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| PREFACE

' The problem which is submitted in this thesis hes
'twb.geﬁsrﬁljaépechs,— the design oz salaction of the street
1ighting‘equipmant proper and the sslection and design of a
ﬁistzibutian?system t0 handle this load. ﬂ

The choice of the aquipmﬁnu which is uo parform the
actual function of lighting is relajtively simple. A partio-
ularvlighting effec; is desired and %the problem is merely to
chooge the lamps and fixtures which will produce this effect,
The stendards or bracksts, while bf secondary importance as
far as illumination is concerned, have complete bearing on
‘the satisfactory daytime appeasrance of thé system as seen
from the street. The public is dlractly intercated in this
part of the problam.

The determiuation‘of a methqd or plan for supplying
electrical eﬁe:gy to the’lamps is by no mosns as simple a
groblem. The public has.br&éticglly no knowledge and very
little interest in thia.phase of the subject.

The distribution plan which is selscted must be prac-

tical to build, successful to opsrate and economical from the
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standpoint of the energy losses and the investment required.

- This thesis illustrates in pérﬁigglar;the mathod of

nbtaining & solution to this ;atteg pa:t:af the problem.
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i. INTRODUCTION

 The increasing use cf ci$y,sﬁreets at night, largely
dus to the automobile and the motion picture entertainment,
is cslling for ﬁattéx‘sgxeat.ilxuminasien in a2ll of our

lazger oities and towns.

The main business streste of any city are used the
most and, ccnsaqnéﬁily; raquirs thé'grea§est'attention.
The aim‘shauld.be‘té make these streets as safe and as
nsabiélby nighﬁ~%$ by day;' It has been observed -that
traffic sccidents are less frequent on the well lighted

8t rocta.

- The gmc@ing pcpﬁlarity of flood~-lighting prominent
buildings by night has combined with the nesd of more il-
lumination on the street level. The merchants are demanding

that thely stors fronts be brilliantly illuminated st night.

The artistic appearance of the lamp units by day is
second in importance only to the lighting effect produced by
night. This hes brought sbout the design of fiztures and

standards which:éill,enhanee the appearance of any street.



In aaaax&ance wiﬁh tha demand for more light it 13
prﬁpaaaﬂ ta~install a medexn§ high intensity, 111umination
system on the strests of the downtown business district of

’Eanaa&-ﬁi%y;’ﬁiééaﬁri; f

GgwﬁRAL B”%GRI?TEG&. ‘ A

| Tna seatzﬁa invei&&ﬁ 1n tha prupasitian axtends in’
gﬁnﬂﬁal fxam Wif*h to Tﬂenty~F@uxth S*gaaba naxth and south,
an& ixem Qak te %yanda*te Streets a&e* and wsst. This 13 the
maxn buﬁinasa diatria% of the city. New lamps and appropriate
fixtures are ta~b§ ins@&lled on the north and sauﬁh stroots

faﬁ@‘%r?&ﬁged aaishaﬁﬁ on the accompanying lamp layout plan,

The load whiah @iik'bﬁ added to the lines of the
ﬁﬁﬁﬁx ﬁémpaﬁy‘will amount tb‘apnxnximataly 50 per cent of
tha~pxesent strest lighting 1aaé of ths entire oity. This
increase may paeaibly be @x%aﬂdﬁd over a periad of aevsxal

\

yaars.

PRESE&T LGAD Iﬁ THE EISTRIGT. '

:he present strsﬁt lights in this district on the
east and wast streets will neﬁ be increased but will be
incluﬁed in,tha new sgs?ﬁm. This load congists of 181,
Sgeeﬂeluman lanmps and;80, ‘15,000—1uman 1&mps, & total
losd bf‘lzs’kilowatts. All af the lamps on the north and
seuth sircets wilz be ehanged Thers are at present on

thesa agraats 63, é,QGOwluman and 853* é,ﬁOQ—lumen lémps,



whiéﬁe@ake a taﬁg; idé&?bf‘233ﬁkilp¢agﬁa.

ULTI%ATE 10AD ke T ﬁISTRIaT.Ef;foﬂ:'Q' ,

Thﬁ prassnt 1amps on the narth and eouxh streets
will b@ repl&ce& by l,zlﬁ, 15§0G0-luman lampa on the narrow
stra&ta &@a by 414, 35,@00~1umﬂn lamps Gn ﬁha widar streets

~~0ak S*faet and Gr&n& &venue-»whieh will mnks a total load
lvcf 1,5&@ kiicwaﬁts‘, This aide& te the 1cad of 125 kilowatts
on ;he e&s* ana west &treeﬁs will maka an ultim&ﬁe load of
1, 635 kllawauﬁs whicﬁ mus? ba h&nﬁle& by bhe diatribution
sys%am, Th& lna& ceﬁ%ar falls at Fourteenth and Walnut
Straatsgg§ffl i e | | |

By tha ramaval cf tha presen% lampe on the north and
sauxh atreéts and th& transfar of those on the eaet and west
strasﬁs %G;t?ﬁ ueg gystem, 35 gaxies, gtx@aﬁ ;1ghting circuits
will be cut éff“féem the pzésent streat»lightiné feeders. Each
of éheé% aaries:circuits is‘fedtfrbmla ao-kilqwat%,52,300~volt,
sanatantwcurranx ﬁranafozmﬁr. The ptimgry current of each
txansfermet ia 13.5 amnaxaﬁ. Ten 6f.tha circﬁiﬁs t0 be removed
are aupplieé from Sﬁbstatzon A", This substation, therefora,
will 1asa 125 amparaﬁ cr 380 kxlavolt»amperes of load, based
on an av&rawe primary, phase~tc-aeutral voltaga of 2,400 volis
at the subataxian. ﬁubatat;cn ”B“ will lose 4 circuits or 130
kilgvaltaampgres and Substation "P* will loaéisicircuits or
270 kilovolt-amperss of load.



AETIOD OF CONSIDIRATIOR. =~ e

‘ It appears th&§ the preéen% gysﬁém~cf 0pérgming street
1ighﬁing:éiﬁsuitayin,Kﬁgséﬁ‘Qiﬁy:if’mexely expanded o provide
4far thiéhﬁwzldaétﬁill‘ﬁé“ﬁﬁﬁaan&micalg qnmbersoms anﬁ'impxaoti-
331, 3I§"erdé£ 6 determire a°¢axé'déair&blé method of opera-

tion, four additionel plsns will be investigeted and compared

' - The design of the lamp system in iteelf will be the
 same for all of the yl&ns,‘but the manner of supnlying the

lamps will be totally diffevent.

 ?&& five plans for supplying the lamp circulis to be
considazred are as follows-=

Hoed - A series-muliiple plan using 2C-kilowatt,
3300-volt, pole type, conastant~current transe
. formers, This plan would be an extension of
the present method of opersting the street
lighting circuits. 3

HOuB = 4 115/230-volt multiple plan whereby the
lawps in the direct-ourrent district would
bes suppiied from the Edison, thrac-wire,
alrect~curront system. Outeide of the direct-
current district the lamps would be connscted
“t0 115/330-volt secondery lines from 2300~
volt distribution transformers,

H0.3 = A series~-miltiple plaﬁ using 70-kilowatt,
- 13,200~volt, station~-typs, constdnt~curront

- transformers. . : :
- No.4 ~ A series-muliiple plan whersby the lamps

are $0 be operated in geries directly from
the 2300/4000-volt feeders with fuse pro-
tection but without the constant~current
transformer. ‘



No.5 -~ A sories-mulsiple plan for operating the
lamps in saries on 4000-volt secondaries
from 18,800/4,000-volt csﬂs&ant»pauential,
sﬁ&iian tzaﬂsfgrmﬁxs.

"f”h&'iﬂcgringViz Bﬁe*vclf lines gupplying the substa=
tions srs considered 8s the fimal source of Bsupply in each plan,

'?he caiculatiﬁﬁs &xa gaﬂriaﬁ vack to +hese Teeders.

,?he:tyyiaai layau%s of the eloctrical circulis of
sach plan show the méthg&raf“@pﬁzatiﬁﬁ~and suggest the advan—

tages and disedventapes of esch.

The snmual fixed investment charge and the cost of
the lost ﬁnexgy will show which plan is the mo s% sconomicel

%o install and %o suﬁzaﬁa.‘_



II. LIGHTING SYSTEM

\ Tﬂs strasts which Tun nerth and south in the down-
tawn buaineas &1striet renge in width frouxse to 70 feet

frsm curb 0 auzb a8 shswn balnw~

Qak;S%wae% B8O feet

" MeBee Strest 40 feet
- Grand Avenue = 70 feet
Walnut Street = 58 faget

Msin Strest 48 feot

~ Baltimore Avenue 37 feet
gﬁy&nﬁmtt@ Street &6 fegt

?ha &verage dis+&nae parallel %o the strnet between
tn& lemp stendards willl ha lGO feet. - They will be loca bed
, apnmﬁi%e €each other ﬁzcapt in & féw ulacaa alanr the edges
‘(of,ﬁﬁa_éga§r§9$, There will be two. lﬂmps on rcoh gtondard

ox poigm. A lsmp :ate@(at 85,@0&~1um@ns w&s proposed for
| éak 3%&%@% and for Grand Avenue.. Tbm the char a%vents a

lﬁfeﬁﬁ~lum¢n lamp was chosen on & trial basis.

| Th@jmaaufaqtux@rﬁﬁsﬁggést'illuminaiian values of
fron 3&0 o BOO iumﬁnsﬂpar'liﬁaal foot on the maln business
strosts. With a spacing of 100 feet botween the\l&ﬁpsﬂon
thﬁ'ét?é@%s in this &istriét there will be 600 genezated
'lumﬁns per foot on tha narrow streets ond 1000 ganﬂzated

lumens per foot on Osk Street and on‘Gr&nd Avenue.



| ?he diétvibatidn.curVSS-éf ?hése lamps and fixtures,
Fipgures l an@ 3, show that the total 1i@ht from them will be
110C0 and 18300 lumﬁns.‘ Thia is 440 &nﬁ ??z lumens psT
flineal iaaz on ths streat which is well within the recom-

'iﬁﬁﬂﬁ&'ﬁiﬁﬁﬁ.

'?hﬁ maﬁﬁf&&ﬁursxs:aaggesﬁzan sverage 0£5betweep 1,3
&n§53¢6 fagﬁ’aﬁnﬁlﬁs &ﬁ%aﬁsﬁty bf]illuminatioh 6n the strects,
‘The curves, Figures 3 and 4, show the point-to-point and the
u?L?&?ﬁAfﬁﬁﬁwﬁﬁﬁﬁi? iﬁgansity nf illumination on ths streots
in ﬁhxs;&xs%riat both with the 15,000-lumen lamps and with
the 25,000~lumen lamﬁé, Iﬁ“view of the reoammandatidna of
thé,manuf&aturézeitha'aﬁ,é&eelumgn 1lamp waé'than definitely
ssleuted for Qak,Sﬁfagt and for Grand Avenue, and the 15,000-
1um§n lamp for the other siroets, The arrangement and loca-

tion of the lamps is shown on the Hap, Fig. .

