna uit om al hierdic instrumentusic hinne die bestek van dic vol-
gende. of 4 maande el b hé wameer ons n bietjie
e g op iedic onderwerp s key. Mt indic tscaiyd s ons og
ang <1 of daar nie van die lede is wat op sommige van die
Vrae o l()r‘m‘"‘n kan maak me" Baie dankie.
Mr. D C. Palser: Cape Town
The p n with instant m:: mm tly high
ratings, is nol s0 mich f iheir influence upon the system
oad curve as upon the nv:riud-n@ o st tafafons ub et
und service connectis
To permil the Totai o s units, consumers in Cape
Towe aeé etred e il o i peionivi conjunc.
ircuits. Where
coadh 41w mcm uritien applicaion s required from he consumer
Each such appi is then considered o its merits into ac-
e gre el ol ey
A ar as the nflunce of these unis on (he syicm foad curve s con-
cerned, hs should be of llle consequence when considerin
group of sumers because of diversity. Clarly to hemgmn
quantity nr waler, & 8 kW unirwill only need to be on-circuit for half 1
g of. ey, a2 KW i Becae o divmalr hureor, he harp,
short peaks of the lurger units will not be felt an the overall system snd
there should accordingly b lile diference inthe magaitude or shape
of the system load c
The use of solar hu ors wih conventional electric water heaters,
ver, is mnm matter nlln;c\bq‘ With solar heaters the greatest

o Watbank ikt v

in
e reduction in (b winkar months. There wi I sccordingly be an in-
erease in summer i litle or no change
tors. On an annual basis, however, there will clearly
joad factor. As & mnsequmce the electricity undertaking's overhe:
conts will have to be spread over a proportionately smaller number of
units sold with an attendant increase in the cost of supply.
vt s the dtrbution tytem is concerned, dere wil be no o

be a reduction in

prewsippige it thocilag
Mr. J. McKay: Cape Provineial Administration
Sorry 10 be fighting with Mr. Plscr again, We have an miabaion s
one of our coastal hostels which was put in st year in August, Since we
put in the solar system, We've been able to reduce the qua
clements 10 18 and in fact we are unning 1§ a
getting about 240 units through the meters and we are getting 24¥ uni
from the sun, now that s down i the Cape with 4 bad angl, cll 1 the
warst pasition we could get in, it right at the coast where we get the
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. b your money in another way, So
ou ean reduce your electricity usage by a lirge quantity, but it won't
affect the Joad curve fo any real extent, because it is a very high capital
intensive systes and | think it will be seff-controlling, Thank you, M.
i
Mor. A, Fortmann: Boksburg
Mnr. die President, ek wil sanbeveel dat hierdie item vir *n jaar oorge-
o word en by dic volgende jaar se konvensie in Durban bespreek
ord. Aanigesien ans nie ‘n ledeforum duar het nie, kan dit dan 'n ftem
up die agenda gemaak word, Teen daardic tyd sal mnr. Van der Merwe
seker volle besonderhede hé. Dankie, mnr. die Peesident
Mr. D. H. Frazer; Durban
An instant type water heater will have a considerably larger kilawatt
rating than & soruge type. Usiog fgures (° exrasted fom the Depart
and the Environmn ieport on “Encrgy Lilinaion in
f ane used an instant type water Beatcr to half il
1 bath (S06) the mnm.mwemm rutings would be needed 10 complete
Al ki 186 s show
24 kW (109 amps a1 220 ¥)
W

The effects of this would he:
I The sizes o clament reeded became 3 e impracte parcary
n higher class
2 Boithe M.mmmn e asingle house and the ADMD are
likely 10 be hngh(r hu with storuge water heaters. In fact the local
e teuloccing o sope wilh  are numbr of

ks bein od a1 pes i
3. Energy consumption would be somewhst less due (o reduction of

losses, thus, in tariffs not bised o mnmum.scmnnd lblntk type,

ele.). income to the supply suthority would be
The effocts of solar heaters used with storage water mzm have heen
the subject of much previous discussion. The figures used by the
salesmen to justiy solar heuters, src often cxaggerated and mush of the
saving ey elaim s due 1 the oses being reduced By adequte lagin
(There is 4 case for some standard to be produced in respect of the in-
Saling of Rt Wl sy 1 Savm SnengY Inany e the seduciion

of income 10 the supply authority is sl compensated for by

cquivalent reduction in maximam demand and wil reslt in an overal]
delicit in tarifTs based only on energy consumption
*§ full bark 487 (say $0)

Temperature 40°

cold water tomp, = 20°C
Say hot water temp. = 0°C
Hot water required @ 70°C = 20 ¢ (S0 « 40 — 20)
T

17 KWh (36 MJ =
16 say 1.2 kKWh
To fill a bath in 3 mins requires 12580 oo

0,21 MJ required (o heal 1¢ 50°
haielore Back reieee 01 3 0

KWh)

ice on the load eurve with the insial { 3 large number
ype water heaters in an electrical mcl.!Mrun as oppused Lo
n of the normal type storage water heaters. plus solar

A0 imtant type water hester wil have o considerably larger Kilowait
ting than u storage (ype. Using figures (*) extracted from the Depari-
meatuf Plansing e e En v report on "Energy Utilisation in
South Alica” (1578 e wsed an Isan ype Nates Rowtor 10 it i
dmath (00 the following elemicn afngs wouktbe oceded 10 omplete
the task in the times shows

3 mina — 24 kwllw-mwﬂ 20

4 mins — |8 kW

S mins — 15 kW
The effects of this would be:
1. The sizes of element needed become a little impractical particuburly

in higher class housing.
3 and from a si

ADMD are,
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fikely 10 be higher than with storage water heaters, In fact the local
A large number of

9 nuu used at peak times,
ergy. consumption would he somewhat less due 1o réduction of
osses, thus nd thiock type
ete.), Ine
The effects of solar heaters used with soruge w o by
he subject of much previous discussion. The fiires uncd By the
it iyl b e ol expygeaied
saving they elaim, is due ¥
g Oheem ki o
el o b e encrgy) L any cu e
S Tamie 18 NG iappty aicheuy, s o compéniated for by
alent reduction in maximum demand and will result in an overall

defici in tarifTs based only

* 4ol barh 45¢ (say 50)
Temperature 40°C

Say cold witer temp, — 20°C

n energy consumption

mp. = 10°C
i water vequired @ 0°C ~ 207 50 x b — 20

- 20

021 MJ required t heat 16 50°C
therefore; Bath requires 031 x 30 = 1,07 kivh (36 MJ = | kh)
say 1.2 kwh
To fil a hath in 3 mins requires 1.2 % 60 - 24 kw
3

(NOTE: 109 amps = 35 mng® cable)

I'I.‘IS-SWHSMASII.ENE

HOME WELDERS

af 'n ampere sok bedryf word, goen stearnis veroorsauk ap die hulsbedra.
dlg en T.V.conevungs . Wt b die ondervindiog A b n el e

Me. D, Haigh-Smith: Queenstown
e Chirman, Mr, Quimaier, the question feds tat i s chimed
home welders operating from 4 1 )chrl outlet, u..m 10 it
1efacante 1 I house witg or .. recepii
In comman probably with many or p manicipal electricsl
coaineeesfor some o years | aperated  eleskion (ramsposer diree-
ting the signal into Queenstow it be done, but we
b parbe e gt e b oot regarding.
the poor or interference television signal ‘ptuxlly wheri the signal was
changd {rom VHE vl 1o 4 UHF sigml. | persomaly condacted
several tests, in and around my own num whhuhnm:weld:rnudnpun
from the usual muum; of lights a night, when the home welder wis
used, | found no interference with my television sgnal, Several
members of my sl conductd sinla et af . nigiion wilh
similar results. Several somplaints of interference with T.Y. reception
by hame welders proved 10 be faully (elevision scts only. So my ex-
perience, Mr. Quizmaster, is that the ordinary home weldsr doss not
gause et onthe cevion st but | wil b nteresi o hear
of other members or s in that connection,

Thark
Mr. Quicmur, €8 extiy do casee TV Ifefersace, mally with
saund reception on TV receivers and on hifi equipment. Especiall

it o
when the CB tran Fleands limited in-
terference with TV pi
is used, but in geneeal | canaot vay that | have found very much in-
terference on the TV sets. When a TV st is properly instalied and the
antenna properly installed, and the home-based CB transmiticr acrisl
1ot instalied in the immediate vicinity of the TV serial, there i very it
tle problems. . What h

et s used in proximity

work. That has happened |
ot el ‘most distressing, but it was
cured by aitering the eleetromic control. That is all | have, Mr. Quiz-
master. on this and | will be interested to hear the comments of the
delegates, Thank you,

Mr. W. Bamard: Johanneshurg

Mr. Questionmaster, | am afraid | find myself on the horss of  dilem

as come al this way with
sound purpose of Irying 1o solve these

g
problems. Unforianately |
haven't gat a ot of comfort 1o offer him u.n alernoon.

1 am convinced that these good buddies, as they wre referred to, ure at

peobicmi, when Tt he it of quseions o this quesionnair,  hppeal
iosome any o o s in-depl reseatch. This & somelSing
the in-depth research we asked Jan Laubser o do in Australia, but with
s Iadiek prevest, | bear no slt you {5, sk o b ey e I
s st Auryed o bwar b even adising 1o baving boca in
Asuralis. Becae w int i dows o Kint'scon 1o do un ndepth

n there. My mept
{ell me that home welders would and can and do cnuse miererence.
Both the mains, and well that of course, is if you've got 1 home welder, |
dor koo fmy councilo s go  home eller bt s one of hese
Jack of all trades s one. But it can be caused over the
mains direetly or through an area of pick-up. Attenuation though would
Confne i o i e loeuyy WhIch meses s probably one of

w0

U

o i ts M by AR BN T e
o s s s T e What has the.
experience of members been in this connection?

his feiends whose
ot few notes here w
derstand them.
I am told that the C€B bund with about 20 Wilf and TV is on 200 MHz,
but presumably most of the goad budd B transmittens and they
therefore emit hurmonics which are picked up by thé TV st s ¢ vt
interference on their TV reception
The final comment | huve here from my very good colleugues in
Johunieshurg are hirdly the concern of the AMEU, Thank you,
M S, Clives: Affiliate

rth Jeakige circuit breaker distur-
hance. Unfortunatel e have Acver bace able o prove (b vy
substantial evidence. However we followed this up a little and recent
texts carried out with ane popular ype of welding set, i
nuisance of iripping occurred at all ot its maximum setting of 160 amps
o U sccandary when conneeled vias 0 mA hock hazard poieive
device with a sensi . This wis rather sirprising because it
{06ty g Sttt s e A o Bt
years, hut this device indeed created nuisance tripping. | would very
mch like 10 hear of any other apnions
The SABS Standard on home welding sets is pretty wide open and |
wandered whether this is the area where ane could improve the situa-
tion by bringing in some mandatory control an wave form and harmonic
pattcrns 50 that these troubles, if they cxist, could he eliminat
1 am told that & lot of people make their own sets ond these must of
course be much worse.

