UM Libra

\III\IWMIIN|I|\|NN\IH!I!HH\IMIII\\I\HIHIH\HIMHII‘ |



















Lighting System for the University Campus,

Emil A Roehry
?

by

and A. Ro 011'@' !

A THESIS

for the

Degree of

Bachelor of Science

in
Electrical Engineering

University of Missouri.

Department of Engineering.

1910,






620.2,

ReZ
L 1]
- g -
»» Table of contents.»s
Introduction — — = = === = = - = = = - - - - - - - - - Page 3
Discussion of Arc Lamp Systems — — = —— — — — ——= = - — - LI

constant Potential Alternating Rnclosed Are Lamps — -~ " §

. . Direct . o # === v g

" Current Alternating Current Enclosed
Arc Lamps - " 6

v . Direct v Enclosed
Arc Lamps - 7
Flaming Arce Lamps — = - — — = = = = = = = = = = = = = = LI 4
Magnetite Arc Lamps — - - = - - = = - = = = = = = — - — = v 8
constant Potential Magnetite Are Lamps — - - - - - - - * 10
*  Current " " " - - - - - - - - " 11
Discussion of Incandescent Lighting Systems - - - - — = * 18
The Carbon Lamp — - = — = = = = = = = = = = — = = = = = " 13
The Tungsten Lamp — - - - - - = - — - = = = = = ==~ ~ " 13

Comparison of the Series Magnetite Arc and the

Series Tungsten Systems — — — — — — v 16
Selection of Pogtg -~ - - - = = = = = = = = = = - = = =< » 16
selection of Cable = - = =- = — = = = = = = = = - - = = = v 17
Rectifying System and Constant Current Transformer — — — " 20

Detailed Comparison of the Series Tungsten and Magnetite
Systems — — - = "21,

100004






#» Introduction, s

The need of an efficient and artistic lighting
system for the University Campus has been in evi-
dance for several years.

There are many different kKinds of lighting
systems in use at present, but some of them are so
inefficient that they need only a slight mention
in this article.

The object of this thesis 1s to discuss com—
parativelythe different lamps and lighting systems,
finally deciding on the most efficient systems, glv—-
ing their first ccst, total cost of installation

and. total cost of operation,
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#* Discussion of Are Lamp Systenms,wss

The arc lamp 1s an electric apparatus in which
an electric arc is struck and maintained between two
or more electrodes, giving a brilliant illumination
the color and intensity of which depend upon the
composition and diameter of the eleetrodes, the
kKind of current applied and the watts consumed.

The first commer#ial arc light systems for
street or park lighting were known as "the Open car—
bon arc system". The arc being formed between two
carbon electrodes which were consumed in a few hours.
fhe energy required was high and the efficiency of
the system low., The light, about 80% of which was
emitted from the erater of the top or positive car-
bon, was intrinsically brilliant, but unsteady and

was thrown on the strest at an angle of about 45

degrees below the horizontal, while directly under

the lamp the dark shadow was cast,

The commercial introduction of the enclosed
arc eliminated many of the objectionable features of
its predecessor, the "open arc'. Like the open arc,
however, the arc stream was established between car~—
bon electrodes, but a small globe, enclosing the

arc, was used to exclude the alr, thereby increasing
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the 1ife of the electrodes. The intrinsic brillian—
oy was not so great as in the open are, but the
opal enclosing globe became a secondary source of
well diffused steady 1light conspicuous by the ab—
sence of shadows in its immediate vieinity.

With the perfection of the enclosed arc, the
General Electric Company took up and developed the
Magnetite Arc Lamp. |
Constant Potential Alternating Current Enclosed

This lamp can be operated on circulits ranging

in voltage from 95 to 125 volts, elther at 60 or
125 oycles, The choke coil is provided with two coils
each wound upon a limjg of the core, On 60 cycles
all of the coils are in use, while on 125 cycles
only part of one coil, This coil is provided with
'a nwiber of taps which permit the cutting in or out
of turns, thereby making the lamp adaptable for high
or low line pressure,This lamp is not operated in
series, and has a power factor of about 70%, with
an efficiency of about 80%.

The chief objection t0 this lamp 1s unre—
1iability and the amount of oare it takes for main-

tenance. Also the excessive noise and vibration in
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starting due to the initial striking of the arc.
constant Potential Direct ggggggt Enclosed arc Lamp.