The lamp on the stweet side of the standard or pole
will turn a1l night. Ths one next o the bullding will be
turned off &t one o'clock in the morning. The street
lighting schedule calls for a total of 4000 hours burning
of the all-night 1@;}& and for 2000 hours burning of the

one~otelock lamps.
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LAKPS. |
| The lampé as selected on the foregoing basis are the
zé-ampere; cléar; typeé C, Mazda series’laﬁp with coiieﬁ fil-
'lamant and maQul'baéa, For the cbastant-curreut plans 15,000~
and Bﬁtcﬁdelumeag 20-ampers lgmpa will be used. For the
rultiple plan 115-volt, 750- and 1000-watt lamps will bo
3335,451339 %hay ha%a ghaxac ariatics nearest to those of
thﬁ 15,&60— an& zﬁ,scﬁalumen serias 1ampa. Table No. I

shows thﬁ eempaxativa characteristics of poth kind af 1ampa.

2§§§E 1. 4G§AgAGTERISTIGS OF‘MQZDA LAMPS.

Initial ~ Candle  Lamp Lamp © Lumens -
Lumens = Power  Current Voltage Watts per Watt
S 5 E - SERIES LAMPS ‘
6000. ' 800. 30,‘ 16.0 321, - 18,7
15000, 1500, 20, 8.6 773. 18.4
35000, 2500. 30. 61.3 1325, - 20.4
. I3RS HULTIPLE LAMPS

5280, 5238, 2.61 115, 300 17.6
14775, 1477,5 6.58 115, 750 18.7

21000, 2100. 8,70 115, 1000  31.0

From this table“it*isvsaen that a‘single large unit
is more efficient than ?wo or more smaller units having the

sama tctal powax mating.

It is éxtremely important that the Mazda lamps be
operated ad the correct curzent or voltage. The operating -
of & lamp at a current or- voltage abova the normal greatly

shortens its 1ife. If the current or voltage is below normal



14

‘théfilléminatiénvié;grﬁaﬁiy rﬁdﬁced,:

Guxvas, Figures & and 7 show these and other charac— ,

s@ristias of ths Mazda lamps.'

FEXTSRES.

Tha fixture chosen for this 1 igﬁtingQa?steﬁ ie the
,;Fcﬁﬁ"ﬁa.lg,'ﬁcvaiux unlt having a light alabaster, Tippled
glass g&ebe and ‘canopy, See Figy . The 15,000-lumen’ unit
is supplie& withkan 8 l!zulnch HQIOphane priamatic dome
raf@actax to inere&se the dawnwar& illumina?ion. A sectional
view of this unit is shown in Figs 9. A guard Ting is used |
ﬁﬁqgﬁﬁﬂﬁhﬁ bottom of the globe to prevent the danger of
bféﬁkaga»whéﬁ %ighteningftha screws of %ha holder. - The
vfzxtures will be tha song for all Qf the plans nndar congid=-

%I’&i&iﬁn;

S?ANQ&RBS‘ \

The a*&naamd chosen for Osk Street and Baltimore
Avenus, where thera are no strest oar’ ‘lines, is the "French
Design,® twin-lamp, style B, Fig. 10. The light-center will
be 20 feet above the top of ﬁhe»cﬁzb. “The centers of the
lamps will be 27 inches apazt and. the cénter line of the
:s%andawé wmll ba 2 feet back of ﬁhe edge of the ocurb.
A small &oaz in the bmae gives access to the insulating

'%zénsfaxmer and to the disconnecting pot-heaeds of the under-
ground cables. A 3 1/2-inch iron pipe extends 4 feet below
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Fig. 8. Form 12, Novalux Lamp Unit.
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the bottom of the standard to give it sterility.

Théxe are street car llnes ahd iron trolleyfpeles
availﬁﬁié on tha other north and south streets in the district.
Bers‘%ha'lawp fixtures will be mounted in pairs on brackets
suppcrtad by the trsll&y pcles. The Xight eantera will be
‘20 faet abova the curb and 41 inchas apart. The lines to
these 1&mps»w111 be carried on wood or iron cross-arms on
the top of the pols. A éypiegl"iﬁétallatieﬁ is shown, see
Fig, 11. | - ’ |

LAMP CIRCUIT.

: The impediate circult fﬁﬁdlng the lamps consists of
tﬁﬁ parﬁe, the wire and ths insulating cur*ent tranafnrmer,
which is required only for ‘constant-current circuits. For
+the saries mnlﬁiple plans, Wois waatherproof wire on 15,000-
vols inaulatorﬁ will be uﬁ%ﬁ where the lamps ara~mounﬁad on
txelley‘pela$. Fbr the underground standards of the szme
plans, Ho.8, EQOC-VQl%, uuﬂergraund parkway cable will ba
_uae&. This cable is m&xel; buried in the grnund approxi-
»mately two feat beXow the suxface withcut any conduit Pro=-
tection, Thara}will be two circuits at gach standaxd or
pole - one for the all-night lamps and one for the one-
o‘clagk lamps. |

The multiple plan will :equire thres ciroults at

eaeh atanﬁard or pole in oxder to care for the 1amps
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on the iﬁ@'hﬁéﬁing;soneaulea. Individual lamp fuses will be
reqﬁimd in *.;}ie base of ea"ch ummgrouna .étandarﬁ. Since
“those 1ampa are in mulﬁiple,ﬁc.e wea*hernroaf wxra will be
'raquirea,- Threa wires or cables of this 8lzo will be neces-
ég?y #tjéach standard. Iﬁ determining this wire size the
-chiof cénsideratioh 15 theivéliags'drop from'ona lamp to
aﬁoﬁhéx ﬁiaﬁg the bloak. The curves, Flg. 7, show the
r&pi@ daera&aa in 1&1umiaaticn when 1amns are Oparatod
belog a nazm&l velt&ga¢ In this &esign it is pl&nned-to
kﬁﬁﬁ *he voltage axop under 3 per cent per wire from one
endzaf“ﬁhe‘b;ask to the other, A drgp of 3 per,oent would
causs é decresse of 7 st cent in thevillumination of the
lampﬁ at opposite ends af the bleck; which would not be

neniaeaﬁla £0 tha aye,

| The calculations are based on havingfa maximum of
ssven lamps pexr block. The curzent taken by one @5000-lumen
lamp is 8.% &ﬁpﬁfes, and 6.5 ampsres by the 15000-lumen lamp.
With seven lamps pax block, six of tham'will épar&te at a
,vslﬁape bslow that Qf the mne ab the source end of fhe |
eireuit, The avax&ge cur&ent for a bleck of 25, ,000=-1umen
lamps. is 30.5 ampexes and for a block of 15 000=-1umen lamps
it is 32.8 &§psras. The resistance of No 0 wira for & cir-
cﬁit;sf S aﬁéﬁs.or,ﬁaa feot is 0.06 ohma. The voltage drop,
therefore, will bs 1.83 val#s or 1.5? volte per wire. Thia

wi;l cause a vaxiatien,of.s.o or 4.0 per cent in the

33
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jllumination from one end of the blook 0 +he other for the.
25, Gﬂgéiumﬁn'an& 15,000~1umen 1amps respectivaly‘ In blocks
of less tnau 7 1&mps per cirouit the voltage and 111umination

regulaﬁiﬁn will be even better.

Invastigauion af ths ecaanmy of using the No. 0 wire
showe that tha annual anergy lassea pfr block will be 550 and
3Gs;kilaﬁatt-hanrs‘ A block ean%aining ? lamps per cirouit
orlé %é*al ﬁf lé'lamns will.requime 1800 feet of wira, Tn@ o
cost af thi& is @43.00, B&aéd on 18 per cent, the annual
fixed iﬁ?astment ghasges will be §6.30. The onergy losses
oapltalized at se.oz :ger ;;nawam.-;;ou: represent $5.50 per
bleak‘far’the zﬁggecflumgn,lamp and‘gafoe"pgr ﬁlock for the
15,006—Iumanrlamp,circuits._ Minimam iotal snnual charges
- occur when the snnual fized 1nveatnant aharge equals the
‘cost of the annusl lost energy‘ It is seen that a amaller
wire wuuld ba more acancmic&l, esmecially for the 16, 000-
lumen lamp ci;cuitﬁl. However, a smaller slze would be

_impcasibla on &seeunt‘cf7tha gre&tsrjvaltags aAron.

INSHLATIX& T?A%Swaﬁﬁﬁﬁ

In all meries strest lighting ciroults i% 15 desir-
abls fzcm g s&fe»y standpoin% t0 keep the high voltage of
the seriss circult away from the lamp soeket, For thise
purpeaa.a sexiea.éﬁrrant tx&néfazmer‘will 56 ussd at>each

lamp. 1I% performs two functions: firsit, to insulate the
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inﬁi?iéaal,lﬁm§ fr§mf%h§gafies~cifcuit_and second, to |

inorense er-szeg;upﬁtﬁe cuzrené in tha‘laép itselfQ It has

paen found tﬁaﬁlhig§ igﬁéﬁsi%y lampy operate with the best
f*zciency at ‘high uﬁﬁaﬁ*l&xd low #altagaa The lemps used

‘in hﬁ sa;i@a—wultipla pl&ng are the O'ampexa type: The

) 1@5 ﬁzansfarwaw steps up the cuzxmnt from the 6¢8 amperes

vatha_gxim&my cizcgi? to 20 amperes in tha seoondary or

.iaﬁﬁ éir&uﬁt;  Tha*va2t§ge-across the lamp is weduced corres-’

pﬁnuin -y“

Tha Typa—I L, iﬁsulﬁﬁing, currant~traﬁsformer will be |
used for %his installmtian. - This transformor has character-
is?ics aaah that aay current variastion in the primary clrcuit
causes a lesasr g@rcanuage-eflvariatipn in the secondiary
current. This is & feature that will prolong the life of the
lamps and will tend to reduce ﬁhe mumber of burncuts due to

‘current swings in %he’sexies~circuit.

