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. To'allwhom it-may-concern: »
B it knotwn that I; WirLiam
LAND, & citizen of“the United States; and a
resident of Warren, in the county of Trum-

‘5 bull'and. State'of Ohio, have invented a new

“# gnd” Improved System -of Electrical Sup-
ply; of ‘which - the following is a full, clear,

ind “exact description. T e

e

"My invention relates  generally to a sys-

10 tom of electrical ‘supply and more particu-

“ larly’it involves a new and improved series
lighting system. »
“The principal object of my invention 1is
5 prsvide. s

15 j5

nductively controlled, the system being
" arranged so that. the load may be altered,
thie “powet ‘factor remaining substantially

-constant.” " - o ‘

* Afurther object of ‘the invention is to
20 de a new and improved series lighting
" ‘gystem “which is ~inductively - controlled
through the medium of a suitable trans-
formes, together with reactances in-the pri-
_‘mary and.secondary of the said transformer
25 siveuits.. o
" Other objects and advantages of the in-
vention will appear as the description there-

.of, proceeds,: the novel features being par-
- .tieularly pointed out and included in the
.80 appended claims.

- In the accompanying sheet of drawings I
have set forth diagrammatically in several
‘views' proposed systems or circuits for ac-

- complishing the purpose of the invention.
.35 . -Figure. 1 is a diagrammatic arrangement

sofia series lighting circuit comprising any

suitablé number of lamps, together with a
‘transformer .having taps on the secondary
thereof,  the secondary circuit being alzo

;3% provided with a: suitable® inductance coils
Fig. 2.is a _vector diagram illustrating the
amount :and. ‘relation. of the electro-motive

. forces .at different loads; Fig. 8 is a dia-
grammatic arrangement similar in purpose
.\;;;;%5\.4@0;,&9 ,s_yst_em.,s_hfoy\;n in Fig, 1, the induc-
“tance, however, being placed in the primary
‘eireuit; Fig.4 is.a vector diagram illustrat-

provide a. series’ lighting “eircuit” which

~ing:the amount and.relation of the electros

‘motive forces at different loads; Fig. 5 1s a

‘;:v:;?o::,di.agrammatic:varravngement, of the lighting

_-iireuit of "the:nesv::and improved lighting
system having inductances of suitable values

- if1-the primary and secondary circuits of the

- tpansformer; Fig. 6 is a vector diagram

“«‘-§5~v’sh0Wi‘ng‘~»the relation..and amounts of ~the
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électro-motive forces of the system’ repre-
sented in Fig. 5 at different loads. -+ . .
In series lighting circuits of the character
herein described and illustrated,:the pur-
pose aimed at is constancy of current; sys-

not permit of the use:-of the partial Toad
taps on the transformer without altering
the power factor unless .the amount of in-
ductance in the line is changed at the'time

taps. o ) , S
‘Referring particularly to Figs: 1 and 2,
ArBr. represents the primary circuit of a

suitable transformer;” AsBs the secondary

nates taps, suitable in number, led from cer-
tain turns of the secondary; B<C designates
a snitable inductance in the secondary cir-
cit, together with any number of lamps .
In representing the amounts and relations

of the electro-motive forces (Fig. 2) AC

indicates the working voltage applied to the
lamps; BC indicates the voltage across the
inductance coil, this voltage being in quad-
rature with the secondary voltage; complet-
ing the trianigle AB indicates the square root
of the sum of the squares of the two previous
voltages or the applied voltage which is the
amount the secondary of the transformer

must furnish in order to overcome the im-.

pedance of the ¢ircuit made up of the resist-
ance of the line AC and the inductance of
the coil BC. " Tf the lighting circuit is now
changed to a lower tap b on the secondary
of the transformer in order to supply a

‘lesser number of lamps, it is appaient that,

since the voltage BC remains constant, the
working voltage AC will be altered by a
larger percentage than the transformer volt-
age AB; the new working voltage is repre-
sented by Ac while the voltage across the in-

“ductance is Do, equal in value to BC, Ab now

indicating the voltage which the secondary
of the transformer’ must furnish in order to
meet the new conditions: The angle BAC

increases to bAC, guch increase indicating a

decrease in the power factor. The power
factor may be corrected, however, by reduc-
ing the coil voltage BC but this 1s objec-

ticnable inasmuch as every time the-number-
‘of lamps is varied the coil must be changed.-

Inserting the regulating coilin the pri-

60
tems now in use are-at -fault in that they.do..

65
the circuit is changed to these partial load ‘
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circuit of the transformer, while & desig-
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mary circuit, as shown in Fig: 3, when mov- '

ing the lighting cireuit to any of the taps b
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. itherewith, while AB represents the apphed; -
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- and by placingt
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- plied by the inductance
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“triangle, it being note

will have an opposite effect to such .mgve- -

ment ‘described in. connection with Figs: 1

to Figs. 3 and 4, AC indicates the primary

voltage of the. transformer, BC the voltage |
across the inductance in series. w1th the pri-

mary and hence the Voltage in quadrature

voltage. If the secondary circuit is-moved

-to lower taps, such movement will increase
the ratio of the transformer, or, in other ,‘
words, the primary current will decrease, |

such decrease being followed by a’decrease
in the veltage across the inductance to an
amourit -indicated at be; ‘when this smaller

,quadrature voltage bc is combined with the | to
original applied yoltage AB the angle BAC
will decrease to dAc, thereby mdlcatmg an.

increased power factor :