This lamp requires 100 to 250 volts at the ter—
minals with 75 to 160 vplts at the are. The minimm
amperage 18 2 1/2 and the maximum is 6 amperes. Each
lamp 1s fitted with a resistance coil, and is a com—
plete unit for multiple cohnections on 100 to 125
volts with 75 to 85 volts at the are, or on 200 to
300 volts with 140 to 160 volts at the arc. This
lamp is controlled by a series magnet anc has an ef-
ficiency of 80%,

This lamp is more reliable than the constant
potential alternating ocurrent enclosed arc lamp,
but has about the same efficiency.

constant Current Alternating Current Enclosed Arc Lamp,
This lamp requires 75 to 80 volts at the termin-

als. The arc from 72 to 77 volts. The minimun am-
perage is 4 and the maximum 1is 7 l/b. The field con—-
trol may be either shunt or differemtial. The larps
operate in series on constant current circuits, us-—
ually controlled by constant current transformers,
or sutomatic reactance coils. The system operates

on any frequency from 50 to 140 cycles. The effic-
iency of the complete system 1s about 80%.
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constant Current Direct Current Enclosed Arc Lamp.

This lamp requires 75 to 80 volts at the ter—

minals. The arc 1s set for 73 to 78 volts. The am—
perage is between 5 and 7, depending on the candle
power desired. The lamps operate in series on a

econstant current source of supply, and have an ef-

fidiency of about 85%.

Flaming Arc Lampe.

The 1light from all electric arcs is a result
of the phenomena of incandescence, and the problem
for illuminating engineers is to inerease this prop=—
erty as much as possible, From time to time since

1890 it has been propcsed t0 impregnate carbon elec—-

trodes for arc lamps, so as to add metallic vapors

to the arc, thereby greatly increasing its size and
brilliancy. Several methocs of combining metallie
salts with the carbon have been tried, but the great—
est difficulty has bhe=n experienced in securing a
uniform mixture which would consume evenly without
the formation of a slag which would eventually in-
terrupt the service of the lamp. After several years
of extensive practical use the yellow flaming are

has been developed by the Western EFlectric Company.






These lamps are operated two in series on 110

- volts on either direct or alternating current. A
single direct current lamp can be operated on 110
volts by using a resistance in series with it. A
single alternating current lamp can be operated on
110 volte by using a small aototransformer. The
transformer is separate from the lamp and can bhe
suspended at a distance from it when desired. The
efficiency of a single alternating current lamp when
@erating from an autotransformer is but little
lower than when two lamps are Operated in series dé—
rectly on the mains.,

In conclusion, the main disadvantage of the
flaming arc lamp are as follows; frequent trimming,
high price of carbon, fume deposits on the inside
of the lamp and unfavorable 1light distribution for
street lighting.

Magnetite Arc Lamp.
One of the most impertant factors in the imr

provement of street and park lighting during the

past few years has been the development of the magne t—
ite arc lamp. The high candle power of this type of
lemp at slight angles from the horizontal results

in nearly as much 1light between the lamps as 1n
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their immediate proximity provided they are not
Placed over 100 feet apart,

It 1is interesting to note that these lamps have
been put in in place of the direct current series
arc lamps in many places and give much better illu-
mination with a very material reduction in current
consumption,

The 1ight from this lamp 1is of a pure white
character and very brilliant. The distribution curve
of the magnetite arc lamp nas been found t0 be very
nearly ideal for the usual spacing of street and
park lamps. There is sufficient 1light underneath
the lamp with the maximum candle power directed at
an angle of 15 degrees,.This lamp cannot be worked
on alternating current because of the fact that no
arc can be maintained on alternating current except
in the case of electrodes of carbon oOr some carbidses,

This lamp has the magnetite a8 the negative
and a copper rod as the positive terminal. The are
has a nonluminous zone near the positive electrode
and an intensely bright luminous zone, composed of
volatilized oxides, near the negat;vo electrode and
closely resembling in shape an ordinary candle flame.