tecfering with his TV.
are a little bit complexed, but you might un-

issue that interests me from the supply poirn of view on the
e g poer facorituation. Because when v did
our run of tests, we coulde't help but notice hw low power factors
e drd s ok mee T wiksprend s it OIS
the supply enginecr would have a terrific kKVA problem. | wonder if
somelindy cauld omment on tha? Thank yor.
Mar, R. de Lange: Oos-Londen
Mar. die President, ek is now "n gewone leek, | dor't belong (o this elite
ecton ofenineer, ju a oxdiary councilot v iy fo collagnes
here at this SEMeac oy b B arprived 1o hear
Mr. Barnard sa kR g 1t dmler A
5 b Yo SN A, T rC g AT v A e
goed is.
Mr. President may 1 say | am very pleased to hear that my worried
collaague. Wouter du Toit hasalso g0t s CB. Seriously | can only say we
dont have any problems with CB. | don't
Qucertown we gotnto the Transvaal, we got éear i down there, Met
julle stowwerige lug dasrbo kan julle enige ding verwag
Me President, | dont wandyou i 4t impresion h CB ot
serve a purposc. | saved the ives of many
Pocln | o of i whare C kst hepet g o Sl
So, Mr. President, you clever electrical engineers, you should help us
pooc laymen 1o solve this problem, If you come 1 Queenstown or come
it London, we il hep you o do . but. please o't st haoek
it T 4o
Mr. x l-u- Fas i
Mr. we seem 10 be in the interlude of levity here and 1 think
b b il levity. Clr. Robby de Lange, Uhe only
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reason e bas a CB radio, and perhaps | can il you why he has got
B radia. Those of you who miight have driven in 3 sar with Robby de

onal raad. perhaps at a 151 km wn hour, will realise just
h panicula iy e pats N CR racio 10 Ane e tell me i he ot
aufficent systes ang sure that you know exactly where the

provincial traffic cops are. But aso i | may just talk sometbing that has
el nathing n do wha e A b AMED) |t Wit o
n Loubser and his activities in London. Perhaps
.m,m give here a few more details than Mr. Barnard actually gave us.
(Verderazn net grappe).

—_—

U.V. UITSTALLING VAN KWIKDAMP EX
METAALDAMPLAMPE
Inds K
die U.V. inhou.
Water teenmaatreéis ward deur gebraikers beoog om dit te verhocd?

Mr. J. T. Grandy; Affliate
This paical quesion | putdown o he Forum purely el sy ote
of warring. The Americans have discovered ulira violt ights and | can
B A Bt e i tunedin 192213
The cords of the mercury A

el wid wave bund. S0 buy an odinary
s .mmmf to give you o L

oty spot
T e et
and i rather

i Vioor ok W 5 put wih thelamp . warning s o
If the outer cnvelope gets et radiation,
SAAT Sl s M o e e A
have gone s stage further und us from September 1981 llmH be the I.M
in the United Staies that if the outer envelope gets. br ths
Tamp must switeh itself off in 507 152 winutes. Tuhmsa\ly oo kb
lamps today, but teshnically thers is no particular problem in doing this
atall, 1t s very likely that Europe tends to follow the United States in
wome ways, It i very Hikely Uhat this legislation will appear in the United
States.

So fur as the Republic is concerned | would personally sec ao difficalty
f the Chief Factory laspector or the AMEU said, fook we better come
into line with this and we want a range of mercury vapour lamps 1
switch themselves off if the outer envelope gets broken,

Thank you. Mr. President.

Mr, H. Steyn: SABS

Mr. Questionmaster ifs true thit thse lamps are very dangerous. | can
talk out of personal experiense., but maybe | can tell same more. Al the
Bureau of Standards we sometimes need an ulira violet source as Mr.
ndy said. And then what we do, is we Lake & 400

vapour lamp, we remove the glass cover and we've
this icufar ce | was working very elose 1o
abuut suy 10’ minutes, and | got severely burnt, But | don't know

whether you gt many complaints from buening from ultra violet burns
rom mercury vapour lamps. Usually they are wsed in high bay
uminaires which i fairly high above the ground and at those dangerous
wave enathsdhe e vioel radiaton & 10 scaier very quickly Maybe
will be interesting (0 hear from other members whether they got com-
“iumu from ultra violet burns. Thank you, Mr. Questionmaster.

Mr. W. Barnard: Johannesburg
Mz, Quesionmace.jus ke Mr. Patct and | sy Bave <ra i

5 ting engineer, Mr. Yates and Mr, Grundy
lengths, in fact it reminds me of a story |
 pub. And one says o the other one, you

was told about two chips

.Y, RADIATION OF MERCURY VAPOUR
(D METAL HALIDE LAMPS

I the event of the

operate, U.V. ummhemmumnmmumm.m

cause injury. What p are intended

by users?

Kknow 1 come from Lichtenbarg and the ather ane says: OB tat's -
teresting, | come from Kakamas. So the first one said: | am a very
prominent ¢ e of Lichienburg, you know, And the other one w
You know | am very prominent in Kakarnas. Now this is manly beca
are not a fot of couneillors present here and its only the coun-
cllors o thecxceutive couseilhere iy, o he st cne s am he
y coincHlence, you
m the Mayor of Kakamas, He sid a5 a matler of fact i
1 hecalig ey val .t T o LIcMEkborg dnd he othes o0
said: | give up you win
Now, Mr. Yates tells me that thic problem of Mr. Grundy's is no
problem. And 1 can oal agree with him. It our xporiace we have
never had the outer glass bre resking. Because
variably he most ulnersbl part Ol il i 410 i,
which is the hottest d if moiture gets in, the lump will break
efone the outer glasmware will broak.  ‘woud 1ke 1o ust 4t com
ments which he gave me. He said this is not a problem which has given
any sause for anxiety 1o Mr. Grundy in Johannesburg as fur as
streetlighting is concerned, He says in fact in our experience this has
never happened. Because breakige i ususlly caused by rain on ihe bare
lamp or vandalism and if you take 1 shot gun and have a shot at onc of
these amps, you dan't hreak snly the outer glassware
With streetlighting human expasure s usually only for a very lnnited
time and there is not much danger duc to radiation. The probiem s ik
1o be more acute in industrial aress, for example sport felds, but
cnclosed fumingires are uscd with glass, the radiation will be absorbed
‘y this glass until the tamp can be replaced. The possibiity of lamp
damage is also very low in these areas, Thank you
Mr. D. H. Fraser: Durban
M. Quetionmaser,mekcalprciionce wha hae bosn approachod,
cannol say whit an injurious dose of radiat
Outer broken envelopes are rarely s @ Tamps n 15 yeurs).
No outer eavelope has ever broken whilst limp is being replaced by
Staff, Suff have been instructed that they should in any event not stare
atan ARC tube s the U.V. radiation could be injurious 10 1heir eyes.
Most street light howls (Makrolon Acrylic Types) inhibit UV, radiation
transmission (0a certain extent (*Fluorescent paints are not affected by
ULV, lamps enclosed in acrylic bowls)
“The amount of visible light given off from & rare ARC tube is minimal
and | sonsider that the public would soon complain ubout puor lighting
with the result that the lamp would soon be replased.
Members of the public dan't normally stand ander lamp posts staring at
bare ARC tubes,

TRANSFORMATOR GERAASPEIL

TRANSFORMER NOISE LEVEL

Mar. C. Vosioo: Kimberley:
Mnr. die Vracsteller, ons het onlargs in Kimberley die probleem gekry
dat een van die Serbruikers wat in ' woonstel ba-op Mnluuumhiy.ll-l

die gerass van die transformator baie hindorlik is.
sngestel dat hierdie (ransformator se geraas cn die vibrasic Hai
5 dié van under soortgelyke transformalors nie, maar dal daar aok
heehwat van hierdic probleme is. Party van dic weonsie cicnaars het die
problecm seif opgelos deur die inwoners redelik kort te vat en te 3¢ 15
hulle nie van die woonstckhow nic, moet hulle maar liewer padgee.
Daar was by verskeie geboue in meerdere en mindere mate die pro-
'On ht qok kv dat al e ramsformaors op fomirente
cbau is wat intcgrale deel van dic gebou se siruktuur is. Nou, ons cer-
ste probleem is, wat moet mens mask in dic omstandighede” Ons bel
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“The problems i dense-
Iy pupulated areas and possibic solutions.

ecn transformator opgelig ongeveer op 12 kurkpakstukke geplass, die
it wik 1 verbetering, maar nog nie goed genoeg e, As gevolg
van die feit dut sulke instrumente redelk duur s en dat jy baic van die
verbruikers ungerief sandaen s jy die transformator afit vir lang tyd-
perke cn omdat sulke geruas nel enkele verbruikers affekicer en nie
Ero0t priorteil geriet e, het one nog nie ver gevorder mel eksperi-
menie ke,
Die cerste vraig wat ek grasg wil vra, is of dic lede hicr kan 8¢ of 'n aan-
beveling kan maak wat ons kan doen by bestaande installasies. Die
erde 441 45t s seboueam 11 TSkl Aaereaf o Voor:
sorgmantreh (¢ tref war dic substasies wel baje na of deel most vorm
van die gebou. Ek het op hierdic stadium nog nic *n gocic oplosing ge-
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oorgeluit aan hulle, Kan een van die lede € watter werk-
bevelings ons kan docn aan die argitekte om waar dic substasies
die gebou geplaas kan word nie, wat hulle moet doen met dfe
aprigting van die gebou

n p die i wettige en 60k
morele verplign rdic prableem op te los? Is dit nic die pro-
m van dic eienaar van dic gebou self nie? As ons duidelikheid het
e die vraag, dan kan mens bepual of dic oplassing daarvan " priori-
et is of nie. Base dankic,
Mr. D. C. Palser: Cape Town
In Cape Town we have had very few complaints about noise eminating
from distribution transformers. Wherever possible o
transformers. are sited on publ
erven. Teamformeny loca
10 any problems. There is, however, one casc on resord involving a sub-
station in 4 block of fiats where undue noise was reporied in one of the
Nats on the third floor, some considerable distance away from the
transformer. After exhaustive tests the problem was finally eliminated
by placing the transformer on a layer of anti-vibration material. The
material used was a honded cork material, known as Tico, An alier-
mative material that Has also successfuily been used, s thrce layers of or-
dinary roofing malthoid. more specifically Bitroid type 60 to SABS 298

Mr. W, Barmard: Johamnesburg

Mr. Chairman. | apologise for coming up every time, hut | have so mary
exiras in Johanneshorg that | don't Know when 10 stop,

Mr. Chairman obviously the hest solution 0 noise is to provide for i

before you bulld your substation or your enclosure, Becuuse in the
design of & transformer the manufaciu
Himum position i yor
further on the minufucturer’s vide. it will mean a very substantial in
crease in the cost of transformers, And therefore we feel the solution
does not hie in specifying u fow noise level from the transformer
manufacturer. but rather 10 provide for it in planning the substation or
enclosure for your transfrmers
1 ik (he best i i Ljust read this. 1 says the nieed 1o locatc transformer
stations in residential ureas (o cconomically provide for growing lods.
e 1 noe and the
bine (o make transformer noise u problem, A great deal of work has
been done on the solution of it, which has shown that one must 4r-
ticinate the problem in the planning stage, so that the cheapest and most
effective solution ean be allowed for in (he design. Most manufaclurers
have done all they can in design and munufacture to give us standard
Juets with an optimum noise level and this is ver
prove. The simplest and cheapest and surest continuation measures,
provided they Rave heen allowed for, is vibration supports and total
enclosure of the tank inside the made of heavy materials, In
iict what we have d n uccasion, we have put cavity walls ind we
put mine sand in the cavity.
Mr. Questionmasier, the transformer of course, is eithet forced-cooled
by radiators contained in (he b

expensive (0 im-

building and this principle
successfully employed right i
years, Thank you.

have just mentioned, we have
in the centre of Johannesburg for many

_—

NOODKRAGOPWEKKERS
Wat is dic munisipale behoefies vir die voorsiening van noodkragapwek-
Kers?