TABLE II. TYPE-IL TRANSFORMER CHARACTERISTICS

LAMP - : Primary Voltage - .  Socondary
§UME§8, Glosaﬁ Cixauit Open Circuit Volts  Amperes
8,000 58 117.0 16.0 30,0

85,000 : 183 - 28&5.0 61.3 20,0

“VTEs normal primary current of all of thess trans-
formers is 6.8 amperes. The power factor is ©8.5 per oent

and éhe efficiency is 96.0 per cent,
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s

| From ﬁh6 &bﬂ€9,‘Ta51e I, i% is sean that the oOpen-
éizeﬁi%:fﬁlﬁage is_censidsrably higher than the closed-
gireui%Vveitage;.:ﬁb‘film~cuﬁ—out is required at the lamp.

it & laﬁp bnzns uﬁt'the secondary of the Type~IL transformex
is'éﬁ‘ﬁ;cizéﬁi%éé; The voltage drop across the vrimavy imme-
diaﬁeiy iﬁcreaaes %a th@ ananncircuit value. This reduccs
?hc ﬁuvr@nﬁ flm@zmg in zhe yzinaxy scxies czrcuit an& ao%s

B8 & pxaﬁaa%iva fea nvg fov the Lamps which are still burning.
A aiscsnﬁﬁcting, p&ﬁhe&d~%?p8 cut-ou£ is useu for removing the
individual txansfarmer a vy tna lamp without bra king the main’

seriﬁs eirauit‘ "

; ?ha insulating tx&nsfexmers far the lamps on the trol-
lﬁy m@l&a wiil be hang on the pole just zbove the lamps. See
Fig. 1l. The tf&ﬁafarmers for. thae boulevard standards will be

mounted within the enlarged bese of the standard,



oty stj?p':‘;i’é‘da THE SYSTEM

o The padestrian, the motarisﬁ and the storekecper are
;intsz,sgaﬁ only in thg_illumxnating[eifect produced on the
~5%£@§%sﬁb§ nig§ﬁ'anﬁ the artistic; or Iack'ofiértistio, of-
faot to ba observed by day: The operating power company,
iﬂ‘aﬁﬁiﬁignvéa ihis; is»éitally canésrned ﬁi%ﬁ the part of |
f%ha‘syéﬁém'ﬁﬁieh lies héékkofvtﬁe 1amps, betﬁéem the lanp
ciruuiﬁ &ﬁﬁ %na pcwar hcuse. This part of the system
sorves cnly as aﬁ iﬁu@:mﬁﬁi&vﬁ sunplying link batwasn the
1&wpa &nd the geﬁerating stafian, but ths aconamy of opera-

txag;ané the canﬁinuity cf serviee depend greatly upon it.

Fxcepﬁ in the case ﬁf tha 115/230—volt multinla
gystem tho lamps, fixtures, in&ula%ing transformars, and
- Tamp cirauzts will be identical, However, beyand this point
there ie~a'wiaa‘&iﬁe§ganaé in sll of the schemes 80 that it

will be nscessary to tske up gach plan in details

PLAN ﬂa 1 - SERIES—%ULTIPLE
Thzs pl&n is an expansion of tha pre&snt mathod of

operating. the atreet lightlng cirouits at constant-ourrent

26

in this Gl%?.» A,typical aiagram,Fig. 13, shows. the schematic,

3la§trica1‘circuit‘from the 1aﬁps to. the substation.



.A.'Mﬂm<y4 B s - N . ¥ . B & ¥
R ety

24

6'/@4

P e

AN

L

&

s

.Ah.{.vm‘

LEL Rl

fae s

'
y
-




The grim&ry sswi&s clrau“t is run ovsrhead ”rom the lamp
circult t0 & uanvenlgnt 1oca$ian for the eoqst“nt—qurent
transfa&mer. Far fnlﬁ plan the Type-RO. cons*ant~ovrrent

transformer § ill he nsed.

| 1&1& is a pele mmun%ed, oil insulated, high reactanoa
 tpansforn =5 48 which au?emanically regulatas fcr constant sec~ -
ondury au*rﬁnt~wizhin one per canﬁ from full load to short
circuié; éfﬁér‘tﬁé %ransforierﬁis installed the current is
adju &%éﬁ to S S‘é&péxes. ﬁé fﬁrthef attention is required
except eccasian&l inspection and checking of the seoondary
current at intﬁrv&la of fxom 60 £0 90 &ays. Tha high
reactance of the tz&nefarmér preﬁeots the lamps at starting
and ascts as & buffsr against any surges on the primary

fﬁﬁdi}ﬁf* i

The tranasformer to be ﬁsed ig rated at 30 kilowattis,
3,300 volts primary. The secondary voltage with normal load
on the transformer is 3,036-v01ts.v With an open-circult on
the secondary side this increasssto 4,150 volts. The primary
input iz 28.8 kilovclt—amperes, 12 53 ampares at any load.
The efficiency snd power factor at different losds are as
shown in Table TII.

38
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TABLE III. TYPE-RO TRANSFORMER CHARACTERISTICS

Capacity  Per Cent Per Cent = Per Cent
X Load Efficiency Primary Power Factor
30 75 94.5 o ' 80
30 - 50 93.0 40
20 © 25 d 86.0 : 23

The Eﬁekilcﬁéﬁt.ﬁransfcrmer is recommendsed to carry
12, 25,000~-lumen lamps, 20, 15,000-lumen lamps, or 48,
; 8, 000=1umen 1&ﬁps, with $he corresponding Type-IL tranas-
fozmeré. Any'cnmbinatian of these lamp sizes may be made

as long as thé~tota1'aquivalenﬁ load is not exceeded.

. The primsry side of the constant~ourrent transformer
is connected to a 3300~voltlfaeder from an automatioc, alter-
nating-current, distribution, transformer substation which
in turn is supplied by 13,200~volt feeders from the generat-
ing station. _, |

| The addition of & new load of this volume will
require the rebuilding of the present feeder from the sub-
station as well as the building of a new four-wire line for
the one-o'clock load. The schematic layout of the 4000-volt
feaders for the all-night circuits is shom on Fig. 13, the
oné~o'clogk circuits on Fig. 14. ‘'the voltage drop and losses
in eachfaection.are-shoan; The maximum voltage drop is 4.3

per cent which is well within the limits of good operation.
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T&é,taﬁ&1~1§8$§s iﬁ the all;nighp faeder are 34.8
kilowatts, and iniﬁhé1ana~§*czocklfeédexlthsy are 50,2 kil-
owatis. The all—ﬂighﬁ feadsr cparates 4,000 hours per year
and the Qne—a‘cloak fesder 3, 000 heura.‘ The annual 1ossea
are 199 540 kilcwattmhﬁursg capitalized at $0.01 per kilo-
watt~hour the annual cost of lost anargy is %1,“95 40,

The tot al Ges% ef the copmar for both feeders is 313,737.00.
The aﬂnual investment eh&rga based on 15 par cent is

¢a, Qﬁﬁ.%ﬁ. The total annual chargaa will be @4,055 8C.

This ahaws tas 1ine to ba &asigned vsry—closaly for highest

econamy.

Legn”zﬁvesvsn. e

A total of 54 complete oircuits will be raqﬁired for
the 1&m§a'which7ara to burn all night.~ Fifty circuits will
be requizred fax the 1&mpa which are %o be turned off at one
- o'tolock. Sinca the prlmary eurrent~of the transformer for
each czraui% is 13.53 ampesaa, the total all~night load will
be ﬁ?a amgﬁxas ar 1,632 kiinvalt-ampexes, besed on 2,400
vclts, phas&-%a~aautxal, at the substatinn bus.‘ Thae one=-
ofolock load will be 828 amperes or. 1,502 kilovolt-amperes.
The total laad will be 3,124 kilovcls~amperes.

As h&s heen shcwn pxevicualy, ths total lamp load with
Type-IL transfcrmexs is 1,635 xilowatta. The ‘constant-

current transformer losses are 87 kilow&tts and the line
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losses 69 kilowatts, m&king a total load;df 1,791 kilowatts
at thefaubatatzqﬁ far;anrouxput;of 3,124‘kilevolt-aﬁperes.
The pswarmfastéz-af'thé éysﬁemvwili be 87. S}per'cent. Power-
factor tests mad@ in the gast On the Sureet 1ight1ng feeders
of the aity'che@k.this oaloula?ad value within 5 per cent.

Under this plan it is expected to handleé the street
’lightinv 10&& gf‘tha entire ‘dovmtown disﬁriet from Substation
»a# sinaa it is the station located naaresﬁ to the 1oad center,
Tha»pxesent all-night leadven ths street lighting circuit from
Subat&tien ape is 170 &mperes on a single~phasa basis. This
will ba rsﬁuaad by 50 amperes as previoualy axplained, leaving
120 amperes or 288 kilavclt-ampezss. ‘The new aowntown load of
876 ampezras addeﬁ %0 this will maka 796 amperes or 1,910 kil
avalt«&mparss,.‘Ths ;gne leaving the subataﬁion is a 4~conductor

400-HOM cable with nozmal capacity of 3,000 kilovolt-amperos.

'Thé.lamg load to be turned off at one otclock will
require a ﬂew,‘é,eéb—vglt, thréeeﬁhaée, four-wire feecder from

the substation. It will have & load of 1,503 kilovolt-amperes.

(Theuaupplyihé of the entire load from the one substa-
tien greatly simplifies the control and insures all of the
lemps being turned on or off simultaneously throughout the

entire district.
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QHARAQTERXSTIGS‘
eh;gf\aavanﬁagas;of this plan are~—

Flexibility in the number of the lamps

‘required in emch oircult.

2.

fThs'ﬁbnatantécuxéeﬁt transformer will

oo ®egulate for the oodrread current for
. eny numbsr‘ef 1amps up to full load,

3.

a4

A singls gxcund on the series circuit
will not cause any immediate trouble.
A second ground will put out only the

lamps betwsen the grounded points.

T&e other lamps will not be affected,
Only two relativaly stall wires (NO.G)

are requizeﬁ from pole to pole.

The lamps are groteg ed from primary
line surges by the aanstant-current

: txanafarmar,‘

The
L

ohief éiaaévan?ages BLE =~

A large nurber of circuite are :
required on sccount of the large size
of the lamps and swall number Chat

- can be handled on ons circuit.

Ga
4,

B

8.

The power~factor of the system is léwQ
?hsAfaeaar ébpper loss is bigh.
Prequent tests and adjustments of the

constant-current transformar'ara fadzis B0

There will be a congestian@mf the over-

head wizes leading from the constant-
current transformers to the lamp circults.

