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UNITED STATES

PATENT OFFICE.

'LIONEL M. WOLFFSOHN, (NOW BY JUDICIAL CHANGE OF NAME LIONEL M. WOOLSON,)
OF WEEHAWKEN, NEW JERSEY, ASSIGNOR, BY MESNE ASSIGNMENTS, TO BIJUR
MOTOR APPLIANCE COMPANY, A CORPORATION OF DELAWARE,

ELECTRICAIL: SYSTEM FOR AEROPLANES AND THE LIKE.

1,362,380.

To all whom it may concern:

Be it known that I, Lronsn M. VVOLFF-»

SOHN, g citizen of the United States, and a
resident of Weehawken, in Hudson county,
State of New Jersey, have invented an Im-
provement in Electrical Systems for Aero-
planes and the like, of which the following
is a specification.

This invention relates to aeroplanes and
with respect to its more specific features,
to the electrical equipment thereof.

One of the objects thereof is to provide
a practical aeroplane in which the engines
arée reliably. and conveniently started and
electric current rendered available with =
minimum of complication and weight of the
parts. o

Another object is to provide an electrical
system for aeroplanes and the like of re-
liable action, the apparatus for which shall
have a relatively small weight.

Another object is to provide an efficient

and economical method of generating and.

distributing: electric power, particularly in
connection with systems employing a plu-
rality of gas engines.

Another object is to provide a simple and

reliable method necessitating apparatus of

‘relatively small weight, for operating elec-
trical equipment. of vehicles, more particu-
larly. of aeroplanes having a plurality of
gas engines. ' o .

Other objects will be in part obvious, and

. in part pointed out hereinafter. -
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. The invention accordingly. consists in the
features of construction, combinations of
clements, steps of the method and arrange-
ment of parts which will be exemplified in

the construction hereinafter set forth and

the scope of the application of which will
be indicated in the following claims. )
In. the accompanying drawings wherein

are shown one or more of various possible -

* embodiments of the several features of this
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invention, Figure 1 is » perspective view of
an aeroplane, showing the location of ap-
paratus, circuits not being indicated. Iig.
2 is g diagrammatic view showing the elec-
trical equipment used in Fig. 1, and Fig. 3
is a diagrammatic view similar to Fig. 2 of
2 modified arrangement of electrical equip-
ment. :

Similar reference characters refer to simi-.

lar parts throughout the different views of
the drawings. :

Specification of Letters Patent. Patented Dec. 14, 1920
Application filed March 18, 1917, Serial No. 154.467. '

~ As conducive to an understanding of this
invention it may be noted that on aeroplanes
where driving power of relatively high
value is employed, it is frequently advisable
to divide this power between two or more
engines, instead of concentrating it all in
one engine. Power starters are particularly

60

desirable with aeroplane engines which are .

“frequently of a size where'they are difficult

to start by manual power, yet, on the other
hand, excessive weight of an electrical self-
starter or electrical apparatus is very ob-
jectionable and ' lightness in weight and
simplicity are of corresponding. importance.

Referring now to Fig, 1 of the drawings,
there is shown an aeroplane 100, the con-
struction of which is not part of this inven-
tion and.need not be described. Separate in-
ternal combustion engines 14 and 1B are
equidistant from opposite sides of the pilot’s

- compartment 101, and they drive propellers
102 and 103 respectively. Mounted on: en-

eine 14, in the usual relation are the. genera-
tor 2% and the starting- motor 4* and to en-
gine 13 the generator 2 and starting motor
4% are attached. A single storage battery
11 for codperation with the eleetrical appli-
ances of the aeroplane in a manner to be de-
seribed below, is located -in an accessible
place preferably under the pilot’s seat. The
motor starting switches 10* and 10® are
shown. in the pilot’s compartment, and-the
remaining electrical- control switches to be
described below are shown on the switch
board 104, all readily accessible to the pilot.