Mar. M. W. Odendaal: Alberion
Die voonieiiing van noodkragopwekkers, Hulle sé nie walter soort
noodkragopwekkers nic. Hullo & nie of dit “manual™-noodkragopwck-
kers is nie. Mar. die Vrdesteller, ons op Afberton het 'n buic flinke cn
ywerige hoof van Burgerlike Beskerming en dit is dis Stadklerk, Hy het
e my gesicl wann .
dan vra I i oms kos aan die mense voorsicn as dic krig daar-
mee heen is? Ons hct sulke gocd »00s hakhuise wat brood ann mense
voorsien. Ons het siaghuise wat moet vicis voorsien. Ons het ketling-
kel alge i en waller plan gaan
Jy nau hier magk” Op sy aandrang is daar toe vracstelle uitgestuur na sl
die verskiflende instansies ap Alberton en iteindelik (oe ons die vrac-
sielle teruggekry het, toe kom dit intlik duarop neer dat in geval van ‘n
noodgeval, dat die Stadsraads now aan hulle noodkrag moet voorsicn,
Mar, die Vraesieller, vanoggend het die President ons ook hier utient
gemaak op die Suid-Afrikaanse telekommunikasic en clektrise krag-
voorsieningsgesag en in Engels SATEPSA en dit is in die lewe perocp
om doelureilende opirede en kadrdinasie van al dic instellings wal krag
vourien. te vercker. Nou het ons dan aok ‘n woordvoerder van Evkom
hier gehad wat ons meegedeel hel dat daar cen van dic dae ook 'n vrac-
stel gaan witgestuur word ann grool sworsieners van krag. Nou dit het
my nou skiclik (e hinne peskiet dat as ons wat krag voorsien, in ons ¢
dorpsgebied die versocke kry van ons kliénte, us <k dit so mag noem,
om noodkrag aan hulle te voorsien, kan ans dan ic 0ok sanspraak
maak dat Evkom op een of under wyse noodkrag aun ons kan voorsien
. Ditis gemeld dat indicn sabotsi ind, dit op.'n baic goso-
fistikeerde basis kan plaasvind. m.a.w. ons kan dan wanneem das daar-
die invoerpunte van ons (ot niet sal wees. Now het ck al gelees dat in
Amerika in gebiede wat onderhewig is aan orkane, dat wanncer s or~
kaan deur ‘n gebied trck, dan bly duar niks nor nie en dat duirdic pri-
voorsieningsinstansics wat daar is, het dan sulke mohicle krag.
voonsieners velfs aan dic orde, ek praat onder valse indrukke, maar ek
verbeel my dit gaan tot by 20 mW. sleep hulle die gocd daar rond en
voorsien krag aan die hele wérck! daar.
Ek weet nie. mnr. die Vrsesicller, ok los die gedagte in dic midde duar-
s0. En om terug e kom v miskien dic werklike probleem, The question
arises 4o whom a focal authority must supply power during a case of
emergency and consequent interruption which could he at (

EMERGENCY POWER GENERATORS
What are the municipal needs for the provision of emergency power
generators?

also maybe 1o emergency housing. | would be very pleased if my
colleagues could give me some mare ideas 1o inform my Town Clerk,
Thank you, M, Quizmaster,

Mue. P J. Botes: President

EK dink dit i 'n baie belungrike vrasg daardic. moar ek dink dit s ‘n
kwessie dat die Plasslike Bestuur sal moet hesluit hoe ver hy duarom-
trent sal gaan. Ek kan nct nocm, 'n baie belangrike aspek i natuuriik
dat noodvoorsiening gedoen moct word aan riook- en waterpompinsial-
lasies. Daar moel ons. definiiief dink aun noodkragioatallasies. £k weet
nie of baie van u dit het nie. K dink daar is dit meer 'n geval dat it per-
manent geinstallecr moet word. Dt is wai ek van plan is vir Roode.
poort. Daar is by. cen rioolpompstasie wat net “n halfuur kan lop son-
det keig, dan ix duar groot probleme. Dit is 'n absolutc noodsssklike
diens in daardic opsig, Maar sover dit privaat verbruikers betref, ¢
weet nie, 'n deel van SATEPSA sal dan in werking kem. Mair s hulle
dan glad geen krag kan voorsicn nie, dan weel ek nic, muar duar moet
besluit word wat dan gedoen gaan word. Dit moet miskicn beuit word
op die viak van SATEPSA, ek weet nie. Ek weet nic of mnr. Walter icts
in die verband wil sé nic.

Mr. W. Walter: ESCOM
Mr. Questionmaster, | can't really snswer the problem from
SATEPSA's point of view. As | understand SATEPSA's function is to
i wser, prioriies throughout the Republic for
under cmergency conditions. And therefore the question of
whether u bakery gets, i classed as  op priorty consumer, in the event
of total loss of major loss of generation of transmission capacity, |
honcstly don't know what the answer is o that. But | would like to and
certainly in Escom we consider this in our reticulation ureas, with a
poin of view of what is the langest outing that you are likely to be fuced
with as far s a local supply interruption i concered. And what steps
have been taken to be able to put in if necessary running 11 ar 33 KV
cables along the pavement, along the gulters, running temporary
overhead fines, Escom for cxample has developed u number of
emergency transmission fine structures which da not require standard
foundations, they cannot in all cuses take the full conductor loading,

Excom supply point. I the firsi instance. this will depend paci-
1y of generators availabie and w tationary or mobile, Now in the
case of Johannesburg, they've got theit lod shodding generatars of 30
W, o chat ol i idea M. Quiemaster, which may be comidered

y d
s can be used inan emergency. But the normal local authority ususlly
only has o set of maybe a couple of seis of the order of say S0 KVA, 200
KVA and that is hardly sulficient 1o supply any consumer during 4 fot

black-out and it is my contention that charity begins st home With the
result that any such available generations will only be used o supply the
needs of the local uuthority itself, such as power {0 its workshops and

"

wis hi loading, but there ure 1emy structures available,
which will enable us in comparatively short time. | am tafking in terms
2430 0dd hases & virtually any (s i i

course that you don't lose muny miles o many kilomctres of such hne,

ieve that there are steps that each local authority can take o he
ifficient 1o restore supplies o1 o limites i
consumers, such as bakenes, fruit dispensing organisations. So 1 helieve
e answer is primarily in the local authorities’ own planning ay
what temporary supplies, by mears of temporary overhead or cable
runs. they can ruther than looking for SATEPSA or Escom (o be
ahle to answer the question of who is the priority, whether the bakery
gets the supply or the butcher gets the supply, Thank you, Mr. Quiz-
master.
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GAS TURBINE
POWERED
GENERATING SETS
900 KW to 8,6 MW

Lightweight, Compact, Reliable
and Versatile

Tin A
F—rie— F i)
APPREIN WEGHT 83 500 b (16060 LBS1
MARS 8,6 MW Soa Level

Let any one or a combination of these Solar Gas Turbine Generating Sets take care of your Emergency Power and Peak
Lopping requirements

CENTAUR 3MW
Sea Level

The Solar range of
INDUSTRIAL Gas Tur-
bines Incorporated in
these packages ensures a
long and trauble free life
withminimum
maintenance.

{i)

AP WEIBHT 14 144 g 400 LS

SATURN 900 kW Sea Lovel

The Meissner Groun can help Municipalities
Save Money

Save Fuel

e ——|  Save Electricity Costs

PR LAY 50 b 150085
Let the South African Generating Plant Specialists advise you on
CONVERTING SEWAGE GAS TO ELECTRICITY

H. G. MEISSNER & CO. (PTY) LTD

29/31 MEWETT STREET, OPHIRTON,
P.0. BOX 10867, JOHANNESBURG. Phanes: 838-4714/5
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inspects the

s, bt there arc legal problems
1185 .S e 1o AL Mg bl e ot ot
10 s this Lesiog ured this was not Tair 10 the bulk of consurers wha
domt require the tests and perhaps to pay the costs So the

iepulie are ubliged to'do (ks henmictvea, upe it i why e

T
cstclier ordt ¢k kommentaar lewer. wil ek net ‘n
vraag vra o de oo ook Wl ouTe e, ki oo i

fouie? M.aw,, wal in dic bedrag wal hulle het vir *n inspeksie? En dun
wil ek net me

Vind i w ele ondeneming da u wel motarkrrs oty veligheiden
oo duarvoor, Dankic mor, dic Presiden

inr. P, J. Botes: Presidont

U weet leknnitait s peviartk en deur ' oo e e i oomblk wan-
e jy " fooi vra. dn wil nieman maak nie. En duar-
om vra ek nie ‘s fooi 04 ma bkl v Jenoi
dienstc on ok gink it 13 ‘m noodasKike dices wat ek Jower, Dankle

_—

VAN ELEK

Bestasa daa 'nbbfts anm ' semmmlige eglarase v Elek

Aunnemers op “n msional Tk e Tk Sl Ve
teenoor IIrA-AIIh: deur
ningsowerhede ingerolge bestaands Sud-Afrikaanse wmm..-

Mar. E. de C. Pretarius: Potchefsiroom
Mar, die Vraeseler di s jammer dut dust geen vercemonndiger an
die EKV hier teenwoordig i om our die xaak fe pi

s etk Mk i Veors peer
lockomm 0 aiekroleaise gememer (& remitecer nie, ER ik di resl
o e e s
ward. Dit Iy eclicm; nde as, ek s nie dat die werk moet ge-
ot o e copelscuiesde vl okt o B sioet altd g
pedoen word deur "0 gelsensicerde draadwerker ds e dra;
werk gedocn word, Muar hockom moet dasrdie flrmmn Beregistreer
wond us druadwerker? Ek et nou *n Klip in dic bos gegoni en ek sal
graag wil weel hoe dic ander mense daaroor voel. Dankie.
Mar. G, Weich: Hooflnspekteur Fabricke
Ek vil net cen i weg rim.
natuurlik niks daaraan dat die Wet gextisk Sl word nie. That i wishiul
thinking. Elkeen van ons im ons cie versugtinge wai- die Wet beiref,
st ommissie waarvioe on
sy verslug it e hring.nié vy verslag ltbring ie. s ons i weet van
e bestul e, Qs weet dat versheie voorsislis aan hulle permaak is
ivm. die Wet, Ek weet ook, ek et
0 disr te¢omteydige wnbevelings gemank i, bloot um die et daar
‘gevetigde helange by bs. Maar ons sal moel Wi en sien wat hulle oo
i saak sé. Nldlll hulle hulle s& gesé het, sl ons moet hoor wat die Re-
gering Le s het oor di saak, Derhalwe Kan ons nic noual spekuleer of
die Wel gewysig !\Ilﬂ} w(nd. aldin nie. Our dl: lrg,nlmuc van kontrak-
teurs kan :l e il sanmistenm dat an uu(d
. K o 1 ekey a5 e, e g i it ' e s heniet S
draadwerk helisenat L amsorwatp e, En o3 Jy wi bebser uhcaten
our draadwerk wat gedoen word, dan maet jy weet wie dit doen en waar
it gedocn word. En om it ¢ weet, moet jy weet wie jou kontrakisurs
i Dorhalae ke j fri b een o e dorm van et So'n
s el s oy et kurakiony et b o aamel e
38 ek kom werk in jou fubrick, mag ek dit asiebliel doen? En jy pi el
oo I M ‘pee ky wesk i Jou il 19 Vet 00k o m hy
werk doen wat hy nie moes gedoen het nie, dat jy volgende hz(rnihy
Kam vra, dit ki weerhou. Dif. ek glo nie mens kan so m iy
paen wepdben s G5 sealasioogk as J o bevest Go¥ deasenss
wil behou. Kom ons gestel dut ons die stadium sal bereik waar ons
moontlik aie meer met die Wet op Elekirotegniess Drusdwerkers en
Aunnenters te doen het nie. Ons werk maar nel, ons 5¢ 45 dit sou ge-
e, da vrees <k ksh ons e summier e heheer oor drudwerk fos
mie. Dit sal 'n 1e
dit beheor word, maar natuurlik. ons moet dit op redelike perke e
heer. Soas dit nou bestuan, i dit prakties onmoontik om it te vocr.
Daar word verwag van die voorsicner van krag om clke stukkie drasd
werk wat gedoen word, te inspekteer. Ons weet almal it is fisies on-
moonilik, Ons weet dat die Wet elke dag in dié opsig gebreck word en
ons maak ons o toe day

