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PREFACE 

The problem_ which is submitted. in this thesis ha.a 
· two genoral · aspeota~- the design or selection of -the.street 
lighting equipment proper and the seleo.tlon and design of a 

distribution :system to handle this load. 

I 

The oho1oe of the equipment \Vhioh is to pa:rform the 

actual function of lighting is relatively simple. A pa.rtio-
ula.r _lighting effect is desired and the problem is merely to 
choose the lamps and fixtures whi·ob \Vill produce thie effect. 

The standards or braoltets, while of secondary importance a.a 
far as illumination is concerned,, have oompletebearing on 
·the satisfactory daytime appearance of the system as aeen 

from the .street. The publio is directly inte:reated in this 

part of the prob.lam. 

The determination of a. method or plan for supplying 

elect:rioa.l energy to the lamps is by no rrioans aa _simple a 

problem. The public has p1•actic~lly no. knowledge and very 

little int-erest in this pha,ae of the subject. 

The distribution plan \ivhioh is selected must be pra.o-

tical to buil~, successful to operate and economical from the 



II 

sta11d.poin·i;; of the .energy losses and , the lnves tmen t required. 

This thaa1s illustrates in partie~lar the method of 

o'bta:i.n1ng a.solution to this latter pa.rt of the problem. 
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t:. IMTRODtJCT!OU 

. The i:n()r~asing uae of ·'city streets at night~ la.rgely 

due to the. automobile and the mo1jion plotu~e entertainment, 

ia calling . to11 better s-t;reet illumina.t ion 1n all of our 

la~gar oit1e.e and towns.*" 

The main business streets of sny 01 tf a.~e used the 

moat and. •. cons.equently~. require the.. greatest · attention. 

The aim sb.ould be to make these streets as safe and as 

usable by night a.a by day. It baa been observed ·that 

t ra.f fie accident a a.re less frequent on the t'lell lighted 

streets~ 

The gl'owing popularity of flood-lighting prominent 
buildings by night has combined with the need of· more il-

lumination on ~the street level. The merohanta a.re demanding 

that theil.' store f:r:on.ta be brilliantly ·illuminated at night. 

Tha a.rt1ati,e ~ppea.rance of the lamp units by day is 

saoond in import~n9e only to the lighting effeot produoed by 

night. Thia has brought about the design of fixtures and 
standards v1hioh will enhance the appearance 0£ any street. 

l 
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In acH)Ol'da.nc.e with the demand for more light 1 t i a 
p~oposed to 1n.s·ta.l~ .a. modern:>. high intensity~ il~uminat ion 

system on the' streets of the downtown business district of 
Kansas City, .·Missouri .• · 

. - . 

The seo.tion. · iµvolved ~n thta proposi tton ext ands in · 
general· f:com. Fifth . to 'f)vent1 .. Fourth Streets north and south, 
·and ~rom Oak to \Vyandotte Streets ea.st and west. Thia is tho 
main '.btisiness dlatriot of· the city. New lamps and appropriate 
filttn:r-ea ~re to 'be ·installed on tbe north and south stroet.s 
and arranged.as shown on tbe accompanying lamp layout plan~ 

The load v1hiah w1ll be added. to the lines of the 

po\var company will amount to a.ppro:timately 50 per cent of 
the pre$ent st:reet li.ghtlng load ot the entire 01 ty. This 

intu:ease ~a.y po.ssibiJ' be extended over a period. of several 

PRESENT LOAD IN THE DISTRICT. 

The present street lights .in this district on tha 
east and wes.t streets will not be increased but \Vill be 

included in the nevv system. This load consists of 181, 

GiOOO-lumen lamps and 80~ 15~000-lumen lamps~ a total 

loa,d of 135 kilowatts. All of the lamps on the north and 
south 1::ttroets will be changed. '!'here are a.t present on 

. '' 
· - . 

these streets: 63~. 4~00-~lumen and 653.~ 6~000•1umen lamps> 
: . 

a 
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-- i. -~ ~ .... '~- ·' -;;·: . : -

ULTIMATE ·toAD ±N TB.1£ ntsTRtaT~ . : .· , ,; , : · . . 
:· : -~. ' ' ' ' ~ ' ; ; ' t ' ' : .: ' ; -: ;· '. ' ': - . : t ~ ' i i ' ' 

• , . i· I 

· T.he' present · ~mps i on the, ,no:eth and south streets 
~ .. - - . ' ' ; :;. 

will b~ · r.epl,~oed b;r 1>216:1 15~000-lumen ,lamp.a on the narrow 
. : . · I ' ·. . : , : . ' • 
2~;000rlum~n l~tpps ·O.n th'e wider streets 

' . :.·.: ··_-._ · .- . - : . •. . .. 
on the. ea.st and ·west :&t·reete will make an ult'imate load of 

1~655 'ltho~tta "h~.Ch ~~st :\le ·ha:ndled by the diatl-ibtition 
ay~te~.. . '.f ·be .load ~enter falls a.t Fourte·e~1th and \"lalnut 

: ~: 

: 1 ~ .~ : 

sou.th streets and the trans.fer or those en the east'and west 
streete to ; t~e nevr sys·tem;t. 23 .series·:. · street ligh~~ng oiroui ta 

i - . • I 

will .be· cut off .from the present street lig~ting feeders. Ea.oh 
of ·these :series o~rouits is: fed ,from._ a. 20-kilo,watt, : 2,300-volt. 

oona.tant-o.J.rrent transforme~.- The primary onrrent of eaoh 

transformer ls 12. 5 amt>erea'.~ Ten of- the o1rcu1 ts to be removed 
a.~a supplied from Substation •A•. 'fbls aubsta.tion,. therefore, 
Will .. los·e. ·1$ amperes. :Or 3QO ,kilovolt .. a.mperes 'Of load, based 

! : \ 

on an , average primai:y 1 phase-to-neutral voltage ,of 2,400 volts 
' I 

at ·the· sub~t~tion~ ~Su~stat,1on .,~nw will lose 4 oircui ta or 120 

k1lovolt-ampe.res and. :Substation "P"' w1ll lose 9: oiroui ts or 
270. kilovolt-amperes of load. 

3. 
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METllOD OF· OONSIDn!ATION. 

It appear.a. that the present system. ot opera.ting street 

11ght1ng elrouita 1.n Kansas City if merely expanded. to prov~de 
for thlanew.,load.l'w!ll bG uneoonomioal,. oumba:raome and· impraoti-

'· ' . 

oal. In order' to determine a. · ~ore deei:rable method of opera.-

'tion~ tour additional plans will ho investigated and comps.red 

in this discussion td th the pr·e·sent method. 

Tlla design ot tbe lamp s11atem in 1 tself will be the 

aam~.- for al.l.. of the plans.-. but the manner of supplying . the 

la.mpa.J,vil.l. be 'totally d1ffe~ent .• 

Tb.e .five plans !tot eupplyi1i.g the lamp oiroui ts to be 

oonsidared are as fol.low.a-..... 

Mo.l - A a.e:ries ... rrru.ltipla plan using 20-kilo\vatt, 
2aoo~vo1t •. pole. type,,. oonate.,nt-ourrent trana-
tormers"" This plan would be an extension of 
the present method. of operating the street 
lighting 01rou1ta.: .. 

No.2 ~ A l.15/23(J,-volt multiple t::Jlan whereby the 
la.mps in tile direot-ourrrmt d1atriot ~·1ould 
be supp;ied.. :from the Edison, three-wire,. 
direot•ou:rrent systern. . Outside of the direot-
cu:rrent dist:?iot the la.mus would be oonneoted 
·to 115/230..volt 'aeoona.arY lines from 2300-

vol.t distribution transform.ere. 

No.3.... A eer!es-..multiple plan using 70-kilowatt, 
13, 20Q-;volt# .. stat ion-type,, oonstant-ourrant 
t~an&f orniers •. 

No.4 . ..,. A ser1ea-nru1tiple plan whereby the lamps 
are to be operated in series directly from 
the .. 2~00/4£?00-volt feeders with fuse pro-
tection but without the oonata11t-our:rent 
transformer. 



A aeries•mul:tiple plan for opera.ting the 
la.mpa in series on 4000-volt seooncla.ries 
from 13,.200/4.>:00~volt constant-potential, -
station· transformers. 

' . 
Ths itlcoming' l3:~aoo-volt lines supplying the subs ta-

' ' ' ' 

tions are oonsidered as the f 1nal s·ource of supply in,· each plan. 
The -oalaula..tions a.re oarriad back · .,to ·these feeders. · 

'Ebe typ1.ce.i .layouts of' the electrical o iroui ts of 

each. plan snow tha method of opsrat1·on and suggest the a.dva..n-

ta.ga$ -ar.td di4advanta.ges :of· e~oh.: 

1.rhe annual fixed 1nvf!tstntent charge and the oost of 

the loat energy 1'Vil1 ~now whioh pla.n is the most~ eoonomioal 

t :o inatal.l. and to opiSrate~ 

5 



t'I. LIGHTING SYSTEM 

The streets wb1oh run. no:rthand.aouth in the down-
'';f~ 

town business district range in width from 36' to 7·0 .feet 

from Ou.rb to·ourl} as ·shown below.-

Oak Street. 
· Mollee Street 
Grand Avenue. 
Walnut Street 
Main . street 
Baltimore A:venue 
:Wyandotte Streat 

·so feet 
40 f aet 
'10 feet 
56· feet 
48 feet 

· 'llt feet 
36 feat 

}?he a:verage d.iste:no~ parallel to the straet botween 

the lamp ete..nda1v.ls.t'i"ill be 100 .feet.. They will be looa.ted 

oppos.ite e·aoh ctheia S)tO~pt in ~.· fe:~tt pl!1oes along the e·:lgoe 

There wi.11 be trto .lamps. on ee,oh a ta.ndard 
•. 'r ,·. ·

1
, . I 

or pole.. A la.mp rated s,t &5>-ooo .... lumans wae proposed for 

Oak S·treet and for G.ra.nd Avenue.. For the other streets a. 
is.;.-Ooo-l:urnen lamp was choae11 on a trial basis. 

The rpanufacturer·s augges'.t illum111ation values of 

frbm S-00 to $00 lu.rnens per ·1111eal. foot on the ma.111 business 

st:rseta. Wi'th a spacing ot 100 feet between the lamps on 

the· streets in tb:ta district there will be soo generated 

lumena pe~ foot on the narrow streets o,nd. 1000 genr;:rat.ed 

lume11s per foot on Os,k Street and. on Grand Avenue. 

6 



The distribution cnll'Ve·a of these lamps and fixtures, 

Figures l and 2, show that the ·total light from them 1tvill be 

11000 and 18300 lilrnens • . Thia is 440 .and 772: lumens per 

'lineal foot on the street \Vhioh is we'll within the reoom-

·mendationa • 

. The manufaotUl'e:ra sugge~:t : an average of batyre~'1 l. 3 

and 3.·o fOQt candles intensity of . illumination on the streets~ 
The _ ou.l?ves~ . F·f.gtttea '. 3_ a..11cl 4, sllo~~t the point.,.0to-point and the 

aver~e foo~o.andl$ 1nt~enaity of' 111wni~1a.t1on on the streota 

ln thiEf dlat rio.t both \vitb- phe l5JOOO-lumen larnpe a.nd \vi th 

the -25~000.-lumen lamps. I11 view of the reoommandationa of 

the __ manuf:aoturera the 25 .). ooo~lumen la.mp 1t1a.s _tl1en definitely 

aeleot ed fol: Oak St1 .. ea.t and .for_ Grand A~enua, and the 15_,ooo-
luman lamp for th.e oth~r streets. The arrangement and looa-
tion .of the_ la.mp$ ls shown on the Ma.p, Fig. 5 •.. 