It a separate battery were located near
each of the engines, and arranged to be con-
tvolled irom the pilot’s compartment, not
only would such batteries be relatively in-

accessible, but the much greater weight of
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the pair and the greater length and con-

sequently weight of connecting cables, would"

decrease the ussfulness of the. aeroplane.
~ Referring now to Fig. 2 of the drawings,
which shows the general arrangement of the

100

electrical equipment in Fig, 1, there is shown .

associated with engine 1% and: adapted to
be driven thereby by mechanism not shown,
preferably a 6 volt generator 2*. -Main 4
connects one terminal of generator 2* with

terminal & of storage battery 11 throngh-

a main switch 3* of well known type, com-
prising a voltage coil 16* and a series coil

108

17* so wound and connected-as to attract .

and close contact member 184, upon the volt-
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age reaching a value suitable for charging
said battery. The construction and opersa-

tion of the main switch 3% need not be de-

scribed in greater detail as the inventiom
does not reside therein. Any desired form
of voltage regulating means may be em-
ployed in conmnection with the generator,
but as this forms no part of my invention
it is. neither shown mnor described. The
usual ammeter 64 is disposed between the
main switch and the battery and main 7*
connects the other terminal of the generator
24 with terminal 8% of the battery. Start-
ing motor 44 is preferably grounded and
has its other terminal connected by lead 9*
through starting switch 10* to terminal 8%
of storage battery 11. The usual flywheel
214 and the pinion 22* of an automatic
drive.are also indicated. By preference the
drive is of the type including a screw shaft
30* conventionally shown, which automati-
cally causes a movement of the pinion 22*
into mesh with the gear 21* upon -starting
of the electric motor. The disposition of
parts just described is substantially dupli-
cated, parts corresponding  to those de-
scribed above having the same reference

numerals with exponent B instead of A.-

The generator 28 associated with and adapt-

‘ed to be driven by engine 1P is, 'as*sho:ivxg
e

connected between terminal 5 and groun
terminal 19 of storage battery 11. The
term “grounded” as applied to aeroplanes
and other forms of vehicles to which my
invention may be applicable, designates con-
nection tq a frame or a metallic structure
of the machine. Translating devices, such
as lamps 14 and pilot lamp 23 are prefer-
ably connected across terminal 8* and 12°
of the storage battery 11 and are controlled
from the pilot’s seat by switches, indicated
on switch board 104 in Fig. 1.

In this arrangement it is seen that the

" usual electrical equipments on two separate
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and distinet gas engine power plants codper-
ate with but a single storage battery, the

" starting motors 4* and 4® being of a rela-
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tively high voltage and connected across the

_entire battery, to develop relatively high

torque so that they may start relatively
heavy engines, and having a common re-
turn, and the generators 2¢ and 2° in this
embodiment being shown to generate each
but one-half the voltage of the battery and
being each connected to charge one-half of
the cells thereof whereby both weight and
expense are saved as compared with genera-
tors of higher voltage. o

To cause the propellers 102 and 103 to
turn in opposite direction, the motors are
preferably disposed as shown to turn in op-
posite directions, and the same is preferably
true of the generators, whereby both a
static and dynamic balance of the parts s
effectively brought about.

1,862,380

The modified form of the invention shown
in Fig. 8, which™is particularly adapted for
an aeroplane having four engines, differs
from that shown in Fig. 1 in the use of
generators of the same voltage as the mo-
tors, all. machines being connected across
terminals 8 and 12 of a battery 110, said
terminal 12 and one of the terminals of
each of the machines being shown grounded,
that is, they are connected to a metallic
structure of the machine. The modification
is furthermore a development of the form
shown in Fig. 1 in se far as it shows the
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application of my idea to four power plants .

associated with but a single storage battery.
In this form furthermore, one ignition cir-
cuit is shown by way of example deriving
its current from -the terminals of the stor-
age battery 110. There being no invention
in the ignition circuit per se, it is shown of
conventional form, primary coil 15 being
connected across the battery terminals and
interrupter 16 being operated by cam 17,
alternately opening and closing the primary
cireuit. Secondary coil 18 is shown grounded
at one end and connected to the distributer
19 at the other, from which the secondary
current is led in succession to the-spark
plugs 20.
that shown and similarly operated from the
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Ignition .apparatus similar to

85

battery may be associated with a plurality .

or with all the engines. In this form, it 1s
seen that all the electrical machines of the
system preferably have a common return
resulting in economy of weight and mate-

‘rial, Also, as in the other embodiment de-

scribed above, a static and dynamic balance is
preferably brought about by causing half of
the engines, propellers, generators, and mo-

tors to turn in one direction and half in the 2

other. In this modification, parts corre-
sponding to those shown in Fig. 3 have the
same reference numerals with exponents C,
D, E and F respectively for the four power

‘plants.

