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SUPPLEMENTARY MATERIAL

_A_ppendices I_l II, IIIl and 1V,

Appendix III contains
reports on: -

"Rotor winding deformation on turbo-alternators"
) and
"Behaviour of overhead conductors under short ecircuit

conditions"
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, ;x}g.roducti on.

Due to n.ts contim mg rapid ;'rowth -ead the alrsady

‘large o= pital expenﬁitv:re involved, tm Leotricity supply

Indnstry is a ma;}ox- factor of increasing inmm tanoe in

dationd. Eoonony. .

Complax techniocal. problems have bsen s0lved sucoessfully
in relation to leng dmtance traaamia ion, higher sffioienoy

" of gen. :cating plant, protection,switching, indiaatizn,

oom"mnioation and oontrol. S
“ihile the limits of 'teohmcal development have not

'yet.psén re‘ac&cd-,m.d fhe;a&hy.tb_d&_y ap;xliog»tie;i of existing .

teohniques is neoes:ary; the standardisation of ..:sgecificationa
and designs for nany individual items of plant end even
for extensiue ganerating,tm:minal. and distrlbui i;m

" etaticma is ;:raotioahle. Tha "immam and operaﬁonal
, benefits of atérd :dmauon of this kind a.re Decom.ng

- more, gcmrally reoo;nmcd tmd udopted:.

As the bolutions of purely: teonnlca.l *moblem are -

Tnohieved and the. extent of stﬂndardwaticn mcrcases,tha

need for inmpzove- ent ain oower aystem eooncmios beaomea .

- mare pminent.

-The causes of varying mtes gf 1oad rowth and of

’ daily augd se*.sanal loxd variatwn together with methods .

of aon'crol;inz them; the -nos.t cocncmm&l load and alant

"oapaoit,r factora at which samtcms should olnerutaq the.
beet’ oombir <tions- o; dﬁ.’“ﬁa ent classea of froneratang

glant the mm.mieation of aystetn loa:es- the optimum

: *argin fox- Tresarve plant‘ and trhe relatmn of rlant

Gvailabmty to deriénd are all s:~‘ujects vhich require

ok mar ¢ ‘study ‘than they hmre yot reoeived |
“Such Jt dy o fers o;)portnnity Lor £in- ucial savinge

cf ah very_ hirh nru;r,and tx».e t?‘aais dg,aorzbes investisations

w‘.;icii‘ have beemr aarried out by the wrlter in \,o*mection )

wit- thesc roblems.
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Itens ﬂien gg*‘ect Fack L Load Qggggtgistigsigg Annual
Load Feotor. | | ’

The load eurvis of electrioxty sup ly systems all.

sxhibit the vardiable daily sharactaristic,cad seasonal

vorictions in the masnitude of the peak load and in- the -

ounps of the deily lead ourve are also evident. '
"' The reasons far tlese veriations on a particular |

- system and for .the diferent char’aoteristics of ihdividuél

systems to;et‘*er with their imwhcatixma are dealt with
belcw. .

A pamical a,nf«l‘yn.ts of o oombined sy~ten: load surve
1llustrating tha daily varlations in dsmend and tre
diveraity of oonponent deﬂa.ndn is givem in Figwre 1.

A8 an eleotrioity sunply syatem 18 developed and
re\ftypes of 1oad are sonr eoted to it the sha e of the .
daily load ozzrve Qan- a.lter apprecianly with regard to 1=

(1)  The nurber. of pedars which oocur dm':uzg a

- 24showr period. |

) (i1i) “the. magnltude of the- paaks exnrnawed ‘a8 &

| \eroentaga of te ateady or base load

_portien o.f,tha daily mad.ot_xm'e_,.,, :

(iii) m dm'a'ﬁcn*cf ‘eagh of the indivldml peaka. S _

' 'fgzv) The time of day. at whiah ,he maximumn 10ad oecfzr..». -

A'(ir) ﬁhe rata of risa and’ ia.ll of losd., - L |

Appreoiab)a ohaagos can ta&'e place tritu[n a few yoars -
and a jar oham'es o oomxr ‘vithm 20 ,yeara or less. Figuves -
2 and 3 indioate thc nature of ..‘.uch vari* tions in daily -
1oad. ourres on a rzorer syatem mun?.;rhg udust:rial,ruml, »

'-f'dcmetio do vmmial, traction and street-li *hting loeds.

‘Some of the camses of these ohangee are :-

(1) Alteration of norral working hours of the consurers.
'(ii) Chance in the habits of ‘Lm consuners,
(114) Developsient or abondonment .cf'-alternaiive
_ réﬂzods éf 8page -i.eéting and/or wa,tm- héating'. i
iv) ..De#eIOp-fent'_of 99ff peé;)c'!‘ yia'ter. ard space haa,ti.n,__g.v
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3.
(v) ,mpment of nev industrial Processes.
.. (vi) Development of mew types of domestic lond.
_ (vii) Development pflvarioua rur-1 loa:s.
7. ~ (viii)Development of connoroial end domestie .
refrigeration plant. |
(ix) Izztrcduotion of "haylight Saving“ { samer"
or “"Doudle Summn" Time) as an emergenoy
© or regular measwre. L
(x.)_ Amount of street and disvley liohting and.
‘times of oon xeotion and disoonnectmn.
| (xz.) Chmges in veatber oonditionc. o
, mu some of these. o-anges ate fmtnitm,otkers ‘
are ccntrollable and eam be altered by financial m;v‘nti'te,”
consumer education,agreeneat,resulation or statute. An
astive polioy of load | mmngrh‘as been adopted by some
m;p,r}l,y suthorities with a view to f£illing in the troushs
inthe daily lded curves a.nd‘redué.‘mg‘ sezsonal’ verigtiens
in. order tc achieve a reduction in the overall oost per.

o kiio-':att ho xéenerated The advantage geined by a poliey

of this kind is p&rtioulnly evident-on the-'f'al systams
| _because the add:Ltmnsl load oan be genemted a.t a lower
aolt $than tx e ssisting load of the system. This cost
. am.mtg to little mere than the _an_d.ed fuel cost. an‘dsoope
‘exists for'thia mutually adves tagoous. devo&opéunt on -
'thcmal aystems with: amual load faotors belov 70’.
Fimres 2 and 3 n,lse mdicatc tywica.l differcnoes in

_t‘xc shape of the daily load curve .Lccr wcr}ring mekdads in -
swangr nd -dnter. Accontmtfon of the main merning or
','evenirxg wintsr peaks "w covur cue to. cverlap:ing by
ke ea:r peavs of oomnone.nt losds th_ich at ot‘;er times of
tie yen,r Tave divwazty. The extent to whioh this ogoure
is de vendent on f’eog ra, Jhice.l latitude hich influencos
t:;e. anount of overlap of tile foll_owing near peeks i~

(1) Indus.rial jmwo’f. |

(ii) Inductrial liphti.ng a.nd hea.ting. ,

(iii) 2ragtion, ,
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. R (iv) Stre t ligl—ting
’ | o - -;-: _(wi) Display li;hting g *
‘) s ';;' (vi) Don:: stto }.i.g‘xting,heating dnd cookﬁg
o " he different charaster iatio ‘Bhapes aid nagnitude
| of working weekday.Sa.tuxdqy ,Snnday md bnlide; loading
. x o '*s ahwn on. ?:.gm'o 4, Advantage is takea: of red.med
| loading at we:kends and houaaq- poriads to oarry cut ,
~s!mrt term mintma.noe whioh is a more frequent requirement -
on thernal than on hydro generating plant.
: The magnitudc of the peaks en individuel wrkilg
| | da.ya durire a rnrtmula- veek is influenoed wed nly by
et | '*weather and tm?emtu‘e comiition& vhioh alao a.tfeat the

‘_ : “lnd throngheut the . dﬂr by altering lif'hting md therml
| Y - 1oagh An aoeor denoe with’ vislbilit,y and temperahm
B nonthly end semanal variationa ig the mm‘ituda

of tha nea}ra on dail,y load o:rvea @re caused by :—~ .
o (1_) Weather and Mparatm'o ohanges ihio'h are of
' widex‘ ra,nge than these: r.roduoing t!w weekl.y

o variationa nraviouely "wertloued

-" | ; B (a) Pcuit and vavsta!ﬂ.e g:oceasi*xg and camn:hg
: R (b) Da.:h'ying and: mﬂk‘produci pmcming
‘ L S (o) Refrigeration am eool etora.gn. B
R (d) Irrigatian and athar uter suppzy pmm
Lo deads, oo
U Cﬁi) Beasonal changes in consumer- habita;. Dy i
' S 333‘30'! datly losd. omrves forathe bemis for- .,11 amges
N whieh are direatm[ totard load mulding,fomoasting t‘utm-o
i : e lbada,and deciding on: the tﬂ*slmit aizo. nd &ctmtf of

 hew genaratiag plant reqvi.rod to t\edt t.hcm,methods of
‘ f'r:-‘ﬁ'}dualing with tht problem nf paqk Me,mpromveut :Ln
eytem Oparating pffioieuoy,and éetenﬁ.natim of load
, factors at eth:mh different types uf genora.ting pk:.nt will:
‘ be. required to o;er&te. - | _ - L
' "‘bere is,as yet no eue:’.'e.lly a.pvrored aet of standards

laid dam for tie ,ruuaratum of theee ourves and their

' dqma‘u,ves,md in sorc instances lack of . adeguate. :vetering






fapsilities ;reveuts the r;m_‘eg'a_aratiqn’oi aosyrate statistios,

- Loatlé may ‘be plotted -t h“mr-l‘y &r—-‘f‘alf "“cm'iy intexvals -
‘_ ﬁ.nd mea,surements of load ray - be eit.her i stantaneous or
o | :mtegrzted at ar over. these tines. Naxirum demand refuiings

may be in tantanemw ar integratsd re.z.dlngs over any eriod. .
up to one heur; nnd rectangulm- blook,straipht line and .
smooth curves may bLe used for plotting o

| The British ulaotricity Authority hae centinued a
éethod developad than the Cantral. hlactriolty Board

oomnenoad Operatinn s0mMe 23 yeu-.: wo- It hes a hich ntandard._

of meouragy and.ensurss - thad. readings.-metaken and recorded
similtanaomly at all 'min statione on the svstém. -
. rrintonetor charts are stampagt every: half hour with printed
sets of readings obtained by impulsing from integrating
;meters. Check meters are incarparated and routine tininP
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ohecka are oarrled out, Hegmatt and Megavar reéadin-s are
, given or generator and avxiliary sunmated leads: yimport
| and. 'export at pewer stations,and at all ~mm.loa¢_. ceatres.
v 'On other’ s ‘stens (whexe sw:Ltchbowd incicating -
__ izatruments,inuegro.tin&, mcters or chart recorder rigures = .
are lopged at n.ntervals) timing,obamatim,and n.nst:mment '
erxrxpa -reduce the aocumoy oi’ th e recards obta;med
Snm-a.l types of- *rasentaticn of dnily load curves