Hew 4,000-v¢lt, substation equipment will
be required. The present tendency is to
put all load blocks of this size on the
13,800~v0olt system,
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PLAN 0.3 - &vsw:pgs.J;;‘,_,
, ?his plan considers the placing of the street light-

,ing 10&& of tha new dawnﬁ own system cn the 115/350—volt
dizeeﬁmcuxxenﬁ Eaisen sye%em. | o

, The aennaetians to %ha dizect-cursent network systom
wiilvﬁa m&da at thﬁ manhalaa in.the etreet and alley intor-
Vseetiaﬁs, A total af 22. such tan ‘locations will be required.
 contral centaatura will be located in »he m&nhalss and cables
will Tun to the maltiple circuit at the 1amp polas or standards.
Thegg»aables are dssignaﬁ o hsvs not more than-0.5 vols drop
between %h%rﬁ@twazﬁ and the heginning of tﬁa lamp circuit.
Juﬁﬂtzan boxeg and fuaﬁs will bs requireu at each t&p leading

to & bleﬁa aixcuit* B

»Tha load which lies cuxgide of the territory served
by the Edlson system wlll bs yldee&'an 115—?01%, alternating-
ourrent secondary lines frem»céﬁst&nt%ybtential;'powar trans-
formers connscted to the pxégant, 2300=volt, streat lighting

fecdars,

The typical layout of & block cirouit for both direct-
and altaraatingnoux:ant is shown in Fig. 15. The manner of
i&antxalling the all-night and one-o'clook cirouits 1s also

ahown‘
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METHOD OF CONTROL. . |

‘ Twa lew-valt&ga contactors Will ba required in each
manh&le where ccnneetian is ma&e to the direct-current net-
.wcrk.. A 230§~valﬁncmnt&aﬁor will be- raqnired for eaeh power
;trangfazmax* Twe ﬁa.s piloo wirsa will run to each manhole
»tag snd tra nﬁfarmar lac@tioa, Tha ecntacfors will be of the
,mawnatic iype %ﬁicﬂ apan their e&n%&cts when de—energized
Ti&@~clﬁ9kariﬁ the lakﬁ~§is§&%chﬁr‘s office will Opﬂxate the
‘contactors aimuligﬂasusly through the pilot wires. One time-
cle k will control the all~night lampe and a second clock will

control th@ Gne~ofaisak lamps. ‘

LOAD zgvggvgn.

The losd lying within the bcundaviae of the Edison
digtrict consists of 153, ,s,ooo-lumen, 8605y 15,C00~lumen
and 226, 25,000-lumen lamps, & totel of 917 kilowetts with
tho loed-center st Twelfth and Welnut Streets. South of the
Edison ﬁiatrieu, which ends &t Fifteenth Street, are 28,
6,000«-lumeny 426, 15,000~1umen and 188, 285,000~lunen lamps
or & total load of 523 k&lcwaﬁta with tha logd-centoer at
Hin@%eenth and ﬁalnu% Streets. B&aed;en,EE per cent trans-
formaz effxeiancy and €6 per cent pawer~factor, this repre~

sents 580 kilovoli- amperes on the primary‘feeders.

A total of 18 éistribntion trausfozmers will be
Tequired, ratoed as followos-~ 4 at 50 kilovolt-amperas,



6 at 37.5 kilovoli-ampercs snd 8 at 25 kilovolt-amperocs;

a total rated oaﬁgcity of 6235 kilbtolt~amperas.

The

present street lighting feeder for this diastrict

is from Substation A, It is carrying 1,380 kilovolt-~ampares.

This will be reduced to 1,080 kilovoli~amperss on account of

the loss of circuits which were sbsorbed in the new system,

The new loaed of the alternating-current diétrict if added to

this feocder will meke aftotal of 1,660 kilovolt-amperses. The

fullwlea&'rating of this feader is 2,000 kilovolt-ampsros.

COMPARATIVE
Tho
3«

S

3.

The
1.

CHARACTERISTICS,
chief advantages of this plan are--

There is plenty of spare ozpacity on the
Edison system available for this load.

The powor-faotor of alternating-current
part of the system will be high, ©3 to
96 per cent.

It will ve easy to mdd or subtract lampe
because they will be conneoted in multiple.

chief dissdvantagos aro--

The three large wires running from pale to
pole will detraot from the appearance of
the systen,

A vary large amount of oopper will be
reguired.

A lerge amount of expensive underground
work will be required.

The lamps uscd in the territory adjecent

to the downtown section will be of a series
type. This will tend to produce confusion
when lamps are being replaoced,

38
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5. A system of control contactors will

© . be necessary to turn the circuits-on
; and off. ‘They will be a source of

T tronble. i

B 8;‘.3 larger Teserve etock of lamps will
o :be required. :

‘f Ty fThe life of muitiple lamps is only
- 1000 hours as compared with 1350 hours
‘for the sories-type lemps. This will

_ cause a higher ennual cost for lamps
as well as an increased maintenance

- expense for replacing the bu;ned out
lamps. : «

PLAN EO. 3 - SERIES-MULTIPLE. '

~Under this plan the lamps on the streats will bo
ﬁ§§eﬁéta@«in series at constant-ourrent with Type-IL insulat-
~ing transfp:mers in a way similar to that of PLAN No. 1
except ataa higher voltage. . The series lamp ciroult will be
ruﬁaovefhéad on trolley poles and underground in cable on

| the}strsats where there are no street oar lines.

High tension cables will be run underground from the

lamp circults to ths constanti-current tronsformers.

A typiqal’laycut, Fig. 18, shows the sochematio
slectrical ciroult from the lamps to the substation, The
manner of controlling the all-night and the ons-o'cloock cir-

cuits is slso shown.

The Type-RF constant-current transformer will be

used in this plan. This is an air-cooled, station-type
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transformer which automatically regulates for constant
secondary current. It réquires‘no attention after it is
once installed, aside from oooasional inspecting and adjust-
-1né. It is rated at 70 kilowatts, 13,200 volts primary,
normalwlead secondary voltage 10 600 and an Open-oirouit
secenaary vo;tggg of 14,569 volts,‘ Tha.primary input is
96.6 kilovolt-amperes at all loads. Although the full-
load veitags ofﬁtheVSQGOndaiy sériés ciréuit‘is 10,600
volts, the lamp circuit, tha oables, the cut~outs and the
Type-IL txansform rs muet be able to withstand the open=
cirocuit notsntial of 14,500 volts. The lins insulators
w#ill be rated at 15,000 volts.. The cable will have the
sama rating. The out-cuts end the Type~-IL transformers

are tested for 33,000 volis.

The efficienoy and power-factor of the Typo-RF

trensformer are shown in Table IV.

TABLE IV. TYPE-RF TRANSFORMER CHARACTERISTICS.

Capacity Per Cent Per Cent Per Cent
Kw. - Load Efficlency Primary Power-Factor
70 100 88.0 81,0
70 75 . 86,5 . 61.0
70~ B0 83.5 40,0

A 70-kilcwatt, Type—RF transformer has 8 reconmandad
capaclty for 42, 25,000—1upen lamps, 67, 15,000-lumen-
lamps or 168, 8,000-1umen lamps, with the corresponding

Type~IL transformers. Any combinstion of thess lamps of

41
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different sizes may be placed in the cirocuit as long as

the total sqﬁivalant load is not exceeded.

The constant-current transformers will all be
locsted in one substation whioh will be supplied by
13,300-volt feeders direct from the génerating station,
A total éfias constant-current transformers will be re-
quired;fé ‘éziéra:needéd'for the circuits and one as an
emergén¢y spars, 0il cirouit breakers will connect each
transformer to the station bus. There will be an all-

night, and & one~o‘clock, 13,300-volt bus.

AThe individual breakers will ﬁava over-load
protection and will be “automatio-reclosing” with a duty

cycls of 3 reolosures at 1ntervals of 15, 30 and 75 sococonds.

Hain o0il oircuit breakers will oonnect the busses
to the incoming feeder bue.“ These breskers will be operated
by automatioc time~olocks 1n aooordance with the street light

burning schedule.‘

There will be no attanddnta in this station since
it will be fully automatic. It is proposed to locate this
station in the block between Wyandctte and Central, and

between Thirteenth end Fourteenth Streets.



LOAD INVOLVED. -

»There:éill”be required 16 &ll-night and 16 one-o'clock
circuits each supplied by a 70-kilowétt, Type-RF transformer.
The input of each transformer is 96.6 kilovolt-omperes.
Therefore, the ail—night load on the 13,300-volt focders will
~ be 1,546 kilovolt-amperes. The load to be turned off at cno
o'clock will be the same, making a tgtal of 3,093 kilovolt-

amperes, .

The load of the lamps inocluding the insulating trans-
formers is 1,635”kilowatts as shown previously. The line
losses will be 6 kilowatts and the tranaformer losses will be
43 kilowatts, meking a totel input to the constant-current
transformers of 1,684 kilowgtﬁé.' Therefore, the power-faotor

on the 13,200-volt lines will be 50.3 per cent.

COMPARATIVE CHARACTERISTICS.
The chief advantages of this plan are as follows—-

l. The line lossees will be low on account
of the high voltage.

2. It ig readily adapted to being mnde an
all-underground system,

3. Lower voltage branch circuits may be
: carried on series transformers.

4, All testing of the cirocuits and of the
transformers can be done at the sub-
station. This willl r8duce the waintenance
exXponse. ?

5. The transformer losses will be lower than
if smaller transformers were ussed.



6. Thers will bo no overhead wires between
" ‘the transformers and the lamp circuits.

7. The load will be placed on the 13,300-volt

. 8ystem, which is in line with the prosent
practice for loads of this size.

‘8. The system can be expanded to meat the

- - needs of wany years tp comes

| Tha»chief disadvantages are--

1. Any trouble on & circuit will affeot the
lampe over a great arca.

2. There will be 13,200 volts potential on
the series lamp circuite on the trolley
poles. , '
3. The primary power-factor will be low.
4. The transformer eubstation will be very
~expensive.
PLAN HO. 4»~"SERIES.MULTIPLE
This plan is similar to Plan No. 1 except that the
constant-current transformers will be omitted. The lamps
with Type-l1lL insulating transformers will bs operated in
series and cennected directly to the 2,300-volt, primary
feeaars. A typical layout, Fig. 17, shows the schematic,

elsctrical circuit from the lamps to the substation,

A brimary, series ciroult is run overhesd from the
series, lamp circult to a Oonvenientrlocation for connection
to tho primary fseder. This feeder is a three~phase, four-
wire, 3,300/4,000-volt, wye line with the neutral wire
groundad aé the substation. The street lighting circuits
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will be connected to a.phﬁse-wire and the noutral. A 10-
anpera, pyrens fuse will be placed in the connection to the
phase wiéé for short-cirouit prateotiou. A disoonﬁcoting cut-
out will be piaced in”the éonnéction to the'neutral wirs., By
means of the fuse and the out-out the ciroult oan be oleared

frcm'the primaéy_feedér fér testing purposes.

vUnder.this rethod of operation it 1s plannedi to carry
the entire street lighting load of the downtown distriot from
Subatatioﬁiﬂﬂﬁ, Inkordér to:da this it will be necessery to
::egﬁilﬂ the present strest lighting fesdexr from this station
léﬁéyalsc %o ﬁuild a’new threaéph&se z,soo/4,ooo—éolt foodex
for the cirauits which will bé turned off at one o'clook.
The laybuts, F1z.18, for the fecders of the all-night lumps
and, Fig.le; for zhé fesders of the one-o'clock lamps show

the routs und lomds in all of the sections.