The lamp on the atreat side of the standa.~i.1d or pole 
i~1111 burn a.,l-l night.. '.rhG one next t .o the building will be 

tu.rned off at one o -101oelt in the morning. ~1he a~;ree1; 

lightins schedule oa.lls for a. total of 4000 houra burning 
of the a11-n1ght lampe an.d for 2000 hou,:s burning of the 

one-o•clook lartn)s .• 
. . ''" 

\ 
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------~~~~~~~~~~~~--~----:IL~~~ 7RANSPORMER CLEAR. 
LAMP.. ---
VOLTS /2,2 ___ _ 

AMP.t:RS.S · · · . . · 6.b -:zo, __ _ 
WATTS ( /NCLVl?.C..5 /RA/\O".LOSS) 806 ---
POWNWARP LVMENS 7.92.0 ___ _ 

HEAN SPHERICAL CANPL.E P'VWER --t:~~ 
~rAL. 1..1/ME'NS_ , ----

PHOTOMETR/C T'EST 
/;JISTRt8llTJON OF CAN.a!.£ ~WER /IV .:Z YeRTICAL PLANL:.s 

REAOIN~s TAKFN AT ;e.s- ~r. /rADtU.S 

CLEAR LAMP OPPRATEOA.T /..SOt:JO TCTAL 1.1./~FNS 
. NcJ. 1;e4 t..luHr ALAUASTEH R/PPL.EO Gi.A.:s~ G'L.00£ 

. ' No. //24 L1GHTAl.ABA.Sr£1P R/PPLE.P t;~SS C4NOPY 

8/f
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1iOLOPHANE' P/?/SHAT/C PO.Me .n>EFHAcroR 
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TRANSFO/?ML?'Jt Zl 
I-AMP . CLEAlf:. __ _ 

~OLT~ _/;:!;z, ___ _ 
AMPERc;s 6.~- ~o __ 
WA rr.s . (1/YCLV.Pt:S T/?AN.S. 1-..oss) /:z,77 ____ _ 
POWNWARO LV/\IEN'S·.- ·~---:--'----------'-------- 88..>0 _ ___ ~ 
MfiAN .SPHe/?/CAL. CANPJ..t: ~NER _1.J::zo ___ _ 

. 'FOTAL ' LC/MENS 18.300 __ _ 

~£APINGS -rAKEN AT ZS FT. ' '1'AD/VS 

C,J.EAJe LAMP OPEl'('ATEP AT ~.s?:xJo ~rA~ LUM&IVS 
No. IZ.4 Llt;/IT Al-AaAsTP'lf? R1PPL.£0 G.lAss Gloee 
A/O. 1124 Llt;=l.fT Al:::AOASrcrp lf/PPL...~O G.£ASS CAIVOPY 

z .. 
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·4D8 
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;!160 
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LAlWS. 

The lamps a.s seleo.ted on the foregoing basis are the 

20-ampere,< clear·"' type o,. Mazda aeries lamp with coiled f~l-

. amant a.nd mogul base. For the oonatant-ourrent plans 15,000-

and 2s,.ooo-1ume11., 20-a.mpere lam,ps will be used. For the 

m':11tip1a plan 115-volt., 750~ .and iooo-wa.tt lamps will bo 

uaed.., since they have oba.raoterietio·s nea.reet to thoae of 

the 15,.000- a.nd 25:1_000·11.lmen aeries lamps. Table No. I 

sbowe the compa.rattve ·oharaoteri&tics of both kind of la:mps. 

Initial 
Lum ens 

4000. 
sooo .• 

15000. 
25000 .• 

5280. . 
14775. 
21000 .• 

TABLE .·I. CHARACTERISTICS OF MAZDA LAMPS .. 
Candle . Lamp La.mp 
Power Current Voltage 

400. 
600. 

1500. 
2;500. 

528. 
1477.5 
2100~ 

SERIES LAMPS 
15. 15.l 
20. 16.0 
20. 38.S 
20. 61. 3 

l!UL'TIPLE LAMPS. 
2t6l 115. 
6.52 115. 
8.70 115. 

Watts 

226. 
321. 
?73. 

1325. 

300 
?50 

1000 

Lumens · 
per Watt 

17.7 
18.7 
19.4 
20.4. 

17.6 
19.7 
21.0 

From this table:>1t ~1.s· seen that a single large unit 

1s more e'.ffloient than two or more: smaller uni ts_ having the 

same total powe~ ra.t1ng. 

It is eX,.tremely important that the Mazda. lamps be 

operated.at the oorreot current or .v~ltage. · The opera.ting 

-of a lamp at a current ·or voltage abo:ve the.normal greatly 
, - ·- . \. . -

~hortens its life. I:f' the current or voltage is below normal 

13 



tlle . ~,llumin.at1on ls greatly reduoed. 

Curves, Figures& and .? show these and other charac-

teristios- of the Mazda. lamps. . 

FIXTURES. 
The fixture -obosan for thls lighting system is the 

. ~orrn Mo.12, Nova.lux unit haviii..g a light alabaster, ripp~ed 
gla.~:s globe .and. canopy" see Flg •. a. The is.ooo-1umen;,··un1 ~ 
is supplied wi:th an e l/2 ..... 1nol.l Holophane .. priamat1o dome 

'• ; .. . 

14 

re-fraotor to inorea.sa the down\1ard. illumination.. A. aeotional 

view. of this unit ·is shown in ,.lr1g •. 9. A guard ring is used 

ar~pn.d the b.ottom of th~e globe t.~ .prevent the danger of 
br~:akage tvh~n t1ghten1n)~- .the sor_e?Ja of tlle holder. · The 

fixtures \dl.1 be tha same for all of the plans under cone1d-

STANDARDS. 
The standard.<ohosen for Oak Streat and Ba.l t1more 

Avenue,. vd1ere thexae a.re no street ·oar .. lines.,, 1& tbe "Fra~oh 

Design,,·# twin-la.mp:, . style D·,, -Fig. l'O. The light•oenter vtill 

be .20 feet above the top of . the ourb. ·The centers of the 

lamps wil.l be 2? inches ·apart a.nd .'t~ha oenter line· of tho 

standard will ba · 2 .fe.et hack of the · edge of the curb. 

A small door in tbe base glves aooess to the insulating 
transformer and to the disoonneoting pot-heads of the under-
ground cables. A 3 l./2•1nch iron pipe ext.ends 4 feet below 





• t 

.:•· .... ! . .' .. ... 
. '. ~ ! ·~ : . . 
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Fig. g_ Form 12, Novalux Lamp Unit. 



Fig. 9. Sectional View of Form 12 Lamp Unit, 
Showing Holophane Prismatic Refra~tor. 

18 
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Fig. 10. Boulevard Standard. 



There ~re : street .oar l~nes alld iron trolley poles 
a.va.ila.ble on the 0th.er 1)orth. and south streets in the district. 
Here .the lamp fixtures will _ be mounted ·in pairs on brackets 

supported. by the trolley poles~ The l1ght o~ntera will be 
20 feet above the curb and 41 1nohes apart. The lines to 
these lamps wll.l "be carried on wood or iron o~oss..'..arm~· on 

. . . 
the t :op of ··the pola... A typical inata.lle.t1on is shown., see 

Fig. ll. 

LAMP . O'IROUI*l\. 

The 1mrnGd.ia.te oircult feeding ~he lamps oons1eta of 
two parts., t11e wire and tho 1nsule:ting current tranafo:rmer, 
VJ.hi"Cb. is required onl.y 'fo.r conata.nt""'current oircui ts. For 
.the series multi·p-le pl.ans ·~ :; No,zs weatherproof wire on 15,000-
volt inaulatGre- will be us~ where the lamp. are mounted on 
trolley poles.. For the underground siandards of the same 
p~ans" No.$, 5000-volt .,. underground parkivay cable will ba 
used. Thie cable is merely buried. in the ground. appl'ox1-
mately ·two feet bel0\9 the stwfa.oe \Vi thout any oonclui t pro-

tection. Thel'e \Vlll 'be· two c1roui ts · at ea.oh standard or 
pole -""" one for the all-night lamps and · one for the one-
o 1·a1ook lamps. 

The -multiple plan will require three oi:rouite at 
eaoh standard :or ' pole in order to oa1"e for the lamps 

20 
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lndi vidual la..mn fuses \vi·ll be ... . . 

requir~ .in the base of ea.oh underground standard. SinQe 

>these lamps are in multiplo,No.O weathe1}lroof \Vire will :be 

x·eqid.:red. Three ~fires ·or cables of ·this size wi 11 be neoes-

sary at each- st·a.nd.a.rd.._ In determining this wire size the 

-ohlof consideration is the -volta.ge drop from one lamp to 

another al~ng t~e 'bloo.k. The curves,. Fig.· 7, ~how the 

rapid. decrease in illumination ~1he~ _lamps a.re operatef,L 

belo\11 a norma.l voltage., In this design it ia planned· to 

kilep the voltage drop under 2 p~r oent par ·wire from one 

end of the b;took to _the other. A dl"?P of 2 per oent would 

ca.us:e a deoreaae· of 'I per cent in the illumination of the 

lamps. at oppos1 te ende of the block., \11hich would not be 

notioeaole to the eye, 

The oa.loula.tlons are based on having a maximum of 

seven lamps per block. The ourz.rent taken by one 25000-lumen 

lamp ls a.? amperes, and .s.s amperes by the 15000-lumen lamp. 

l1ith aeven iampe per block,, six of them will opere>te at a 

V"oltage ,,below tha.t of the <lne aet the source end of the 
. , ... ..·' .,' ~ .,., 

e1rou1t-. ~'he e:verage' ourr~ilt.·. for .a.· block of 25~.00~luman 

lamps. 1.$. 30 .. 5 amperes and-for a. bloolt· _of 15,,000-lumen lamps 

it is 22. 8 afj\peres. · The resistance of No •. o wire for a oir-

au1t of a spans or 600 feet is o.os ohms.- The voltage drop, 

thersfore.,. will ba l. 83 vol ta or l. 37 volts per wire. Thia 

v1ill cause a variation of .s.o or 4.0 per cent in the 

22 
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111umina.tion f:rom. one end of the bloak to ttte .other , for the .. 

25;000-lurnen and 15#000-lumen lamps respectively. In blocks 

of less than ?.- lamps. per 01.rouit the voltage and 1llumina.tion 

regulation ·\vill ··be even. better. 
~ . 

Invest1ga;t1o-n of the eoon-omy. of using the No.. O wire 

showa that the annual energy losses per blook \vill be 550 and 

308 ·itilowatt•hours. A block conta.ining ·7· lamps per oi~ouit 

or a to·tal. of 14: · law11s will .rsqui::e 1800 feet of wire. Tha 

oost of tbls ·is $42.00., B.ased. on 15 per oenta the annual 

fixed investment -charges will be $6.30. The energy losses 

oap.1talized .a.t . $0~0-l p~·~ ·~1lowa.tt-hoW.. represent. $5.50 per 
- • . 

bloQ.k ·for the 25~,·ooo.-lumen lamp and $3.06 ·per block for the 
' .· _ ·. . ' . " ' 

15,000-lumen lamp ciroulta.. . Minimum total annual charges 
' ' 

.ooour \tth~n the &l'inual ·fixed 1nv(3stment -olw.rge equals the 

oost of the annual lost enal'gy. It 1a ·seen that ·a smaller 

wire- tvould. be more eoonomioai, eepeoially t ··or the 15,ooo-· 
lutman lamp oiroui ts._ . Ilo.ml\fe:r .1 a · smaller size would ba 

.. - ., ' . 

impossible on account of -the greater voltage d:t~op. 

_INSULATING TRANSFORMER~. 

In all aeries street lighting oircu1ts it is desir-

able from a safety standpoint to keep the high voltage of 

the aeries oirouit away fro.m the lamp socket. For this 

purpose a series current transformer will be used at eaoh 

lamp. It performs two functions: first. to insulate the 



i11dividual. la.~np fl!pm_·.tbe flEJriea oi:rouit and second, to 

.inorease or ·atep .up .. ti1e current in the la.mp 1 ts elf, It has 

been found th~t .. higJ;l. t.~·te1ia.i.ty lamps opei'a.te w1 th the bast 

affioienor a~ '~igb ·oun"'ent aild low voltage~ The lamps usecl 

tn the ·. eer~e.s.--rnultipla .. plans are the 20--ampere type.. The 

. series transfoi~e:t ataps up the eur~~mt from the s,s ·amperes 

of · th\:r' primary · circuit to ao amperes in the · eeoondary or · , 

ponding.l;; .. 
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The Type._t: L.t insul~tiug, eurrsnt•traneformer will be 

used for this 1nata.llat1on • . . 'i1hia. trar..sformor has ohara.oter-

is'tios ,sucll that any current va~iat1on in the pr1ma~y o1rou1t 

causes a. leaser pet'<;le11tage of . va.riatio.n 1n the aeoondary 

ou1"re11t. This is a feature t~a~t . will prolong the life of the 

lamps a11d will ·tend to. red,uoe . the number of burnouts due to 

Q.ur:rant swings· in the· se1!'1es ·ot:roui t. 