In order to secure the most desirable light distri-






- 10 =
bution as well as to secure simplicity of operating
mechanism, the negative eclectrode is preferably fed
from the top. The 1ife of the negative electrode
per trim is, for the 4 ampere lamps, about 200 hours.
From a commercial standpoint the magnetite arc
lamp 1s of great interest both to the central sta—
tion and to the general pub}ic. By the use of this
type of lamp with its deoro;sod current consumption
and increased life per trim nearly twice as much
light with greatly superior light distribution cgn
be furnished a given area for the same maintenance
and operating costs as with the older arc lamp sys—
tems, or an equivalent lighting service can be fur-
nished with only one-half the power consumptich.

Constant Potential Magnetite Arc Lamp,
This lamp 1s not nearly as efficient as the

constant current magnetite arc on account of its

having to be operated on 110 volt circuits and the
arc only requires asbout 80 volts, soO that the re—
maining volts must be used up by resistance coils,

hence it has high resistance losses. These lO0sses
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reduce its efficiency to a point muech below that of
the constant current magnetite arec.

Besides these, there are disadvantages due to
the heating of these coils, and the complication
of its mechanism, which make it unreliable.

gonstant Current Magnetite Arc Lamp.

This lamp as developed by the General Flectric
company has been a great advance in the service of
11lumination.

The distribution of candle power in this larmp
is approximately as follows:

Positive crater, 20%; negative crater, 5%; and
the arc flame 75%.

Thie lamp has the following recommendations:

(1) It consumes 30% less energy with 30% ad-
ditional illumination.

(2) Ideal distrivbution of 1ight mainteined
throughout the 1ife of the electrodes, and the posi-
tion of the arc remains unchanged.

(3) Longer 1ife of electrodes.

(4) Less frequent trimming, hence less cost
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for maintenance.

(5) No enclosing globe required.

(6) Its efficiency for the whole system, in-
cluding rectifier and transformer, is about 88%,

Finally, after a comparative discussion of the
different forms of arc lighting, it resolves itself
into the choice of the constant current magnetite
arc.

From the preceeding comparisons this is obvi-
ously the best and most efficlent arc lamp t0 use

for a lighting system for ouwr purpose.






- 1% -
#» Discussion of Incandescent Lighting,ws
In general we have but two kinds of incandes—
cent lamps for street lighting and park lighting;
these being the carbon lamp and the tungsten lamp.

The Carbon Lamp.

The carbon lamp i8 one we are all familiar with,
Up to a few years ago 1t was the only type of inecan-
descent lamp we had on the market.

The ordinary 16 candle power carbon lamps are
made in two types: 3.5 watts per candle power and
3.1 watts per candle power (mean horigontal ). The
3.5 watt lamp has an average useful life of 850
hours and the 3,1 watt lamp a 1ife of 450 hours.,

Ihe tungsten Lamp.
The tungsten lamp was invented later and has a

filament consisting of tungsten alloyed with tita—
nium or thorium or vanad:lém. The tungsten lamp 1s
capable of an efficiency of 1.25 watts per mean hor—
igontal eandle power. Its life is from 1200 to

1600 hours.

The 1ight is pure white, being the nearest ap-
proach to daylight yet obtained by artificlal 1llu~-






minants.

Due to the high efficiency of the tungsten
lamp it 1s used now almost universally. On account
of the shortness of 1life, fragility of filament,
and the voltage drop of distant 1lights and consequent
energy loss the multiple lamps would he cut of the
cueation to select as a lighting system for the cam-
pus,

However, the series system of tungsten lamps
will, on an automatic current transformer, be an i-
deal form of lighting for streets, parks and similar
sarvice.

This lamp shows aconomy over the ordinary car-
bon series lamp in two ways:

(1) By requiring one-third of the energy of
the carbon lamp, hence, reducing the cost of cur—-
rent two-thirds,

(2) The original central station ecuipment
can be used for three times the number of lamps,

The high efficiency is due to lower voltage
required per lamp for a given candle power and cur-
rent., The increased 1ife of series tungsten lamps
over multiple lamps is due t0 greater cross section

of filament. This gives more strength to the flla-
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ment and mekes it able to stand all ordinary vibra-
tions.

The tungsten series lamp, as compared to the
ocarbon series, is very much more efficient. with the
efficiency of the tungsten at 1.85 w.'P.c. vs 3.8 W.P.C.
of carbon series and a 1ife of 1500 hours vs 1000
hours and cost of $1.35 vs $.60, 1t is very obvi-
ous that there is a greater saving by using tung-
stens, Als0 for the same candle power the transfor-
mer equipment is cut down by three, or, for the same
current, we can put three times as manymlights on
the same transformer.