In selecting the wire sizes it was attempted to arrive
at the most egconomical systen. The cost of the.coppsr wire as
shown on Figure No.18 and No.19.will be $7,180.00. The annual
fixed investment charges will be 15 per cent or $1,078.00.

The annual energy losses ars 305,300 kilowatt-hours for the
one-o'clock circuits and 691,600 kilowatt-hours for the all-
night circuits meking a total of 996,800 kilowatt~hours.
These 1osées, if capifalized at $0.01 per kiloﬁatt-hour, will

represent an annual cost of §996.80 as compared with the enmial
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investmant charge of 21,078.00. The total annual cost will be
’ $2,0?4.86“ it ié'seen tha$ slightly smaller conductors would
be mozxe e@anomical, but in the intarest of good voltoge regulo-

ti@gy'the éizss‘shown 272 to be preferred.

n At %hs aubstaticn it Will be neoessary to provide the
oil ciraui* bra&kere and the equipment necessary to control
the new feeder. Thrae single-pha;e breakers will bo necded.
They wiil‘havé over-load and'short—éirouit protection. If
Opened'én‘sccbunt of over~load or short-circuit they will be
raclase&-aﬁﬁdm&tiaally_three times at intervals of 15, 30 and
75 seconds. If the cause of tho overlosd still porsists after
ﬁhéfthir& #eclosure,'the broaker will be locked open sutomati-

a&lly.and-must ba?inspeeteﬁ before it oan close agaln,

Tha bre&ke*s for uhe all~niaht ani for the one-otclock
foeders will be cpcr&tea by separata time~olaok3 in conformity

to tho streot light burning achedule.

LOAD INVOLVED.

B total of 55 sll-night oircuits and 51 one~o'clock
circuits will be reiquired for thie method of cpnrafion; Each
of thsse circults will be d681gﬁnl with the ngo2ssary number of
lamps in saeriss so that the current flowing through the circuit

will bo 6.6 ampcres.

The total current of the all-night cirouits will be



50

363 amperss or a load of 880 kilovolt-amperes. This will bo
added to-the present load of the street lighting feeder from
Substation "D® mgking a total load of 1,170 kilovolt-amperes.

 The total 1caa'of the one~o'clock circuits will be 808
kilovolt-amperes. This added to the all-night losd makes a
total of 1,688 kilovolt-amperes. The lamp load alons is 1635
kilowatts_and the lineﬂlosses 4 kilowatts making a total of
iaﬁéikildwaﬁts;‘ The powsr-factor will be 97.9 per cont.
REGULATION.

Under %his plen the voltage and current in the lamp
circuit will dspen&,direatly on the voltage of the substation
bus and éﬁ the voltage dzop of the feeder and of tho ciroult
' to %heﬁlamps. The total drop of the feeder from the substation
tnnzhe @ost di@tantylamp éircuit is 80,0 volds or 3.3 per cent
from phase %0 neutral. Each cirouii is designed with s ocombi-
nation of lamps 0 as to compensate 25 nearly as possible for

"Tha vol%age;r@gulaﬁiOn.of'the substation bus is 1,7
§%r cent during the hours wéan the streat lighis are burning.
This means that the curront in the lamps will vary spproximately
1.7 per cent and the illumination, as shown by Fig.8, will vary
10 pgz.eent. This will not be objectionable, beoauss the varia-
tion will take place slowly and #ill not be notioesble to the

8ya,



COMPARATIVE GHARACTERISTICS,
- ZThes ehief‘advan%ages of this plan of oparation are

as FollovGe=

4'1, The powexr factor of the system will
"~ bs high.

2. There will be no constant-current
- Yransformer troubles.
3. There will be no transformer losses.
- 4. The primary feoeder loseses will be low.

5. The expense for constante-current
transformers will be eliminated.

6. Ho testing of transformers will be
- regquired.

The chief disadvantages of the plan are-=-

1. A ground on the series lamp circuit
will probably cause all of the lamps
betwaen that point and the connection
to the phase wire of the feedezr to be
burned out.

2. There is no way to regulste or change
the current in the lamp circuit except
by adding or subtracting lamps oxr their
ejuivalent. a

3. The current in the lamp cirouit depends
on the voltage rsgulation of the substation
bus. ’

4, The circuits must have exactly the correct
number of lamps in them.

PLAN NO, 5 — SERIES,MULTIPLE
This plan calls for the use of 13,200/4,000 volt

Constant-potential, power transformers for supplying the
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.....

stzse% lightiﬁg load 1n +he downtown distriot. The lamps with
TypenlL inaulaming~%ransfo*mera will be connected direotly to
the 4,006~ve1t sacandaries of these transformera. The schematio,

‘electriaal eircuit is as shcwn, Fig. ?O..

‘ A primavy'seriea cirouit will axfend overhead from the
series, lamp—¢ircuit £0 a eonvenienﬁ location for the constant-
po*@nbial transfoxmers. This seriea cirouit will be entirely

unwroundea.

‘Tﬁé canstant§potentia1'transformers‘will all be loosted
in ona ﬁubététion,siﬁuated in the blook betwsen Wyandotte and
Centzal Sﬁéeeta and between Thirteenth and Fourteenth Streots,
This substation will be eupplied/by 13,2300-volt cables direct
from the ganérating'statinn of the power system, which supplies

the entire city.

A total of 33 power transformers rated at 55 kilovolte
amperas will ba Tequired. Each transformer will handle two
circuits. One spare transformer will be provided for cmergenoy

usa,

LE The power tr&nsformaxs will have 10~ampere pyreno
fuses on the 10w~tension seoondary side and oil circuit break-
axs,eaﬁthe primazy side to ‘connect them to the siation bus.
Thare will be an all=-night bus and a one-o clook bus. These

bussea will be opcrated and cantrolled in the same mannsr as
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those underVPian‘ﬁo.\3.

LGﬁﬁ IQVSLV“E¢

A total of 33 all-night oirouits and 31 one-o'clock
gircuits wilina ﬁeééseaxy; Eéch of‘thése circults will b2
desigﬁsd‘ac-%ha% thé current 1n the serles lamp circuit ig
5.6~aﬁgeras.~=whe”tatai aiiénight lozd will be 311 amporos
‘or 844 kilovolt-ampores. The total one-o'clock load will
be 198 smperes or ?szkilovalt~dmpeieé, making a total load
of l,ﬁds‘kilcﬁelt~aﬁperés. The load on tha primary 13,200=
vcl* foedoers will be 1,688 kilovolt—amperss. The primary

power~fac%or will be 98 per cent.

COMPARATIVE CHARACTERISTICS.
The chisf advaﬁﬁagéa of thls plan ars as followg--
1, The powsr~faotor will be high.

2. No constant—-current transformer toste
oz adjustments will be required.

3. The %aps on the traneformsr can bhe used
to adaust the secondary ourrent to the
gorraect value.

4. All testing of the cirouits can be done
at the substation,

5. The load will be placaed on tho 13,200-
valt system, .

8. A sirgle ground on the sories lamp
. oizouwld will not cause any damege.

7,' The efficiency of the constant-potential
tranaforma? is betier than that of the
gonstant-curraent transformer.
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The patsntial on the series lamp

‘ bl”ﬂﬂit will ba laes th&n undex Plan Ho.3.

‘The open-sircuit voltage of the constant-

potential transformer 1s only slightly

X hipher than the»fu11~load voltage.

'chief aiaa&vantagaa BTG=-

The acsu of the ixansformer substation

. will be high, -

- Tha -¢irouits must have,a fIXQ& numbo

of lamps in oxdey that the current in

* the seriss circult may bs correct.

3;

~Tha,aonatant—potential transformexr is
- ©of a special rating., It will cost

umarexima%aly 10 per cent highar on
this sccount than a t:anaformer of a
stanﬁarﬁ rating.



56

IV, - TESTS

Agdnumbar of tests were made in order to verify some
of the data reeaiv@d from the manufacturers of the equipment
and =150 0 secure othor information about the apparatus which

wpul& ba Qflvalﬁa'in daaigﬁing end in operating the systen.

INSULATING TRANbFORﬁERS.“ |

A laboratary test was made on & Tyne~IL geries trans-
farmer with a 15,000-1umen lamp. The cuxrent in the primary
circuit was varied over a considerablé-rangs. Simultaneous
rsa&imwa were taken of the primary and secovdary current, and
of the pX1mary and eacondaxy voltage. From the results of

thass tests the cuxves, Fig. 21, ware drawn,

‘It should be noted that the secondary current does
netrincxsgee as rapidly as the primary current. The primary
curraﬁt,cgnrrisé to 75 per cent above thslnormal value hefore
the séaandary current wili\inqreaée;ﬁoﬁe than 45 per cent

above the normal.

Thié?chaiaétéristic would bs very important in Plan
Ho. 4. 4An amccidental ground on the series circuit in this
plan would cut out the lamps between the grounded point and

Vthe connection 4o the neutral wire. This would leave full
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line voltage anjﬁhe'remaining lamps and the geries ourrent
would bs incéeasa& acéerdiﬁgly. The lamps will stand approx-
inately SQ pér cégﬁ»abovéyﬁhe normal current for a few hours
without any éppraciabla @amage. As B result of this ourrént
regﬁl&%iig-céaraatérigtic of the Typo-IL transformer, ss many
aé 40 poy cent of the»lamps in the circult may be grounded out
béf@?ﬁ'ﬁha cum&ént iﬁ tﬁe lamps themsslves will exceed 50 pex

cant above the normal value.

ILLUMINATION TESTS.
There are at the present time two cirouits of only
15,000=1unen lamps in servieo on Twelfth Street. A series

of 1llumination tests was msdo on the lamps in them,

Thess olreuiis are 66nnected‘d1reot1y to the 3,300~
velt primary fesderxr wi;héut_a constant~cusrent transformer.
One 1s an all~night circult and the other is a ono~o'clook

circult. Both are on the sams trolley polos.

The current in the series lamp circuit was variecd
above and bslow the normal in soveral steps with a constant

privary feeder voliage.

A number of specially made jumpsers were used for
taking 1aﬁps out of one ¢ircuit and adding them to the othex.

The serice current was reduced below the noraal in this way,

The current was raised above the normal by removing
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the sories cut-out rlugs on = number of the lemps.

The seriae current and ‘the voltage acraoss the primary
side of the Type~-IL %xansformer were racorded at each step.
Thasa rosults are shown on Fig.23, and agree very closcly with

tha 1aboratary tosts.

a sarie» of photometer measurements of the illumination
in the aanmar ef fha ereat wae made at the same timae. Theno

result s arge shown on Fig. 23.