TYPE~It T11.1\l1SFORMER Ci1ARACTERISTICS 
-l.AMP 

LUMENS 
8~000 

ls.ooo · 
as~ooo 

. .. . . . . Pri·lT'ary Voltage . 
Closed.· Cirou.1 t Open Oircu1 t 

SS 117.0 
.J.22 170.0 
193 225.0 

.. Sooondary 
Volts Amperes 
16.0 20.0 
38.6 20,.0 
61.3 20.0 

The normal primary" c:urrent ·of all of these tra..Tla-

formers 1.a s.a amperes. The po\ver factor is 98.5 per oent 

and. the eff :.lci~noy is ss.·o per cant. 



Prom the · abov_e~ Table II.~- it is sean that the, open-

oi_rcuit· v.pltage is conslde·rably higher than .tba closed- .· 

circuit voltage •.. No film out-out ia required at the lamp. 

If a lamp bn:cns out the seoondary of the Type-IL transformer 
~ . ' .. . ' , _ . ... . -
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is open ... oircu-ited. -The voltage drop aaroas the prim:cy imme-

diately· ·tncreases to., .the opon-·oirouit value. This · reduces . 
~ .. . .. 

tl1e ·otlur1"ent flowing 11~ the primary aeries circuit and. aots 

as J:t p;eoteo_tive · ~ea;ture for · the _lamps· whi_~h s~~e et ill bul'r}ing~ 

A d.iso·9nnec~ing.,. pothead"type cut-out is used for ·removi11e; the 
indlvldua.l transformer and· ·t ·l1e lamp without breaking tho main · 

series 'oirouit. 

~The insulat·ing tra.nsf o:rmers £.or the lamps on tt1e t rol-

ley pol.es,- will be hung on "the pole .just above the lamps. See 

B'ig. ll. . The trenaforme~a for, the boulevard sta.ncla.rd.s t";ill be 

mounted. within _the enla:rgcd base of the s ta.nda.rd. 



x~xt. SUPPLY FOR THE SYSTEM 

..• ~ 

The pede$tri.ari1 the motorist and the storekeeper are 
int&reated oni,y in t~~ - ·111uminat11lg _ effeo·t produoed on the 

st r ee-1HS _b;j-nlgl'lt and. the ' artistiC,t- or lack . of artistfo, ef-

fect t~r be observed by day,-. The operating _ power company; 
< .. • • · • 

a.n cuidition to this~ is vi tally co11cerned w:t th the part of 

tho syisteriL whi ch lies back of the lamp-a, betwee11 the lrunp 

0·1rcuit ·and t he po\ve.r house.~- Thia p_art of t-~e system 
. -·. .. 

s erves only ·aa a.n 1nterinedia.te >supplying link between the 

lamps _ and the g~nerat1ng ete~tibtJ,;, _but the economy of opera-

t io~~- arid the oont1nu1ty of :service' depend greatly upon it. 

· Exoept in the case :_of the . ll6/B30•voit multiple 

system the· ·lampsj fixtures, inaula.ting tran~formers 1 and 

lamp cirg.W.ts \V1ll be ldentioa.l• Hotvever; b~yond this point 

there ia- a tlide di~argence -in all of the schemes so t11a.t 1 t 

will be necernflary to · tsl~e up oach ·plsn in detail. 

This plan is an expansion of the present method. of 

opera.ting ' the street lighting crl-oui ts at corista.nt-ourrent 

26 

in this city. A.typical diagram,,Fig. 12, shows.the eohernatio, 
electrical oirqU1t from the lamps to , the substation, 
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oiroui·t to a convenient looation. ,for ·the oonstant-otLT:rent 
; . . 

traris£o~mer.. For 'tl-iia.· ~l~n the . Type-Ro. oonstant-Ottrrant 

tra,nsfoxmer will be u~ect •. 

~his is a pole mounted, oil insulated, high ree.otanoo 

trr:tnsfor.mt1r · ~ib.1ab. automatically . regulates for constant . seo-
. . 

ondu.:ry our2~ent within one per cent from full load to short 

circuit. After · the transformer is installed the current is 
adjw~rted to 6; .. S amperes,. No further attention is .required 

ex:cept occasional inspeetiol'l a.nd oheoking of the secondary 

ouri~ent at in,terva·la of f:eom SO to: 90 da.y's. The .. high 

rea~tanotl of the transformer pro~eots the la.nips at starting 

an.d a.Qta as a. buffer against any surges on the primary 

The transformer to be used 1.a: rated at 20 kilowatts,, 

2;,300 volts primary~ The secondary voltage with normal load 

on the transformer is 31 030 volts. With an open-oircui t on 

the aeoonda.ry side this 1norea.eesto 4,l50 ' v6lts. The primary 

input is 29~8 kilo'9'olt-amperas::. 12. 52 amperes at any load. 

The effioienoyand -power fa.otor at different -loads a.re as 

aho\m in Ta.b1e ·11I. 
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·TABLE ·II-I~· "· TYPE-RO ·.TRANSFORMER CHARACTERISTICS 
Capacity 

Kw• 
20 
20 
20 
20 

Per ·cent 
Load· 

' . ·· .. ·-100·-· 
75 
50 
'25 

Per Cent 
Effioienoy 

- 95.5 
94.5 
92.0 
86.0 

Per Cant 
Primarz Power Factor 

80 
60 
40 
22 

The 20.,..ld.lo~vatt transformer is recommended to oa.rry 

12~ as.oQ0"91'lumen lamps,, 20., 15.000-lumen lamps, or 46, 

! s.ooo~ltunen l.an1ps, with t11e oorresponding Type-IL trans-

formers. Any oombina.tlon :of these la.mp sizes may be made 
as long as .- the total equiYa.lent load is not exceeded. 
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The primacy .side of the aonsta.nt-ourrent transformer 

is oonneated to a 2300•vo1t feeder from an a.utoma.tio, alter-
natmg .. o·urrent,, dletribution, transformer subata.tion whioh 

in turn ls supplied by 13~200-volt feeders from the generat-
1 ng station. 

The addition of a 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•alook load. The sobema.t1o layout of th.e 4000-volt 

feeders for the a.11.-nigbt ,circuits 1~ shown on F~g. 13i ·the 

one-o•oloo!t oirouits on Fig. 14. 1l'he voltage drop and losses 

1n ea.oh section a.re shown. The maximum voltage drop is 4.3 

pe.r cent -vvhioh 1.s well .within the limits of good operation. 
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The to·tal losses ~n ·thfl all-nigh~ feeder are 34. 8 

kilowa·tts .•. and _in· .the_·one..-e>-'.'o.look ·.reader ·;they are 30.2 kil-

owatts. 'llle: a..11-.~1'ght fee<ieJ:>·· operat~s 4,600 hours per year 

and the one•o'•o.look feeder a~ooo hours. . The annual losses 

are ~99,540 :ldlow~tt~b.ours~, , Capitalized a.t $0~0l per kilo-

watt .... hotir ·t ·he: · a.rinual Q:ost . ot lost enar'gy ·1a $1.,ses. 40. 
. . . . . . ·· . 

'.1'he :total. cost ~o.f ·the aoppe.r for both - -t~eders · - 1~ - $13,737.oo. 
Tne atmual investment ohal:lge based on 15 .pe:t cent. ia 

~2~0G0.40. , 'rhe total annual oha.rges w11i .be $4~055.80. 

Thi·s sbowtJ the· line to be. designed very cloa~ly • fo~ highest 

eoonom; •• 

A to~tal of 54 complete . 0·1rouits will be reqtU.red for 

the la~s which are to burn a.ll night.. Fifty oirouits will 

be required for the lamps wl1~oh ·a.re to be ·turned off at one 

o1 olook. s1no-e the primary current· of' the transformer for 

ea.ob ciroult ls 12~52 amperes" the total all-night .load will 
-, . . · ·. : : , , 

be 678 amperes- or 1~622 lti-l<>volt-amper8$,. based on 2~400 

volts., phase-.,to-neutral.:1 _at .· the aubata.t1on bus. The one-

o 1olook load vlill be 626 amperes'or 1,502 kilovolt~amparas. 

The total loi~ wil.l be 3•124: kilovolt~amperes. 

, : , . - ·. : : 

As has been shown previously.,. tlle total la.mp load with 
' . 

Type_-.IL transformers is 1,635 kilOvrrJ.tts. • :·Tile. constant-. . - ' - ' __ - - .. .. . ' .. . · .. _::-:~~:,'· ' -

cuJ,-rent transformer losses are 87 kilowatts and the line 
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losses 69 ki.lowa.tts, making a total load of i,. 791 kilowatts 

at the sub$ta.t.ton tor an output of 3.,124 kilovolt-amperes. 

~he pow~r~faotor of the system will bs 5? .. 3 per. oent. Power-

!s.ctor teats made in. the ~a.st on the s~reet lighting .feeders 

of the oity o,h,eak this. oaloulated value within 5 per cent. . ~ • : :., 

Under this :olan it is e)tt>eoted to handle the street 
~ . . . . 
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lighting load of the entire downtovm d1str1ct from Substation 

•D• sino.e it is the sta1tlon located. nearest to the load center. 

The p:r:~sent ,a11~n1gbt load on the street lighting circuit from 

Substation •D• is 170 amperes on a. single-phaser ba.aia. This 

will be reduced by SO amperes a.a previously explained, leaving 

120 ainq'>eres or ... 288 k11ovol.t-amperas. The new downtown load of 

676 amperes. added to· thi.a will make 796 amperes or l.910 kil-

ovolt-amperes., . , The ~-~ne leaving the s':lbstation 1s a. 4-oonduotor 

400....1i0M cable \llith normal oap.a.oi ty ·of 2 1 000 k1lovol t•amperes. 

The ~amp load to be turned off at one o •clock will 

require a new.; 4,.000-volt, three-phase~ four-wire f eedar f'rom 

the subste#tion~ It will have a load of 1~502 kilovolt-amperes • 

. ~~; 

The supplying of the entire load from the one substa-
~ . 

tion greatly simplifies the control and .insures all of the 

lamps being turned on or off simultaneously throughout the 

entire di.strtot. 



COMPARATIVE OHARAgTERISTIOS • . 

T¥e ohi.~f ~dvantagea .of thi·s plan ara--
.l. .flexibility in -·the number · of· the lanlps ·. 

r .equired; 1n each o1rou1 t. 

2. The oonstant.;...ourrent tra.n~former will. 
'i'egul.ate for the correct current· for 
any number: of. lamps up to full load. 

-3~ A e'ingle ground on the series olrou1 t 
will not ·cause. a.ny !immediate trouble. 
A se()ond ground >;dll put out only the 
lamps-between the gzounded.points. 
The: other lamps will not be affected.~ 

4. Only two relatively small wires (No.6) 
~re required £rorn pole . to: pole. 

s. The· lamps are protected from pri rna.ry 
:Line. surges .by .the oonstant-ourrent 
transformer., 

The .ohi.ef. disadvantages a.re ........ 

l.. A large number ·of circuits are 
required on account of the large size 
of the lamps. and s1nall nu:ttiber that . 
can be handled on one circuit. 

2. T-he power•fa.otor of the s1atem 1a low. 

3. The f eede.r copper . loss is h'igh •.. · 

4.. Frequent tests and ad'juatment~ of the 
oonata.nt-our~ent transformer are nec-
essary. 

5. .There will be a congestion , of the :over-
head wires leading from the oona~ant­
ourr·ent -transformers to the lamp circuits. 

S. New 4.ooo-vol t 1 etibsta.t ion equipment \¥111 
be .required. The present tendency is to 
put all load blocks of this size on the 
13.200-volt ststem. 
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PLAN no.3 -~ MULTIPLE. 

!rJ11s plan oons~ders the pla91ng of· the street light-

ing load .of' tbe new downtown system .. <>n the 115/230-volt 

d.1reot-ourren1:. Edison. system. 

!1'1he oenneotions· to the dire~t-ourrent network system 
. . . . . . 

wlll 'be made a:t the mallholes in the etreat and alley 1nter-
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seo·t1ons .. · A tota.l of ·22: such ta.p· · 1ooa.tions will be required. 

Control eontao'tors \d.11.be ·1oca.ted in tha manholes a.nd. cables 
' ·' . 

will run to the multiple 01rcu1:t at the la.mp poles or standards. 