. i ” .' ;

are’ in pso. One method ie to assemble cut out fipures of -
‘dai].y load ourves in 8equance throug}zm the year to fora |
a,blook, This rives a thrae dimensional pisture of the -
vhole of the load varis tions throushout the year,but do.n

not permit comparibon and aaalysia of the ourves as readily - -

L . as the s':rperinposeti -,monﬁz'];: mass ourve method. _
:I‘ixc latter wethod is illustrated in Fipure 4 whioh
- shows the renersl arrangement,tut is on too small a scale
| to allow detailed examination. ‘An astual layout sbout |
‘ 5 feet by 2 feet 6 inches with’ #iflerent symbols or colours

for e ch d&y ci the ronth permits individual Aeutﬂioation,
- asid sheows olearly the variation in:'d d1y laad througho ¢t
r 7 coch wonth in a sear.




| , 6
an idte::esting 6gera§ionel~ fest e which is shcwn.

by nonthly nassy: curres *s the nececsity to svnohronise

;’amrating plent and m.ek up - a ata‘ xlwing load on it in

advam.e of requirements e.t times o:t T2 1ndly r:.sing lcad

For 1nst noe t‘*e magnituda cf the lf*ad half wa.y up tha
morning rise o:n he seon to ogour. ut times mich Yary up
ta haLf en hour in the oourse of a ~enth nnd whigh are |
not ocrediot able with uoou“aoy. : |

" From the foregoing it llowa that the sy'atam annual

load 1':ctor is only & very apnrtxi:“ate neasure of s/stor*z

,Iaadiw a.nd oparatinf oemiitio*vs.. it is de endent on te

combimuion ef drily load faotors,the amount of load -

- reduction at veok ends. and on 'olidays,anad the nonthly

‘nd sea.sona.l Va.riatrn In demand An annual - losd faotor
of 60,: !ar ox.ample oould be ohtainad by & combination of

hirh dail,y load zactors on.a syatem ﬁth modcmtely vide v
= eeaaonal Gemand varm.tiona ) he same ammal loml fwotor
f oonld be ohtamed ﬁltar zatively by Y aox!» jnation of

lower dai],y load - *actora with more. na.m aeasonal

idanml *-m'iatlbns than in tlze iret case. - o

It ie thus osaible to dra.zz up tvo. sets of uite

i fﬁront daily and seasonal o ding conditions whiah,

_“han formed. intc a.nm:al loa.d umtion curvaa,appear E ‘

yidantzcal I.oad ‘fura-ion survss for shorter perieds have
. uimila: limtaﬁim cnd mat be med in obn,)’umtien with .

seta ef ﬁam load curves. far. asses;-,mt of £ tre load

o estihates,ﬂaintenance sehedules, and. load favtors and -
=

oneratmg recvirements en -groups af planz
ehe &lJLr.Liﬁatiﬂn of methads for vsing mcnthly R8s

ourves,loa.d duration. carves and ‘.Latapraled 1lcad duration

curwes (ief-renes 10) is ocovered in the isllowing seotions

of the thesis.



Spare or Reserve clant. : ,
_— . At the ;resent time (1955) the. mjor eleotricity
. ~enerating smtem ip Auatralia and overseas are operziing

: w:ltl} little or no reserve plant mar~in,due mainly to the

| eff;ots of the ver and difficulties in cbtaining finance
or insta,lm}z m plmt quickly enourh to mest the

' inoFessing demand. Intamptions to supyly dus to plaat

: ehortage are becoming lesa frequent as the deﬁ.oiemy
‘18 oversom and att: ntion is being focussed acain on the
problem of the optimum mrgin ~hich shoz;ld..be adepted

for reserve plant.

. - The following ocnsiderat:.ona were taken mto aoccunt
' dm'ing tha writor's investzzfations. .

o - The ovrrent coats per ld.louatt of new ~enarating
‘ o plé;lt installed. in australm ere approximetely .&.80 for

stam plant Operating on blaok goal or oil Pired. boilers.
- For e‘team plant ape 'atring on brown noal fired boﬂors tre
fi@me 18 about 254 higher,and at’ emting vage hvela
large installations of hydro-—electrio gwara’cmg plaut
gcutnide Tasnania) &re: Mkely to cost two to three times
. ' ns rmeh ped kilowatt ag blaok ooal rired sbean plantu
. | . When the system reserve plant margin bas been lost
'_ ,_it oan only be re-established hy the p\n’c*ase of new plant
' alﬁheugh the plant astually assigned to this duty. will
veuelly oﬂ_one'ist of older anﬂ leses ei’fi_oioht units.
The koyal Co-mdesion (1947) on. th_e :anticipatéd gemand
- far electrigity in Viotoria proposed-»aﬁﬁ mxinm reserve
plant The S E.C.Y. mbsaquent]: indicated that a mrgin
of ‘about 20% of reserve based on the ntiipated
co-tnoident H .D. would be almed 2t im viow of the degrae
. of inte- omneation. Othtr intercem‘ected systms hare
| uaed the ﬁgurea of 256 and 20% reserve for planning purposes.
‘ | Marsins of this marnitude on larre s stens are very
v‘ eosf:ly and if a Iﬁwcr figure of about 10p odv.l_d be proved

adequate,valuable reductions in capital expenditure.oould .

' be obteineci.




For exanple on

°y8tem wit:h no wein and a rresent

| \ 3 .n. oi’ 700 !hl. & rescrve of plant wp to 25~ n;i.ght be
_ - \eet’b.bliahed by the. tine the M,D. Toaohed 1000 I'.¥. -

= ‘Table 1 ehows Jifferant weys in: whioh this reserve plant
ccmld be purchasad and the oost of 25‘p and 10¢ reserve plant,

gable 1.

Reserva ;:lant o ¥

FiEnf xqum

‘. fﬁargm

- |[E240/K.¥.

Brom Coal
Plant. -

& .Rusmo .‘

> |provided byls
-;m'chase of

100

2t < 2

- uso

£12 x 196

2060

£.20 x '10& 332 -

40

leg.6x10®

60

. |&b x 10

b N Assigned
¥ 20/80
. Hydro/Brown

1100

20 -

g

£4.8x 20°

80

&3 x 10 £12.8

' It 2a8 been assumed that therc is already sufficiasnt -
olack coal a.nd oil burainy Mlant. to give a system bo.lm o

. M.D. or more amd that new plant will be |

ocmpri&ed of hydro and brown coal ‘:urn.ing units,



. . i " .' o

| 9-‘\' o
mun 8 sav‘ing of the esrder of 2.20,000,006 :Ls posaible

: ?if tha lcwor margin oan be adopted,md i edcition thers ...
‘would he nrogxea.;arre annval s8> ings on all new nlant
T imhlled ta meet. tho rmth of s:gstesa oad.

C 1% 13 Mphasuad t!uf tht pm-chwt af thi,a nw pla‘zt

‘ "-is neoea&ary 0 rogoin & nmaite operating, reqmc nnd
.i"the.t onu the 'best ooomcdcal owbwstz.on md amount. of

meratiag ')Innt ig inatal.lea 1t w1l be: operated .

orttn‘ of :lmremntal wdt#. "fhst u,hqﬁro Plant wi.ll ba

oPerated far a.a mns' ruxming’ h&re por annuat. a8 is poasiblo

_.according to t‘&t amunt oZ veter mrailaba.o and: brown ocal .

plant 1111 bL r\m to the *nximm oapuj.ty faotnr

' pumzittéd hy availabh load and naintmanca mqnirormts. o
, | Othe:r plant ~.111 be cg)ere.tad in saquential ordar oi’ Vrrlable
- ooeta iecame o the rela.tifoiy high capitfal oost of hydro

: eqsmtial - imun a,s ncn-«»pmin* nsme plant weariné , R
lin iainﬂ tae 1a.ct thgt mh aystem resgm p&mt mist he e "
,capable of running on: Joad a.t unprodiotable timee and
| possibl,y £na' oroh'apted periodz), In any. nas&,with the

emeatioa m raee linen,hydro instal‘i atione Thave .the. L
inharmt adva taga thot they are mom reliablp tran steam -

" atatiou md 50 for t‘\eir oun cmrempe rsquiro a. snaller .
| mn'gin of resawe. it will mua.ll,y pay to orovide api:ming
_resene by that- ptam ylant whiah mns me eocncmically -

at vmymg load than on. c,,{clea of loading md ’boiler

.bmking,er on stezm plant which is ruxming yartial],r
) loaded due to: l:.mitatiom of tha transmisqion sr8ten.

-In view of the iﬂportance of Se.vings dne oapital
expendituro of tha high ordsr Lndisaked,develmmte

and trends 4n reepeot to reservv pla&t p'actz.oe aversecas

' wqre studled.’

During the i tec:mdiatg atages 5 4 develqmt w‘ven

: ‘.lmde Jandant loaa'l. generat.tng x:nits ‘ml bost ﬁeglaced by -
y the oentral station,it m mepted pra.ctme to: mry |

spare plant : ufi’icmnt to meert tho a.nzmal #H.D. on t- e
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station 9llow1 - for: outage of tl"e largest um’.t Tha trend

towar ds incre: uing the size of gener'tin;' ntits ocounled

| vi‘ch t*e iesire of inﬁivul\tal anpply undertad.zzgs to

mstall nore ei‘fmient nlantvand beoone selgoted‘ prior -
to’ the establlshment of the’ Hational Grid in Britain
resultcd in 2 Yesarve m.aat mrgin trere of about 80

. in__1930 (Line A Fipure 5). following i- teroﬁn:sscmon,

this margin was progressively reduced to 156 of total
insialléd and 10% of evailable .lmt in 1938,and ihe system
was vati.sfactorih' o, erated under these oonditions. '

: The impact of the war,breaktowns due to ourtailed

mintename and the onset of & very ‘*irh number. of

 alternator rotor feilires ocaused by oop:er defogmauz.en

reduced the anount of zﬂant avail able. &t one pericd over
400 v of gengrating xlant was out of son- iasion due to
retor failures alone. (Rsferencoe 25 and 26).

In spite of the.: ‘€ reduotions and the loss of main
tie lines and some ;.,,enerating- statzous‘the_stanﬁard of
po'aer sup ly wag ve ory hish. | .

Since the war the effects of inademate war time. .
’maibtanance,the obligatian to. use lower gradca of fuel
than ‘th.oae for whioh fthe platnt' vas designed and the
dec__‘ieihn of the Gwez"ximt déurixig {8 war to reduce the

ae‘;: generating 'plant prograﬂmc #ubmitte,d by the C.E.B.,

- have resulted in lead ahedding

f’owaver imroved rotor doalgns and ‘o-.crating methods -
Zz&ie rednoed the »r_sttor Iailure- }zagm‘d,and_ noroel
maintenanoe and snita.ble":fual should permit operation -
withont lo-d sheddmg when the reserve plant nargin whioh

existed immediately prior to the war. has baen rs—establlshed

Similar trends toward reduction :..z reserve plant
may'.:_gms wers found to have takem pl_aoe in U.8.A. due to
the benefits of the inoreasing extent of interconneotion,
and tne neaes it:,' to kee; cayital exgeaditure to & minivmm,.