The results of ths current—voltaga tests check very
cloaely with the data furnished by the manufacturer and ocan be
used in. designing the lamp circuits for Plane No 4 and 5,

The illumination 1ntensitias measured on the stroct
are somawhat lower than the theorstical values for a stroot 62
this width, This can be accounted for larpgely by the faot that
the lamps had been in service for several weecks or sbout 75 per
oent éf'their normal 1ife and the bulbs were:slightly blackened

as g8 rasult.

FUSED CIRCUITS.

Thé?§§pe of cifouit opzration called for by Plan No. 4
is relat@veiy new. In order ﬁo determinoe how satisfactory this
method would e with 15,000-lumen lamps, two important cixouits
in the downtoun sires t~1ighting district wers chosen for test-

ing. The congtant-current transformers were removed and the
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saries circult was connec%sﬁ directly to the 3,300-volt strest

lighting fezdor with only pyrene fuse protection.

| Thess circuits have baen in operation for 10 circult-
months, Thore have besn no oparating troubles of sny kind
during that time. A toial of 4 lamps or 10 par cont have

burned out up fo the present time after being in sexvice

1520 houws, which is 12.8 per ceant sbove their normal life.

The indications sre that a system composed of oir-

cuits of this type would be entirely successful.
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V. COST OF INSTALLATION

 The street lighting system for the downtown business
district has been divided into a number of natural divisions
fc:iﬁhe puipoga of‘determining the cost of installation. The -
cost of each part is determined separately. This provides a
- gonvenient and:ready basis for the comparison of the five
_Aplans of operation which are under consideration. Some of
the séctidns of the system are identical under two or more
of the plans., The divisions are as follows:
1. The Lemp Units including the standards.
B The circult at the lamps ==
: both overhead and nnderground.
3. The lines from the lamp circuits to
' ~ %the transformer or mnetwork,
4, The control of the system.
5, The trensformer or fuse sitation,
6. The circuit from the transformer to
' .~ %the substation.
7. New substation equipment required.
- 8. The proportional part of the original
- substation, - :
~ A constant multiplier has been used in all of ihese
cost figures in order to avoid the disclosing of confiden-
tial information. This will affect in no way the comparison
of the diffsrent partgﬂof?the system under ths plans being
considered. Neither will it affect the choice of the most

economical system.



In sach case ‘the cost of the material, of the labor,

of the engineering expense, and of the freight will be shown.

. SEGTIOﬁ ﬁo.l,- THE LAMP ﬁEITS ‘

The lemp fixtures such as the globes, the brackets
and the boulevard standards will be the same for ell of the
»~piana; _37mu1tiple~typé lamp‘wi;l be used in Plen No.2.

A series-type lamp will be used for the other plans. Tho

cost ié the same.

: Ths,transformaés for insulating the lamps from the
high vaitags series circuit will not be rejuired for the
lamps in the‘multipiefﬁlan. The cost of each lamp standard
or pole ﬁiil be given as s un;t; The cost of 21l of the
lamps and fixtures for the entire system is then readily

determined,

Tha costs for the series iamp units are as follows~-

" a. Overhead trollsy-pole unit
ha?ing B 15,000-1umen 1amps—_

Haterial 8199, 26

Freight _5.20 $204. 45
Lebor . 54.18
Engineering 2.31 56,47

Total . §260.93
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b. Overhead trolley-pole unit
~ having 2, 25,000-lumen lamps-

-

Haterial $213.04
i Fraight 5.85 2218.69
Labor ‘ 63.10
Engineering 2.47 65.57
-Total $384.26

. Boulevard - standard unit
having,z,.IS,OOO-lumen lamps-

terial $340,03
Freight 5.20 $345.33

Labor 24.13
Engineering 4,87 89.10
Total - $444.33

d. Boulevard - standard unit
having 3, 25,000-lumen lamps-

Material $356.24 |

Freight 5,65 £361,89

Labor 96.80

Engineering 4.97 101.77
Total $463.66
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The ocosts for the multiple lamp units are as follows-

a. Ovsrhead trolley-pole unit
having 3 750-watt lamps-

Material  $141.83

Freight 5.20 $147.03
Labor | 53.168

Engineering Z.31 55, 47

Tota $203,50



b. Overhead trolley-pole unit
having 3, 1000-watt lamps-

Materisl ] £141.76
Freight _5.85 2147.41
Labor 63,10
Engineering 3. 47 65,57

Total T §818,68

c.  Boulevard = etendazd unit -
having 2, 750-watt lampa-

Yaterial = $292.48

Freight 5,20 8287.68
. Labor . 94.20

Engineering. 4,87 08.17

©7 wotal T 386,85

d. Boulsvard - standard unit .
having 4, 1000-watt lamps-

Materisl . $385.14
Freight 5,65 £290.79
Labor 96.30
Engineering 4.87 101.17
: - $291.86

Total

The total number of each type of unit for Plans
Bo. 1, 3, 4and 5 wi{;h the cost of each 1s as shown bélow-

Trolley-pole unite~

533 15,000-lumen @ $280.83 $138,858. 48
190 35,000-lumen @ $384.26 54,009, 40
Boulevard-standard unite- .
" 72 15,000-lumen @ $444, 33 31,991.76
17 25,000-lumen @ $483.66 7,883.22

Total . $R33,741.86
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ﬁ' For'Plan No. B the total number of each type of

 unit with the cost of each is a8 followsee

Txeilayngols-units'f - ) |
- 538 - 750-watt - @ $303.50 . 3108,540.00

180 1000-watt - ~ © §313.98 . 40, 485,30
Bcﬁl@vard»étan&ard unité<‘i

73 750-watt @ $386,85 37,853, 20

17 1000-watt - @ §$381,98 6,663, 33

Total for Section No.l, Plan No.3  §$183,533.73

SECTION No.2 - THE LAYP CIRCUIT-

| The ciroult at the lamps will bs similar for Plana
No.l, 3, 4 and 5. In each case it consists of tﬁo parts-
a double, overhead, wire circuit and 2 doubls, underground,
cabls ¢clircuit. The ovarhead wire cirouitjls the same for
all of the plans. It consiské‘éf ﬁwa, No.8, weatherproof,
wires carriedkon Crogs~arms mounéed on wooden irolley~pole
extensions snd insulated for 15,000 volts. Tor Plana No.1,
4 and 5, the underground cable section will consist of two
No.8, 5000=-vols p&rkway cab1es. These will not be run in
'conﬁuit, buﬁ”simply buried approximately two feet under the
surface. Thess cables for Plan No.3 will be rated at |

15,000 Vngsw’

The overhead lamp circuit for Plan No.8 will consist
of three.ﬁa.o we&therproof étrahda& cables carried on -

sacondary rackse attached to the trollsy poles. The under~

ground circuit for the boulevard standards will consist of
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| three No. O, 750~volt, uniarground cables. These will be
sinwia~conduétor gables athﬁr than thrae-conductor, because
of the greater ease in h‘ndling and installing. No bulky

: pethaad at tha suandard will be requircd The cost of the
three»canductor cable is equal tc tho cost of three single-

con&uotn$ cables of the same rating.

‘Tha cost of the circuit fbr Plans No. 1, 3, 4end 5

is as fOllowSw=

Overhead Section, Plans No.l, 3, 4 and 5 =

Material ~ ' $10,369.40
Labor £8,658.90 :
Engineering _725.00 ' 9,383.90

Total =~ e T 319,763,480

Undergxouh& Section, Plans No.l, 4 and 5 -

Uaterial B  §5,440.05

Labox £8,470.00

Enginsering _ 874,60 _9,444.€0
Total o %14,084.65

Ugderground Section, Plan No. 3 -

 Material - $ 9,451.20
Labor $5,505.50 :
Engineering 1,083.50 10,288.00

Total $20, 440, 20
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The cost of the circuit for Plan No. 2 is as follows=-

Overhead Seoction

Material $37,342.10 .
Fraight 110.00 $37,353. 10
Labor 189,157.60 -
Enginearing 1,567.00 20,724.60

Total T $58,078. 70

Underground Section

Haterial $24,298.30

Freight — 55,00 $34,353. 30

Labor 15,560,055

Engineering 1,584.00 17,144.05
Total '$41,487.35

SECTION No.3 ~ THE CIRCUIT TO THE SECONDARY SUPPLY.

The secondary source of supply for Plans No.l and 3
is the secondary or series side of the constant-ocurrent
transformer. For Plan No.2 it is the 115/230-volt Edison -
system network in the direct-current distriot and the
secondary side of the comstant-potential transformer in the
alternating-ourrent district. In Plan No.4 the corresponding
point is the fuse station where the series oircuit is con-
nected to the 3300/4000~voit primary feeder, The secondary
side of thé power tiansformer is consi&ered theAsecqndary

source ¢f supply in Plan No.5.
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The sacondary supply circuits in Plans No.l and 4 are
iﬁsntzeal and consist of No.6 weatherproof wire carried over-
head on oross-arms attached to wooden extensions on the
trollsy poles‘ These circuits are insulated for 15,000 volts.
They extsn& from the seriea 1amp circuits to convanient looa-
ticna fﬁz the censtant-current transformers in Plan No.l or
to ¢onvenient places fo: connecting to the primary feeders in
Plan No.a, .

Thé-cost of these circﬁiﬁé fgr Piéﬁs No.l and 4 is
28 follows= , o .

Haterial $ 3,458,40

Labor $2,232.50
Enginsering 176. 00 3, 408.50
Total ' G5, 866.90

_ The circuit tc'fhe direct-current network in Plan
No.3 7111 be run underground with cables ranging in size from
EO&QOQ t0 500,000 circular mils, insulated for 5,000 volts.
Theze éableé will é#tend from the manhole oonnections at the
direcﬁ~curremtihatwcrk to the nearest point of reaching the
lamp circuits. The connections here‘will be made through

fused junction boxes.

The coat cf this part of the direot-current circuit

is &8 f0110Wgw~=-
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© Material . $27,595.70
- Labor $21,492.90
Engineering __  1,732.50 33,335, 40

Total 450,831, 10

 For the alternating-current part of Plan No.2, this
circuit consists of the overhead lines from the distribution

transformers to the lamp circults.

The cost 1s a8 followg—-

¥aterial - $13,339.80
Engineexring 810,00 7,658, 40
Total $19, 898, 80

Total for Plan Fo. 3 $70,717.30

This part of the circuit in Plan No.3 consicts of
3-conddctor, 15,000-volt cables run underground through
existing ducts from the lamp cirouits to the constant-current

transformer substation. The cost is as follows-

" ¥aterial ‘ $85,313.70

Labor $26,951.00
Engineering 2,656.50 28 ,607.50
Total $114,920.30

Under Plan No.5 this section of the circuit will con-
sist of No. 6 weatherproof wire carried overhead on cross~arms

attached to wooden extensions on the trolley poles.