From all of the above it is seen thah by
placing the inductive regulating coil in-the'
pﬁwer factor will decrease;

e inductive regulating coil

secondary - the-

in the primary the’ power factor will in-
crease, when the circuit is moved to lower
taps on the secondary; I have: discovered,
‘however, that there is a point at which the

inductive regulatingcoil may be divided,.
part of the coil being placed in the primary"
of the transformer and part. of it in the-

secondary so that the power factor will re-
main substantially constant even though the
ratio of the transformer is changed by mov-
1n;:ir{the lighting circuit to’ lower taps.

eferring particularly to Figs. 5 and 6,
ArBr indicates .the primary of a suitable
transformer; an. inductive regulating coil
B°C is in serles therewith; AsBs indicates

the secondary of the transformer, the regun-.
~lating coil B°C’ being in series therewith, to-

gether with a desired number of Iamps d;
b indicates some partial load taps.on the
secondary winding. In the vector diagram
of Fig. 6 the trlangle of electro-motive
forces there represented is such that the

angle at A is correct for a- power factor

of 80%; in this diagram' transformation
is represented by changes in the size of the

g that for any given
power factor the angles of the trlanale will
remain constant for any size transformer,
the length of the lines varying, however,
with the size of the transformer. .ac rep-
resents the working voltage ‘applied to. the
lamps d; ¢b is the voltage in_quadrature
with the working voltage ac which is sup-

ries with the secondary circuit. ab is the
square root of the sum of the squares of
these two voltages and is the voltage sup-
plied by the secondary of the transformer.
AD represents the primary voltage of the
transformer and has a ratio to the second-
ary voltage ab equal to the ratio of trans-

formation; BD is the: voltige stupplied
-the 1nductaalce BC-in series with ‘th by
and'2, that is, the power factor will increase | 1 ndin;

instead of, decrease. Referring particylarly |

‘that is, it has been reduce

4_F1gs. 5 and 6 is not trug

sC’ which is 1n se-’
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by:"'pm]echng the ‘lme

Atos Iength mpmenmd by. the: ratio of-

transformation; - nmd{ ‘to-the point @, it )

bem seen. timt él:: éa::g l:ae DAC has increased
the angle the . primary - .current,’

however, being reduced: by the change in the

'ratlo of tmnsformatlon«so that w le the
.| primar

mductance WAS! formerly regm "85
sented y BD it'is now r dpr&eented by BG,
In the.same pro-
rtion ‘as the ratio of transformatlon has ‘
n: increased; the point. B remains un- -

changed, that is, the angle BAC has re- 99

 mained constant, which ‘indicates that the

power factor has remained: constant. -

- It is to be noted that-the description of
ug 'of any iriangle -
whatever but only true when it is desired. %

‘to keep the power factor at a certain.value, -

say at 809% for a 70%: tap on thé trans-
forter, that is, when the point D divides
the ' line BC- into- two such partsthat. BDV
is' 50% greater than DC. 'Eh 48
evident-that iunder the facts existing, 3 vhen™
considering the description of these" gures, *
that to attain the result specified, the pri-
mary regulator- must be 50% greater than the .
secondary. régulator; in case it is desired to 106
hold the power factor constant at some other
percentage, the conditions are necessarily
changed, the inventive idea illustrated in the
system, however, remaining the same. After
a careful examination of the lighting sys- 110
tem herein-described- I have learned that.
when the quantltles are so chosen that the

‘power factor is constant at 100% load -and

T70% of the full load capacity of the trans-
former, that the power factor will vary by 118
a slight fraction of 1% when the trans-
former is tapped at other points for differ-.
ent percentage loads. The variation from

-the constant value of the power factor, how-

ever, is so small that measuring instru- 120
ments fail to indicate it, the power factor :
being substantially constzmt thereby adapt-
ing the system to efficient service under
everyday conditions. ‘
Having thus described my mventlon, I35
claim as new, and de91re to secure by Let-
ters. Patent :—
-1: The combination of a transformer, the

‘primary- circuit ‘of which is inductively-

controlled, the secondary circuit of which is 180.
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also -inductively-controlled and provided
with partial load taps, with a number of
translating devices in series with the gaid
secondary circuit.

9. A series lighting system comprising a
transformer, each circuit of the transformer
being inductively-controlled -through 'the
medium of reactances, the value of the re-
actances bearing a determined relation with

respect to each other, together with a num-

ber of translating devices in series with
the secondary winding.

3. A lighting system comprising in eom-
bination a transformer,

the secondary wind-
ing being provided with partial load taps,
a primary reactance,

a secondary reactance,
the secondary reactance being in series with
o number of translating devices, the said’
secondary. reactance being of such value
that when partial load taps are used the

power factor of

4. The combination of a tmnszrmer hm}—

' the secondsry reactance,

ondary reactance being

the circuit will remain sub- | .
‘stantially constant.

ing, and translating devices in series with
winding being provided with artial load
taps, the inductive effect of the said sec-
such that, when the
secondary circuit- is led from -one of the
said taps, varying the number of translat-
ing devices will leave the power factor sub-

‘stantiaily constant.

5. The combination of a transformer pro-
vided with reactance eoils in the primary
and secondary circuits, and translating de-
vices in series in the lattér circuit.

“In. testimony whereof I have signed my
name to this specification in
of two subscribing witnesses.

WILLTAM C. WOODLAND.
Witnesses:

- L. A. MarTiw,
R. H. Sx¥pER.
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‘ing a reactance in the primary winding, 8
resctance in series with the secondary wind- 2¢
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