~ There was, hcwevor,one necullarity with reg“rd to

. seascnal variationa. It was nct.:.ced (Rexeronce 34-) tha.t



u.
. a 1aveilin:g out of the: ourve of monthly M.D.S. bad tacen
-. flaoe in sore imtanoes. o ' e | _
'_l‘hg fall in demand vzh:loh oooura in s;n'ing,swmer,aud
4 autuvin, and permits extan.ded m::.ntenamoa of steam vlant
to be, aarried out,a 4. deoreasod to the stage. where
mntenance w&e bemg restristed. _ _
It wiLllbe,-adviaauh to qatoh. for suoh & trend on
.;ustralian'syetems' eud to curb it by load moulding in
arder that extrs ,pla.n.t will not be reqaired to enzcble
adequate maintenance ,rog:rms to be mct.
rrofeasor A.H.Lovell {(Chairman of thc ‘Blestriocal
. E.ngmeering Dz,pa.r.tment of the Un;vo,re:.tg of ,ulchigen),uith _'
whom the subjlect of reserve plant h»s been raised in
oorre;;,o;%dence, HE:T B a&vise,d,: that in. U.S‘.A'."dﬁring ‘the
‘ ;ést threé years systers- the;:--havc'rbnagéd to meet their
u,D. s:éi-th §nJ.y 5 ié’"?‘ﬁ réaerve plant- é.hd that it is
poasible they will consiger-a reuer\re of 10% to be
| ‘e,dequato in future, :
B AL t:empta in reaent. years to dotermme the mrgin of
® . rescrve ,;lant &hich is necessa-y by oaloulation of .
' prooahilitiea (:tef :Tences. 27,28 and 29) are of value in
) mdloating the rel-tive efi’eots of ohanges in Je“»a:rate
' vau'iablec. leverihelooa it is ﬁrat&; aiffi"mlt to obtain
.rable bas;o renqrds of plant ’breas-downe over a period
of 20 to 30 yea.rs fer a partmular aa'stm; and seoondly,
v'xriables such as the iollowirsg camot be evaluated a;oourately
(1) The outa,ce f‘raqnmy,md durat:.on of outagee
on nev gematm plant.~
~ This plant may be: of dif"ercnt design from th'xt
_enati,ng,boilor -aresaures and t. nLﬁraturos may
‘be higher,sethods of botler ﬁring,a.nd the -
extent of duplication of avxiliories may also
dii‘er. Beari ng n. mind that éithiu ten .years
'all tie ‘lant on a --»systexn cen 'be‘: of "‘e.lﬂtered |
 desigm (ellouing for systesuérqwth and glent
re;lacement) 1t would ‘aega:‘;hgt«tga Jeried




dver which relisble data is ébtai;zablo
_‘z-"oild not be long enough to' permit A;n'ebis-e
| assessment. - : | |
(i me‘effebt-yof changing gtandards of maintenamse
- which depend not only on hicher level -
‘ aireotion and skill of persnnnel,but also
“en ciroumste noes beyond ihe: aentro). of the
o : sup Jy authorit;y. _ i
(iii) Troubles such as rotoxr ra‘tlma on steam.
turbo-alternators are not likely to be
‘reourrent to the same extsmt.: L
(iv) Altgra.tib;m to 'tha.—i trmssiagim:-'syz:tu or.
" 'réstrictions on its exteneion cen affect
}-the a,mount: of raserve plan:t requﬁ'ed in:.
, ' certain parts of & 8ystem. p |
The amownt of reserve requireﬂ-'on 2 combined -
rydro-thernal systen whieh has the addod varishle of some

“nrpnof the river® stations ha.s been caloulatad by

probab:.litiea (Rcferenca 27
On that system a total reserve of 21. 5‘ﬁ ves estirzatad

to be nesessary for 1,5?.0 %.¥. peak load,including the

amoumt for oovering the hydre plant. It was further .
sstimated thet,if all the latter were depoadaile,a system
reserve of 1_3..35 would be adeguate. " o

By ‘ap;plying_ Seeltye"}s*mv’is' J_{Refoi"en‘gh 28) to a

system with 1000 M.¥. maximum defend supplisd by 76

generafora‘-,a reserve of 84 is- obﬁunc&m;mg' the. same
baaic assumptiom.

‘It a.ppea;ra that Saelye hes mde no allowance for
re-arran gement ef mintene.mo stchedules foilowing
breakiown of g,enerat;ng plant._ 1f,as is common pmotioo;

breakdown repeirs and routine maint:mance sre done

simultmeous);; °n a. particular urit and. other routine

| maintmanoo is d.eferre.d then the figure ‘of 87£ could be -

Jeduocd. | , _
' ;‘he evidenoe avaiiable therefore in dioates thet a -
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mrgn of J.O%’) for thc 1600 B.I. syatam should be mﬁicmt. :
: i'-jlt is. propoeed that raamwglmﬂ: bc .tnetallee tp to
thia level,and :L-ho.t* thb mxin *bf moiif:bd uw,if mwnd
nocessatygmoéd.ing tn tm rmlt uf ozmting experismv
unde:r thesn oonditiones- L e T
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Plant 4vailsbility sad Trowd of System Lead Faotor.

Ite.x:.mm ava:.lability of n.ll rlant on tha system is
required for about turee mntha dyring the year and the

v'reduoed saximm demend during the remainin? period is

usvally sufricient to permit routine mmtenanoe on -
steaw generating .'plah-t. | o . ,
Statistios show that stesm plent availsbility veries

 from 85% to W% per enmum and that hydro elestris

zenerating plant has en average annua.l a#ailability of
about 950, -
“Thus on in depmdent hydro elnot.rin eystems plant

:awilaculity is unlikah to be a limiting, faotor in aystew

ievalo;ment,and’ the,optimun. snnual load focter will dé end

'la.rgel,y °n natural scesonal variations in steam flow :ud

the cost.a of providiag sturage.

On 8 8. satem som;rised of stoam vient o"lq the limit:mg
foature of an anm:al‘ ~lant a.aeilability of 85% to 90
directly determines the 'ax’tent of éeasénal va:riat:mn in
"aximy: de-and “&ichv con be lliu’w.e..i ‘and irm.o8es a restriotion
on tﬁ‘e 0 ptim ainué.l load faotor o’ the Syatain. |

| Figurl 7 shows a. tmioal ro. p of ourves of menthly

raxiwum demand P ctted on a Megawatt sozle. ”‘he iwciasn»e

of mxirmm denend the {zrowth of syaten load,the eifeot

of olant ahortage@ in. .ae -)cat var -pariod,and, the nature -

" of seasmal variationa ar- indica.ted

bimilar ourves exprea%-d 88 a uarcenﬁe.ge of the _
‘foar]y ¥.D, are given in- Figm'e 8,mid asa )or entage of
t.e total prosPeottn msta.llad oanuity en0h yesr in

-?igu‘e 9.

" The ‘basis of the last ﬁ.gurt is arti icizl in that
thue mntcr WD, miah \muld have ocenrred with an arara.re
rate ¢ load rrowth “as becn substituted ia the actial
vintor H.D. ‘ N
T?‘rouphout this »er.ﬁd it hes bo&n uoasible to. oarry
aﬁt\gp_nggl routine -,.&inte.u;mce pf bollera and turbo-aiternators

on & day werk schevule.,
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b B o
e r:tgm 10 showa. tba *aol:‘ax&l mmmz. .*ma fa.of.ora oa
S 'vt’ e; systw and nzﬁioates i!\e tz'end tbm hig;*e&- L.L.?.: )

' | .‘aa 3 «esult of 1oaﬁ moul&ing.,'l’his trlml is aeen to be -

"‘ " uue more to impmvenent in dail.y load i‘ector (aeteronoe_ -
ugu‘es 2 apd 3 w’"»ioh a.pply ta t.w sm s,yst:em} th:m to

| Hredmi:ion in. sez-mna}. M. D, mtiw,whm dus al.owamc is-.

N mada for supprafssod sinter. peam ’betvﬂm .1948 and- 1.952, g
‘ The vaﬂable shapo of the' :aonthly X, D omes

| 4 neoesa:.ta.tes geriodmal rﬂriw qnd ro—ar"angmmt oi
maintmenoo sahamdcc to cego with ﬂmn‘,hv‘t antil
“ maintename is ,z"orced o to a two ahift or three ahift
pmg:m ‘u there’ is stlll ovpurtunity for aoeent.ing
| hemer eumar,garn;hg and antmn Iaads. S
e The optimun annual leed festor sn . tan"coripaissa |
. | onl,y o! Bteam plant will ho that 1(:9.!1 factor at whioh
- the pla.nt sar apera.tc without tha prcvision ef - additmonal:
“ nlan“t for tb.e zpeci:»l purposc of oarrying om‘. routine -
main,tenmce. o . , _
- The linitation of steam p}.ant availaality wonld.
R ;nnder idaal loading cenditiens. restriot t‘w AJL.F. to-

Y betwben 85% and 90B,but the- ;rogpestive wor'ing day load
L faatprs on ,gumz-al purposa sysioms m unlikely to. exoeced
' &5‘5 average,emd the weok ead holidaa and othar reduotiona"

intrpduce a factor of . apnroxima.toly 88%.
| 'The udicatod usper '.Liasit of economis: deulnpmnt |
e ‘ot gurcly therml aystm thurai’m lies 'betmn 65% and o
' | ?O$ &mual load’ faotora Aban t’hia 1iedt e.dditional f'apital
\fexgendiﬁuro wﬂl he needed tur phnt which retuma J:ittlc
revame. let operatod 'be.lov tha Liu!:t vri}:i not produce o
the full revenue of whioh Lt is oapahh. ,

- The trend towards higur Sgatbu }.sad faotors ds &
reletwvely ‘slow - ONB, 8O- that when" adding . oloek af ‘plant
vhioh oan o perate only at load faotorn below the- syatem

- znnual load factor it ahould be satisfaetoq to deaign

the pombinatlon to opez-ate at the cvarall anmial load
'factcr antmipa.tad at the timo of oom ;lotion 13 4 %bhe new
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lant. Then svatem load grouth uill aixtcmticalb' ad just

| the relat:.ve proportions of plmt to persrit ogemtioa '-

at inereasing system anoual loed £aatora.