The cost is as follows—--
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- Material $4,643.10
. Labor $3,180.10

Englnaeering _239.80 3,418,280

o Total T %8,063. CO

SECTION No.4 = THE CONTROL OF THE SYSTEM.

~ The cofitrol of the entire sysiem is oontered in tho
automatio substations in Plane No.1l, 3, 4 and 5. Automatic
time-clocks will tura the circults on end off. 'The cost of
the clocks and thégnecsssary relays is included with the
switching squipment in the substation. In Plan No. 2 there
will be & eystem of magnetic~type ocontsotors operatseld in

multiple over two pilot wires by means of master time-oclocka.

The cost is as followe~

Haterial ’ $9,2329.00
Labor $2,728,00 ‘

Enginesring 487,50 3,195,850
| Total ‘ $13,424.50

SECTION No.5 - THE TRANSFORMER OR FUSE STATION.

- The transformer station for Plan No.l consists of a
constant-current transformer mounted on & pole with two,
30-ampere, fused cut-outs on the secondary or series side

and two, S50-ampere, cut-out boxes on the primary sids.

The coat is as follows-



 Material 887,346.40

Freight 1,017.50 £68,365.90

" Labor  $16,058.00 ‘
Engineering 1,743.50 17,801.50
Total $€6,165. 40

- The cost of the distribution transformers for the

alternating-current district of Plan No.2 18 as followg=-

Material $12,051.60

Freight 275,00 $12,328.60
Labor 8 2,612.50
Engineerin _110.00 3,723.50
| Tota T %15,043, 10

The cost of the transformérs in Plans No.3 and 5

are inélu&ed with the subatation.

The cost of the fuse station for Plan No. 4 is aog

followge~
Haterial - $ 5,735.00
Labor $ 5,180.00
Tota $11,332.00

SEG”IOT Yo.6 - THE CIRCUIT FROM THE TRANSFORMER
TO THE SUBSTATION.

Ths cirouit from the constant-ourrent transformer
in Plan No 1 to the substation consists of two, three-phase,
four-wire, 2300/4000—vc1t feaders. The route and wiro sizes
have been shown on Figures No.13 and 14, One of thesc feed-

ers supplies the all-night circults and the other carries



the one-o'clock circuits..

-

The cost of both circuits is as followge=

¥aterial ” $12,850.00
Labor £8,698.80
Enginesring _ 753.50 9,452.30

Total v $89,303. 30

‘The distribuiion 4ransformers which supply the
aléernatihg-ouxzenﬁ district in Plan No,3 will be oconneoted
to tha greseﬁt 2300-volt sitreet lighting feaders.. Henoa,
there will bo no additional expense for primary line ex-

tensiong.

In Plan Ne.3 the trensformers are locatsd in tho
primary, supplying substation, so that there will be mno

expsnce $0 be listed under this cost section,

The circuit from the fuse stazions in Plan lo.4 to
the substation is similsr to that of‘Plan No.l, exoapt with
smaller wire sizes. The route and wirc sizes have bson
shown on Figures No.18 snd 19, One of these threc-phase
fesders will supply the all-night ciroults and the other

will take care of the cne-~clclock circuits.

Tha cost is as follows—~

Material -  $12,139.00
Labor 7,198, 80
Enginasring 753.50 7.952. 30

Total ¥30, 091, 30
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- In Plan No.5 the constant-potential power transform-
ers are located in the substation so that there will be no

exponse for p:imary fesders.

SECTION NO.7 ~ NIW SUBSTATION EQUIPMENT.

" In order to take oare of the now 2300/4006-#01%
facdor for the cng-otclock circuits of Plans No.l and 4,
it will be necessary to provide thrac circuit breakers

wiﬁh th&-canﬁrcl’eéuipment at the substation. The ocost

4o

of thisc will Ye as folloys=—~

L

Materizl $6,573.60
Freight 230.C0 $8,793.80
Labor - $3,004.10
Engineering 440,00 5,444,110
' Total —. $10,237.70

No sdditional substation equipment will be rejuired
for Plan No.2.

| A complete 13200-v0l%t, automatic substation will be
nacassary for the.primary tronsformers in Plans No.3 and 5.

The cost will be $130,020.00 for the station,

SECTION No.8 - THE PROPORTIONAL PART OF THE
PRESERT SUBSTATION.

A aomparison of this nature would not be complete
without including & proporiional part of the existing sub-

station egquipment. This proportion should be based on the

75
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rating of the new feeders and the scorresponding rating of

the rest of the station, The total feeder rating of the
pfeeanﬁrsubgﬁation, including one new fesder foxr the one-
otalock cizouits, is 19,500 kilovolt-amperes. The new load
will be él%ﬁ'kilaVclt;aﬁbaxes or 16 per cont. The cost of
tha preseni substauion is $379, 630,00, The sﬁbe*dfion equip-
ment z$qni$ud for ‘the new circuit will cost &10 287 00 as is
shown in Section No.7. Tpis makes a total station cost of

© §288,857.00. The proportional part of this for the new load,
:18‘par cent, is %46,377;065

The new losd under Plan No.4 will be 1688 Kilovolt-
ampercs o 8.8 per cent of the total station rating. This

proportion of the total station cost is $34,938.00.

‘:The amount of load to ba placed on the direct-
cuxrent system under Plen No.3 is 5.3 por cent of the total
load of the system. This proportion of the original station
cost 1s §57,800.00., The amount of lozd to be placed on the
alternating=-gurrent system is 3.5 per cent of the total sub-

gtation feeder rating.

It;will'not'ba necessary to provide sny additional
snbstation equipmsnt. This proportion of the original sub-
stasisn cost of %a?B,GB0.00 is 89,787.00. The total pro-

reted eubstation cost for this plan is, therefore, $66,987.00.
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' Since +he substaticns for Plans No.3 and 5 will
be entixelg aaw, there will be no coat allocated to this

eec%xen under thass plans.,

SUM&ARY ~ CO8T OF IESTALLATIOH.,
The folloxing Table V. indicates the total cost

of the new 11ghtino system ag proposed under sach plan.



00ST OF INSTALLATION

PLAN Fo.3 ° PLAN No.% - PLAN No.5
L -§4992;§:¥Lm_MEQQQEL§:¥M@W

TABLE V.
PLAF No.l
>

SECTION PLAN No.2

e 0v. S=H 1t 00V, S-M
Units $232 742,00 $183,523.00 $232,7ua.oo $232,742.00 $232,742.00
‘3.Lamp Circuit - '
Overhead 3,753,00 g 77 19,753.00 13,753.00 753 00
" Underground 1k, 885.00 1,497. oo 20,440.00  14,885.00 885, 00
3. Oirouit to. | | | | | |
Transformer - 5,867.00  70,717.00 11%,920.00 5,867.00 %,063.00
4, Control Included Included Included - Included
System in (7) 12,424,00 in (7) in (7) in (7)
5.Transformer , Included Included
Station 86,165.00  15,049.00 in (7) in (7) 11,222,00
6.Circuit to ‘ :
Substation 29,3%02.00 ——— —— 20,091.00 ——
.New Station
I Equipment 10,238.00 —— 130,020.00  10,238.00  130,020.00
&.Prgpgrtiont
(o] resen
Station 46,377.00  66,987.00 ——— o4,928.00 ———
TOTAL ghli5 329.00 $hd,274.00 $517,875.00 $328,504.00 §416,685.00

8L



VI. LOSSES

- In order to investigate the economy of the operation
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of the lighting system it is necessary to determine the power

losses in each section of the system. This will be done in a

manner similar to the way in which the cost of installation

was determined. After the power losses have been found, it

will be a simple process to calculate the energy losses for

the entire yearx.

SECTION No. 1 - THE LAMP UNITS,

The actual lemp load-for all of the all-night,
series lamps is 814 kilowatts. The efficlency of the
insulating current-transformers ls 86 per ocent. The.losa
here is therefore 33.8 kilowatts. The loss at the one-
otclock lamps is 31.5 kilowatts. This loss is the same for
Plans No.l, 3, 4 and 5. There is no corresponding loss for

the multiple Plan No.3.

SECTION No. 2 - .THE LAMP CIROUIT.

- The copper loss in the No. 6 series wire from lamp
ioflamp iﬁ Plsns Ho.1l, 3, 4 and 5 amounts to 1.6 kilowatts
for the all-night circuits and the same amount for the one-

otclock eiréuits.



SECTION No. 3 - THE CIRCUIT TO THE SECONDARY SUPPLY.

The loss in the wire from the lamp circuits to the
constani-current transformers in Plan No. 1 is 0.3 kilowatta
aaah.fcr'ths &11~night and for the one-o‘clock oirouita. The
corresponding lose for Plan No. 4 is the same.n The copper
loss of this section 1n>the Multipla Plan No,. 2 is 4.3 kilo-
watts for the allanight circuits snd 2.8 kilowntts for the

one~c’clock circuits.

In Plan No. 3 the cable loss between the lamp ocir-
cuits and constant-~current transformers is 0.9 kilowatts and
1.9 kilowatts for ths all=-night and one-o'clook circults re-

spectively.

The line loss in Plan No, 5 between the lamp cirouits

and the powsr transformers is 1.6 kilowatts for the all-night

circuits and 3.2 kilowatts for the one-o'clock circuits.

SECTION Ho. 4 - THE CONTROL FOR THE SYSTEM.

' The only loss in this section is for Plan No. 2.
There is & omall loss in the coils of the magnetio control
céntactors and pilot wiies used in this plan. This is 1.6
kilowatts for the ali—night circuits and 3.2 kilowatts for
the ons-o'clock circuits. There are 32 contactors required
for the all-might cirouits and 31 contactors needed for the

one~c'clock circuits. The loss in each coil is 70 watts.
The pilot-wirs losses ars negligible.
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SEGTION No. 'S’ -~ THE TRANSFORMERS.

Tha'afficiehcy of the 30-kilowatt oonstan€~ourreﬁt‘
- transformers used in Plan No. 1 is 85 per ocent. The trans~
former‘ontput“fck the ali-night circuits is 850.0 kilowattis.
The tranaformer losses are therefore 45 kilowatts. The
tronsformez output to the one-o'clock circuits is 789.0
kiiéw&tta including the line ioss beﬁonﬁ the transformers.

Théreforé, the one-o'clock transformar loases are 43 kilowatte.

In Plan No. & the only transfoimer lossés are tﬁoée
of the distribution transformers in the alternating-ourront
district. The efficiency of those transformers is ©7.5 per
cent. The output is 365.9 kilowatts for the all-night oir-
cuits end 257.5 kilowatta for the one-o'clock circuits.
Therafore, the trunsformar losses are 7.1 kilowatts and 6.5

ki 1°§Y&tt8u

The efficienoy of the 70-kilowatt constant-ourrent
tr&nsforméps of Plan No. 3 is 97.5 per cent, The losaéa are
22.5 kilowafts and 20.5 kilowatts for an output of 850.6
kilovatts and 789.5 kilovatis to the’all—night and to the

one-o'clock circuits respectively.