When series lamps are used, it 1s desirable to
use a series socket provided with a film cutout or
some compensative resistance device. This series
socket is s0 constructed that when the lamp falls
the increased voltage at the lamp terminals punct-
ures,and estanlishes a eircuit through, a thin film
of mica or shellaced veiling. This also affords
the opportunity of removing the lamp at any time

without breaking she circult.






Corparison of the Berlies Magnetite Arc and the Se—
ries Tungsten Systems.

These systems are the most efficlent in their
respective clasases of lighting. The magnetite are
system 1s not nearly so flexible a system as the
tungsten, on account of being made into larger units.
The magnetite also has the disadvantage of having
t0 be trimmed, however, as the 1ife of the electrodes
is very long, this is no serious disadvantage.

For park lighting and street lighting, large
units are desirable, hence, the magnetite arc is
very sultable., By:putting several units together in
an ornamental cluster, or employing larger units,
we can also make a very satisfactory system, for park

1ighting and street lighting, with the tungsten lamps.

Selection of Posts.
In the tungsten system we do not require as ZL’/

high a lamp post as the magnetite arc. The posts

for the tungeten system will be of the same design
as those of the magnetite arc system, but sbout four
feet shorter. The cost, however, 1s the same in
poth cases. A drawing showing this post is shown

later in the discussion.






- 17 -

For a moderate price these were thebest and most
artistic posts we could find,

.At this point it might be well t0 say a few
words about the concrete post. We were unable to
get much cost data on this kind of a post, so, con-
sequently had to confine ourselves t0 the iron post
designs entirely. The concrete standard is admir-
ably adapted to thies particular service. It can be
moulded and finished to harminize with the outdoor
surroundings, bulldings, walks, etc. Even among
trees and flowers the stone finish seeme more in
keeping with its environmente than any other mate—

rial.

Selection of Cable,
Both the magnetite arc and the tungsten are

4 ampere series circuits. For a fifty light magnet-
ite are system 4000 volts 1s required, which makes
1t necessary to have a highly insulated cable.

In selecting the size of wire t0 use for a 4
ampere constant current or series circuit, we used
the following method.

For a given size of wire the cost will vary
directly as the length and so will the interest on
first cost and the energy 10ss, 80 1t 1s sufficient
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to calculate for any convenient length, say, 1000
feet. The cost of power is three cents per kilowatt
hour., The 1ighting schedule will be approximately
1825 hours per annum. SO in considering three cents
ver kilowatt hour and 1825 hours per annum, we will
have 5475 cent—hours per annum,

From the following calculated table we deter—-

mined the most economical cable to use for our pur-

pose.,

! Size rCt:!sv' oF 1000 Fr. ’ FIXEDCNchEs! Lmz Lo;:v E&@Eﬁ%;j

. oF LERDED CRBLE | AT 159, IN - G{N PoruArs
.‘ B+SG Dou.'upes | DPoLLRRs | KiLowRTTS neih»';;ﬂ:f}%s ‘
— e e =t e

8 | $156.00 | $23.40 | 0.016 | #24.28

i

10 130,00 19.50 0.026 20,92

12 130,00 19.50 0.041 21.74
L , R R

In the above table, 1t is seen that we use the
same cost for 1000 feet of leaded cable for No., 12
B &S as we did for the No. 10 B & S. We were in-
structed to do this by the manufacturers, who stated
thatfor a No, 12 B & S , it would have t0o be a spe-
cial order and that the cost would be practically

the same as for a No. 10 B & S. They also state
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that No, 10 B & S is as small as is usually speci-
fied on cable of this kind. The only difference would
be a slihgt saving in copper, which is of very slight
consequence, and for mechanieal reasons 1t is not
practical t0 make up heavily lead covered cables
of amaller wire than No. 10.

Hence, for these reasons and by means of the

ahove table it is evident that No, 10 B & S is the

most economical to use.
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Rectifying System and Constant current Transformer.
The magnetite arc requires a rectifying system,

as the energy is taken from the A ¢ bus bars. Thie
rectifying apparatus costs considerable more than

the constant current transformer recuired for the
tungsten system. However, this extra cost of the
magnetite system, as compared t0 the tungsten system,
is somewhat offset due to the fact that in the ease
of the latter system the lamp renswals cost much more
than the renewals of electrodes for the magnetite
system, The characteristics of the constant current
transformer for the tungsten system especially a-
dapts it for controlling series incandescent cir—
cuits. The constant current transformer, besides
acting as a controlling devioo,insulatejsthe genera-
ting system from the incandescent circultis, thereby
preventing a ground on the entire system is case of

a ground on the series circuit.