~ In the cese of long term nrojects. whioh can‘ operate
onl;r at load factora below ths aystem load factor and
which -are installed in etageo,d.t is nece:wary te .
oayemate for leed factor trend.. '

_ The trend of amvual load factors in both Britain
and the U.S.A, is npward, but oo comparable data hes been
cbtainod bcoause of dit‘fermt mathoh of aasasment,. L

| Fignrc 6 shows the ylant, lond and upanity !aotor

" trend m u,s Ao



is ago.in of a hiph oxder.,

m tctal of systen Lmes and enary used "w :

| supply:.ng statlon a&tiharies i.a a&n from Figure 1 to

be beti-een 20% aad 25% of the anergy" renersted on e
Fenersl yurpose system. _

- The 1oases inclinde ihoso in trmsmission,transrormﬂm
and dmtrihutitm- ‘and the aaung in eapital’ Bharm,mnning,
and fnel costs vhich sould: ruult frbm thelr redncuon

~

Ihe ;n-lnoiple of balancing the valuo of mergy .cut '

- e.gainst the ‘extra oapitd. ohargas of plant aquinment

and. emduotors necefsseuv to redwe thc J.ossee is ;;ractiaed
as far as possible,bﬂt 1t acldam appmachez the ideal

: ,relat;en. While it is a aimpln mtﬁer to demgn for- Es

economio balance on. an 1ndividnal aastﬂ.on Bhioh carriea
xixgd mximm donand or a steadi]; increasing a.xmnal

. I.B.,it is very. dif. ioult to- deal with & complex s”ttem
' which has verying rates. of load oravt:h i’rom year to year -
- and from one area to anoth.r. .When,as at present, there
' is a restriction on finance- ava:Llaale for developent
| conpled with a plant mortgge,zthe. _imgrovemmt-jof, loss

balanee cn transmission and.' diétribution 8ys sens is
liadle to Lecone a seoor"lary o::rmiderat*on.b
l‘owe"er two mthods of loes redustion which my be
rged ith sinanoia.l ad‘vantagn cn a lmng tez-m basia are
Y follows - o |
(1) 'Ehere are Zew intnropmected systena. vhioch do
not *ave an umeoeasu'.y and. unaconomio mltipla.olty
ot voltage levels between the up)er limit of -
| ‘L.H,V tranemisalon and tha lover 1:Lmit of
.istribution. In meny guses these voltages result
from tho Jerpetuatiom o¢ ’thbso nged whutn' loads . -
g wvere lighter and arcas vere smller or- 'ahen
‘relxabihty of c;.blea and Lxla.nt a.t: vcltagea
above 6.6 XV was questionable. In other ceses .
ehort $8TM econosics hsve e fudiced lone term
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18.
deve-opmentc. » _
- . ‘}‘f'sea,nmdxer of ataces »?f muﬁatfbrznﬁticns w:lth
o the@ asscoiated losscs bicomes « ,-';cess_ivef '
.:md";at‘tims"frans*“ers ct lde.d rebug cn't»ﬂo'
points at ‘the anme voltage lavel ‘= found to .
‘z-rzke‘l lace vi atep up and atcu down ‘rransicmrs.
The minxmisaticm of t~e number of voltagea
“an a sratem by 'ftha-gradual elimina.tion of.
‘nbsolets ¢ n:n-cssential ?oltave levels "'*:d
ailtiule t*wfacmations,and the emourazrement
o develnpuent af Teeddum and large sizo 1 xr.
motors will thcomre be of agoenomio advantago.
: (ii}f Reduction of losees by the wider use of on load |
| : tapJChanging fransformnra,tn preference to
the murg‘expensive oombihation of fixed ratic <
transformers and eeries regz}iatajs is possible
‘" in a mwmber of 1nctances. . A
- The Tcaotioe of inatalline fixed ratio or’
- off load tap oha.ngin@ trmsiorms was a.do;'tod |
| by some authoriiies begause of uequent fault s
© experienced with early designs of om lead”
tap dha.nging transforqara.__ The nesd -fox _' .
- voltave regulatien was mot later by mtalling
_ regulating transforsers in series vith thé
fixed tap transfomers.. | ; -
Modern on load tep changing trangformers are
reasonably reliadble and aven if volté;;e
regulatian is, not asdmtial initialh,ﬂzb&.r' ,
) 1'18tallatlon at 'najor suhtransmission r;oints
will rey eventually. '
Fifure 11 ahows power fa.ctcr/load surves of & large
subt ansmia ion system,and indicates that pearly helf the

#H.¥, sub-stations supply .pe“.ak_ loids at below 0.8 power:

~ Zactor and only aliout 205 of thém supply peak loads ﬁsith

a pewer factor above 0.9. .

Loads oI .t:is xind ingreass voltarc reuilation
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diﬁ‘ icult:.ss,cmd a wastaful ctcess of trwafmw tamclty
and circult comuctors is meeded to awry trem, '7
m*esent cchts o} pmer fasteor oorrection in the form
of- atatio oxr smohroncus conﬁansare (inclw‘z.vzp xmildinga,
stmcbm'es,switohaear and aontrol gear) are from &4 o .

. ﬁ6/10/-— per WV AL

The most ¢:onomieal net*md of power supnly 1s fo

- engure on adequatu neEASUTS of pov.er factor correstlon

at.the points of ¢ onsumer laad ‘Hot only exre the

| : rolative costs of correotion ajparatus lwer,but thc

siae and aoet of oqmpmant on the mpgla' sye ten is. also less.
In the cese of svall losds a._nd. for apperatus driven
by amall motors it should bc dxffiﬁimt' for the eu ' ply

'wutharity to eneo:.fy tba types of oquipnmt which it
will parmit to de co:mected. ta the maina. -

For 1z ger loais,kilam as well as kilowatt netering,
and maximum dendnd taﬁ.ffa on both,are prastiaabla end i

N eoqnoaicalh guatixud.

- If. these pelloiec Aare aooempanied 'by &n activo . :
mmpaign of oonsume: atmaation,mtumly bemef:lcial

sav.nrs oa.x be made.
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ugﬂ'thgg of Degling with ;genk m’ e

The foilowmg metnoés tavs. bnn ‘vsed to deal with

peak loads and the choioe in a: pa.z'tizula:: case is genera]ly

" mede. on the basis of ;:oat omn,xarizon.\ (Othar facters whose

valtze ig diffieult o a.ssaas in tuarns of sioney oay ini‘luenae

' seleq‘cion when estimated costs are 8. ‘n'oximtely oqual,)

(1) Speocially deaigned peak load steam plemt.
. (11) - Peak load hydro plant. o
T 0ff peax pumped starage hxdro plant
{iv;: Use of the shqrt dwatiem areﬂoad ‘
\ capability of stem plmxt ttn' oarrying
- the e: tzqae peaks
(v) o4i1 fired gas turbinea. _
('@d.')' Time sxpired or mtten off stoem plant,
(vii‘ Load '!Kedding. R
Peak 1o:d steam plant has the advaxtago that it-caa:

- be- operated in Margency st load .matars hirhexr than. these

recui:red fov oea.c locad’ dut,r xitheat ad&itmnal napitzl
ooat. .\.eliable estzmtes of tha ult(mate dost of ste&m
plant a.rc me re&dil,y' ohtamhla ttun those “far rm:}m:
:cng tm h,ydro-elect..io ptomts.

x‘aa.k loed hyd.ro plant my be ﬁed only Aor shurt :
perieds t:o saypl,y lcnd fanuars in emaes -f thesc recmlrad

ffor -pak Llpoad dut;y unless stm'agea are ircreased ar if

our; &ua water is a.vailablb 10 wet. yem. Romver,it hes .
the alternatlva Buhv snteges that
(a ) It is move ﬂcxible snd san be. loaded and -

- unloaded more. rapid}.y and; e.t shcrter xotice 7
than stémr phnt.. Ib ia tbarefcra bettaa' suited
ta oaera,tioa on imquem oantrol,:

(b) It is nors roha.bls t‘“an steam ulant

- (9) Natzonal fuael’ mseume: ara«.mmtm bgr its. m.
(d) As ii nas a very lomg lifc,;ertionlarly dn

a res,geot to the o:.vilengineerim ,cr}m,aone
 allouanae should be made for the probable



&y

' deera&éé in themlu«ef‘ rmey 'idt}ring its‘lifé-. |
Lonper pmioda ;)m \tht 60 to 20 yoars nmnally
uaed for de. reomtiou m nivil works M
be adopted. | ‘

Because the produetive bape.city required from :Jea.k
loa.d r.perating plant is. hss tb.an that far baze load

“ylant (L.e. it is,reqmr_ed %o produoe fewer }-ﬂowatt

hours ser anmum vex Vilﬂwaut of installed plant,and to -

' 0. erate far ehorter i nes’) :Lt is. faoani‘:le to install
' .a ok caper t;yve of stem lzmt for. peak loed oseration,

j An example of suoh plant 13 that built by the
Hontana Power co. (Rcfermce 3‘7). 66 Vegevat tts: of steam
lant ware d nl:fned te orrera‘be st e long te-w avrcrage |

| ennua.l lmad fa otor of 30n. 4 high proncrtion of the

plant is of the outdoor t:f?ﬁsthere is no du, Jllcat‘on

of avxilia ies and non--easeatia‘: are elmimtad . The
boilara are suit able for oil or altemat.wo frel and ,
t’*eA ame tyre of nlant cculd be ad&ed to ‘~ycro t' ormal
or comuined systems. ' '

| ';i‘ofal cost was 90 doll&-s pcr ‘filowatt inoludmg

“land,all plant and- 3trmtms,awitahgew and stc" np
_tr&ns formers. The measrre. of the. taving is saen by
- gomparison with the 1952 costs in U.S.A. for base load

stean plant of 135 to 155 dcllata per kilmratb

. Converted to- Ausfmadian rates this would represent
anprotimltaly *5,56 per ld.lovatt The p:reecnt £ el ccat for
oil £1red plant is detwesn 0.6 and 0.8 pence per silmtt
hour,qnd there ia lively ta be 3 sur;lus of fuel oils end

a reduc tion in wrioce following the coﬁplatidn of r-fireries

now und exr ooustructaon in !es‘bern Aus tralia, Yictoria amd
New South dalesy =

Tahla 2 gweé estimw ted costs for th;s ts',:e of stean
neak load plant whioh would be nxatalled et e load

. oentre,and shows equivalent allowable . o«sts for peak load

hydxjp, plant aend traz;smis&ion‘ Q&git&lia&d Trom 6.5 to 8.0%,



e

&

»Peak Load Steam ?}mxt

 Anmual Charges .

011 ruel’cost”

"vence, K.n. . k2)

' -.-Q.—-——-

. -Tota.l Coat Penoe/K.'.H. :

pemos/X.6.He (1) -

0.479

Oparation and 'iintenszsd

G¢562 L

' 0,288 -

0.197

. Pende/K.% . H.