These cables a.re designed. to have not more than '.. o. 5 volt drop 

between ttte netwo.rk and the begi,nning of the lamp circuit. 
Junotion boxes and fu.st:is 1.r1ill be required at ea.oh tap -.leading 

The load. ~hioh lies outside ot the territory served 

by the Edison· system w-111 b.a placed· on ll5~volt, alterna.ting-

ourront aeoondar, lines fir-om oonsta.nt-potentia.l,. po·war trans-
forme:ra ot>nneoted to the pl:ssent, 2300-volt, street lighting 

f eedera. 

Tile typical layout of a. bloak airouit for both direot-

and al.ter,nating-ourrent is shown in Fig. 15. Tbe manner of 

~~11trolling the a.ll•night and one-o*olook oirouits ia also 
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. Two low--voltage oon~aotors will be required in ea.oh 

manhole wbere oonneotion is made to the direot-ourrent net-...... • • , . • . ' 

\*/orlt. A 23~-volt· oonta.9tor. will be -required for each power 
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. tra.nsforme:r. Two'. N:o,.6 p.iilot -td.res ~vill l'U1l to eaoh· ,ma.nh~le 

t.ap and transformer location. The .oontaotors will be of the 

ma.gneti.o, type Which open tlteir contacts when de-energized •. 

lfims-alooks in the loa.d-dis1~ateher 1a offi.o~ will opo1'ate tho 

ootrta.otors simulta:naously through the pilot wires. One time-

oloek lfli.ll. oont:rol the a.ll.~nlght lamps and a aeoond oloolt \Vill 

con:'G:?ol the· one~o•·olook lamps •. 

LOAD IWOLVED. 
The load lying v1ithin tba boundaries of the Edison 

district ·consists of 153,, fl>OOO-.lumen, 860 1 15,000-luman. 

and 228., 25,,000..lumetr la;mps.,, a. tota,l of· 917 ltilowa.tta w1 th 

the load-center at Twelfth and Walnut Streets.. . South of the 

Edison district, which ·ends et F1f'teenth Street, are 28, 

s ... 000-lumen., 436,. 15'.)0(}0•lumen and 188,, 25,.000-lumen lamps 

or a ·t~c»tal load of 523 kllowa.t"t$ with tho loa.d...oenter a.t 

l.Jl.neteenth and. Walnut Streets. Baaed on 95 per oent trans-

former efficiency a.nd95 per cent power-faotor., this repre-

sents 580.kilovolt- amperes on the prilrltl.ry' feeders. 

A tota.l of 18 distribution tranafo:rmera will be 
4 at 50 kilovolt-amperes~ 



6 at 37. 5 kilovolt.:.ampercs and 8 at 25 kilovol t~amperoe; 
. . . . . . 

a. tOttll rated oap~o1ty of 625 kilovolt-nmperee. 

. '"The present street lighting feeder for this diatriot 

ia from SUbs~ation A •.. It ie carrying l,380 kilovolt-amporoa. 

This \7111 be raduoed. ·to 1#080 . kilovolt-a.mperos on a.ocount of 

the loss of .airouits wh1oh were s.bsoxbod in tho new oyetom, 

The nmv load of the alte:t'na.ting-oul"l'Ont distriot if o.ddod to 
tllis feeder will malte a t"tal of l,6GO ltilovolt-amperaa. The 

full-load rating of this feoder is 2,000 kilovol t-a.mparoa. 

COMPARATIVE CHARACTEBISTICS. 

The oh~ef advantages of this plan a.re--

1. There is plenty of spa.re oapaoity on the 
Edison system available for this load. 

2. The powor-faotor of alternating-ourrent 
part of the .system will be high. 93 to 
96 per cent. 

3. It Yiill be easy to a.dd or aubtraot lan1pe 
because they will be ~onneoted in multiple. 

The ohief disadvantages a.ra--
1. The three large wires running from pole to 

pole will detraot ~rom the appearance ot 
the system. 

2-. A very large a.mount of oopper will be 
required. 

3. A large amount of expensive underground 
work will be required. 

4. The lamps usc-d in the territory adjacent 
to the downtown section will be of a series 
type. This will tend to produce confusion 
\then lamps are being replaoed. 
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5~ A system of dontrol contactors will 
be necessary to turn the cirouits·on 
and off. Thay will be a. aoui•oa of 
trouble. 

s. A larger reserve stock of lamps will 
be required. 

7. The life of multiple lamps is only 
. 1000 hours as oompa.red with 1350 hours 
·for the series~type lamps. This will 
oause a. higher annual cost for lamps 
as tvell as an increased maintenance 
expense for replacing.the burned out 
lamps. 

PLAN ·No. 3 - SERIES-MULTIPLE. 

. Under this plan the la.mps on the streets \Vill bo 
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·;:o:pera.ted. in series at oonsta.nt-ourrent w1 th Type-IL insulat-

ing transformers in a. way similar to that of PLAN No • . 1 

exoep t a. t a higher voltage. . The seri ea la.mp c 1rou1 t \'11 ll be 

runoverhead on trolley poles and underground in oa.ble on 

the streets where there· are no street oa.r lines. 

High tension cables will ba run underground from the 

la..rnp oirou1 ts to the oonstant-ourxent transformers. 

A typical layout!> Fig. lS, shows the eohema.tio 

eleotrioa.l oirouit from the lamps to the substation. The 

manner of controlling tha all-night and the ona-o 1olook oir-

ouita is also shown. 

The Type-RF oonstant-ourrent transformer will be 

used in this plan. Thia is an air-cooled~ station-type 





tra.nsformelt which automatically regulates for oonsta.nt 

secondary current. It requires ·no attention after it is 

once installed, as~de from oooas1onal inspecting and adjust-

ing. It is rated at 70 kilo~vatts, 13,200 volts primary, 

no:rn:.a.1 ... 1oad secondary voltage 10,600 and an open-oirouit 
I 

secondary voltage of 14,600 volts. The .,·primary input is 

96. 6 kilovolt-amperes a·t ·all loads. 'Although the full-

).oad voltage of. ~he secondary series oiroui t is 10,,600 

volts, the la.mp oirauit,. the cables, the out-outs and the 

Type-IL transformers must be. able to w1thsto.nd the opan-

oirouit potential of 14>500 volte. Tho 1-ine insulators 

will ba rated. at 151 000 volts •... The oa.ble will have the 

same rating. The out-outs and the Type-IL transformers 

are tasted for 22,000 volts. 

The efficiency and power-faotor of the Type-RF 

transformer are shown in Table IV. 

TABLE IV. TYPE-RF 
Capacity Per Cent 

Kw. · Load 
70 100 
70 . 75 
70 50 

TRANSFORMER CHAnACTERISTICS. 
Per Cent 

Effioienoy 
98.0. 
96.5 
93.5 

Per Cent 
Primary Power-Faotor 

81,0 
61.0 
40.0 

A 70-kilowa.tt, Type-RF transformer has a recommended 

oapa,oity for 42, 25,000-luman lamps, 67~ 15 1 000-lumen-

lamps or 168, 6 1 000-lumen lamps:J with the corresponding 

TJpe-IL transformers. Any oombinetion of these lamps of 
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different siz~s may be. plaoed in the oirouit as long as 

the total equivalent load is not exceeded. 

The oonstant-ourrent .transformers will all be 
looe.ted in one substation \Vhioh will bo supplied by 

13~200-volt feeders direot from the ge.ncre.ting station. 

A total of 33 oonstant-ourrent transformers will bo re-

quired~-- · 32 are needed for the oirouits and one as an 
emergency spare. 011 circuit breakers will oonneot ea.oh 
transformer to .. the station .bus. There ~vill be an all• 

n1~ht, __ and a . on~-c;>'clookJ 13,.200-volt .bus. 

. . 
The individual breakers will have over-load 

prote.ction ·and · will be "automatic-reolosing" with a duty 

cycle of 3 reolosm:es a.t intervals of 15,, 30 and 75 sooonds. 

Main oil oirouit breakers will connect the busees 

to the . incoming feeder bus. These breakers will be operated 
by automatic time-olocks in aocordanoe with the street light 

burning schedule. 

There ·will be no attendants in this station sinoo 

1 t will be fully __ automa.tio. It is proposed to looa.te this 

station in the block be"t\vean Wyandotte and Central, and 

bet\veen Thirteenth and Four·teenth Streets. 
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LOAD I!JVOLVED~ 

-There will bs required 16 all-night and 16 one-o 'olook 

oirouits a.a.ch suppli~d by a. 70-kilowa.tt~ Type-RF transformer. 

The input of eaoh transformer is 96.6 kilovolt-amperes. 

Th~refora,, the all;-night load on the 13.200-volt feeders will 

be 1,546. ki~ovolt-ampe~es. The load to be turned off a.t one 

o •cloo~ _ wiJ.l be the same~ making a total of 3~092 kilovolt-

amperes •. 

The load of the lamps including the insulating trans-
I 

formers is 1,635 .. kilowa.tts as shown previously. The line 

losses will be 6 kilowatts and the transformer losses Vlill be 

43 kilO\'latts~ me.king a · tota.l inp-µt to the oonatant-ourrent 

transformers of l.t684 k~lowat'lfs. Therefore~ the po~Yer-fnotor 

on the 13.,200-volt lines \Vill be 50. 3 per cent. 

COMPARATIVE CHARACTERISTICS. 
~'he ohief advantages of this plan are as follows--

1. The line loeees will be low on account 
of ths high voltage. 

2. It is readily e .. dapted to being made an 
all-underground system. 

3. Lower voltage bra.noh circuits may be 
carried on series transformers. 

4. All testing of the oirouits and of the 
transformers oan be done at the sub-
station.· Thie will r(kiuoe the rea.intena.noe 
expanse. : 

5. The transformer losses will be lower than 
if smaller tranaf ormors were used. 



·6. " There will be no overhead wires between 
:the- transformers and the lamp o1r.ou1 ts. 

7. The load will be plaoed on the ·13,200-volt 
. system11 · whioh is in lino with the present 
praotioe for loads of this .size. 

8. The 'system can.be axpanc\ed to meAt the 
needs :of many years to come.-

The ohief dlsadva.ntagee are--

1:. Any trouble on a· ciroui t will a.ff eot the 
la.mpa_ over a. great area.. 

2. Tbera will ba .13~200 volts potential on 
the series lamp circuits on the trolley 
polef?,· · 

3. The primary power-faotor will be low. 
4. The transformer substation \dll be very 

expenaive. 

PLAN NO .. 4 - ·· SERIES'.MULTIPLE 

This plan is similar to Plan No. l except that the 

ooneta.nt-ourrent transformers will be omitted. The lamps 

with Typ~-IL 1nsula.t1ng transformers will be operated in 

series and conne~ted directly to the 2,300-volt, primary 
feeders. A typical layout, Fig. 17, shows the sohematio, 

, 
electrical circuit from the lamps t ·o the substation. 

A primary, series o1rou1t is run overhaad from the 
series" lamp circuit to a convenient looation for conneotion 

to the primart/ f oedor. This feeder is a three-phase, four-
wire $ a, 300/ 4, 000-vol t • wye line with the neutral wire 
grounded a,t the substation. The street lighting o1rou1 ts 
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will be o·onneoted to a phase-wire and the noutral. · A 10-

ampora, pyrena fuse will be placed in the connection to the 

pha-so wiz-e fo-r .short-011 .. oui t proteotion.. A d1soonneot1ng cut-

out will be placed in the connection to the neutral ,vire. By 

means of the -fuse and. the out-out the oiroui t oan be cleared 

from the primary feeder _ f~r testing purposes. 

Under this method of opcl:rat1on it is planned to carry 

the entire street ' lighting load of the downtown district from 

Subatat.ion •na. In order to do this 1 t t..vill be nooeaae.ry to 

rebUild ·the present street lighting feeder from this station 

~~da.lso to build a. new three-phase 2,300/4,000-volt fooder 

for the oiroui·ts whioh will be turned of£ a.t on3 o •clock. 

'l'he layouts. Fig.18, for the feeders of the all-night lamps 

a.nd~ Flg .. 19, for the feeders of the one-o ''olook lamps sho?I 

tho route a.nd loads 1n all of the seotiona. 

In selecting the wire _sizes it \Ya.a attempted to arrive 

at the most economical system. The coat of the .copper wire as 

shown on Figure 1'1o. l8 and No.19. ~vi ll be $7, 180. oo. The annual 

fixed investment charges will be 15 per cent or $1 1 078. oo. 
The a.nnual energy loases are 305.200 kilowatt-hours for the 

one-o •clock ciroui ta and 691~600 kilowatt-hours for the all-

night oiroui ts making a total of 996,800 kilO\?a.tt-hours. 