kontrole heeltemal op hierdie
stadium te o, is ondenkbaar, Daarom kom ons maar weer terug na ‘n
mate van registrasie van kontrakieurs, Nou word daar gepraat van ‘n
ccnmalige registravic. DR TE 5o dat die Wet 0p die oomblik vereis dat dit
elke jaar gedoen ||u=l word. Dit i natuurlik ingeskryf destyds toe die
Wet gewysig is. ek weet nie op sundrang van wic nie. Dit het "n voor
sl it el i e Pkl eperponcs e el
ward, dat jy dit kan weerhou vir wie jy dit nie wil gee

S8 ke e 1 AL 6 e 526 8
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OF ELECTRICAL CONTRACTORS
Jnthere e o 8 ance sy segtrato o Electricn Coiracioscn

dustry as opposed to by individual supply
authorities, in terms of pr'—l Taation s..m Africa?

ver o ' Konrakicur ulomatics sy regidrsi ( Hermu e, Dic -

dagte wat hul fand het, het ks e doen met statutére registra-

Sl Dicls " veronign van Kontakieurs, vepbridkers o andes me:

5o wat bymekaar gckom het en besluit het sehere kontrakicurs wat vol-

doen uan sekere vereistes, dat hullc geregisireer moet word en op 'n Iy

ek kan m pocie werk

cremiging

yan lekirategniss Kontrakieur, maae tmalvan hlle s i nociwen-

cregistrect by hierdie besondore Raad nic. Muar om ecnmalige
e e R Al

M e Yeusseter ek 4w Bal proot e e e, Freores
sumstem, U weet voor 1964 mocs draadwerk gedoca gewees het
. persoon syt s lnare, manr it vad e o dot by etk
ontrakteur nie, Nou ax ck Vanderbijlp ;
-lml it geld vir buie myndorpe cn .mmmk pt:&kn et jy talle mense
gekry wat Klein werkies wil luat docn, en het 'n vriend van hooi met 'n
draadwerkerslisensie in die hunde gekiry, het gekom en die vorms inge-
val, by het dic werk hoeliemal wettly gedven en lat toets. Noudut hy
e laat registreer ax kontrakteur, kan duardie man wie a8 kontrakfeur
regiree e by kry ik et sy werkgeer, wan by et it in
sy privaat foen en daar is nl!nmplndﬂrpmh\ e, ok It defini
oo Soriig e e el g gedoen word rie. Die enigste
verskil is dat ons nie nou da ¢ andsr aspek s die be.
e i ons werkl oor Kantaktcur ht s werl riima. € et
n kancrakteur se lisensie geskors en tw aurni werk hy me sy
el saanesk i, 8dsf KoArtaue, . WA e By e Pl s
ekla en hy het absolut geen notisie daarvan gencem nic. So ok weet
mic of ons nie moct teruggnan na wat ons gehad het voor 1964, Dankie.,
Mr. D. H. Fraser: Durban
Comparison between the British and SA sysicms of registration of clee-
trical contractors, is difficult hecause of differing kg,-l roguirements.
ion

There is no. hccmc clecirical

with the Nt e
\racling (NTCEIC) & un b volunlary Sass, bil admision I subject 16
pissing strict tests of competence 4 an clecirical contragior.

ip-
Iy Authority does not conduct in-depth inspection and testing of the
work of the contractor who has tn accept ful respansiblity for com-
pliance with the wiring regulstions. Persons carrying out wiring work,

With the present legistation in SA afcourse #f would not be possible to
capy the British system. In my view it would be dangcrous to drop the.
SA symem of licensing all individuals carrying out wiring work.
Regarding the question of tnnualregistraion of Contrtors with the
Supplier in whose are: is underiaken, i is appreciated that this,
can be oncrous for oty working in several difTerent areas. It is
however necessury in my opinion for a supplier to be aws I the
Contractors undertaking wiriog work in his arca so that the correct
procedures can be to cnsure co-ardimation of inspeetion,
Lesting and connection of the insiallation, The Suppler ot be able 1o
communicate with the contractor to make iments, discuss
e n i difficult 10 sce how 1he present syetem of ipiraion
can e dispersed with, but | do believe that Suppliers must make

oty s pontbe fr Conkiretars s et e i Rrlon it
should surely e of adm most satisfactory solu-
tion would probably be to momwnulu i iGowdira atocs o
regisration i the relevent legisltion

9
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ONBALANS IN MEERFASIGE MOTORSTROOMBANE
beveilig met teenoor enkelfase en
onbalans in die 10 minute.
lhe Tascspanning is gering.
Het lede soortgelyke prbleme ondersind cn watter uplossing kan assbe-
veel word, sonder om die uitklinkfusilteit van die reluis te norbrug?

UNBALANCE IN POLY-PHASE MOTOR LINE CURRENTS
Slipring motors protected by thermal relays ure semsitive to single phasing
and unbalanced line currents and the machises are tripped after S (o 10
‘minutes running, The phase voltuges only vary slightly.

Have members expericnced similar problems and can they suggest a possi-
ble cure other than averriding the tripping feature of (he relay?

Mr. K, H. D, McMillan: Untata
Mr. Questionmaster, this has arisen siice we got new pumps for our
waterworks and we have found, although the pumps arc identical, boll
of them had these imbalanced currents which caused nuisance tripping
of the thermo relays, | thi reason for it is probably because you
are on the end of a very very long transmission line, and we get negative
phase scquence effects coming Lo it. As & atter of fact, as x00n as our
focal hydro-gencration has some in, because we arc having this. re-
oceurring and Ill be interested 1o see whether our problems scem to be
solved. Ill be interested to know whether other consumers have had this
troable on theie systems. Thank you.

Mr. Jules von Ahiften: Questionmaster
Thank you, Mr. McMillan, Gentlemen, that brings us (o the end of this
Meabers' Forum and | would like 10 thank you all for your valusble
contributions.

Mr. John Morrison: Questionmaster

k you, gentlemen, for your support and contributions

Mr. P. 1. Botes: Prosident

May I thank you also for your contributions and for ihe fact that all the
questians were put. Pleuse show your appreciation in the ususl manner
(0 the good leadership of our two Questionmasters, Mr. John Morrison
and Mr. Jules von Ahifien,

&

DANKBETUIGING EN AFSLUITING:
VOTE OF THANKS AND CLOSURE :

Mar. P. J. Botes: Preshent
Mev, Odendaal. ons is bly dat v en die dumes weer by ons sangesluit
het. Dit & vir my ‘n yoorreg om no net gau die bedankings te doen en
dan die afsluiting te doen.
Die daarstelling van "n vergadering van hicrdic aned verg baic harde
werk. Wanneer mens dan dic cinde van 5o sessie kam en jy moet dan.
€. is dit met weemocd. Weemoed amdat jy moet afskeid neem van
' Span wat alfes wat hier plaasgevind hel, (ol die fynste detail
georgariscer en beheer hét. Diegene wat noual aan dic spits gestaan het
et reglings van so 'n hycenkoms, sal met my saamstem dat die mense
van Welkom wonders verrig het, Gesien ook in die lig dat mnr. Johan
Botha nog nic ‘n VMEQ-vergadering of -konvensie bygewoon het nie,
et hy homsclf goed van sy taak gekyt en us ' tcken van ons waarde.
ring, wil ek net grasg aan hom 'n das carhandig,

Ek wil ook graag Johan vra om ons dank oor te dra aan sy personeel,
Hulle het baie hard gewerk vir hierdic vergadering

Ons dank nogmaals aan die Burgemeester en Raadsledc van Welkom
vir die uitnodiging en dic gasvryheid wat ons genict het, Dic brasi sal
ons baie lank: onthou

Aan die Burgemeestersvrou ons besondere dank dat sy dic dames ge.
traktcer het en vir al die reélings. Baie dunkie, Mevrou, Ons waardeer
dit

Aan die Stadsklerk, mar, Van Zyl, ons dank vir sy hulp en bystand met
die organisasie
Aan die Hoofde van Departemente wir hulle samewerki

Mnr. Sieyn van die Purke en sy personeel vir die versiering van die saal
en dic hulp by dic braai. Baie dankie, mnr. Steyn

9%

Full
coverage
|

A complete range
of motor control
and switchgear—
from components to
prewired load and
control centres.

KLOCKNER-MOELLER

Motor Control, ar
and Industrial Electronics
and Otice and Fatary Jumamnesber: S5aran, Tal, 011] 75,3457

Laa Glan, Roodapocer Tet 9416741040
Cape: Town: Matro tawaahio Tel (027 51008 51 2000, 514513
Ourbar: Haw Gaimary, TaL B31) 72334
Part Eizsoat: Siowel Tel £41) 41 2520,
Welkors: ncusral ares, To. @17 72:28

Macacn, Roilos 8083,
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k aan die Stadsingenieur en sy personeel vir hulle groot bydrae met

die regmaak van dic sale

Ook met groot wa

ons dank aan die voigende persone en in

ws, baie dankie.

nmerangskikkings, mevrove Smit en G

gskantoor behartig het. B

Mar. Rossouw, hul-sekretaris en m kie vir die stille

werke, Bals Gankis vir e bak

Kruger. Bie
werk

yperateurs, dit Iyk vir my
1 nog duar lekker en

Mo, Snymanen Van,der Merwe, die Wi
1 e haie probleme p Hulle
il i ctean
Aun Atwyn Rohes, Skakelb
ie vir alles wat hulle be

pe e mej, Tersia Swanepoel, baie dan.

tig het vir ons.