ﬁ 0,575

0.655

- ——_—

'

2,282 |

- 1,435

1.171

>

© Total Cost pex Avrash p:r o

:"squtvalent Cosital coae
Adlowsble yer Kilowakt -
| fer Peak Leed Hydve. Pim%e) |

Y

Kilmtt Installed

N

8,33

12,83

end ﬁwmias‘im (3}

t;a;.

£97.5

1

an

ke

(l)‘%'
(%) 7.08'

7g'mnmwnn4w$
S Bopreaiaticn at 1.59'

BORE SR

' _{2}' L .
. R LT . )
T -:__..;.<d> .08 . -

% ca &96/?(.?. R

| CZ) Fuol oil at lBO/q for ton dslivorad
(3} Iatereat de;reoisttou,opcraticn aud mintqnanca
| capitaliaed a.t g ‘

I’eak lead hydro plant hu tb adrantag.( prwa.mmly
mntioued. end if it nan omsto at =, ‘adoghate Load fmm »
am! oonparahla a6t it is pmfwabla twother typea of p]ant

. In det 1mimg tm* mﬁm ;.oad mw xag&mea it
‘ .m nevess‘ary to ellow foe:p:— '

—em
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\ ;(3) m Vmucswaih&ntr oi huse Iga}i stazm

“1“* *“h‘di‘g “MW n: 3?01131:1311:3
c dxa'ina BPTmeW md wkwm,and at: v;aabada.
v (b} 'I.‘hs mxim {a.-actmubla load. mth 6n. Stem PR
_:3‘:_ (G) ‘i‘he 108& in watﬁr t’(zrbj” foiciensy ':&w’z overated L
[ '. on varying’ Ioe.a, s, o S

(4) lm ogerating na.rg:m«bn allw .fer miaticm
-"mm "8‘&1’&15&1& iﬁn' sr 8taady loadtng of A
‘ Btem “Btim«' _ .
(@) ’I’he axcba,ble tromi a*.f ‘ayat:m mad r. otor and
sheps of the ded 1y load ourvaa,if ths progaot
_.isalungtmm.“_,» T ,
_“(:‘,’)"The extmt to: wbi.oh tha t ps of the peeke in
the 4;113 load gnrve oan bo. a.mm hy otesm
oVerl.cad tayacita' R
1, olose an-n-oximatm Y be mxde by m;aa,rinp monthly

wu”dﬁ.y,rwnthly,weekond and holiday laad duration ourvrse B

"(allcwing for the. -above items) with the mnthlg water
E -avail" 41dty, rxovided that ‘the dura.tien cu‘n'es are :Cully

"-ﬁeempenaa.ted and xogramtatin of Jrospe».,ivo obndiﬁm. Syt

1f, &ovever ,wa;.ar auailabmty Yarigs ip;n*eoiably dariﬂg
the uomst montbc the. more murate,but *teaioua,memod

"-‘o't ebmv)ariaon with d~ily Yoad- omes is mceesary.

' “1gnre 15 ahnws a.ntmtl Jdoad fastors forie: ‘,a::tioular, o
aystam,m;d' inaio‘ate's' £’ aff-’nnt or"chmgs"in shapﬁ"oi‘ ti.u: o
daila load ouwes, In. viw r tbe many- var iablec inmlvnd.'
these cv rves have m},y a restrictzd application. |

" Aqourate cost acnpari ‘cu8 are best ae by tak‘in'g

- the overall smfem uostt using alta-natlm tyves of plant -
- (Reference I bk cmwisona anch as ‘able. 2 may be
~weed 1f the fungtiong of tbu a.ltermtive ‘l:ypca of plast .

7. e ﬁtwohangeahlc. R

Off peak pumpod starare nllmt ves :Lnsta.).}.cd on a lmze‘

~ sealo in Garmay priar to thor 1930-0.945 ver, oo
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' Mxeinitcw West; xhuhaohs-— thtrmitatswerka ¥ W
" - had ay mmatelyw 500 ’Iegmtta of pumped etorare ‘plant
| equivalent to 165, of its tot;l cqpaoity. ‘his olant operated
%4 D at em overall e-fioiency of Gﬁ,and the cost was 655 to
t o 65% of eauivalent steaa plant Yhe yrimaxy stem plant
- wes lcoated on the ‘Town ooal fleld.s
t Pum;)ed staraze pla.ut haa a rastr:.cted ap- licat:um
which depends on the location oi’ suita.ble sites. It ’lroved
to be a \veakness in the German: defences during the lost
. war when boz“b ctaﬂm:e to. ﬁn prima'y stean ge *\.arating
‘plant had a cumlativc crfcot hz oau eing pre»racteu.

‘ power .‘?taill.urec over a wide ma.

® ~ The shart time dverload capacity of stean nlant |
oy be dlccated to 'weaks whtch have a-one. to e how: :
dm-ation and overleade up te li)§ of the corti ISLS. |
rating of the ,L‘mt. may be oarried econcmically in this- vay.

éil '-fiz?éd ros £urbi_ne3 arg emerging from te expcrimerntal
stageg Yo reliable cost data is yet availabie,but indications
are that they may be suxtable zm.d eocnomio for dut.us ugn
to 30 anmal lod fa.otm:. : '

‘Load shedding,although a drastic meens of dealimg
wvith peak loads is worth oonsideration unger the fellom.ng
eiroumstancea. B | '

If the system is a.rz:mg:d 80 that blooks of dorestia
'load 6z2n Le d:isoonneoted in rot.atn.ou for shart pericds
on axtreme veaks, then. any one distra.ct need be atfeocted

'only twc to three tinee yer anmm,

An exa;naatmn over a. 20 year gor:.od showed that t

. fzverage snywial loss in revenue nould have be:n :.1,170
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Ths capital oast oi' plant to snpply this !Lca& wm}ﬂ haVe,

'ihu £l,780¢000 und tha a.nnma ohay gas a.naoatad on a.

ST rata basis :mixld luru heen 3214,000'
Tha wida amcre@m@ httween mt and ‘rmrmuc

- / "'railies tha pointamtd vhaﬁher thsa eman imonwanimae .
"'suffered waermts such axpemditwe. htenaim of; rigpla h
contro} or damestm feeder st&tching to. ‘eover a1

domettio snppnoa and not mxly hot mtcr loa.&s ma.y tve

, justi:fied.

e
([



‘ wi&_h kBaSO I-Qigd btem
' Thia very mteresth:g poblea,in its most: oomlex '
An | fOrm,xequit es nonsideration. of the following variablea LS
(a) 'Quantity of water svailable datly at each. hyiro
‘ station, I - |
(b) Boad of water avaxlahla»daily at each hydro
-etati;m 4 )
(69 Kllmt’c ce.pacity a.railaah deily et eaoh hydyro

station resulting frml (g) and. (b).
(d) Kilcwatt hewt outptzt a‘vailable éaﬂy at each

. ’ . “hydrvo station resulfi.ng f’rw (a)%& (b).
' .\ : (.-9)- Shaye oﬁ tho system daily losd curve.

» 5 Deily spxzimum devand on the s,ysﬁem. )

® o »(8) Kilowatt ga;iaeit,y a.?,d‘laﬁh_@éily at stean

~ penevatine statioms. -
©(h) kanpe ond mmtioa of frequency tm':.ation on
the syatem. _
(1) Demb of <»ccu:acy wit:h whioh m‘.e:m gtations
can aold load,snd be oontrmlea relitive to

. ' o t‘z: est imte& seotion ot tbe a.ily’ l.oe.é curve
e ‘allocated (o thm. This in: tum _artly devends
e @ =an o

5 () Degree of acouracy of the foresast daily lomd

om,,.i' o . . .
: . T (k, Degrie of aecw:aoy of the. ent‘.'.mataa Loz (a),kh),
' | .- (e) =nd (d).- '
o vegk loed hydro plant oeul: . b werated on schedule,
"~ om f eqileney vOutrOl O ON 8. cbmhina.titm of the two methecds.
' ochedu’fed cperation is smpler,but 4tz uss does not
ta.ke adva~tage of the valuablc superiority of lu'd.m plant
v"i.’or rardd load ¢ anging nor does it permit the ~smxirmm
use of the k. lowatt capacity and avzilable exergy of
.- the hyd:'n schere. | ' '
As far as the v.riter :Ls swdre the .fC«IlO‘Jich provused

me(:hod of ope.ation has not uuen uuhllshed elqe ‘nere,






It is ;n-opeeed that a.ll hydxwlwtrio statio‘as bo ‘
opcta#ed mtirel.r on- frequanoy van?trol e;capt on ooowions
when high water availabilit;r pernﬁta continuo::s 24: hour
oaeratioa a8 baso loar: pl!mt. .

The threo pre*rcquiaites #re T o R

| \('1'): Reliable daily setimetiom of &xtiaipataﬁ
" kilowatt and kn.mtt hour oayasity of
o 'hydro statiéons to be. nitified to the systen
o oontrol room in the evining ot each
_ rreceding day. | |
(_f_i)' A weans of. wtciixatio frez,uenoy eoutrol wlﬁ.oh
o keepa t.fhe speed mia,tmm of the-system
'uthin n.arrow limite ami e.lloms &imsltaneous
) ropdd load oh&nge o& any uumb“er of- seleoted .
statiozw or altmuativelo’ segt_mn_tzal loading -
. of selacted cta‘kiona , ] ._
(441 an esily. spplied nethod for- allccs‘hing t:m
- diapcsition of the hydro sta.tioms 1n the |
- “forecast datly laaa oarva. N
(i.) Freparatim af the hydro output es%:matea wm

’,V'r&quire omlatim of 'a‘bm“ag.,pundagg and inflow m SV <

fron a mzmber nf sour#u,md m*avin:!.tn of a spachl

’: ’staﬁ’ fﬁr tm mrk ie nm-rmttn.