Mean Spherical Candle Power per Unit.
ZTungsten.

FOor 100 watt lamp — = 62.6 MeBeCeDe
" 50 " " - - 31,3 m.s.c.p.
Eatitgy =~~~ "~ T ==~ 216.0 m.8.C.D.

Distribution of Light.

Tungsten.
.0105 foot candles at 150 feet.

Magnetite.
.0270 foot candles at 150 feet.

consumption of Each Lamp.

Tungsten,
40 c.p.lamp - 50 watts,
80 c¢.,p.lamp - 100 watts

M stite 310 watts.

wvatte per Candle Power.






Cost per Unit Lamp on Top of Post,

ITungsten,
1 80 c.p. lamp $1.01

1 lamp stan@ard — 1 globe 1.00

1 series socket
‘3.41

1 80 c.p. lamp $1.01
3 lamp standard - 2 40 c.p. lamp 1.68

3 globes 3.00

3 ser., sockets _1.20

$6.89

Magnetite., Total outfit — - - — - - — - $25.00

Total Cost of Lamps on Top of Post

Iungsten,
41 single lamp standards — - -$98,81

4 three " " - - - 27 56
$126.37
Magnetite., 45 single lamp standards — $1125.00

Total Costi of Posts.

Tungstem. 45 posts at $43.00 each — — $1935.00
Magnet 45 v " " " o~ - $1935,00

AR

o
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cost of Cconstant Current Transformer

for Tungsten System — - — — — $250,00

Cost of Rectifying Apparatus for
Magnetite Arc System — — — - $950,00
Total Cost of Cable Laid., (same for both systems, )
9650 feet of NO, 10 B & S 5000 volt
at 13 ¢ per foot - — -$1254,50
9650 feet of Trench at 6¢ per foot for digging

and installation of cakle — - - - 579,00
9650 feet Of 1/2 tile at 4¢ per foot — — 386,00
~$2219.50
Total cost of Installation of System.
Tungsten.
Lemps and fixtures — — — - — - - $126.37
Posts — - - — — - — - - - - - 1935.00 &
constant Current Transformer - — 250,00
Cable Installation - - - - - — 'igg;gl§g
4530,87
Magnetite,
Lampg - —- - - - - ———- - - = -~ $1125.00
Postg — - - -~ — = ——— - — — 1935.00 &
Reotifying Apparatus — - - - - 950,00

Cable Installation - - - - - — = 9,50
56229.50
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Total Cost of Operation per Annum,

Tungsten,
4.9 K Wx 1825 hl‘!. per ”ar - 894205 K v Ho
8942,5 KX W H at 3 ets, - - - - $268,.28

I%R loss = 16 x 9.6 Ohms = 153,6 watts.,
153,6 x 1825 = 281,05 K W H at 3¢ 8,43

Insurance, Maintenance and Repairs at 5%.

$226.55

Interest - - -~ - - at 5% = - — — - 226,55
Depreciation, 104, = - = = = — = = 453,10
77 motal - - - - F1183.01

Magnetite.
13.95 K W x 1825 hrs, per yr. 25458.75 K W H

25458,75 R W H at 3 ctg, — - - — - $763.76
I%R lo0ss 16 x 9.6 Ohms = 153.6 watts.
153.6 x 1825 = 281.05 K W H at 3  8.43
‘Insurance, Maintenance and Repairs at 5%
311.47
Interest at 5 - - -~ - - - - - = - 311.47

D eclation at 10% - - - = - - = 622,94
il fTotal - - - - §2018,07
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s*x Conclusion,s»s

After considering the advantages anéd disadvan=—
tages of hoth these aystma: and their comparative cpsts
we might suggest that a oombinatibn of the two sys—
tems using the magnetite where intense illumination
is required and the tungsten for outlying pointes or
places where the mliaée is thickest.

This would be an ideal syst_em for our purpose.
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Oraamenial Lamp Post
for /Vdjfrl//f@ Arc Lamp
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