The following afflistes for their sponsorships:
Messrs, Hubert Davies Flectrical Enginecring for
folders. Thauk y for the quality fold
Messrs. ASEA Electric Compiny snd Messes. Brown Boveri for the cx-
cellent lunches provided these two days

Once again | wish o express my sincere appreciation towards the
speakers who delivered such high standard papers. Messrs. Forsyth
Fortnann, Salomons and Sollergren. Thank you very much

e convention

To Messes. John Morrison and Jules von AR ik you once again
for the leadership at the Members Allt hcw.m. are dealth
with and this is the first time this has ever happened. T
i A b e e ateon e Bam g Y o S
valusble contributions and @ special word of thanks
Bowen, com Technical Meeting 10 say & few words.
you very mush, We appreciated it

My thanks 0 the President Eleet, Mr. Desis Frase,for bis s
and will be kindly give his wife good wi a speedy recovery
My dank ook aan lede van dic WNNR, SA Drr.mcmﬂl van Man.
nekrag en Benulting, mny. Weich, baic dankic vir u by

Dok aan die Evkom-personeel, in besonde
gunstige vergunning dat mnr. Bowen ons kon Locspreck. Baie

or. Walter en .-ubm poed-
dankie,

i an Bennie
ankie vir nog " vergadering welgedis
Ten laaste vra ek dan my viow, Urthey
te oorhandig aan die Burgemeestersvrou, aan
wise Smit. Urt, kom na vore asseblief
Ekvra

van der Walt, ons Sekrela:
Baie dankie Bennic.
na vore te kom en " ruiker
mey. Botha en san mey.

Laaste m dic minsie

nis. Baie

andig aan mev. Botes.
Damex en here, dit is my bede dat u 'n veilige reis terug sal he en ons
Al 4 VolgeR 0 \ar i Eurb s EX seriasn Dormis Freoef hot ' pade
woorde.

ou mev. Louise Smit om *n ruiker t¢ oor

. ladics and gentiemen, | am sure thit |

sent here this

Jadam Mayore
peak for all thut are pres

S, That
view, The sechnic
discussion of these have
1l form

2 very high sta
‘m....w.mL
the social conient of the . The op.
& T falmemmal cachpage of

ed,

Equally va s bees

rotusile ShER e weiaas prov
and fellowships, luiby

e

short this s been the most sl echnical
his must indoubtedly g o 0ur Py who hias &
< ursion o I progrt e, e of
etails that have 10 be taken into sccount. He
o histdlied e rgeting it couries and (ath while il keeping us all
under [irm conirol, herehy ensuring that we kept to schedule. My
President, pleas cere congratulations on 4 job well done

d many othe

nd ous thanks for the efforts you have put into this funétion on cur

behalf. Thank you

Ladies and genlemen, forgive me i 1 toke this opportunity 1o get in

quick commercial Our Secretary has quoted me  much more
vomical cale thart SATV. My announement soncerns the 1951

Canvention in Durban, T o fixed. Wil you make aniote

T s e e m” business ko interfere

‘it plesture which 1 hore . you il e ng our faie city?
Fhe convention will take place in the F uwmm,m et Mchaeyi
to Wednesdiy 6th of May 1951, We hav blox
Hotel and hope thai as many 45 e il s e
venue, This the rgh o
contributes to the success of any convention, P
that You make your rescrvution it the Elangens withool delay
dicating that you are in AMEL delogate, We do look forward to sceing
ou jn Durban and wil do-our bes 10 enure that your v is
worthuhile. | sugyest thal you make i relly worthwhi
ceheral befoek e mewii g 10 coux 6t i e oos anceying
o

< therefare cnsure

King the

10 recouperate alter the event
M. President, ance aga
this technical meeting
wishes for your remaini

suecess of
1 extend 1o you and Urincy our very good
year in office

1 want to compliment you on th

M. P. J. Botes: President
Thank you. Denis, for your kind words.

Hicrmee dan verklaar ek die dste Tegnicse Vergadering van die VMEO
s algesluit

¥ declare this Kth Technical Meeting of the AMEU closed

New in South Africa...50 years in Europe

HOT WATER

SYSTEMS

Stiebel Eltron is famous for quality,
advanced technology and excellent service. The
main plant is situated in Holzminden, Germany.
Employing over 3500, Stiehel Eitron is one of the
leading manufacturers of domestic appliances. High

ressure hot water storage heater sysiems, STIEBEL
Ettion minuinlm-r's high pressure hot water
systems fram 6€ 10 storage capacity. All
appliances are sui Iabln for either central or

Reliable economical & efficient ~the choice of the experts

!ula ater hi . Storage capacity from 5¢ to
2 surtabie 01 one cutlet requirements
smlm watet heaters, Ideally suited for the home,
office or workshop. Alsa available in 10, 20, 30,
80 units for hospitals, hatels, canteens etc.
Continuous flow hi sure woter heaters,
STIEBEL ELTRON offers you a complete range of
ontinuous flow water heaters for hame and industry
lm’\\y with the permission of the local Electricity

installation. N p o

. and domestic swimming pools.

STIEBEL ELTRON

Comfart with electricity

Northeliff Plaza
189 Malan Drive

THE HOT WATER SPECIALISTS

Northliff 2195
Johannesburg
Tel. 462041
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AMEU MEMBERSHIP ROLL — LEDELYS VMEO

HONORARY MEMBERS — ERELEDE

BARTON, R W.: P.O. Box 29185, Meluille, 2109,
BEESLEY., W. Deputy City Electrical Engincer, P.O. Box 1803,
Hulawayo
BRA DLKV D. A9 Target Kloof Roud, Port Elizabeth, 6000,

. G 35 Rectory Gardens, Brosdwater, Worthing, Susses,

Eghad,
DOWNEY, J, €.: 10 Jessop Roud, Seléction Park, Springs. 1560,
EASTMAN, H. A:; “Woodlands Rise”, 12 Woodlands Road, Somersel
West, Cape. 710,
EWING, R. G P.O, Box 779, East London, 5300,
FODEN, A 4 Hardy Road, Selbornc, East Landon, 5200,

7 New Way, Pinclands, Cape Town, 1405,
() Box 384, Pretoria, 0001
HALLE, . k22 Connuigit Roxd, Platermeizhurg, 3201

. 1710,

3 ighaate Place, Db North, 4051
19 S1. James Strect, East London, 5201.
LEISHMAN, 66 Tana Rowd, Emmarenni Ext_ Johammesburg, 2495
LOMBARD, C.: Posbus 4181, Germ L 1411,
MIDDLECOTE, A. A Private Bag X191, Preloria, 0001,
MILTON, W, H: 44 Halford Avenue, Wverley Eit., Johannesburg,
2192

-5t

| Grosvenor Cours, Snell Parade, Durban, 4001
i ockweg. 35, Blogmfontein, 9301,

NOBBS, D, MURRAY. 7 S8 il eciOm ol s
Terabiekye D0 4N oo, Lidcs
FLOWDE] 11 Delta Road, Winston
SIBSON, A. R o ox w070 1

0. Box 1091, Johannesbarg, 2000,
IR0 B 1. Loenin Margues, PEA.
HI[-R(}N G. C.r Posbus 12688, L A

TURNER, H. 7: Town Hestrical

igineer, 1.0, Box 121, Umtal,

u\N prn WAL, J. Lo Posbu 108, Johanossburg. 2000
- Clty Electrieal Engincer, 21 Marshaf Road,
Pm:mmunurg 320

PAST MEMBERS — YOORMALIGE LEDE
ATTERBRIDGE, W. H.. P.O. Box 69, Port Elizabeth, 6000,
BARRIE, J. ) 82 First Avenue, Dunvegan, Edenvale, 1610,
BURTON, C. R.: 54 Memorial Road, Kimberley, 8301
CAMPBELL, A. R.: P.O. Box 3, Impendhele, 445,

CLINTON, J. 5. .0, Box 4645, Johanncsburg, 2000.

COETZEE, E. 1.: /s Eickiriese Meganiese Afdeling, Poshus 3, Yan-
derbijipark. 1900

CONRADIE, D, J. R Posbus 1005, Blosmfonteln, 9300
CRONJE, W, 1. Wenningsteast 37, Groenkloof, Pretoria, 0181,
DAWS ectricity Supply Commission, P.0. Box 2408, Durban,

4000
DE VILLIERS, F, £ 265 Wolmarans Str.. Rusienhurg. 0300,
C: Chapellsraa M, Gourc, Pual, 7646
Hil Pt Elzabeth, 601,
fal,

EASM i PO, B 77 Fort Vietots, Rhodesm,
HESS, . Bladwl-d. \‘mr Mountain Road, Snmuut West, 7130,
HONNIBALL, 0. Box 17031, Groenkloof,

s o, Pr:mru,

g ury,
. Electricity Supply Lummm\nﬂ P.O. Box 377,

PO Bor |04, Carlbomle, 250

LE, E. W.: P.O. Box 39663, Bramicy,

!\qu LLIAM, E. A: 202 Nicholson Smm, Imuh!ym Pretaria, 0181,
ULLER, H. M.

-Reinet.

POTGIETER, N. A" Wehmias 1311 Queeniwood, Preioia, 0186,

PSOTTA, K. U.: Malherbostrast 9, Upington,

REIGHART. W LW Universiteitsngenie, Universitelt van Kaap:
debasch,

3 Greenwood Road, Pietermaritzburg, 3201,
RUSH, Fouche Str., Dundec, 3000,

THERON, W, G g 1 wa.:.q
WILLIAMS, 1. T.: .0, Box 1617, Pretos
WALIE, R 8. P.O. Bon 21, Germbsion, 1400

6850,
. 001,

ENGINEER MEMBERS — INGENIEURSLEDE

A
ADAMS, €. E: City Electrical Enginéer, P.O. Box 39, Port Elizabeth,
6000,

ALGERA, J. B Elektrotegnicse Stadsingenicur, Poshus 16, Rusten-
burg, 0300

B

BAILEY, R. V.: Borough and Elecirical Engineer, P.O; Box 72,
Vlmzw. 4450,

ical Engincer, P.0, Box 20, Swellendam, 6740.

BA r\mtn ¥ Electrical Engincer, P.0. Box 1803, Bulawayo,
Rhodesia.

ARNARD, Flekirotegriiese Ingenieur, Posbus 6, Delmus, 2210,
BARNARD, W.: City Electrical Engineer, P.0. Box 699, Johannesburg,

BEARD, G. R Town Eleetrical Engineer, P.O. Box 176, Grahams-
town, 6130,
BLEACH, R L. Tawa Eleoical Engiier, Empasgenl, 630
gh e Box 37, Eshowe, 3815,
se mm.... Posbus 155, Vredc, 2455
v Department, Civic Cenre, Oudishoom,

nmnoll- T Pl
BOSHOFF, J. 1.: Elektrotegnicsc Stadsingenicur, Posbus 3, Vanderbijl-
park. 1500.

BOTES. P. J: Betrotepricse Ingenicur, Posbus 217, Roodepoort,

umn/\ J. )i PO, Box 708, Welkom. 9460.
5. Town Elscirical Engineer, .0, Box 268, Bloemfontein,

mo‘

BOTHMA, O. it
BOYACK, 1. F.: City Electric:
BOZYCZKO, W.: P.O. Bo ourl,

BlllFRs. D. B.; Elekirotegniese 1mm=ur I’nvhns 302, Kroonstad,

nme P. 5. ) Town Electrieal Engineer, P.O. Box X, Hermanus,
7200,

BRUMMER, J. G.; Elekirotegniese Ingenieur, Posbus 17, Stellenbosch,
600,

[
CLARE, C. A Borough Electrical Engineer, P.O. Box 5, Howitk,

3200,
CLARKE. M. M, P.; City Electrical Engineer, Private Bag 1, Randburg.