Plan No. 4 does not call for any constant-ourrent or
distribution transformers and, hence, has an advantage of

‘there being no losses in this section of the circult.
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e The constant-potential transformers of Plan No, 5
have an efficiéncy of 87.5 per cent. Their outpust is 851
- kilowatts and 793 kilowatts for the all-night and for the
aneué}elcck cirouits. The corresponding losses are 31.7
kilowatts and 20.1 kilowatts. |
SEC?IOE No. 6 ? THEkGIRCUIT FROM THE TRANSFORMER
RTAEE TO THE SUBSTATION.

"Thé\2300~VOlt,'primary,‘line losses between the
constant-current transformer of Plan No. 1 and the sub-
sta@iéﬁ are indicated on the feeder diagrams,. Figures 13
and 14. The togalylass for the all-night fceder is 34.8

kiléWatxs and 30.2 kilowatts for the one-o'clock feeoder.

" The priméry line loss for the alternating~-current
district under Plan No. 2 is 1.7 kilowatts for the all~

night circults and 3.3 kilowatts for the ons-o'clock ciroults.

In Plan No. 3 the transformers are located in the
substation so that there will be no primary distribution

losses.

The primary line loss in Plan No. 4 bsiwesn the point
where the connection is made %o the lamp circuit and the sub=-
station is indicated on the feeder disgrams, Figures 18 and 18,
Thevfotal loss for . the all-night feeder is 17.3 kilowatts and

15.3 kilowatts for the one~o'clock feader.
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SEC§10§ No. 7 -~ THE PRI%AR? SUBSTATION. 4
The}#fficienqy of the 13,300 to 2,300/4,000~volt,
étaxicﬁ transformers is ©8.5 ﬁar cent, . The substatioh out-
put to the all—nlght fesders in Plan No. 1, 1noluding the
feeder lass, ig 820 kilowatta and 861 kilowatts to the ono=
a*clnek fesders. The corrasponding transformexr lossca are,

thersfare, 14.0 and 13.5 kilcwatts.

The primary subatazion 103563 in Plan Yo. 2 consist
of tao pa 18 == first, the lossés 1n ﬁhe rotary»oonvertere
and tranaformers of the Edison system substations and,
seccnd the losaes in the station power transformers that
supply the altexnatingudunrent part of the street 11ght1ng
system.

" The éffgciendyvof the iotary-converter-substations
is 88 per ceht. The'output from the diredt-oﬁrront network
to the atreet lighting system is 484 kilowatts to the all-
night lamps and 437 kilowatts to the one-o'clock lamps.
Therofore, the substation losses are 60.8 and 58.6 kilowatts
for the all—night end for the one-~o'clock circuits raspec-

tively.

Ths alternating-current disgrict is supplied from a
13,300 to 2300/4000-volt substation. The output to the all-
night fesders is 274.7 kilowatis and 266.1 kilowatts to the
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ong~o'clock fesders. The itransformer efficlency is 98.5 per
: csnt.v~Heﬁce, the losses ars 4,0 and 3.9 kilowatts for the

all-nighﬁ &nﬁ'for the one-o'clock feédsrs reépeotively.

The substation logsses for Plans No. 3 and have boon

given undar Section No. 5 of the system losses.

‘The load for the lighting system in Plan No. 4 is
éﬁppli@d by & 13,300 to 2,300/4,000-volt substation., Tha
transfoimer efficiency is ©8.5 per cent, The output from
the stasion, including the 1line loss, 1s 887.3 kilowatts to .
the al;«night feeder and 804.2 kilowatts to the one-o'clock
feeder. The losses, therefore, are 13.0 and 13.0 kilowatts

for the all-night and for the one-o'clock feeders respectively.

SUHMARY — LOSSES.

A summary of the losses by scciions is showa in

TABLE Vi. The sll-night lamps burh 4000 hours per year and
‘the lamps which are turned off a2t ons o'clock burn 2000 hours
per year. Hence, the annual encrgy losseos are determined by
multiplying the total ali-~-night power loss by 4000 and the
total ons-otclock power loss by 2000, The totals are shown

for each plan in TABLE VI.



TABLE VI.  LOSSES, —- KILOWATTS

RE PLAN No.l  PLAN No.2  PLAN No.3  PLAN No.F  PLAN No.!
BEQTION 2300y, 8~4  Multiple ~ 13200v.8-M 2300v.8-# _ 4000v. S~
NO. A-N 1AM, A-N 1-AM, A-N I-A.M. AN 1-A.N. A-N 1-A.H.
l.Lamp : : , _ ‘
Units ~ 33.9 31.5 -== -— 33.9 3L.5 33.9 3L.5 33.9 3L.5
2.Lamp « B . ) e o
© Qirvcuit 1.6 1.6 39 7.4 1.6 1.6 1.6 1.6 1.6 1,6
3.Cirouit to =~ ' o R , | ST
" Transformer 0.2 0.2 K2 2.8 0.9 1.9 0.2 0.2 1.6 3.2
%, Control . | : o
“Syaten - mmm 1,6 2,2 wem mem - — ——
5, The N

"Transformers 45.0 42.0 7.1 6.5 22.5 20.5  =mm === 21,7 20.1

6.Circuit to ' i
Substation 3%.8 30.2 1.7 2.2 .= -— 17.3 15.3 @o— -

7.Substation
a-c 14.0 13.5 4.0 3.9 — —— 13.0 12.0 —

TOTAL 129.5 119.0 83.3 &0 58.9 55.5 66.0 60.6 58.8 56.54




The annvual kilowati-hour losses are &s followg--

Plan

No.l
No.3

0.3
- Ho.%

Ho.5

All-Hight

518,000
233, 200
235,600

264,000

235,200

Ons=-0'clock

238,000
168,000

111,000

121,2C0

113,800

Total

756,000
501,300
346,600
385,300
348,000

86
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. VII. ANNUAL CHARGES

| The total annual cost of the street lighting system
consists of the sum of the anmual fixed investment charge
wgnd the cost of the annual energy loss. The most eoonomical

: ayétem will be the one which has the lowest annual cost.

INVESTHENT CHARGES.

The investment required to install the entire street
lighting systom, including the mesns of supplying the lamps
proper, has been determined previously. A figure of 15 per
cent wiii be used as'a.fair value for the annual fixed in-
vestment charges. This includes the taxes, depreoiation,

maintenencs and the interest on the original investmont.

The cost of installing the street lighting system

and the annualvinveatéent charge is as shown below.

Plan "Total Cost Annual Charg@(

¥o.l $445,329. 00 £66,799., 35
Wo.2 448,274,00 87,2341,10
No. 3 517,875, 00 77,661,235
No.4 328,504, 00 49,275.60

No.s 416’685; OO' 5 . 62,503‘ 75
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ENERGY CHARGES.

The charge for energy losses is based on the annual

kilowatt-hours lost and the. cost of producing the snorgy.

& figure of £0,01 per kilowatt-hour will bo used in this

ﬂisdusaién‘ On this basis the cost of the yearly energy

lost under aach plsn is as shown bolow-

Plan Annusl Enerpy Loss | Cost of Enercy Loss
‘No.28 501,200 , 5,013.0Q0
No. 3 346,600 3,466, 00
No. & 385,200 e 3,853.00

No.bB 348,000 ‘ ‘ 35480, 00

The total annual cost for the system under sach plan

is as shown boelow-

Plan
No.1
Wo.2
No.3

Ho. 4
No.5

Investment Energy Total
Chargas ’ Cost Cost,
$66,799, 35 7,560.00 $74,359. 35
67,341,110 5,013.00 72,353,10
77,681,325 3,466.00 81,147,235
49,275,860 3,863, 00 53,137.60
63,502.75 3,480.00 65,883.75

These results show that Plan No. 4 will be the most

scononmical system to install and oporate.
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VIII. CONGCLUSIONS

ECONONICAL.

It has been shown that the system as outlined under
Plan HNo. 4 will be fhe most eoonomioal from the standpoint
of the annual cost. However, Plan No. 4 will not have the
| lowsst ocos%t for‘thé-yearly enexgy loss., Plan No. 3 and
~ Plan Ho. 5 both have lower losses. The one single item of
greatest sipehas‘in Plan No. 3 is the constant~-ourrent
transformer substation. Plen No. 5 ocarriss the same handi-
cap, but does ﬁot have tha egpenaive‘underground ocable

circuitse that are involved in Plan Fo. 3.

PRACTICAL.
"Aside from the economical considerations thero are
a number of other things which enter into the selection of

the type of system which is to be installed.

It must be physically possible to install the system,
This has been taken care of in the design. No physical im-
possibilities were allowed to creep into any of the proposed

plans.



The distribution part of the system must be of an
attx&dﬁive ap@earanoe, or at least not be objsctionable or
unsighﬁly';n any regpacp, A congestion of overhead wires
would ba‘objection&blé and the time would probably come

when the power compeny would be asked to remove them,

There is a strong‘eentiment in favor of having all
of the lighting and powser lines placed underground in the
downtown business district. This undoubtedly improves the

appearance of the streets,

The trend of the present day engineering practice
is toward higher voltages in order to cut down the ensxgy
logses., Plon No. 3 is in this direction., This plan oalls
fox an ﬁndérground séries distfibuﬁion aystem whioch again

is in its favor,

When a system of this sort 1s proposed, the time

. element plays a considerable part in ths final choice of

the type of system to be installed. It might be necessary
o seleoct & type which would not ba the most economical, in
view of some of the practical considerations mentloned above.
- If the installation were not to be made 2ll at one time dut
rather to be extended over a number of ysars, it might be
possible to have the immediate installation conform to the

most economical plan. At the same time, the installation

90
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should be made so that 1% could be changsed over with a

minimum loss .to & more favorable type in the future.

 This is the final decision as the result of the fore-
going discussion and study. Plan No, 4 is the most econom-
ical but 1% has some unfavorsble future aspects. Plan No. 3
ie the mos$ attraativa.fromva future standpoint. Tho first
tﬁﬁ sections of the system =-- the lamps and the ovsrhead
lamp-ocircuits —- azre the sama@ under both plans. As parts of
this‘neﬁ.lighting éyatam’are installed they will oonfo?m to
Plan No. 4. 1If it ever booomes necessary in the future to
‘Change thé system so as to confoim to Plan No. 3, the lumps
and overhead lamp circuits will not be affected in any way.
Thz loss due %to the chenge in the distribution part of the
system will be slight. In this manner it will be possible
to build up an economical system which will be, t0 a consid-

erable extent, in accordance with probable future davelopments.
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