These losses. if oapi tali zed at $0. 01 per k1lo:va.tt-hour, will 

represent an annual oost of $996. 80 as compared \'11th the a.nnual 
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invostmen-ti charge 'of _ $1,078. oo. The -total annuo.l cost will be 

(~2,074. 80. _It_ is ·seen tha.t slightly smaller oonduotors would 

be more eoonomical;,. bilt in the· intarast or' good volto.ga regula-

tion,· the aizes· shown a.re to be preferred. 

At the substation it will be neoessary to p:r.ovide the 

oil cirouit breakers and the equipment neoes'sa.ry to control 

- the new :teed.er:. · T.Iirea singie-phasa bre-akera \7111 bo needed. 

'l'hey will ·have over-load and short-oiroui t protection. If 

Opened ·on. aac·ount Of OVel'-lOad 0111 ahort-oiroui t they Will ba 

recl·os-ed automatically three times a.t -intorvals of 15, 30 and 
·-

If 'the oa.use of tho over-load st 111 · pnrsists aftar 

the t .hi:cd. reoloaura, the broaker will be looked open automati-

cally und must _ be inspect·ed before 1 t can close again. 

Tba breakers for the a.ll•night and fo-.r the one-o 'olook 

feerJ.Grs- will be operated by separate t ime-olooka in oonformi ty 

to tho st~eat light burning schedule. 

LOAD INVOLVED. 
A total of 55 all-night oircui ts and 51 one-o'olook 

oirouita will b-a required :for this method of oporation. Ee.oh 

of these oi:r:aul ts will be designed with the n~o;::oaary nmnbor of 

lamps in se:ries so that i;he current flo;dng through the o1rou1 t 

Will be 6.6 amperes. 

The total current of tho all-night oirouits will ba 



363 amperes or · a~--load of 880 kilovolt-amperes. This will be 

added to .. the present load of the street lighting feeder from 

Substat;1on •Dtt making a total load of 1>170 kilovolt-amperes. 

The total load of the one-o 1clook oiroui t.e v1ill be 808 

kilovolt-amperes. .This added to the all-night load make~ a. 
. . 

to·tal of 1>688 ·it11ovol t~amperes. 'rhe lamp load alone 1a 1635 

kilowatts _.a.nd the line-· .·losses 4 kilowatts making a. tota.l of 

1639 .. kilowa.ttsce, The power-factor will be 97.9 per oont. 

REGULATION. 

Under "this plan the voltage and currant in tho la.mp 

circuit 1dll depend directly on the voltage of the substation 
bus and on tbs voltage drop of . the feeder and of tho o1rou1t 
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to the lamps·. The total drop of the feeder- from the substation 
to the moat dis.ta.nt la.mp 6irou1 t 1a .80. 0 vol ts or 3. 3 per oent 

f:rom phase to neutral. Each oirou1 t is designed td th a. oomb1-

n e.,tion of lamps so a.s to compensate as nearly as possible for 

this drop~ 

The voltage reguls:tion of ·the substation bus is l.7 
p~r cent during tha hours whan the street lights are burning. 

This means that tha ·current in the lamps will vary approximately 

l.7 per cent a.nd the illumination. as shown by Fig.6, will vary 
lo per oont. Thie ,dll not be objectionable, beom1so the varia-
tion will taka plaoa slowly and '!till not be noticeable to the 
eye. 



COMPARATIVE CllARAOTERIS~ICS .• 

the o.hiet· advantages of this pl~1n of opr:.;ra.tion aro 

as · f ollor1a-~ 

· l~ 'The power fa.otor of the system will 
ba high. 

a. There will be no oonata.nt-ourrent 
transformer troubles •. 

3. · · There will be no trane:forr11er losses. 

4. The primary f oedel? losses will be low .. 
5. . The expense for oonstant-ourrent 

transformers will be el1m1nated. 

6. No. testing of transformers will be 
required •. 

The chief disadvantages .of the plan are--
1. A ground on tho series lamp o1rou1t 

will probably oause all of the lamps 
between that point and the connection 
to the pl1ase wire of the f eedar to bo 
burned out. 

2. Thare is no t\1'3.Y to r-egulata or change 
the current in the lamp ciroui t exoept 
by ad.ding or subtraoting lamps o~ thoir 
equivalent. 

3. The -current in the lamp c1rou1 t depends 
on the voltage regulation of the subata.tion 
bus. 

4. The circuits · must have exactly the oorreot 
number of lamps in them. 

PLAN NO. 5 - SERIES. MULTIPLE 

This plan calls for the uae of 13,200/4~000 volt 
constant-potential, po,ver transformers for supplying the 
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·street . lighting ~oa.d · 11t t'ii~> dotmtown distriot. The lamp a \vi th 
Type-IL insulating transformers -·will -be ·aom10cted directly to . . . . 

the 4~000-v'olt seoona.C\ries Of these transformers. The sohemo.tio, 
·e1eotr1oa.l oiroUit is a.s shown, Fig. 20. . . -- _- . - .; . .; ~ - ' ~· .. 

A primacy series cirouit 'will e..xtend overhead from tho 

series) la.mp· ciroU1t to a. oonven1ont looation for the constant-
. ~ ~ 

potential tr!lnsformers~ This series oirouit will be entirely 
ungrounded .• 

The consta.'rtt•po·tential tr•.:t.nsformers · will all be looo.ted. 
:tn Qne substat11'n si~usted in the bloolt betw·aen Wyandotte o.nd 

Central Streets ~illd beti:Teen Tl1i~teenth and Fou:r·bconth Streets. 
This substation will be aupplied · by 13#200-volt cables di:reot 
from the generating · station of tho pov1e:r system., wbioh supplies 
the entire city. 

A .. total of 32 power transformers rated a.t 55 kilovolt-
ampezes will be required. Ea.oh transformer v11ll handle two 
oirouita. · One spare transformer will be provided for emergonoy 
use. 

The poi.iver transformers will have 10-arnpere pyrana 
. . 

fusee on the low-tension secondary side and oil oirouit break-
_.. .. ... e- ~ 

ers ;·oD:.}tbe primary side . t·o oonnaot them to the station bus. 
There will be a.n all-night bus and a. one-o 'olook bus.. These 

bussea will be operated and controlled in the same manner as 
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those under Plan No. 3. 

LOAD .INVOLVED. 

A total ot 32 all•nigllt oirouits a.nd 31 one-o'clock 
011~ouits tvill be neoesar.u:y. Eaoh of these oirou1 ts \1111 bo 

. . 
designed· so ·that the current iri the series lamp oirou1 t ia 
6. 6 ampe1tes. The total all•nlght load \dll be 211 amporos 

· or 844 kilovolt-amperes. The total one.ol!o'olook loud will 
be l98s.mperes or 792 kilovolt~amperes, making a total load 
of 16 646 kilovolt-amperes. The load on tha primary 13,200-
vol·t feeders will be i.sss kilovolt-a.mpares. The primary 

power-fa.otor \Vill be 96 par oent. 

COMPARATIVE CHARACTERISTICS • . 

The ohief' advantages of this plan are an followa--
l. · The" pomn.•-fa.otor will be high. 

2.. No constant-currant tr.a.naf or mer t as ta 
or adjustments will be required. 

3. The taps on the tra.nsf Ol'mer oan be used 
to adjust the seoondary current to the 
oorreot valuG. 

4. All tasting o:r the c iroui ts can be done 
at the substation. 

5. The load will be placad on tho 13$200-
vo.lt system. 

6. A sirg le ground on the series lamp 
oixou1·t wil~ not ca.use ~ny dame.go. 

7. The affioienoy of the constant-potential 
transformer is better tha.n that of the 
cons tan t-ou:::cen't trans f o rrne r .. 
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The potent-ial on the aeries lamp 
c-iroui·t \Vill be leae than under Plan Mo.3 .. 

The open•·Oirouit voltage of the consta.nt-
potential transformer is .only slightly 
1li.gher than· the full-load volta.go. 

The chief d1ea.dvanta.ges a.re--
l .• - The cost of the tra.nsformar substation 

, lYill· be high • 

. 2. : . The · oirouits muat have_ a. f ixod nurnbo:::i 
of lamps in order that ·the ouri·ent in 
the series oirouit·may be oorreot. 

3. · Tha constant-potential transformer is 
of a a11eoial l'a.ting. It will cost 
approximately 10 per cent higher on 
this aooount than a transformer of a 
stancla.rd ra. ting. 
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xv·.- ~ ' . TESTS 

A number of ~eats~ were made in order to verify some 

of Jt1ha deta. reoeived from the manufacturers of the oquipmcnt 

and a.lso to· aeoure other , information a.bout the apparo.tua whioh 

would be of .valu.a in d.eaigning and in opera.ting the system. 

INSOLATING TRANS~ORMERS. 

A laboratorr test waa ma.de on a. Tfpe-IL aeries trana-

f ormer with a.151 000-lumen lamp. The current 1n the primary 
oi:roU.it was · varied over a considerable range. Simultaneous 
refl4inga w.dre taken of · tbe .Primary and secondary current, o.nd 

of the primary and seoond~ry voltage.. From the· results of 

these· tests the curves, Fig. 21.a were drawn~ 

It should be noted that the secondary current does 
not 1noreaae as rapidly a.s the primary current.. The primary 
current oa.n rise to 75 uex- cent above the normal value before . . . . -
the secondary current will. increase. raore than 45 per cent 

above the normal. 

This' oharaateristic would be vary 1mpo:rt'ant 1n Plan 

No. 4. An a.ooidenta.l ground on the series ciroui t in this 

plan would. cu·t out the lamps between the grounded point a.nd. 

the oonnaction to the neutral \<1ire. This would leave full 
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line voltage on the rema.i11ing lamps and tha aeries ourront 
would ba increased a.ooordingly. The lamps will ata.11d approx-
iitiately 50 per or3nt nhova the no1'mal cu.Trent ·for a faw hours 
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without tt.n.y appreOit.\ble damage. As a l'osul t of this our1·Emt 

regulating obaraatariatio of the Typo-IL tra.nsformor, tie· rr.e.ny 

as 40 pe1· cent of the la.rt1ps in the ciroui t ID!.4.Y be groundod out 
before the currant in the lamps themselves will exooed 50 por 
cent above the nol'lUal value. 

ILLIDl!NATION TESTS. 

There a.re at the px-esent time t\10 oiroui ts of only 

15.;000-lumen lam1)s in service on T\Yelfth Street. A aeries 
Of illumination teats was ma.do on tha lamps i.n them • 

. . 
These oiro·u.i ts are oonneoted. direotly to the 2, 300-

vol t priniary feeder wi~hout . o. ootl:sta.nt-cm:rent tranaformor. 
One is an all-..night circuit and the other 1e a ono-o'oloolt 
oirauit. Both aro on tha samo trolloy polos. 

The current in the ·aeries lamp oirou1 t was varied 
above a.nd below the t1ormal in scV$l'al stops \Vi th a oonatant 
primary f aed.er v~ltage. 

A number ot apeoially made jumpers were used for 
ta.king lamps out of one ~irouit and adding them to tha othor. 
The series current was reduoed. below the normal in tl11s wa.y. 

The current \Vas raised above the normal by removing 
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the aeries out-out plugs on a. . nu~ber of the lamps. 

· -· The series O\lrl'ent and ·the vol ta.~ aoroas the prirr.a.ry 

side of the Type-IL transformar wara recorded at eaoh step. 
These r ,eeults· are sho\vn on Fig.22, a.nd agree very olosol.y with 
the· ·iaoora.tory ·· tests4 

A series Of photometer measurements of the illumino.tion 
in the oenter of the street was made at the same time. Thcoe · 
result.a . a :t(3 sho\m on Fig_. 23. 

The results of the current-voltage tests oheok very 
olosely -w1 th the de.tu furnished by the manufa.oturer and oan be 

used in designing· the la.mp circuits for Plana No.4 and 5. 

The illumination intensities mea.surod on th~ at~cct 
are somewhat lower than the theoratioal values for a atreet of 
this width. This oa.n be accounted for largely by the. faot that 
the lamps had been in service for several weeks or about 75 par 
oent of their normal life and the bulbs were slightly blackened 

aa a. result. 