E, J.: Chief Flectrical £ngimecr, PO, Box 44, Ceres. 6635,
D, ) Poshus 42, Despateh, 6230

DAVIES, £
burg, 1200,
DAWSON, J, D.; Municipal Elecirical Eogineer, .0, Box 45, Ulten-

. City Flcetrical Engineer, P.O. Box 199, Pletermarits-

e, 6230,
DE BRUIN, H. 1: Elektrotegniese Stadsingenieur, Posbus 218, Rand-
fontein, 1760,

DERNIER, W : Electrical Engineer, P.0. Box 206, Aliwal North, 5530
DE WET, N. B.: Pusbus 33, Vereeniging, 1930,

DE WET, L D, M Br. Ing. lektraiegnisse Ingenicur, Pusbus
13, Brakpan, 1540,

DREYER, L. Elekiroicgniese Ingenieur, Poshus 19, Westonaris, 1780,
DU PLESSIS, C. P.: Elcktrotegaiesc Ingenicur, Posbis 31, Woreester,

8450,

DU TOIT. E.: Elekirowegnicse Stadsingenieur, Posbus 16, Brits, 0250,
E

EHRICH, L A Town Electrical Engineer, P.0. Box 66, Standerton,
2430

3
FORTMANN, A H. L Town Elecirical Engineer, P-O. Box 215, Boks-

burg, 1460,
FRASER, D. H.: City Electrical Engineer, P.O. Box 147, Durban, 4000,
FUTCHER, L: Municipal Electrical Engincer, P.0. Box 13, Kempton
Park, 1620

G

GAMBLE, . 5. Town Electrical Engineer, P.0. Box 76, Dundee, 3000,
GERTENBACH, J. ) Elekurotegniese Stadsingenienr, Posbus 17,
Upington, §300,
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CU AL ENGINEERING

(PTY) LTD

ELECTRICAL AND MECHANICAL ENGINEERS SUPPLIES

2 ENFIELD ROAD
DURBAN
4001

TEL ADD, “CUALCABLE" DURBAN

LINE PRODUCTS

ITT BLACKBUR

Raychem
Phosware

STREET LIGHTING

TELEPHONE: P.0.BOX 18228
NATIONAL {031) 210285 DALBRIDGE
INTERNATIONAL 27 31 210285

4014
TELEX 6-2916 SA

Aluminium and Copper Conductors B PVC In-
sulated Housewiring and Overhead Service Cable
W Paper and PVC Insulated Telephone Cable M
Paper, PVC and XLPE Insulated Power Cable m
Welding Cable.

Disc M Line Post @ Pin M Shackle ® Ree| Bus Bar
W Stay Insulators

Ironwork for Overhead Power Lines M Stay Rods i
Stay Wire W Poles M Glvanised Boits M Washers
W Nuts @ Coach Screws Tools for the Erection of
Qverhead Power Lines

Parallel Groove Clamps for AL/AL and AL/CU
Connections O Preformed Insulator Ties Guy Grips
® Pole Top Make Offs M Line Guards B Armour
Rods M Dead Ends M Vibration Dampers B Splices.

Cable Joint and Terminal Boxes M Joint Box Com-
pound M Solder @ Wiping Metal M Jointers Fur-
naces M Compound Buckets M Tallow Fiux M Lead
Pots M Beaters W Ladles.

Copper Coated Steel Earth Rods W Couplings and
Clamps M Copper and Aluminium Earthing Tape
and Braid W Lightning Protection,

Heat Shrink Cable Terminations and Joints for all
Voltages M Heat Shrink Tube M End Caps and
Boots.

H.P. Mereury and Sodium Street and Flood Lights
Street Lighting Controls M Poles and Street
Light Brackets.
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GROBLER, J: Elekuroteghicse Stadsingenicur, Posbus 551, Bethle-
hem, 9700

"

HAIG-SMITH, D Town Electrical
wown, $320.

HALLIDAY, K. W. J.: Municipal Electrical Engineer, P.O. Box 5, Port
Shepstone, 4240
HAMMERSCHLAG,
Bedlordview, 2008,
HEYDENRYCH, J. E.. Elektrotegniese Ingenieur, Posbus 14, Middel-
burg, Tul. 1050,

HUGO, A H. W. Town Electrical Engineer, P.O. Box 78001, Sandton,
2146

HUGO, 1. G: Electri
3

Jantzen, G, H.

Engineer, PO, Box 113, Queens:

N.: Town Electrical Engineer, P.O. Box 3,

I Engineer, P.O. Box 51, Bredisdorp, 7240,

ibus 24, Clocolan, 9735,

KOESLAG, H. 1.: Elekirolegniese Ingenicur, Posbus 52, Robertson,
6705
KRUGER. M. J, C:: Elekirotegniese Ingenicur, Poshus 13, Port Allred,
6170

L
LABUSCHAGNE, J. 1. Elekirotegniese Stadsingenieur, Posbus 86,
Walvisbaai, SWA, 9190

LE ROUX, D F.: Elekirotegniese Ingenieur, Poshus 36, Duiwelskloof,
0835

LEWIS, L Town Elcctrical Engincer, PO, Box $9, Windhoek, SWA,
9100

LOCHNER, . van S.: Elekirotegniese Ingenieur, Pasbus 111, Pieler
burg. 0700,
LOTTER, G, A Elektrotegniese Ingenicur, Poshus M, Potgistersrust,

0600
:m,nsgu_J A Elekirotegnicse Ingenicur, Posbus 1014, Benoni,

\nuw H. AL L Elektrotegniese Stadsingenieur, Posbus 12, Puarl,
M

MALAN, J. 0. Elektroicgniese en Meganiese Ingenicur, Posbus 13,
Kempton Park, 1620

MEMILLAN, K. H. D Electrieal Engineer, P.O. Box 47, Umtata, $100.
MeNEIL, J, L Town Electrical Enginccr, P.O. Box b, Kokstad, E. Gri-
qualand, 4700,

MILLEN, T. J.: Town and Elecirical Engineer, P.0, Box 24, Tzaneen,

050

MOSTERT, §.A.: Elektrotegnicse Ingenieur, Posbus 19, George, 6330,
MURPHY, K. J.: Municipal Electrical Enginecr, P.O._Box 19, Somerset
West, T130.
N
NORTIE, G
ton, 1400.
o

ODENDAAL, M. W.: Elektrotegniese Siadsingenieuf, Posbus 4, Al-
berton, 14

13
PALSER, D. C: Clty Electrical Engincer, P.O. Box 82, Cape Town,
000,

Elektrotegaiess Stadsingenicur, Posbus 145, Germis

PETERS, A. G.: Town Elecirical Engineer, P.O. Box 278, Gwelo,

Rhodesia.

PIENAAR. 1. F.: Dorps- en Flekirotegniese Ingenteur, Poshics 26, Win-

burg, 9420,

PIKE. E. B:

IVA: ). H.: Principal Engineer, Amatola Row No. 73, Kingwilliams.

tawn, S600.

POTGIETER, D. £ T.: Elektrategniese Stadsingenieur, Posbus 14103,

Verwoerdburg, 0140,
E.

Poshus 113,
Potchefstroom, ’:zn

PRETORIUS, 1. Assistent-Elekirotegniese Ingenieur, Posbus 23,
Nigel, 1490,
PRITCHARD, M. R Elcktrotegniese Stadsingenicur, Privaatsak X7,

Virginia, 9430,
PURDON, D Town Electrical Engineer, P.
1390,

. Box 67, Phalaborws,

L]

RATTEY, W. P Elecirical Engineer, P.0O, Box 3, Strand, 7140,
ROBSON, K. G.: City Electrisal Engineer, .0, Box 529, East London,
200.

s

SCHREUDER, T. P.: Posbus 98, ¥redendal, $160,

STRAUSS, 1. € Elekirotegniese Ingenieur, Posbus 60, Sasolburg,
570,

T

TE BRUGGE, E. I Elekirotegniese Ingenieur, Posbus 7, Lichtenburg,

2740
TEN GATE, J.: Elekirotegniese Ingenicur, Posbus 7. Lichtenburg,
140,

TRAUTMANN, E. P. E. W.: Elecirical Engincer, P. 0. Box 29, Lady-
smith, 3370

TURNBULL, A. F.o
ging, 1930,

v

Town Electrical Engineer, P.O, Box 35, Vereni~

VAN DEN BERG, A. | Elekirotcgniese Ingenicur, Posbus 94, Kru«
gersdorp, 1740
YAN DER MERWE, D. 5 Biekiroteples Instier, ol 3, Wi
bunk, 103
VAN DER MERWE, .14 lobruognidt Mgdaiews, Pesas , Carle-
delberg, 2400,
VAN HEERDEN, W J,
delberg,
VAN MEERDERVORT, J. K. L.
33, Barberton, 1300,

VAN NIEKERK, P. J. S; Borough Electrical Engineer, PO, Box 21,
Newcastle. 2940,

VAN TONDER, C. .: Elektrote gniese en Werktuigkundige Ingenicur,
Posbus 21, Odendaalsrus,
VAN WYK, A. A: Elcktrotegnigse Ingenieur, Posbus 45, Nelspruit,

Elek(rotegniese lngenicur, Posbus 201, Heir

Elekirotegniese Ingenieur, Posbus

vELusMAN D, E: Elckirotegnicse Ingesieur, Posbus 17, Vreden-

VERTER, G, A.: Hlekisotegriest nperieur, Psbis 9, Meysrion, 1940,
VON AHLFTEN. J. K.: Elekirotegniese Ingenicur, Posbus 45, Springs,
VOSLOO, €. Poshis 628, Kimberley, 8300,
w
WRIGLEY, P: City Electrical Engincer, P.O. Box 73, Salishury,
Rhodesia.

ASSOCIATES — ASSOSIATE

B
BECK, H. D.: Deputy Ciy Electrieal Enginecr, P.0. Box 529, East Lon-
don, 5200,

BRINK, H.
€
CARTER, C, T.: Assistant City Electrical Engineer, P 0. Box 82, Cape

ocpingenicur, Posbus 283, Blaemiontein, 9300,

D
DE VILLIERS, A.S.: Electrical Engincer, 44 Wale Street, Cape Town,

DE VRIES, G. 5. Groepingenicur-Venspreiding, Posbus 1079, Blocm-
foniein, 9300,
DE BEER, W. H.: Adjunk-Elektroniese Stadsingenicur, Posbus 48,
‘Warmbad,
DELPORT, J L. F. H.: Adjuk-Elehioniee Stdsingsniew, Posos
25, Edenvale, 1610.
DU PLESSIS, C. ). Posbus 868, Kempton Park, 1620,

G. €. Adjunk-Elektrotegniese Stadsingerisur, Posbus

DU TOIT, R. E: Poshus 2694, Witbank, 1035.

H

HILL D. R, City Electricity Department, P.O. Box 147,
HOBBS, ). L. Deputy Flctrica Engicer .. o

Durbin, 4000,
Uitenhage,

L

LAMPRECHT, B. C: Privaatsak X014, Benoni, 1500,

LEIGH, . A Deputy Ciy Electricu Enginese: 7.0, Bos 699, Johin-
nesburg, 2000,

™
MCINTYRE, H. A.: Town Electrical Engineer, P.0, Box 35, Vereeni-
ing, 1930,
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o
OPPERMAN, D. J: Elckirotegniese Ingenieur, Posbus 45, Springs,
1360, "

®
POLLOCK, T: Electrical Engineer, P.O. Box 3, Gordon's Bay, 7150,
®

RAUTENBACH, G, F.: Elektrotegniese Ingenieur, Posbus 99, Klerks-
dorp.
RHEEDER, R. J. B Posbus 41, Cathcart, 5310,

s

SCHOLES, E. H.: Deputy City Electrical Engineer, P.O. Box 699, Jo-
hannesburg,
SMITH, A, M. Principal Engincer (Distribution), P.O: Bax 369, Port
H.mm».