If a separate battery were located near
each of the power plants shown in Fig. 3

16¢

1i(

and the cables were led to switches in the -

pilot’s compartment, the larger weight of
the plurality as opposed to the single bat- -
tery and the greater length of cable would
decrease in particular the usefulness of an
aeroplane of which the system might be a
part.

If a separate battery be employed for each
of the nower-plants shown in Fig. 2, not only
would the objections described with refer-

ence to Fig. 3 be present but the problem

of operating from a battery, a motor of a
voltage higher than the charging generator
would demand a practieal solution. :
As compared with the battery used in the -
relatively simple automohile system con-
taining but one engine, one generator, one
motor and other translating devices, it may

12¢
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-~ able extent.
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be apparent that a single baitery employed apparently relatively small battery. Since
for the larger electrical equipnients shown

in Figs. 2 and 3, would have to be of greater
capacity, and that the battery in ¥ig. 3,
would have to be of greater capacity than
that in Fig. 2, to secure proper dperation.

-~ After Investigation, .I. discovered  that

this is not the case, but that, particularly

in aeroplanes a single battery of a capacity
no larger than and of a consiruction closely
resembling the usual automobile battery will
operate reliably in association with ail the
electrical equipment of the relatively comi-
plex systems shown in Figs. 2 and 3, such
battery being preferab! £
lighter construction thap |
Such single battery, I have

_ered, will have substaztially the same hife,

as ‘those of like capacity nsed in relatively
simple automobile systems. By the wuse of
such single battery, I further effect saving
‘ particularly

beneficial in asroplane operaéi

In each of the embodiments of nven-
tion shown, I therefore employ 2 single
storage batiery substantially of the capacity
and preferably of lighter construction than
in automobilss. :

To account for this capability of success-
ful electrical operation, periicnlarly on aero-
planes, of twe or more power plants asso-
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ciated with & storage battery of a capacity

no larger than that needed 1 single such
power plant, I have the following explana-
tion which, 1t is to be undevstood, is merely

“tentative and subject to modification.

The minimum size of the battery necessary
to suceessfully start an engine under condi-
tions of cold weather appears to be one which
will furnish the needed current for the short
interval required to start the engine without
permitting its voltage to {21l to an nndesir-
In - other words, the batiery
must bé at least large enough to furnish the
necessary current without excessive voltage
loss. Sinece the time during which the engins
is cranked under electric power before it
starts firing is short, the total ampere hours

. taken out are small even though the currend

50

55

60

“which contributes to the successt

be high. For this reason the ampere hour
capacity of even the minimum size battery is
not greately lessened after each start and the
same battery is capable of making
of further successive starts under conditions
approximately the same as for the firss start.
Thus, when the size cf the batiery is de-
termined by its ability to once start a single
engine successfully 1ts electrical capacity
suffices for successively starting a plurality
of such engines. _

There appears to be alse & second reason,
ful operation

of the electrical equipments of {wo or more
power plants in association with a single

&

ring 2 pumber.