FUSED CIRCUITS. 
The _ :~YPe of ciroui t opc}ration called for by Plan Uo.· 4 

is relatively new. - In order to determine how sa.tisfaotory this 
rnetbocl would bo viith 15,000-lurnen lamps, two important oirouita 

in the do~1ntown. street-lighting district were chosen for test-
ing. The constant-current transformers were removed and tha 
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.aa:t.tle-s airouit. waa oormectsl direotly to the 2.t300-volt st1'oat 

lighting fee(l.er _ with only pyrc11t1 fuao protection. 

These ciroui ts have been in op~~:ra.tion f'o:r 10 o1rou1 t-

montha.. 'rhore h..ctve btJ&n no ·Oper~ ting troubles of any kind 

O.uziing that time. -A total of 4 lamps. or 10 per oent . ho.vo 

bu:;:nsd out up to tha present timo a.fts r being in oe:rvioa 

1520 hou:('s,,_ whioll is 12.6 par cen·t above thei1" normal life. 

The indications . are . that a system composed of o1r-

aui ts o:r this type would be entirely suoceaeful. 



V. COST OF INSTALLATION 

The street l1ghting ._ syatem for the downtown business 

distriot -has been divided .into a number of natural divisions 

·for the purpose of. determining the cost of 1nstalla.t1on. ·The 

cost of each part is determined separately. Thie provides a 

. convenient and ready basis for the oompa.rison of the five 

plans ot oper~tion whiohare under consideration. Some of 

the sections of the system are identical under two or more 

of the plans. The divisions are as follows: 

1. ·'l'he Lamp Uni ts including the standards. 
a. The oirouit at the lamps --

both overhead and underground.. 
3. The lines from the lamp oirouits to 

the transformer or network. · 
4. The control of the system. 
5.: The transformer or fuse ata.t1on. 
6. The ciroui t from the transformer to 

· the -substation. 
7 .. New substation equipment required. 
8 •. The proportional part of the original 

substation. 

_ A constant multiplier baa been used in all of these 

· cost figures in order to avoid the disclosing of confiden-

tial 1nf~rmat1on. This will affect in no way the comparison 

of the · different parts of . the system under the plans being 

considered. Neither will it affect the choice of the moat 

eoonomioal system. 
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In each oase the cost of the material, of the labor, 

of the engineering expense 1 and of the freight will be shown. . . 

SECTION No. l - THE LAMP UNITS 

The lamp fixtures suoh as the globes, the braokets 

and the boulevard standards will be the same for all or tho 

plans.. A multiple-type lamp will be used in Plan No. 2. 

A a$rlas-type.lamp will be used for the other plans. The 

cost is the same. 

The transformers for insulating the lamps from the 

high voltage series o1rcu1t will not be required for the 

lamps in the multiple plan. The coat of eaoh la.mp standard 

or pole will be given as & unit. The oost of all of the 

lamps and fixtures for the entire system is then readily 

determined. 

The costs for the se-rias lamp uni ts are as follows--

a. Overhead trolley-pole unit 
having ·2, 15.000-lumen· lamps-

Material 
Freight 

Labor 
Engineering 

Total 

$199.26 
5.20 

54.16 
2.31 

$204.46 

56.47 
$260.93 
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b. Overhead trolley-pole unit 
having 2, 25~000-lumen lamps-

. . 

Material $213.04 
Freight ----~5~·~6~5 ______ $~.a~l~B~. __ s_s_ 
Labor 63.10 
Engineering __ __.a~·-4~7-------~6~5~·~5--7 __ 

·Total $284.26 

o. Boulevard - ·s'l!andard unit 
having 2, . 15.,000-lumen lamps-

· Material $340.03 
Freight __ s....,.._2 __ 0 ___ $.....,3 ..... 45_ ...... a.._3_ 

Labor 94.13 
Engineering __ 4 .......... e .... 7 ____ _.9....,9...,..;,,,,;;l....,,O_ 

Total $444.33 

d. Boulevard - standard unit 
having,·2, 25,000-lumen lamps-

Ma teria.l. $356. 24 
Freight ____ s_.~s~s _____ $~3~6~1~·~·89~-
Labor 96.80 
Engineering ____ 4~·~9~7------~1~0~1~·~7~7--

Total $463.66 
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The coats for the multiple lamp un1 ts a.re a.a follows-

&. Overhead trolley-pole un1 t 
having 2 750-watt lamps-

Material $141.83 
Freight 5.20 $147.03 

Labor 53.lS 
Engineerin~g __ __..2~·~3~1.__ ______ ~5~5.~4~7--

To tal 1202.50 



b. Overhead trolley-pole unit 
having 2, lOOO~wa.tt lamps-

llaterial $141. 76 
Freight ..__....5.~_s_5 ____ ~$~1-47~·~4~1---

Labor 63.10 
Engineering _ _....2 ..... .._4._7 _____ a ..... s_..._5_7_ 

Total $212.ss 

c. ; Boul eve.rd . ·~ •· e,tend.ard unit 
ha.V:it'lg 2, ?5~watt lamps-

Material $282.48 
Freight __ s ..... _2_0 _____ $,...2 .... a....,7._.._s.....,s._ 

Labor 
Engineering., 

'l'ota.l 

94.20 
4.97 

d., Boulevard - standard unit 
~aving 2, lOOO~~att lamps-

Material $285.14 

99.17 
$386.85 

Freight · ____ s __ ..... s .... s __ ~S.-29.-.o ..... ._.7 __ 9._ 

Labor 96.20 
Engineering 4.97 101.17 Total -------~""'"'3 .... 9""'"!'1 ..... --9~s-

The total number of each type of unit for Plans 

No. l, 3> 4 and ? with the cost of each is as shown below-

Trolley-pole units-
536 15,000-lumen 
190 25,000-lumen 

@ $260.93 
@'$284.26 

Boulevard-standard uni ts-
72 15,0.00-lumen @ f444 •. 33 
17 25,ooo-lumen @ ~463.SS 

Total 

$138,,858. 48 
54,,009. 40 

31,.991.76 
7,882.22 

. $232, 741. 86 
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-- For· Plan No. 2 the: total number of each type of 

unit with the cost -Of ea.ch is as follo\vs.;..-

Trolley-pole· units 
_ 536 750-wa.tt 

190 1000-watt 
f.r 

Boulevard-standnro. -units 

@ $202.50. 
@ $212.98 . 

72 750-wa.tt @ $386. 85 
-. 17 1000-\VS.tt - @ $391.eS 

Total for Section· No. l:t Ple.n No. 2 

SECTION No. 2 - · THE LAMP CIRCUIT-

$108, 540. 00 
40,466.30 

27#853.20 
s ,e63. 32 

The oi:r.oui t at the lamps will be similar for Plans 

Mo. l,. · 3,, 4 ·and 5. In each oa.ee 1 t c~nsists of two par_ts-

a. double, overhes.d, \~i:re ot·rOU.ft· and a double, undergrou~d, 

cable o1rouit. The overhead v1ire oirou1 t is the same for 

all of the plans. It oonsis'ts of two., No.6,. waatherproof 1 

wires carried on aroas-arma mounted on wooden trolley-pole 

extensions and insulated tor 15»000 volts. For Plana No.1 1 

4 andS" the underground cable section will oonsist of two 

No.6, 5000-volt park\vay cables.. These will not be run in 

conduit, but · simply buried approximately two feet under · the 

surfa.oe. These cables for Plan No. 3 will be rated a.t 

15 ,.ooo vol.ts. 

The overhead la.mp ciroui t for Plan Uo.2 \'7111 oonsist 

of three No.a wea.tharp:roof stranded oa.bles carri.ed on · 

secondary racks attached to the trolley poles. The under .. 

ground· circuit for the boulevard standards will consist of 
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three No. O,. 750-volt, un:larground. ca.blea. These will be 

singla-oonduetor oables rather than thrae-oonduotor, baoa.uae 
of the greater ease in handling and installing. No bulky 

pothead.' a.t the stal"'.d.ard will be . required. The cost of the 

three-conductor cable 1a equal .to tho cost or three s1ngle-

conduotor cables of the sama rating. 

Th$ cost of: the o1rou1 t ftlr Plans No. l., 3, 4 a.nd 5 

is as follovrs--

. overhead Seotion, Plans No. l~ 3, . 4 a.nd · 5 -

Material $10,369. 40 

Labor $8~658.90 
Eugineering __ _....,..1_2_s_._0_0 ______ 9_,ioo!i3.._83_._9_o __ 

Total $19.753.30 

Underground Section, Plans No. l, 4 and 5 -

Uateria.l 
Labor 
Engineering 

Total 

$8,470.00 
974.60 

Underground Section,, Plan No. 3 .-

Ya.ter1al 

Labor $9~905. 50 

$ 5,,440.05 

9 ,444.60 
$14.,884.65 

$ 9 ~451.20 

Engineering _.....,.1 .... ,.._.o ... a ... 3 .......... s .... o ____ __...1 .... 0...,, 9..._89;;;..;;:.;.,.; ..... oo_..· __ 
Total $20,440~20 
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The cost of the ciroui t for Plan No. 2 is as follows--

'•. · ~ ..... 

Overhead Section 

Material $37~242.10 
Freight 110.00 $37,352.10 

Labor 19,157.60 
Engineering -· _ ...... 1 ......... s .... s ..... 7.._. 0 ..... 0.__ ____ 2 __ 0 ...... _..7.-.a.-.4...,. 6;;;...;0..___ 

Total $58,076.70 

Underground Section 
Material 
Freight 

Labor 
Engineering 

Total 

$24~298.20 
55.00 

156560.05 
1,584.00 

$24,353.20 

17,144.05 
$41,497. 25 

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 oonstant-ourrent 
transformer. For Plan No.2 it 1e the 115/230-volt Edison 
system network in the direct-current district and the 

aeoonda.ry _side of the constant-potential transformer in the 

a.lternating-ourrent district. In Plan No. 4 the corresponding 

point is the fuse station \Yhere .the series oiroui t is con-

nected to the 2300/4000-volt pr1~ry feeder. The seoondary 
~ ·-- -

side of the power transformer ie considered the secondary 

source of supply in _Plan N,o.5. 
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The aaoonda.ry supply ciroui ts in Plans No. l and 4 are 

identical and consist of No.6 weatherproof wire carried over-
head on oross-arms attached. to wooden extensions on the 

trolley poles. - These oirouits are insulated for 15,000 volts. 
They extend from the series lamp -·01rouita to conv_enient looa.-

tions fo:r the oonstant-ourrent~transformers 1n Pla.n·No.l or 
to convenient place~ for conne·o·t1·ng to the primary feeders in 

· P la.n No~ 4. 

Tbe cost of these circuits ror Plans No. l and 4 is 

a.a follows-

Material 

Labor 
Engineering 

Total 

$2,232.50 
176. 00 

$ 31458. 40 

2,408.50 
~5,866.90 

The oirouit to the direot-ourrent net\vork 1n Plan 

No .. _2 will be run underground \Vi th cables ranging in size from 

No·.000 to 500,000 c1rcula.r mils. insulated for s,ooo volts. 

These cables will extend. from the manhole oonneotions at the 

direat-ourrent nat\York to the nearest ~o1nt of reaching the -

lamp · olrouits,. The connections here will be made through 

fused junction boxes.-

The cost of this part of the direot-current oiroui t 
is as follows--
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. Material $27 ,595. 70 

Labor $21,492.90 
Engineering · l,732.50 23,225.40 

Total ----------$-s-"o--, .... a ...... a'!f""'1-.1~0-

For the a.ltarna.ting-ourrent part of Plan .uo.21 this 

circuit oons1eta of the overhead lines from the d1atr1but1011 

transformers to the lamp· o.1rou1 ta. 

'rhe cost is as follO\vs--

Material $12,239. 80 

Labor $0,846.40 
Engineering __ s....,1 ..... 0 ....... _.o_..o ____ ...... 7 .... , 6.._.5;;..;.S;;..;;.-..;;40...-....._ 

Total $1s.asa.20 
Total for Plan No. 2 $70,717.30 

Thie part of the oiro:uit in Plan No.3 oonaiota of 

3-oondiiotor. 15.,000-volt oables run underground through 
existing ducts from the lamp o1roufts to the oons1;ant-ourrent 

transformer substation.· The cost is as follows-
· Material · $85,312.70 

Labor $26.,951.00 
Engine er1ng __ 2_a_s_s_s_. s_o_. --~2~9...,....1 6~0""""'7~·~5'"!1-o_ 

Total $114~920.ao 

Under Plan No.5 this seotion of the o1rou1 t will oon-

siat of No. 6 weatherproof wire carried overhead on oroas-arme 
attached to wooden extensions on the trolley poles. 