MPL P iy ikl e Staisimgeriear, Pociuh
Verwoerdburg.

SURTHEES, E. H.: Depaty Town Enginess, PO, Bos 215, Bofisburg,
1460,

v

VAN DER WALT, C. 1; Privastsak X014, Benoni, 1500,

VAN SCHALKWYK, A. P.: Assistent-Elektrowegniese Stadsingenicur,
Posbus 288, Bloemfantein, 9300.

ASSOCIATE MEMBERS — ASSOSIAATLEDE
B
BEKKER, M, J:
Trichardt, 0920,
BOSCH, DD. M.. Elektrotegniese Ingenieur, Posbus 21, Tarkasiad, 5370,
BOTHA, A.: Hoof van Elektriese Afdeling. Posbus 6, Delmas, 2210.
BUISSET, J. A.: Elekirotegniese Ingenieur, Posbus 34, Orkney, 2620,
c
CLAXTON, H. D.: Electrical Engincer, P.O. Box 71, Graaff-Reinet,
6280,

Elekirotegnicse Ingenicur, Posbus 96, Louis

COOPER-CHADWICK, C.: P.O. Box 57, Germiston, 1400,
D

DAUTH, W, J.; Chicl Electrical Engineer, .0, Box 48, Volksrust, 2470,
DE BRUYN, C. D:: Elektrotegnicse Stadsingenjeur, Poshus 15, Wil-
towmore, 6680,

DU TOIT, A. J.:

P
PAGEL, P. V. E.: Elekirolegniese Ingenicur, Munisipaliteit, Pletten-
bergbail, 8600
PEEN:

nwpunm‘m Posbus 24, Cummn, 1185

hus 35, Vry-
burg, 8600,

s

SMALL, € T. R: Town Electrical Engineer, P.O. Box 9, Beaufort
Wed, 6970

SMITH, E. H.: Electrical Engincer, P.O. Box 42, Despateh,
SWART, T. L.: Elckirotegriese Ingenicur, Posbus 10, Glanc
SWART, F. C.: Grocncwaldstraat 49, Peirus Steyn, 9640,

v
VAN DER SCHYFF, G. W.. Stadsingenieur, Posbus 3, Bethal, 2031

VAN ROOYEN, H. E Dorps. Waterwerke en Elektroiegnies lnge-
il St

VENTER, )t A PO, Hox 33, Cope T

VIDLER, J. A: .0, Box 21, Jeffreys suy ot
w

WEAKLEY, S, L, PO. Box 24, Cradock, 5850
WHEELER, D. J.: Posbus 13, Burgersdorp, 5520,

LOCAL AUTHORITIES — PLAASLIKE BESTURE
A
Adelaide, CP.
Administrasieraid, Hoeveldgebied
Administrasieraud, Oos-Rand.
trasierand, Oranje-Vial

|, Sentrual Trancvaal,
strasieraad, S Tranevaa
Administrasicraad, Wes
Alberion, Tyl.
Aliwal North, P,
B
Barberton, Tyl.
Benoni, Tvl,
nluw\!nmem ovs.
Brakpan, Tl

Ingenieur, Posbus 37,
520,
DU TOIT, . Elektrotegniese Ingenieur, Pasbus $2, Roberison, 6705

'FLET(HHI, 3. L: Deputy City Electrical Engineer, P.O. Box 147,
Durban, 4000.
G

GOUSSARD, P, 1.; Huofelckirisién, Posbus I, Koppies,
nzvu»; E.; Electrical Foreman, P:0, Box 35, MAunel:.Emewn
fan

GRFYLIN

.B.C. B BislicalBrginct PO b1 aF Ermic. 2350
Hoofelekirisién, Poshus 43, Hi
enior Tegniese Bea

GROVE,
(‘REVLING. mpi . Privaatiak X2016, Stan-

t‘,na'nus R. J: Pasbus 13, Dewetsdorp, 9940,
H
HARPESTAD, P.; P.O. Box 21, Knysna, 6570
¥

JANSE VAN RENSBURG, W, W Fosbus 14064, Benori, 150,
IELLIMAN, C. £ P,0. Box-36, Fort flca

5 ol v Elckeangoicss A, Posbis ;P
eistersrus, 0600,
K

KOBUS, E. E.: Posbus 206, Aliwal-Noord, 5530,
‘aarnemends Elckirotegnicse ingenicur, Posbus 55, Mi

Privaatsak 2208, Otjiwarongo, 9210.

LAAS, C. P Elektrotegniese Ingenicur, Posbus 15, Kenhardt, 8900,
M

MARAIS, J. 5. Pmm 10, Carnarvon, 7060,
MGNAMARA, A. B Electrical Engincer, P10 Box 21, Komga, 4950.
MULDER, J. A. C.: Posbus 60, Piketberg, 7320,

MYBURGH 0. Elektrotegniese Ingenisur, Posbus 4, Kuruma, 460,
RT, A, H.: Posbus 53, Swakopmund, SWA, 910

NEL, J. T. F- Elektrotegniese Stadsingenicur, Posbus 33, King Wil-
amstown, s600.
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KP.
au..rnana. KP.

. T

e Council, Tel,

Duw:lllxlml‘ .
Dines, Naia
Dewetsdorp, OVS.
Durhan,

E

East London, CP.
Ermelo, Tyl

mpangen, Natal,
s gy

F

Fochville, Tvl.
Fort Beaufort, CP,
G

George, CF.
Gobabis, SWA,
Grahamstown, CP.



1980 — The year of SAMITE

During 1880 the new SAMITE Range of domestic electrical distribution
and protection products, developed in South Africa by Heinemann, is being
introduced in a planned series of phases. &
The ﬁm hase introduces hydraulic magnetic circuit breakers up to 50 Amps,
EA and 60 Amp switches all in single, double or triple modules.
l-'-ach mudule is only 13 mm wide and saves up to 48% of the space on most
panel boards. They will be available shortly together with single phase earth
le: e circuif breakers up to 50 Amps, Z 8 kA, SP and ‘neulra.! common
trip, lightning arrester and a b nirail
adaptor plates, busbar links, etc wﬂ.l be avuhb]e for the eaxy integration
of the SAMITE range into standard CD/CF clip trays.
Suhaequem phases will intraduce higher rated smrrs circuit breskers
and switches and 6 kA ELCB unif
Ask Heinemann for literature on the full SAMIT}:—: range.

P. 0 Box 881, Johannesburg, 2000
itch Drive, E]andafumain
'm : Tripswifch Johannesbi
Telex: 8-8372 SA, Tel: 36-7

Samite —._Sout_h HAfrica’s breaker for the space age.

St stk o< Acenita 1501
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raafT-Reinet, CP,

Heidelberg, Tyl
Henneman, OVS,
Hermanus, CP.
Howick. Natl.
1

Iohannesburg.
Jefireyshani, KP.
K

Kakamas, Kr

Kemptan Park, Tvl,
King Williamstawn, CP.
Kaysna. KP,

Koppies, OVS.
Kuruman, KP.

L

Ladybrand, OVS.
Ladysenith, Natal,
Lydenhurg, Tyi
Lichtenburg. T+l.

M

Mafeking, KP.
Meyerton, Tvl.

Moot River, Nat
Mataticle, Oos.
Middelburg, Tv.
Mosselbaai, KP.
Middefbuirg, KE-
N

Nelspruit, Tyl
Newcastle, Natal
Nigel, T

o

Odendaalsrus, OVS.
Orkney, Tl.
tjiwarongo, SWA.
‘Oudtshoom,

Paarl, KP.
Pietermaritzburg, Natal.
Plenienbergbaai, KP.
Port Shepstone, Natal,

Polgietersrus, Tvl.
Peri-Urban Areas Health Board, Pretoria. TVl

Pieicrsburg, Tvl,
Port Alfred, CP.
Postmasburg, KP.
Pretoria, T,
Phalaborwa, Tvl.
Pist Retief, Tl.
ether.
rt. Elizabeth, CP.

stroom,
Petrus Steyn.
Q

Queenstown, CP.

rsdale
Rustenburg, Tvl
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s

Sandton, Tvl

Somerset Weal, CP.

Stanger, Natal,
rand.

Sasolbarg, Tol

Swellendam.
T

The Divisional Council of the Cape.
Tarkastad, KP.

Thabazimbi, Tl

Tzaneen, T,

Tongasi, Natal.

u

Uitenhage, CP.

Umtats, Transkei.

Upingtan, CP.

v

Vanderbijipark, T

Viljoenskroom.

VredenburgSaldanka, CP,

Vereeniging, Tl

Virggs, OVS
Viyburg, K

Wolmaranssts .;g T
AFFILIATE MEMBERS — GEAFFILIFERDE LEDE
A
AECI Lid PD Bm nzz. Janannuhw; S
EG. 10264, Johaninesburg, 2000
A ummmmyl (P vox mbl Jvlmm:rlmr'. 000, Tel 834

ATw Lid: PO, Bax 2873, 2000, Tel. 836-
0501,
Ab(n‘hrt Cables Africa Lid: P.O. Box 494, Port Elizabeth, 6000, Tel,

rcan Cablen Ui 2.0, o 172, Verscniging, 1930, Tel, 42021
Alcaresi-GE Sales (Py) Lick P.0 Box 6168, Johannesburg, 2000, Tel.

Alled Electric {Puy) L P.0. Box 6080, Dunrs, 150,

Alusaf: P.O. Box 284, Empangeni, 3880, Tel. 3111 (Richards Bayl,
Anode Electrical En‘u:cf.ﬂu. & Construction Co. (P} Lid: P.0. Box
473 Butgme, 1340 Tel: Soeil.