(ii) i‘bo wtmt}n mquenby cantz'oi equipnent

rcuntly dﬂalﬁpﬁb 1 m Lhﬁmw 3¢ and B383....

usi,ng eleotronic eleotrwd!mm gmrzmr onntrol geaa-

| »appws to ba wcll i!lit“ for &te.ndm.‘dx.sed apglin&ﬁun*
S br this nurpoaa.i'h,.a i: an- umtm-ieatm or ﬁhe propasa;,}_
bevmé tﬁe bsﬁﬂhﬁ.oﬁ of whinu with tiffemt or o
‘ lixmdequatgly oenu‘#llab];p gwemr oharaateristioa will
.‘*i‘.'mruase merat;nnal ditfiwlltt&! and. erronf. '

(ixi) The Wt di&iaoaitim m the hydro pl:ant in*

. the . .;orenwt Gaily load ouxrve depemia first on: *..m aacuracy
Of t‘!ﬁ 11’“1‘01;‘3"3,‘:&1 lnf‘om&()ﬁe .g.t ia ;mlikély ﬂlﬁ‘,

variations in the :’arennst w«.tca' :inflow during the a.ctual

) oue”a»in nerioz& ‘6an be a.ll(mad b affect. thp cmmt
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© ‘:_e.r‘ati{,ﬂﬁ‘pi’-;c_»-,ram;;e, at- rust be usad in a&justmantc- the
:utau"t Lor ;c.‘xn fi}l'los«mg dq. e uc'n'm,xity t&ue |
opezatlﬂg secueroy and ths short duretion of some of
tw peake wo.ld rake progreamvo daily su.te ra.t,ion o
extrasely. difxwult. ' ' _
: ) Fifure 12 shon the m in w&uch it is neacas:ry
to load steam sta&inns <o 2 'xhall,{ thermel s;'etem in
or@er to cope mth_r&te of load ohange,tre.nwviasion.
limitations and 'stea.m stauon ooarating charagteristies.
The ef’ect of thig ojeration on the anmual load dwration |
\ourvea ig showvn in Figure 13, i
m using ;v¢a's lowd hydro plant it is nec=ssary to
eud'eaib:ur te onerate as neariy as possible 1o the ideel
ocmd:z.tio.n showa in Figure 12. | o
_ it a.n inciependant steam geixara':ingf systenm were
required to ojerate on a daily lond owrve uhish h:d several
fiat topped poars it should be oa.pablg of domg 30
provldc& its rate o lcad piek up and d:rr?p of £ were
_._:adeQuate for the. mmditions amxoaed by the ot rve. Yhen
B suoh a system is: operated in paralltl with hydrn peal:
- lﬁant t’ncue wzl.l grohably be vari&tim from the ideal
- oonditiona duc to. diffmulties in aotmratc tiwin? of - '
bringing :L and cutting cmt yeak pla,nt and at. other times
: in mintaming a steady lceﬁ on the stesnm. etztions. The -
lattcn' funetion witl de »énd mtl.; o the ace:raoy of |
: frecvjnoy e ntrrl. _ ' N :
| The entire unctianing of the me load steam pla.nt
will be charncteristic of theigartlcuwar system vith which
‘i{}is‘assgciatad and.thQirgligbilityfof plant;th&'effi&ibnn&r‘_
of local and contral opsrating staff,mnd thé:rapi'dity of |
response of sta’f amd plant will det riine how oloéely
aotue.l o.eretion approaohes the idaa.l.- _
Zlatopolski (Refd'noe &) dem}ribes a method of determini.g"_
the dis. sogition of peak Md.ro—e&.ectric plant in the dedly

"load aurve ang &ivea & aarin's of cmes to 383151: this

dete mination, The me thod req wires f“z‘xstL the e’ :amtion
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| hydro- jlent. From the “point of intersection A of XX end . .

29,

of 3 "forecast ¢:dly pad. eurvs and sewn&l.y the fdr'eciast :

of dail,y maximum demnd rxinimum lc&d,ami oalquzti a_of
aver&e load e motnod would ve. ‘aster aud mcre simple
them the methad described Lelow,only. if m.epra,tea dedily
load cravea had tr be ;rspared ix\divﬁudly cach’ 3ay.

If a gra-hic 1 re'rhad 1s developed as !oums it ‘\hculd

be grefer&ble. Lo

: Figure 14 shmvs the da.ily load oarva, tha mtef}rated

duily load duration gorve \zz),aad dis 'L'memant,u rrf te L

.La.tter m res eot to tho kilmtta (QL) end kilovmtt
hours (IX) amt:!.cipatcd for the éay from ‘the peak load.

IY the line AB tb. the - cma 79 gives the bounda’ries and »
_ocaticn of e nectzon o load (in the shaded m'aa) vhigh

‘the hydrc plar.t ia napam oL cmymg on Irermemy ccm;rol

ad with full use of. its power and erergy.

- If 8 traas )a.rent ‘"eala AtBrpeCe. Cinaat) is set up -

on g draughting machina and noved aqwre]a alang the

1nte rated lcmd d»ratim emo 32 uniil the daily: kllowatt

allecaticn A'B*: and ilowatt howr alloeation AtCH meet
which '

"t‘*e curve n8 s‘wwn,.,nen the lecad range thrmngh the hydro

lan:t cart ‘be operntsd on ire*upnoy cantrcx.:. is qviak]y and |
«sﬂ.y getaminod. m onloul&tion pan be sinpli.fied still
1urt er if t,youcg.l daila‘ load crves. and utegratsd 4:dly
load_ ‘dm ation au;veo ATR - pmapa:rod ~1n advgnos on a. percentago:‘ |
r'baii-e.i?d the foz'-e‘é:iat'naxiuim denexd for the day 1% used

.88 a inctora i cheok m ~be n-de by glmimt.er masurcusnt

of tha shaded m*ba. »
0 )eratix;y tolerances can be iasor poratod ‘&S a- r&ault
of exue:r:ienoe to cover items grevlonaly mentioned. - '
' zt is ccmidered that the -fore: oing. propoaal ds prao«tisahh
and ea; able 01 anmring that the beat use is. Mde of Dboth . |

.t"xe steem and hydra genera»iag plmt B & oon wined syatem, |
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Appendix 1.

Examples of the use of the daily load curve in conjunction
with the integrated daily load duration curve for determining
the disposition of Hydro-Zlecctric Plant which has a wvariable
day to day output have been derived from Figure 16. and the
attached tracing.

Daily load curves were plotted on a Fegawatt scale (lower
group of curves),and also on a soale.representing each daily
load in percentages of its maximum demand (upoer group of curves).

The days chosen were four consecutive Tuesdays, in February.
It will be seen that, in the upper group, the last three
Tuesday load curves show relatively little variation from
. one another. The most marked deviation occurs on the last
Tuesday ( blue = = - ) between 18,00 and 19.15 hours and was
caused by very dull evening weather conditions.

The pronounced deviations of the curve for the first

Tueasday (brown -~ - -~ ) from the others are due to the effects
. of -
(1) A public holiday on the previous day (resulting
in lower night loading).
(ii) Veather conditions, reference Table 3. (resulting

in higher afternoon and evening loading).

Table 3. gives the key to colours used and shows weather
conditions in terms of temperature and relative light intensity
at the main load centre. The effects of the two most imnortant
weakher variables from the loading point of view can be measured
} by using Table 3. in conjunction with Figure 16,

By compensating for loading in accordance with predictions
and late hour measurements of weather and other conditions,

forecast load curves on a scale representing percentage b6f

daily meximum demand can be prepared with sufficient accuracy

for Hydro-Electric disposition purcoses.
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Table 3,
Time.
Tuesday Weather 00,00 05,00 07.00 08.00 12,00 17.00 18.00 24.00
First Temp.C. 10 7 14 12.5 12 11
Brown Light
Intensity 9 14 9 8 3.2
Second Temp.C. 24 22 30 19 19 16.5
Yellow  Light

Intensity 5 15 13 8 6.5
Third Temp.C. 16 15.5 21 19.5 19
Red Light

Intensity 3 8 25 13 6.5
Fourth Temp.C. 19 18 20 18 17 14.5
Blue Light

Intensity 4 9 30 6 3

For ease of reference in the case of the examples shown,
the inteygrated load duration curve for the third Tuesday has
been plotted on the Hegawatt scale and used in conjunction
with its associated daily load curve. (As mentioned on page
29, groups of forecast daily locad curves would be prepared in
advance on a percentage of maximum demand scale for routine
operatiomal purposes.)

Examples are given in Table 4. for various llegawatt and
I"egawatt Hour combinations., These basic figures would be
obtained from the hydrological date and adjusted by a factor to
cover forecasting and operational limitations. This factor can
only be determined by experience on any particular system as it
depends both on the skill and efficiency of the estimating
and operating staffs and on the design of system load control
and fregquency control ecuipment.

To obtain the required disposition band, the tracing is
moved along the inteygrated daily locad duration curve in a
way similar to that in which the transparent graduated scale
(proposed in the Thesis ) would be used in & draughting
machine, ie. by keepimg the llegawatt and Hegawatt Hour lines

squarely on the graph paper markings and sliding the tracing
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along the intergrated load duration curve until the two points

representing available power and energy both lie on the curve. In

this position the two points will mark, on the llegawatt scale,
the upper and lower limits of the disposition band for the

Hydro-Electric Plant.

Table 4.
Example. Hydro-Electric Output. Disposition Band.
L W, .W.E. 9 Load Factor PO,
A 100 640 26,7 442 to Ha
B3 145 995 28,6 416 to 561
cC! 180 1590 36.8 381 to 561
CD! 180 2310 53.5 340 to 520

BB' and CC' represent the top limits on the curve and
the full lMegawatt capacity could only be used if the Megawatt
Hour output were not less than the figures shown.

The disposition band indicates the total system loads
between which the Hydro-Electric Plant should operate and
maintain system frecguency control throughout the periods when
it 1s picking up and dropping load.

These examples have been given for one co-ordinated
group of hydro-electiric stations which would have adequate
pondages to permit group operation.

Jf the method were applied to several separate groups
of hydro-electric stations, each group could be treated in
a similar way.

Provided that the dispoéition bands did not overlap, the
groups could be operated satisfactorily.

If prior investigation of the operation of the schemes
showed that overlap of the disposition bands could occur, the
upper band would be raised to a2 suitable position on the daily
load curve. Any surplus of water resulting from this adjustment
might be used at another period of the day or week according to

the economics of storage.
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L APPENDIX  ' e

Since the’pubiication of Refereﬁces-?&‘and73l (with which -

the writer was closeiy'associated) and the nompletion of the

body bf this thes1s, several contentions in them which ware,,

‘,disputed at the time,. have aow been supported by leading World

Authnrlties fhe development of gas»turbines has.alao reached -
the ‘stage where pmetioal cost comparisone o8 be made with.

‘ regarﬁ to thelr suxtabzlity for. neeting peak doad; demands and

 ‘systems

1,6.N. Haldane, Past President of the insfitﬁtio}a of
Eleotrioal Engineers Londan, in his publication (ﬁeﬁerence 43,
Section 2, 2) agrees that the annnal load‘duration curve, (which
had previously used): and. even monthly load duratlon curves.are -
1nadeguate for the purpose of settling the maximum practloal
installed eapa01ty of a hydrn - electric'prejeot designed to
meet pea.k loads. . -

'

Derivatives from daily load curves, the use 0¥-mmss curves, .