The oost is as follows--
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Material $4,643.10 

Labor $3.180.10 
Engineering · 239.80 3 1 419.90 · Total ----------------------e-~s-,-o~s~s~.~c~o--

SECTION No,. 4· ~· THE CONTROL OF THE SYSTEM. 

The control of the entire system is oantared in the 
· -

automatic substations in Plans ?io. l, 3, 4 and 5. · Automatic 

time•olooka will turn the ciroui ts on and off. ·The oost of 

the blocks and the necessary relays ia included w1 th the 

switohtng·equipment in the substation. In Plan No. 2 there 
will be a system of magnetio-type oonta.otora operatoi in 

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

The cost is CLB follows-

Matarial 

Labor $2,728.00 

$9,229.00 

Engineering ___ 46_7_._s_o ____ 3 ...... 1 _19_..5;.,.,,; • ._..s ...... o_ 
. Total $ia ~ 424. so 

SECTION No.5 - THE TRANSFORMER OR FUSE STATIO?l. 

The transformer station for Plan No•l consists of a 
oo-nsta.nt..:ourrent transformer mounted on a pole w1 th tvto, 

30-ampere$ fused cut-outs on the secondary or series side 
a.nd two, 50-amperei cut-out boxes on the primary side. 

The oost is as follows-



Material $67.346.40 
Freight 1.017.50 
Labor $16, os-a. oo 
Engineering ___ 1 ___ , 7.._4...,.3;;;;.;•.._,5._..0 ___ ~17~, 8~0~1~·-5~0~ 

Total $86~165.40 

t.rhe cost of the , distribution transformers fol.• the 
alternating-current diatriot of Pla.n No.2 ia a.a followa--

Material 
Freight 

$12~051.60 
275. 00 

Labor $. 2,612.50 , 

$12,326.60 

Engineering _______ 1~1~0~·~0~0 ______ ~2~,_7~2~2~·~5~0-
Total ~15>049.10 

The cost of the transformers in Plans No. 3 and 5 
a.re included. with tl'le substation. 

Tho coat of the fuse station fer Plan No. 4 is oa 
follows--

Material , $ S, 725.00 

Labor $ 5,160.00 
Engineering __ ,._3 .... 3_7 ..... ._o ..... o _____ 5~,-4,...,.9_7_.... __ o __ o_ 

Total $11,222.00 

SECTION No.a - THE CIRCUIT FROM THE TRANSFORL!ER 
TO THE SUBSTATION. 

The o1rouit from the consta.nt-ourrent transformer 
in Plan No.l tu the substation consists of two,, three-phase, 
four-wire, 2300/4000-volt feeders. The route and wiro sizes 
have been shown on Figures· No.13 and 14. One of these feed-
ers supplies the all-night circuits and the other carries 
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the ona;_o 1clock c1rouits • . 

The -cos-t of· both oircu1 ts is as follo~1a--

·Material $19,850.00 

.tabor · $8,698.80 
Engineering · ___ 7_5_3.._.._s_o ____ 9_,_4_5_2 __ • 3_0,,,_ 

Total ~29,302.30 

11~ht~ distribution t .:ransformera which supply tho 

alternating••ou:rrent d1a"~riot in Plan No.a \'1111 be . oonnooted 
to tho present 2300-volt st~reet lighting feeders. . Honoa, 

there ~rtll 'be no additional expanse · for primary line ex-

tensions-. _ 

In Plan No.3 the transformers ara located in tho 

primary, supplying substation, so that thare 'tVill be no 

expansa to be listed under this cost section. 

'l'he circuit from the fuse stat ions in Plan No. 4 ·to 

the subs·ta."!:.ion is si111ilar to that of Plan Uo. l, exoapt with 

smaller wire sizes. The route and wira sizes ha.va baon 

ahown on Figures No.18 and 19. Ono of these three-phase 

f eeclcra · .. vill supply the all-nigh~ oi:roui ts and the other 

will take oare of the one-o '1olock oiroui ts. 

The oost is as follows--

Ma te:eia.l 
Labor $7,198.80 
Eng1naer1ng ___ 7_5....,.3 ..... ....,5_..o ___ _.._7.._, 9;;;;..;5;;..;2.-:•;..;:;3 .... 0_ 

Total $ao,osl.30 
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In Plan No.5 the constant-potential power transform-
ers are loaated in the substation so that there will be no 
expense for primary f eedera. 

SECTIOU no. 7 - NEW SUBS,TATION EQUIPMI!':1~T. 

In order to ta.lte o~ .. re of the naw 2300/ 4000-volt 
food.Gr fox the cn9-o 'clock circuits' of Plana · No. l o..nd 4, 
it .· w1l1 -be · necessary to provide throe ciroui t bl"eakers 
witll the. control equipment at the eubata.tiOl'l. Tho ooat 

ot thio vdll be a.s follows-... 

Material 
Fr sight 

$6~573.60 
220.00 

Labor - $3,004~ 10 

$6,793.60 

Eng1 nee ring --~4;;;;..;4.,.o...., ...... o ... o ___ 3-..-... a 4.-.4.;:...4;;.;•;,..;.;l;.;;.O_ 
Total $10,237.70 

No additional substation equipment will be required 
for Plan No.2. 

A complete 13200-volt~ automatic substation will be 
neoossary fo~ the primary transform~rs in Plans No.~ and 5. 
The cost will be $130t020.00 for the sta.tion. 

SECTION No.a - THE PROPORTIONAL PART OF THE 
PHESENT SUBSTATION. 

A oomparison of this na.turo ;.vould not bo complete 

without inolud1ng s proportional pa.rt of the existing S"J.b-
¢1ta.tion equipment. This proportion should be based on the 
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rating of the ·nevr feed·era and the corresponding rating of 

the rest Of the station. The total feeder :rating of tho 

preeent substation; inoludirlg one new ·f eedel' f 01· the 011e-
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o •cloak oirou1 ta, ia 19,500 kilovolt-amperes. The na\v load 

\Vill be 3125 'kilovolt-ampa~ea or 16 per oant • . The cost of 

the presemt substation is: $2791 620. oo. Ths subeta1;1on equip-
. . 

raent required !o:r>tile new circuit will coat $10,237.00 ·a.a is 

·shown in Section No.7. T.~is makes a total ·station ooat of 

$289,.R57.00. The proporti·onal part of this for the new load, 

lS per cent, is $48 > 377. oo. ·· 

The new load under Plan Mo. 4 "l7ill be 1688 kilovolt-

arnpo~ea or a. El per oent of the tota.1·. station rs.ting. This 

proportion of the total station oost ·is $24,928~ oo. 

The a.mount of load to be pla.oed on the direot-

current system under Plan 1'10.2 is 5.2 par oent of tha total 

load Of the ·aystem·. · Thi~ proportion of the original station 

coat is $57,200.00. The amount of load to be plaoed on the 

alternating-ourren·t system is 3.5 per oent of the total eub-

station feeder rating. 

It . ivill not be necessary to provide any ad.di tiona.l 

substation equipment. This proportion of the original aub-

ata.ti~n cost of $279~620." 00 is $9,787.00. The toto..l pro-

rated Sl!bstation ooat for this plan is~ therefore,$66~987.00. 



Since the substations for. Plans No. 3 and 5 will 

be entirely na\t., there will .be no cost a.lloca.ted to this 

section under these plane-.. . 

SUMMARY - COST OF INSTALLATION. 

The following Table V. indicates tho total ooat 
. . 

of the new lighting system as proposed under ea.oh plan. 
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·.TABLE V, COST OF INSTALLATION 
SEOTION PLAN No.l. PlaAN No.2 . PLA?i No.; · '. . PLAN . No,,4-. " PLAN Mo.5 

NO. 2}00v .. S-M Multiple . 13200v. S-M 2'300v.s-M: 4ooov.s-tt 
I.tamp 

Units $2)2,742.00 $1s3,523.oo $232,742.00 $2;2,742.00 $2;2.742.00 

2.Lamp Oiroui'b 
~s.077,00 Overhead l~.753.00 i9,ru.oo 14,753.00 i4,753.oo 

Underground · l ,gg5.oo 1,497.00 20, .oo i ,ss5.oo l ,sg;.oo 
3. Oirouit to . 

Transf ormei- 5,s67.oo 70,717.00 114-,920.00 5,g67.oo E!,063.00 
4.oontrol lnoluded Inoluded Inoluded · Inoluded 

System in (7) i2,424.oo in (7) in (7) in (7) 
:5.Transformer ' Included Inoluded 

Station s6,165.oo i5,o49.oo in (7) in (7) 11,222.00 
6.Cirouit to 

Substation 29t302.00 20.091.00 

7.NeW Station io,23s.oo 130,020.00 Equipment 10,2;s .. oo .. ...._ .. 130,020.00 
S.Proportion 

of Present 24,92a.oo Station 46,377.00 66,9s7.oo - ......... 
TOTAL $445,329.00 $ll.4g,274.oo $517,g75.oo e32s,504-.oo e11-16,6g5.oo 
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VI. LOSSES 

In order to investigate the economy of the operation . 
·1 

of the lighting system it is necessary to determine the po~er 

losses in each section of the system. Thia \11111 be done in a. 

manner s11nilar to the vray in t'lhioh the ooat of 1neta.lla.t1on 

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

will be a simple process to calculate the energy losses for 

the entire year. 

SECTION No. l - THE LAMP UNITS. 
The actual la.mp load.for all of the all-night, 

series lamps 11? 8~4 kilO\vatts. The e:f'fio 1enoy of the 

insulating current-transformers is es per oent. The loss 

here .is therefore 33.9 kilowatts. The loss at the one-

o •olook lamps is 31. 5 kilo~vatts. This loss is the same for 

Plane No.-l~ 3~ 4 a.nd 5. There is no oorreaponding loss for 

the multiple Plan No. 2. 

S~CTIOli ?io. 2 - . THE LAMP CIRCUIT. 

The copper loss in tne No. 6 series wire from ~amp 

to ... lamp in Plans ~o. l., 3,, 4 and 5 amounts to l. 6 kilowatts 

for the· all-night circuits and the same atr~unt for the one-

_ o 1oloak circuits. 



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

The loss in the wire from the lamp oirouits to the 

oonstant-ourrent transformers in Plan No. l is o.a kilowatts 

eaoh for the all-night and for the one-o 'olook o1rou1 ts. The 

corresponding loss for Plan No. 4 is the same. The copper 

loss of this section in the Multiple Plan No. 2 is 4.2 kilo-

watts for the all-night oirouits and 2.8 kilowatts for the 

one-o 'olook airouite. 

In Plan No. 3 the oable loss between the lamp o1r-

ou1 ts a.nd constant-current transformers is 0.9 kilowatts and 

1.9 kilowatts. for the all-nig~t a.11d one-o'olook oirou1ts re-

spectively. 

The line loss in Plan· No. 5 between tha lamp o1rou1ts 

... and the power transformers is l. 6 kilowatts for the a.ll-night 

olrouits and 3.2 kilowatts for the one-o•olook o1rou1ts. 

SECTI0!1 !llo. 4 .. THE CONTROL FOR THE SYSTEM. 

The only loss in this section is for Plan Mo. 2. 

There is a amall loss in the coils of the magnetio control 

oontactors and pilot wires used in this plan. This is 1.6 

kilowatts for the all-night circuits and 2.2 kilowatts for 

the ona-o•olook circuits. There are 22 oontaotors required 

for the all-night o1rou1ts and 31 contaotors needed for the 

one-o•clook cirou1 ts.. The loss in each coil ia 70 watts. 
The·pilot-wire losses are negligible. 
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SECTION ·No ... -5: - THE TRANSFORMERS~ 
' . 

The efficiency of the 20-kilowatt oonsta~t-ourrent · 

transformers used in Plan No. ·.1 is 95 .per . oent. The trans-

former output-·for tho all-night oi~ouits 1a 850. O kilo\vatts. 

The transformer losses a.re therefore 45 kiJ.om.\ tts. The 

transformer output to the one-otoloo¥- oirou1ts is 789.0 
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ki loiva.tts including the liue loss beyond the . tra.nsforrners. 

Therefore, the one-a 'olock transformer losses are 42 kilo\vatte. 

In Pla.n·No. 2 the only transformer loaees are those 

of the distribution transformers in the a.lterna.ting-ourront 

district.· The effioiency of those transformers 1s 97.5 per 

cent. The outpu~ is 265.9 kilowatts for the all-night oir-

ouita and 257.5 kilowatts for the one-o'olook oirouits. 