Asea Electric (Py) L ox 691, Pretoria, 0001, Tel. 79.7020.
el Cates Lk .. B SE0, Johaanesburg, 2000, Tel, 609-4020,
Avon Wire (Pty) Lid: P.O. Box 163, Rundfontein, 1760, Tel, 663.3645,
l

lenden & Robb: PO Bax 4648, Johannesburg, 2000, Tel, 22-697).
s Colquhoun, O'Donnel & Partners (Pry) Lid: PO. Box 31757,
Braamfonicin, 2017, Tel, 94376,
Brown Boveri Orsal (Pry) P.O. Box 10966, Johenneshurg. 2000 Tel.
B182700,
Brown Bover Soulh Afic (1) Lk PO, Box 150, Johannesbure,
2000, Tel, §36-579
c
Charles Elvey Agencies (Piy) Lid: P-0. Box 8082, Johannesburg, 2000,
Tel, 6146541

Cahi !;enmlm-l. Norster en De Vries: Poshus 1079, Blocmfontein,

Chemi =( )tJ Lm P-0. Box 25720, Denver, 2027, Tel. 616-1313.
('Iinlunlu Mmga. n Brown & Partners: P.O. Box 196, Port Elizabeth,

103



Clinkicales Maughan Brown & Partners: P.0. Box 570, Cape Town,
001

Complote Cabling Equipment (P1y) Limied: P.0. Box 107, Mondear,
2010 Tel. 3070
TILR ernu Posbis 17031,

enklon, Pretaria, 0001

SA. (Py) Lid: PO, Box 4236, Johannesburg,
() mrugmmm.mmm P.0: Box 228, Delbridge, Natal, 4014, Tel

(uil(r-lllmmev (S.A) Lid: P.O, Box 14089, Wadeville, 1422, Tel. 14-
9124

Crabtree J. A. (Pty) Lid: P.0. Box 413, Springs, 1560, Tel, $6.7911
D

Dishar (Piy) Lid: P.0. Box 38238, Booysern, 016 Tel 433 mv

Drewett, lan & Pariner Box 38, Johannesburg, 2000, T

381

Du Toit C. A, & Partners: P.O. Box 425, Pretoria, 0001, Tel, 18991

Du Toit €. A. & Vennote (Suid): Posbus 4263, Kaapstad, 8012 Tel. 26-
41

Duropenta (ToLi Ay Lid P-O, Box 389, Germvston, 1400, Tel, 149241
E

Fbechards:Martin (Pry) L1d: P.O. Box $5027, Emmarentia, 2000, Tel

Eguluh: Plastic Conduits (Ply) Lid: P.O. Bos 140, Rosslyn, Pectoria,

0001 Tel, 582238
Electrical Contractors Association of S:A.: P.O. Bex 5127,
Johangesburg, $34-1087.

Hlestrica Pratection Co, (Pey) Lid: P.0, Box $70, Benoni, 1500, Tel, $4-
||<.:nm Engincering (Pry) Lid: 10 Box 27129, Benrose, 2011, Tel,
hn:g umml Engincering (Pty) Lid: .0, Box 27129, Bearase, 2011
I:l ZI lnml!!huuen & Vennote: Posbus 4083, Johannesburg, 2000,

rl;:xmrnpmum,mnua PO, Box 6709, Jahanneéshurg, 2000, Tel
455,

¥
h\mn Africa (Pty) (1d: P-0. Box 8023, Elandslontein, 1406, Tel. 3.

uwmy)um d: P 31220, Brasmfontein, 2017, Tel. 414446,
Fuchs Electrical lnd. my; L P.0. Bo 958, Anode, 1461, 141 s

Fuji Appliances S.A, (Piy) Ltd: P.0. Box 553, Pinclown, 3600, Tel, 84-
7434,

Fainsinger G. §. Associates: P.O, Box 2142, Windhoek, 9100,
G

Glnlnm D. A Comulting Engineers, 278 Oxford Street, East London,

hl'rluvqh, De Villiers & Partners: P.O. Box 472, Durbanville, 7550
“Tel. 96-30K7
,Ec Pmm Disteibution Limited: P.O, Box 13024, Knights, 1413, Tel.

(:E:l. L@ws. P.O. Box 256%, Denver, 27, Tel, 615-6530,
Golnix (Pry) Lid: P.O, Box 2512, Cape Town, 8000, Tel. 29-454,
"

Hawker-Siddeley Africa Switchgear (Py) Ltd: P.O; Box 31053, Braam-
femicin, 017 Tel. 31911

deley Aftes Tramtormers (Py) Linied: PO, Box 14355,
w..umuz. 1422, Tel. 34
D, Symons M-nulmum. (Pry) Ltd:

Tel, 763-5457.
0. Box 881, Johannesburg, 2000,

0. Box 63, Rondepoort,

Hrﬂ anm Scatt & Partners: P.O. Box 17321, Hillbrow, 2038 Tel,

Limited; P,0. Bax 25,

lmml Davis Elecirical Engineering (Pry) L1d: P.O. Box 8077, Elands-
1406,

font
Hdl:y “Bros, (Py) Lid: P.O. Box 1699, Pietermaritzburg, 1200, Tel. 51-
3.

. 1665, Tel. 61-

1
Industrial Machinery Supplies (Piy) Lid: P.O. Box 9653, Johunnesburg,

4
Juckson A P.O. Box 4814, Cape Town, 8000
K

Kilpatrick S.A. (Pry) Limited: P.O, Box 6869, Johannesburg, 2000, Tel.
29383,

104

Klockner:Mocller (5.A.) (1y) Lid: .0, Box 100, Kepion Park, 1620,
Tel, 975-.
Kuikol im\ncd P.O. Box 349, Benoni, 1500, Tel, $92-1062

L

Lseon Lighting Indusisies (Pry) Lid: P.0; Box 7125, Johannesburs.
2000, Tel. $39-234]

Ilu\.w n trical Distr.: P.0. Box 3424, Jeppesiown, 2043,
Litemaster Products Ld: P.0. Box $973, Johanneshurg. 2000, Tel, 22

Lomex (Pry) Lid: P.O. Box 39045, Bramiey, 2018
M

Matais G. H. & Vennote: Poshus 1789, Pretoria, 0001, Tel, 31681
Marthinusen & Coutis (Py) Lid: P.O. Box 469, Johannesburg, 2000,
Tel. 258167,

Marthinusen L. H. Limited: P.O, Box 25664, Denver, 2027, Tel, 35-
8961

Meissnes H. G, & Co. (Pry) Lid: P.O, Box 10867, Johunnesburg, 2000,
Tel. BI8-4T14.

Merz & McLellan: P.O. Box 31012, Braamiontein, 2017, Tel. 724-3421,
Midland Equipment (Pry) Uid: P.0) Box 440, Kempton Purk, 1620, Tel
975-5941

MK Electric (Piy) Lid: PO Box 140, Rosslyn, 0200, Tel, 012) 56-2238,
N

North & Robertson (Piy) Lid: P.0. Bix 309, East Landon, 5200, Tel, 23+
37,

NK.
o
Ogatin (Piy) Limited: P.0. Box 514, Roodepoort, 1725, Tel, 217758,
Ove Arup & Partners Consulting Engineers: P.O. Box 52265, Saxon-
wold, 2132, Tel. 426624,

P
Pirelli General Cables (S.A.) (Piy) Lid: P.O. Ben 605, Florida, 1710, Tel.
672-53689.

- Groep: P.0. Box 8514, Johannesburg, 2000, Tel. 53-1318,

Phosware (Piy) Limited: P.0. Box 391, Springs, 1560, Tel. $18-5811.
Power Engincers (Pry) Lid: P.O. n.:;u Eppindust, 475,

Power Lines (Pty) Ltd: P.0, Box 1989, Johannesburg. Tel. 725.5350.
Praformed Line Product. PO fok 95 Pietermaritzburg, 3200,

R
Raychem (Pry) Limited: .0, Box 134, Olifantsfontein, Pretoria, 1665
Tel. 61-1628.
Republic Power & Communication Co. (Pty) Limited; P.0, Box $40,
Jahanncsburg, 2000, Tel, 786-2370,
suncrt & Lenz Limited: P.O. Box 92, Johunnesburg, 2000, Tel. §3%-

1351,
Reyolle & Co. Li Box 1975, Salisbury, Rhodesi

Reyrolls Purons of S () Linidt B0, b 30 Hinescootsin
1406, Tel. 36-2866

Rogers G. S. (Piy) Limited: P.O. Box 27169, Benrose, 2011, Tel, 24-
H134,

s

$A: National Commitiee on llumination; P.0. Box 395, Pretor, 0001
797010,

SA Philips (Pry) Limited: P.O. Bex 7703, Johannesburg, 2000, Tel, 24

120,

SATL (Edms) uem Posbus S61, Sitvertan, 0127, Tel, 83-2281.
Bistiah Caie 1 ed: P.O, Box 2882, Johunnesburg, 2000, Tel,

s.mm
9111

igmalorm S.A. (Pty) Limited: P.0. Box 51319, Randburg, 2125, Tel,

A

u General Eleciric Co, (Pty) Lid: P.O. Box 5032, Benoni South, 1500,
el, $28111

S.A. (Pty) Limited: P.O. Box 4383, Johanneshurg, 2000, Tel

knlmrkm “Limited: P.0. Box 61204, Marshalliown, 2107, Tel, §36-
HO11
Slmp\eﬁ o Lufhnnc (Pty) Limited: P.0. Box 61067, Marshalltown,

2107, T
Sinbal Eumn (Piy) Lid: 189 D. F. Malan Deive, Northeliff, 2195 Tel.
Smw P Elu:lnc;l | Siamcor) (8y) Limitcd: 7.0, Box 50297, Rand-
burg, 2125 Tel. 48-1

mm:ﬂ P.0. Box 930, Johanncsburg, 2000. Tel, 613-

P.O. Box 4212, Luipuardsvlel, 1743

rs.m Lighting S.A. (Pty) Limited: P.0. Box 43075, Industria, 2047, Tel.
N1 Sowh Alrica {Piy) Limited: P.0. Box 10465, Johannesburg, 2000.
Tel. 363211,

Trivets & Co. (Py) Lid P.O. Box 29026, Maydon Whar, 05T, Tel
35
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U
Uniplan {Pty) Limited: P.O, Box 7259, Johunnesburg. 2000, Tel 22

Usca Cable Co. (Pty) Limitéd: P.O. Box 48, Verceniging, 1930, Tel, 4-
BES

Usko Aluminiumkorporasie (Edms) Bpk: Posbus 48, Verceniging, 1930.
¥

vaja Products (PLy) Limited: P.0. Box 35247, Northeil 2155 Tel 75.

16l

s B i g Gt Ing: Posbus S0645, Randburg, 2125, Tel.
16-5353

w
Waco Distributors: P.0. Box 461, Iohannesburg, 2000. Tel. 21-7811
Weyers Aub & Hubeé: P.O. Box 174, Pretoria, 0001, Tel. 20921,
¥

Yorkshire Switchgear S.A. Py} Lid: P.O. Box 157, Pinetowh, 1600, Tel.
721501,

Adviscer ash. die sekretariaat van enige verandering van sdres of tele-
feonnommers.

Pleasc advise (he secretariat of any change of address or telephone
numbers.
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Johannesburg
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Port Elizabeth
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lts light work
wiring the Rhino

ince of working space and the
of chasing make the plumber

2. The abundas
elimination
and ian's task a joy. Its convenient
and time saving, so

1. Once the n?ﬂ!h' (or drywall erector) has
erected the framework. ..

4. Leaving the electrician and plumber to pro-
3. With the pipes and conduiting in place, the vide the finishing ml’l"ﬁlll the fml: of
and cover plates before the painter

cladding to the framework, decorates the finished wall.

The resulting fully serviced and attractive wall is completed in a

fraction of the construction time of a conventional walll nmﬂm@

m GYPSUM INDUSTRIES
Head Office. Bedfordview 615-6470. Cape, Paarden Eiland 51-6021. OFS, Bloemfontein 22-4826.
Natal, Pinetown 72-9236. Port Elizabeth 32-2948.




From modest beginnings in 1946 we have grown

rapidly to become a major local industry in the realm
of power on and n

The power transformer factory is the largest and mast
madem of its kind in Africa and has produced units of
up to 800MVA. Other similarly large manu!munng
facilities at Pretoria West produce switchgear and

allied products, At Rosslyn we have a very modem
cable manufacturing plant and a new distibution
transformer and capacitor factory

ASEA

South Africa Li
PO Box 691, Pmtuna 0001, Telephone (012), 79 7020 Telex 3725 SA

Backed by such large manufacturing resources and
diverse facilities we are able to offer a complete tum.
key supply and installation package for either static
power transformation and distribution or rotating
drives up to and including large mine hoists.

are a South African company, ably backed by a
wealth of technical expertise through our association
with the intemational Asea group, and this has
enabled us to remain in the forelront of electrical
engineering in South Africa,