“the careful study of load" trends and the ana&ysis of individusal-

daily load curves are'necessary fcr the ccrreet deslgn of

'.comblned hydro- thsrmal generatmng systems

In.8v1tzer1and it was feunn, when.selectxng xew hydro -

electr1c prqj@cts for'development, that varias planning authnrities=;i
fhad used different ‘techniocal: anﬁ economic. bases for their schsmes

be made.'

| It was then decided to establzsh a set of atandard condltlons -

_prepared by a Cemmlssion on: behalf‘ﬁf the Government

Whilg these.standards.arefdgsigged te app&j particnlarly“

to coﬁditlons 1p,Switzerland thsy prvvide a basis Whlch could -
 be euitably adapted for usa e!seutere., o

‘also providing-emergency.reagrvsuat pther timesjqn interconnected -

- .and that a txue.compaxlgpn-of the respective real values oould mot-
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~ It is of oonside;able;interest‘ahd‘sigﬁifioanoeuthat |
Megawatt capability. of projeéfs~is hot'valned.as luch‘ 5ﬁt
thet the market value of the energy which could be producsd

_18 the crlterion. | : .
" Projects-are com@ared 1n relatzan to thelx"xvaluatzon R
‘Quntlent" which ig baeioally equal- to. o ‘

l{arket Value of Energy
" Ionual Tosts

- The value of ener@y -i8 in turn determlned hy its
avallability .?’ | . | )
Eull valne is gﬂyen to”'firm' energy or: to that whxch is -
N a.va.ilab}.e in the dry or mimmum year. . ‘
Reduced value is given to emergy whieh is axallable at -
pthar times.
"Energy values are. &Lﬁo variable accovding to the season
Vof the year. e S .
| Costs 1nclude tranamlaslon 1labllltles outelde the .

main consumer axea - .
© Thers is thus a degree of samilarity with the methods
 which the writer assisted im developing here. -



o Pu:rther to t.he eution on this mbject(wmﬁoing an
. : pa,ge 17 og this fheems) 8 m nethod has ieen developcd

- ’_"--in the Elaotrieal, Opero,tiuns Branbh ot the s‘n.ga for -

-

o Wulatmg Sygtem Totses (a) Between alternator umms '

and m&tn aupplg pointan
ey ‘md mma tj.e,rpina.ls_...,

-

me 1ollowipg da.ba are needw—- R

‘ (i) Total K \I.E. generatad at all pcmer stations(metexﬁ)

(ii)‘l‘otal K W.&, txaﬁd t’e supply po'n;r station a&d
. tarminal 3tativn auxiiiary plaat fubtered and

ealculgte@)

(b) Befween alterna.tor teminala

!

- B

{iii)!otal Iron lmes :Lu a.ll items ¢£ pmg; bet‘,m e j
. the Power statmn ggnergtgrg’ w m Ppli po iu‘ta

a.nd also the e,onsumem' terninais, including iren . .-

losaes in consumers’ meters. (calcula.tad}

to consuners‘ (metsre(i)

bR, PRI TS

(n}mmxal 108d duratim omaa. S

(*ii)iast ef’ average povar iaoters for m:.ous toba.l

load.s

‘.(Tzii)Ammal current dur&tion curve derintive\ of (vi)

. ‘and (vii}

(ix) Annual copper lose duratitn ourwd (deriva.twe of(‘riii)

S The tnta.l oopper lesm are derived ferv the twv sets
| of conditions (a.) and (’b) and the ordinabes

(v) Total K. v.E: ex- na.in Bupply points (mefe::ed)

(n)?otal K.¥. H )3 main tmpply p-omts aml aiso sold

Ys the azmual cwpper loss durstion aurves then -

y

- det ermined

| from th.is infomation three g;mups of. mvee on '

-

y e : o
T . *- MR [
. . ‘. e
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"plotted for (a): aad ter (b) to show system copper
~losses against load,eystem copper. and. iron. losses
-against load, and system copper and iron losses plus
’unlts used in statlon euxiliaries against 1oad

Finally annual loss trends in the two m:in sections

- of the System throughout the full range of load

vazlation will be determ;ned;
| This method gives & reasonably aocurate

?representation.of average conditioms, However the

losses vary at any given load level at different-

times of the day and year aocording to ~the make up
~of the total 1¢ad e, the pr0portlons of resistive

and reactive aansumer demand

Beflnements‘of the method are_being'deVEIOped
by staff under the direction of the writer in order -

to avaluate the*effectsfbf.thésé“variatienst

 Iuad Schedules s for Hydro - £1eetrzc Plant,
\with Limited Pondggesvegeratggg in 5 Cbmb;g -

dero Thermal. System,

A speoﬁillproblem has arisen recently dur:ng

~an interim stage in the . development of the Kiewa
‘,Hydro - Electric sohene‘_

Kiewa No0.3 power ‘station which is upstream =
from Kiewa No. 4 power station-has an installed
nominal capacity af 26 M.¥. and a capability up

to 28 M.W. depending on- head and tazl water levels. con

It is supplied with water via a tunncl from
Junction Dam whioh is best. used as a veekly. pondage_M“

' The -discharge £Tom Kiewa Ko.3 power statian flows

into Clover Dam which has & storage capacity suitable
for use only.as'a daily‘pondéga,ﬁ



I o o -‘Kiewa No. 4 power station ia supplied through a.nother
T e ‘mnnal £rom Clover: vasm, snd Wil have & nominal ultimate
A 1nsta}.1ed capacixy of. 4-15’,4. UK. genera.tars At present
o . ;'*\*'2- generatora are in vpmtion and the. capa'blhty is
-,upt933ﬂi e

The diac»ha.-rge fi'nn\ Ki.ewa No 3 pa'er st;?i.on when
on £l 1oad prcridss water at a.Tate per ‘hour whxch
-is equivalent to. appmrimately 1.6 hcmrs fnll load
_;mning time at. Kiewa Ro.4- . )
. T The fue}. cost Vama.hle on: themal étations is.
y within tha rw.ge’ of 0 2 ‘pence. to over: 2 penoe per
R Eilawatt hour at different stations.. |
3 . 3 T " ‘When inflews ta Jxmcftion Dam are high as st 'proaeni;,
' and the morning poaik load oh the’ system can be '
estimated with reaaunable accuraoy(of the araer of -
800 M.¥. ),,the aftarnaon l.nad varies hy a5 much as
100§.W between apprsximately 620 and. 720 M, W‘ frbm
| - - day to day at the same’ tims. » .
‘ L ‘ The availability of theml plant to neat the .-

. | loa,d is also va.riable an a daily Yasis and may be -
"" e restnated at any 1enl within the renge of fuel ooats

| mentioned : ‘
- The h:.gh inflows. to Jnnctlon Dam are such that
the water can be usen i;a tvo Ws
| | (a) ’1‘0 mamtai.n mmmm Kﬂ.owa.tt output from pewer
L - ; ) statlons, Kiewa ﬁo 3 and Ro 4, _during the worki.ng
: daj zmd evening peak with a Tiew to reducung output
- on high fuel cost therml statlons to a. minimm '
. This can howe?er cauae spﬂling at, Clover Dam and loss -
of K:Llowatt hours whiuh are in effect produued at’ zero
" fuel cost. | |

(b) To reduce Kilowatt output at Kiewa. Ho .3 power - .
st&tion during the dao&, 80 .that Spilling does not soour
at Clover Dam and ihe maxlmm possibla mmbcr n'f wero .



¥ fuel eost Kilowatt hewrs are gpnerated at both stativns.

Thia oan in turn reault in off loadlng 1aw fuel cost
thermal stations during the- a1ght while highest fuel
;1oost thernal atation load is kept wp during the day.

1t is therafors neosssary to etydks on ecoriomic balanoe N
<between the. two eonditlons 80 that: the total oogt of ‘$'u'r'"-‘
?meeting the dailJ liad ourve is kept to a minlmum

The schedulos for-Kiewa Ko,3 and Ro‘4 powar statlnns

-menst also be - oapabla of modifieation at- short aotise. to.
-ieover ohanged oonditlans due to deviation of the actpal -

‘. systam load fron thg eetlmaxed 10&# ourve and the rednoed :
"output due to Iinitaxians on any particular thermal station. . -
fTheae latter reductions oscur several tlmes in each week

ffand often without natice.

Schedules for>th13 purpese have been prepared by staif'

'::—-}under the wnters direetion. Operatmg uosts of the order

ﬁof £2000 per week'are involved for ilmlted periods.

. These schedules and- the" aystem loss aurves referred

to prevzously are ot a»confldential nature,. but could be
made available for;lnspectlou_at the diseretion of the
astaté Electricity Cbmmissionléguviétoria._;-



‘;‘I‘he attached reporta b’n“Botm‘ winding Deformation om
| Tqrho-utematom', and: "Behaviour of Overhead Line Conductors
under Short Circuit Conditidns' were prepared in~oonneotion
- with investigations carried. out by the writer.  -
| '.I‘wb mmsual features wers in evidence with regard to. the
: former, a8 distinct from the defoa'mation usue,lly experienoed
on !nrbo—altprnators, which has. occurred on maohines subjected
‘_  to frequent starting and atOpping such as those on pak:
1oad dnty or single or: two shift Operation.-
 They arei-
(i) The turbo- alternators a.ffeatod were operated
a8 base load manhines, ‘with infrequent atartiné
- and were run at staady rated load foxr long .
periods within speoifiad tenmerature limits,
(1I)Beformat1nn oocourred: on salient nole synchronous
condensera which a‘re usual],y free from th:.s
trcuble; althoug,h suoh. maehines are subjected _
._'deily to widely vming loaﬁs (inz:luting changea
~ from £ull Load. lea.ding to full load J.agg:mg)w
| and atarting ard stopping 18 of the same order

" as that on ‘non baae load alternaxors.




This report susmarises the causes and effects of rotor
Y deformation om turbo-altermetors snd deserides thse
opers procedure of rotor pre-heating which has been used to
reduocs the extent of copper shrinkage.

Daring the last ten to fifteen years a large number
of langthy outages of turbo-zlternators hss Ogeurred due to rotor
vinding deformation emusing iaterturn short eircuits. The
failures have taken place on slternetors of British, European
and U.8. -mﬂnurc, and wers particularly serious in Bagland
:n %33 when M10 MM of generating piant wers omut of serviee due
o s oause.

The troable has ceeurred mainly am tvo pola rotors of
altermators above 20 MYA, dut haz also bean reported oo four pole
rokors of large gensrators. FMailure 1is more common on slter-
nators which are used for psak load duties than on thoss st dase

If alternmators are opersted adbove the designed rotor
current, it is likely to aggravate the trouble sericusly, ian cases
vhere norsal temperature rise is elose to standard -:;uhu
limits. Deformation bhas oseurred on rotors wound with sluminiums
conductors, it the problea has been investigated mainiy on the
usual ecopper wuund rotors.

The following fastors esomtribute to rotor winding
deformation:-

1. Centrifugal foree Oon the eonduetors.

2 Friotion batweent layers of emmdustors.

‘3'. The maximus teaperature of the rotor winding.

« The effect on 3. of the inlet temperature of ecooling water.

5. The effect on 3. of the sagnitude, duretion and cycles of
Xegawatt and Megavar loading.

6. The temparature dient bstveen inner and omuter conduators.

7. The extent to whieh the miea bonding wmedium is softened by
heat and thrown cutward by ocentrifugal foroe, snd the
positions at which this dispiacement ocours.