Therefore., tho transformer losses are 7.l kilowatts and 6.5 

kilowatts. 

The eff 1oienoy of the VO-kilowatt oonstant-ourrent 

transformers of Plan No. 3 is 97.5 per oent. The losses are 

22.5 kilowatts and 20.5 kilowatts for an output of 850.6 

ltilo'mi.tts and 789.5 kilowatts to the a.ll-night and to the 

one-o*clook circuits respectively. 

Plan lio. 4 does not call for a.ny con.stant-ourrent or 

distribution transformers and, hence, has an a.dva.ntago of 

·there being no losses in this. section of the oiroui t. 



The ocnstant-potential transformers of Plan No. 5 
have ~ eff ioienoy of 9?.5 per cent. Their output is 851 

. kilowatts and 792 k1lo;vatts for the all-night u.nd for the 

-one-o •a.look ciroui ts. The corresponding losses are 21. 7 

kilo\va.tts and 20. l kilowatts. 

SECTIOM No. 6 -... THE CIRCUIT FROM THE TRAMSFORMER 
TO THE SUBSTATION • 

. The ' 2300-Volt~ · P,rimacy, ·. line losses between 'the 

oonstant-ou:rrent transformer of Pla.n No. l and the sub-
station are indioa.ted on the feeder diagrams,. Figures 13 
and 14. The to~al loss for the all-night feeder 1a 34.8 
kilowatts and 30.~ kilowatts for ~he ono-o'clook . . feeder • 

. ··· The primary line loss for the al terna.ting-ourrant 
district' under Plan ~lo. 2 1e l. 7 ·kilowatts for the all-

night circuits and 2.2 k1loi,1atts for tbe one-o 'cloak c1rou1ts. 

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

losses. 
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The primary line loss in Plan No. 4 between the point 

\?here the oonneot1on is made t _o the lamp cirou1 t and the sub-
S'ta.tion is indioa.t~d on the feeder diagrams, Figures 18 and 19. 

The total loss :for-, the all-night feeder is 17.3 kilowatts and 

15.3 k_ilowa.tts for the _ one-o'clook feeder. 



SECTION No. 7 ·- THE PRIMARY SUBSTATION. 
1fhe effioienoy o~ the 13,,200 to 2~300/4,000-volt, 

stat ion transformers is 98.5 per cent •.. Tho eubsta.tion out-
put to the a.11-nigbt feeders in Plan .Ho. l, inoludi~g the 
feeder loas.; ia ,920 kilowatts a.nd 861 kilowatts to tho ono-
o •elock feeders. The corresponding transformer looaoe o.re, 
therefore, · 14.0 tind 13.5 kilowatts. 

The primary subatation losses 1n Plan ?Io. 2 oono1st 
of two pa::ts -- fi:rst, the loss.as in the rotary-oonvarters 
and transformers of' the Edison system eubstat.ions a.nd, 
seoond, the looses -in the. station power transformers that 
supply the a.lternating-dttl!rent part of the street lighting 
system •. 

·, '· ' 

The e:t':fioienoy of the :tota.ry-oonvarter substations 
is 88 per cent. The output from the direot-ourront network 
to the street lighting system is 484 kilowatts to the all-
n1ght lamps and 437 kilowatts to tho one-o•clook la.mpa. 
Therofore, the subata.tion losses are so.a and 58.6 kilo\ro.tta 
for the all-night and for the one-o'olock c1rou1ts rospeo-
tively. 

T11e alternating-current dia1;riot is supplied from o. 
13,200 to 2300/4000-volt substation. The output to the ~ll­

·night feeders is 274. 7 kilowatts and 266. l kilowatts to the 
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one-o•clook feeders. The transformer effioienoy is 98.5 per 

cent. Henoe,t'.' the losses are 4.0 and 3.9 kilowatts for the 

all-night e .. ncl for the ona-o 1cloak feeders respectively. 
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The substation losses for Plane No. 3 and 5 hava boon 

given under Section No. 5 of the system losses. 

The load·for the lighting system in Plo.n No. 4 is 

supplied by a 13,200 to 2,300/4,000-volt substation. Tho 

transformer effioienoy is 98.5 per oent. The output from 

tbe sta.t1on1 ·i~cl'Uding the line loss,. is 867. 2 kilowatts to . 

the al~-night f'eede:: and 804.2 kilowatts to tha one-o'olook 

feeder. The losses, therefore, a.re 13.0 and 12.0 kilowatts 

for the all-night and for the one-o'clock feeders reapeot1vely. 

SUMMARY -- LOSSES. 
A summary of t11e losses by seot1ono ia shown in 

TABLE VI.. The all-night lamps burn 4000 hours per year and 

the lamps whioh are ·turnecl off a.t one o'olook burn aooo hours 

per yoar. Henoe, the annual energy losaaa ara determined by 

multiplying the total a.11--nigbt pO\far loss by 4000 and the 

total one-o'clock power loss by 2000. The totals are aho\vn 

for each plan in TABLE VI. 



TABLE VI. LOSSES, -- KILOWATTS 
..... . Pt.AN No.l PLAN No.2 PLAN .. No.3 PLAN No.4 ~~· No:.i 
SEOTIQN · 2~00v •. S-M MUl t!;2le 1J200ir.S..M 2~00v.S.M OOv·. S- . , · .. 

NO. A .... N 1-A.Y. A-N l•A.M. A•N 1.-A.M. A-.N . l•A.M. A-.N 1--A.M. 

· 1.La.mp 
Units· 33.~ 31.5 --- .... -... ;3.9 ;1.5 33.9 31.~ ;;.~ 3f .. 5 

2.Lamp. 
1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.6 Oircui" 3.9 7.g 

3.01rouit to " 

Transformer 0:.2 0.2 4.2 2.g 0.9 1.9 0.2 0.2 1.6 3.2 
4.oontro1 

· System ._.,..,_ 
-~ 1.6 2 .• 2 ---- ·-- ....... ~ ·-- ---

5,The 
45.0 42.0 6.5 ·21. 7 20.1 Transf ormera 7.1 22.5 20.5 -- 4!11'--

6.0irouit to 
substation 34.g 30.2 l.7 2.2 -- -... 17.; 15.3 _.,_ __..., 

7.Substation 
i4.o 4.o 13.0 12.0 a .. 0 13.5 3.2 --- ---

d - 0 60.s 5s.6 - - -- - -
TOTAL 129.5 119.0 g:;.3 1!4.o 5g.9 55.5 66.o 6o.6 5s.g 56.4 
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The annual kilowatt-hour lose ea are as follows--

Plan All-Wight Ono-o'olook Toto.l 

Mo.l 518,000 238,:000 750,000 
No.2 333,200 · 1sa . .,ooo 501,200 
No.3 235>600 lll,000 346,600 
No.4 264~000 .121_200 385,200 
no.5 · 235.1200 - 112,,800 348,000 



. VII. · ANNUAL CHARGES 

The total annual oost of the street lighting system 
oonsiats of the sum of the annual fix'ed investment oha.rge 

a.nd the coat of the annual energy loss. The most eoonomioal 
ayst'em will ba the one which has the lowest annual coat. 

INVESTMENT CHARGES. 
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The investment required to install the entiro streot 
lighting system, inolwiing the means of supplying the lamps 

proper, has been determined previously. A figure of 16 per 
oent will be used as a fair value for tho annual fixed in-
vestment oh~rgea. This includes the taxes, depreo1a.t1on, 
maintenanoe and tlle interest on the original investment. 

The coat of installing the street lighting system 

and the annual investment charge is ae shot'111 below. 

Plan 
No.1 
Uo.2 
Mo.3 
No.4 
No.5 

· Total Cost 
$445,329.00 
448,274.00 
517,875.00 
328,504. 00 
416, sas. oo·-

Annual Charge 
$66,799. 35 
67,241.10 
77,681.25 
49,275.60 
62,502.75 



ENERGY _ CHARGES. 

·. The Qha.rge for energy losses 1s baaed on tho annuo.l 
.. . ' .. 

1t1lowatt-bours lost and the . coat of producing the enorgy. 
A !igui'e ·of $0~."0l par kllov;a.tt-hour will be used in thia 
discussion. On this 1:>aa1s the cost . of the yearly energy 

los_t under e~oh plan is a.s ahm~in bolow-

Plan 
No.l 
No.2 
No.3 
Mo. 4 
!~o.5 

AnnusJl Energy Loss 
756~000 Kw. -H1·a. 
501,,200 
346.,600 
385,200 •, .. 
348,000 

'J • • 

Coat of Energy Lone 
$7~560.00 
s.012.00 
3,4GS.OO 
3,852.00 
3~480.00 
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The tota.l annual ooat for the system under ea.oh plan 
is as shown beloVI-

Plan 
Mo.l 
No.2 
Ho.3 
no.4 
No.5 

Investment. 
Churgaa 

$S6,,799.35 
67 ~241. ~o 
?7~681.25 
49·,275.60 
62.,502.75 

Energy 
Cost 

7,560.00 
5,012.00 
3~466.00 
3~852.00 
3,480.00 

Total 
Cost. 

$74,359.35 
72,253.10 
81.147.25 
53,127.60 
65,982. 75 

These results show that Plan No. 4 will be tho most 
eoonoroioa.l system to install and operate. 



VIII. CONCLUSIONS 

ECONOMICAL. 
It has been shown tba.t the system as outlined under 

Plan No. 4 will ba the most eoonomioal from the standpoint 

of the annual oost. However$ Plan No. 4 will not have the 

lowest oost .for the .yaa.rly energy loaa. Plan No. 3 and. 

Plan No. 5 both have lower losses. The one single item of 

·greatest expense in Plan No .. 3 is the oonsta.n·t-ourrent 

transformer substation. Plan No. 5 oa.rr1es the ea.me ha.nd1-

oap~ but does not have the expensive underground oable 

circuits that a~e involved in Plan No. 3. 

PRACTICAL. 

· Aside from the eoonomioal oona1derat1ons there are 

a number of other things which enter into the seloot1on of 

the type of system which is to be installed. 
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It must be physically possible to install the system. 

This has been taken care of in the design. No pbya1oa.l im-

poasibil1 t1es were allowed to creep into any of the proposed 

plans .. 



The distribution part of the system must be of an 

attractive a.P.pearanoe, or at least not be objectionable or 

unsightly ~n any re_speot.. A congestion of overhead wires 

would be objeotionable and the time would probably ooma 

when the power company would be asked to remove them. 

There is a. strong sentiment in favor of having a.ll 

of .the lighting and po~er lines placed Wldo~ground in the 

downt.own business district. This undoub·todly improvea the 

a.ppea1'a.noe of the streots. 

·The trend of the present day engineering p1·ao·tioo 

is toward higher voltages in ·order to out down the energy 

losses. Plan No. 3 is in this direction. This plan oa.lls 

for an underground aeries distribution system whioh again 

is in its favor. 

When a system of this sort is proposed., the time 

element plays a considerable part in the final ohoioe of 

the type of system to be installed. It might be necessary 

to select a type which would not be tho most econom1oa.l, in 

view of some or the practical considerations mentioned above • 

. If the installation were not to be made all a.t one time but 

·rather to be ext ended over a number of years, 1 t might be 

possible to have the immediate installation conform to the 

moat economical plan. At the same time~ the insta.lla.tion 
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should be ma.de so that it oould be changed over w1 th a 

minimum. loss.to a. more favorable type 1n the future. 

This is the final daoiaion as the result of the fore-

going disousa1on and. study. Plan No. 4 is the most eoonom-
ioal but ·it has soma unfavorable future aspeots. Plan No. 3 

is the most a.ttra.otive from a, future standpoint. The first 
.. 

two seotions of the system ·- the lamps and tha ovo:rhaa.d 

lamp~oirouits .-. a.re the ea.ma under both plans. As parts of 
this newlight1ng ~ystem ' are installed they \Till oonform to 
Plan Jfo .. 4. If it ever beoomea neoasaary in the fut~ura to 

ohange the syatem so a.e to conform to Plan No. ~h the lompe 

a.nd o~erhead lat¥P circuit~ will not be affected in any way. 

The loss due -to the oha.nga in the distribution part of the 

system will be ,slight. In this manner it will be possible 

91 

to build up an eoonomioal system which will be~ to a consid-

erable extent, in aooordanoe with probable future devalopmenta. 
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