8. Metasl used for ecnductors (pure or alloyed), snd whether
it is iaitially hard drevn Or amnessled.

9. Differential temperatures.

10 HMethod of & end turns.

1l. Axial eontrastion of rotor body at operating spead.

"Deformation of the rotor sondustors is osused oentri-
fugal foree and friction preventing free expansion or smtraction
of the sondmotors dne to temperature stresses and the point is
reached vhere copper flow and persanent deformation results. The
effect csn be either to shorten or lengthen sonductors depending
on the sequence of heating and socling the condustors in relation
to rotor speed.

The process is cumulative and the degree of movement
ean sventually produce shorted tums on the end windings.
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The usual cpersiing sequence, namely, to run a mschine
up to speed before the rotor sonducstors have n heated by fleld
ourrent, and to st it down (or at least reduee 4 snd eentri-
fugal fores) before the rotor has scoled appreeia is conduecive
to sondustor shortening.

The reverse eycle, namely, prekeating the rotor by
current injection at low spesd, b it up to full speed
while hot, and stmiting domm or reducing speed only after cooling
down, mid tend to produce conduetor lengthening.

Preheating rotors at low speed, preferably on the barring
gear (vhen fitted) or through special aﬂy rinf ch:xa while the
rotor i3 stationary, running up toc speed, londing and shutting
down in the norsal manner, greatly reduces conduetor deformation
on machines vkich are mh. to this trouble on soccunt of their
desizn and construstion.

It has bdeen found that it iz suffigient to heat the
rotors up to maxisum working tempereture mimus 40°C, before
bringing them up to speed and to keep eooling water out off air
coolers while ™ upe The tize taken to prebeat is dependent
on the period elap sinee the last run on loed, and the oper-
ating procedure during smtting dowm.

The following cperating wethod has Deen usad on machines
shnt down for six or sever hour pericds overnight in order to

reduae preheating neoessary prior to putting on load next mornings-

1. Cut off coaling water to alr coolers as losd &
reduced prior to shmtting dowm.

2. If necessary, in addition t0 l., increass reactive
loading as MW loading is reduced.

3. If the machine has to ba kept running at no M¥ load
prior to shutting down to reduce turbdine rotor
temperature, maintain sufficient Megavar loading
to keep rotor tamperegture up.

T e s
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Zlant ALffectad

(1)

1)

Pour 25 M4 Alternstors Nos. 7, &, 9 and 10 3% Yalloum
Power Station (Rotors - two pule eylindrical). End
windings on the rotors were distorted, with the effeats
o3t severe on turns nearest the peripherr. Turns on
sevyeral adjacent ovils had clearanoes reduced almost
to the paint of acontaet.

Temporary repairs were mede by reforming the sopper,
re-insulatin; and bdlooking.

A spare rotor vound with silver bearing ecopper slloy
wirs supplied by the memfaaturers.

™o 40 MVA Synchronocus Condensers Nos. 1 and 3 at
Bruncwick Terminal Station (fNotors -~ six sslient poles).

Distortion of rotor ocopper vas most pronounced on turns
nezrest the pole fasee. Axial contraction severely
damaged bakali.te insulation at the pole ends, and
radial displagement of the outer turns occourred slong
the length of the poles.

le-design of the rotors hau been necessary with a view
t0 reducing friection and allowing fres sxpansion and
cuntraction of the vindings, and additionsl braaing

has been added to provent radial movement of the sopper.



COPY ~ SAT ~ 24/2/%6

INRER JOR 10 19th Dsesmber, 1952
(Copy ~ Eleatrioal Opsratiems Superintemdens, Yallourn)

(%i4h particular refercace to tha frults om Nos. 1} and 3, 11 XV
Gemeral Serviee Ties st Iallourm at 1l.ld4e 4l end 11.14.43 asm. respeetively
on Sswurday, 79tz Movember, 1952.)

Senexsl

Bepulaien cof overbesd line ocsnducicra reasulis from the slectire-
magnstic fewees 3ot up Ly the fiow of Zzult earrent thrcugh ther en aither
& Bhase 10 phase or & thres phass fauit, vaducter swinging cs am uafmalted
1ine which follewa tae iacidemes and alearancs eof a fault an an sdjaceat
ciremit may swise a furthor fasls.

The mevesont of overnsad lina ommdnitors under sush eoaditiens is
not ealelable an & purely thecretisszl basin:, dus te the fazct that seme of
e varisdles involved ave not acmarately deterinable. Nowever, the initial
novenerit of Swe herisemtally spaced cseaductars sarrying fenlt eurrems
spprexismates clozely t» berisomial reralsien at midspan, and the likeliheed
of ventaet en the semewdlat orrstiie retura swing is indieated 3y the nagaitude
of ths cutmard sming. Thia initial movensnt axn be eatimated frem the semi~
empirical fermula givem later.

An inereass in scaducter lemgih takes place dus te stretehing bWy
the slectro-magnetic feress snd the heating offect of the fault eurreat.

The displacemsnt of condmoters is approxzimately propersismal e
span length 44 the powsr 3/2, so that redusiien of span length may be wsed
sffectively in cases whare incressed spesing is net a prastisedle mathed
of preventing swing oemtast. Intarmediate rigid inmmlated spasers esn
be used faxr this purpeee on voltages up te 11} k¥,

The durning of 1ins ecnincters samused by sentast fellowing the
elsaranes of sk adjssemt foult usually takes place near midspen and is very
diffionlt %o detect from ths ground. Yhs antocatis speniag of the seesnd
line famlted undszr these oenditions follews the first ens oo slesely that
ualess ssourate reserding deviees are installed the fults may sppear te
bave been simultanesuns.

Naleperation of pretective gear may he inserreetly assigned when
fanltss of this nature are net losated. In demdiful sases, celemlatien of
line ewings sheuld bs made %0 chesk the peanibility of esntast.

The varisbles vhiek affest conduoter swinging under fmlt ares-

(1) Nature of the fmld, i.e., Whether Detwesn tws or three
phanes,; and with or without famlt %o greusd.

(41) Magnitede of the fmlt eurremt.
(11i1) Duratien of the famlt eurreat.

(iv) Tensiom (er sag) of the condusters.

(v) Spam lemgtn.

(vi) Condueter sive.
(vii) Cendmcter spasing.
(vi11) Direstion and velesity of the wind.
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™e naxisus nevenent sonurs with g fmls botuven twe phases.

In the case of a thres phase faull, sneh cesnduster is asted upsa By a
foros duz o its own exrzeat and the remzltant ficld set up by tha surremis

othar twe eomdunoters. The csadusters tend (o move suny Lren one
anl thae foroes sre ssaller than fer the swses effeetive walues with
fanlts betwosn two phasess. With g flst arraagement of three esndnotors em
a three phase short alreuit, the twe onter cmdmeters are thresm suntwards
and the esatre conénctor has 1i$tle movement.

’ Fotimation of the movement @ a fsalt boatween twe phases sovers
+he worst ssndition and can be adisined by wes of ths follewing semi~
smpizical formile which 15 based on a series of ever 330 field Sests YWy
the Los Angeles Buresn sf Power mna Light.

Other efferctns san ba chesrved {f required by the use of seale
uodels.

i 0.0447T, %2“5. (¢ 4@_1_,5 x) ; s Xanse

p o‘fg 2 — 8,° 2‘
’.,agiﬁor Y &2 :tiﬁﬁx X

vherer-
A = Cross weetion ef the owminetor in siroular mile.

I = Rffsstive single phase shert sireuit esrreans ia
ssch of the two condaetore in awp.

Yo = Initial seg at ccutre of span in feot.
C = Ipsaing hedtween ocsadusterw in fost.

H = Maxisem Morisemtal 2istenes moved by eonducter at
oentre of span in fest.

Ko = Inttial leading ratin (for eoversd eadles), 1.0,
Tatia ¢f waight of eadble leaded with weathar-preet
or other ecovering te weight of dars eadle.

?; * Initial tensiem in oabls im 1b./sy.in.

t = Tims in seconds O Yeash maximmm deflection.

This formmla applies t¢ herisemtally spased econdusters and must be
selved b7 trinl and error dune te Lits logaritimie femm.

The erpirtioal formmla for *t* s

"O.”W*‘%‘?ﬁig
Axplieatisn 39 the Jallewras Fwelt

The cudle fault on No.l Gemeral Servies ties was fimally a ihree
phase Zamls teo groumd and oeuld have iaitiated as a femli between twe phases
or single phase %0 groumd.

Data arer~

Fault curremt in Ve.) Oensral Sewviee tie apypreximately
12,000 amperes

Span length » 200 feet
Sag = 9.8 feet at 62.6°P,
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omdnster = 37/.103, 0.5 0,721 inches
sress sectisnal area O.] sguare inches
382,000 oireular mils.

Spasing a8 in sketoh delowsr-
v

1 feed
T

Ty = tensien in oonducter in 13./eqein.

B ¥ 3~

. 2,010 1b,/8q.1ine

te &ﬁx}l}om
§

« 0,78) &;

s 0.911
A = 382,000
I~ 12,000
T, - 5.8

C = 4.0
Ko = 2

1,65071?4.19 .m - 0.77
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N

32.8 » 32,53
Therefore, naxinun cutward swing at sidepan « 8.5 foeos apprex.

This swing eould enly csour undsr warst csnditions;,; f.0., with o
phase to phase famlt supplisd Shrough the middle and eme of the euter oen~
ducters of the sverieed line feor o duratien of O.91 ssoends, sad the retum
swing if the fmalt sleared at this instant wenld prodadly de less them 7
foet at xidspan on cach csaduciar.

It A3 eviiens that vith the low condustor temsien snd eemeeguent
large sag of 9.8 feet an the span iwvestigated esnductor ecmtest emld
somyr under the fmult cenditiems of 29th Eevemdem

Agsice Yokem
As » remmlt of this investigution imtervediates lins suppertes ave

Yoon provided sad me further Srewdle has cesurred Suriag the ensuing three-
Yoar period.

JVYB1SAT



ArPENDIX 1V.

-In addltlon to the reports in Appendix lll two other
reports of a oonfidential nature have been submitted to the
cxaminers. ,

These reports deal withis
(1) Analysis of System Losses,
(41) The Combined Cperation of
(a) Thermal Generating Plent.
(b) Hydro Gemerating Plant with limited storage and
capable of output only at load factors below the
System load fadtor,
(o) Hydre Generating rlapt ipstalled in essociation
with an Irrigation Scheme. _
This report covered an estimate of operating conditions
up to nine years ahead and took into acoount théAoomplementary
nature of the three different types of plant. It was prepared .
for the purpose of ascertaining the adequasy of water storage
réquirements for rlant (b) andinvolved the detailed analysis
of day to day oper-: tlon
While these zeports canuot be published, the writer
ié able to discuss the prinoiples involved with any

interested Authorities.