© with the battery
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nnlike vehicles intended to be operated pri-
aeroplanes, cannot remain at rest in their
“medium, but must move at a relatively high -
mally all of the engines, and therefore ub
least one and normally all of the generators
will, while the vehicle is in the air,
fective operation to maintain the storags
Throughout
the operation of tramnslating devices such as
lamps 14, ignition apparatus, etc., connectad
of the drawings, it is thus clear tha
single battery will veceive curvent from at
to the translating devices, as distinguished
from. the case of an automobile where it is
supply curvent from the battery to the lights
for hours-at a time, while the engine is not
tery. In asvoplane operation the siorage.
battery would thus be called upon swvitheut
merely to provide the current necessary to
opevate the starting motors, and if desired
a pilot lamp 28 o be used when the machine
is stored £ in
se no great number of ampere hours
is used up without replenishing the source

marily on land or water, aireraft, such as
speed, it ig clear that at least one, and nor-
more particularly in the species of Fig. 2
battery in charged condition. T ‘
ttery as shown in the two fig
“least one gémerator, to replenish its oulput
frequently desirable as is well known, to
running, thereby greatly depleting the bat-
effective connection of charging generators,
o also furnish a small amount of current for
at night. It thus appears that
this case
of current.

In the system shown in Fig. 3 i may 2t 100
times be undesirable to charge the Lunitery
with all four generators on account of ths.

liability to overcharge. On the other hand,
it would be . undesirable to dispense en-
tirelv with all bub one of ths generalors, 1¢.
since, if a single generator were relie
and this went oub of order accident
there would be no means of replen
the battery. To effectively provide sp
this overcharge, I arrange so that the p
of the machine can render one or more
the generators inoperative and get his
rent supply from the remaining genevs
or generators. : - .
. have shown applied to generators 2°
and 2° by way of example, two di
methods of  carrying out this obiect.s
geries with the fleld 24 of generato:
have shown a hand switch 25¢ whick -
open, will render the generator inope
My second method for rendering 2 »
inoperative is illustrated in associatios
generator 2°, which has connected: across i
terminals 2 hand switch 287 which hen
in closed position short circuits both arm .
ture and Held. It is to be understood. that -
either the short-circuiting or the feld-cir-
cuit opening form 6f switch may be sifec
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tively employed in connection with each of
_the generators; or both types may be used
“conjointly  on different generators of the
system. The field-circuit opening type of

‘switch is the preferred form, but 1t is to be

understood that there are peculiarly ad-
vantageous features to the other embodi-
ment. The switches just described are pref-
erably located on the switch board 104 with
the other control switches.

By way. of illustration I have shown the

the generators inoperative, applied one to
each of the generators in Fig. 2.

Having reference to the figures of tha
drawings, the 1gn1t10n switches and throttles,
(not showii), being assumed adjusted, the
operation is substantlally as follows —For
starting, the switches 104 and 108 or 10°,
10°, 10% and 10" are depresssed successwely
in any order whereby each starting motor
1s set in operation by the batbery and is
preferably automatically placed into co-
operation with the engine. "The engines are
thus started successively, the starting ap-
paratus being preferably constructed to au-
tomatically go out of operative relation with
the engines, “after they are started, said au-
tomatic meshing and unmeshing bemO' ef-
fected preferably by a construction of the
type above referred to. The generators
which are driven from the engines will now
send current to the storage battery while
the main switches are -closed, and ignition
circuits and lights may in turn derive cur-
rent from the battery, when their control-

ling switches are closed. If there be danger -
of owelchargmg the battery in the system’

shown in Fig. 8, either switch 25° is opened
or 25° closed to place the corresponding
generator out of action, or both machines

- may bé rendered mopemt!ve

.45

"of the power plants, sometime

- Though the systems shown i in I‘lgs 1 and .'

2 find their special utility in the applica-
TIO“. to aeroplanes as fully described above,
it is to be understoed that these systems
may be used to good eﬁem for U&lez DUL-
posss.  On some occasions, it m v be :c&;sn’-
able to operate less than the £
of power plants or to aliernate

than the fuil squmme-d

course, only selected " s
2z wonid . be faepresqﬁd , 3180,
5 Lh‘ ¢ though the i invention kas heen
s spplied Yo two engines in Hig. 2

on less

6 is,

ap(‘ tc four engines in Fig. 8, that it mzw_

1,363,380

be applied aavantageous to & system hav-
ing a different number of engines. | .

%t will thus be seen that there is herein
described apparatus and msthods of opera-
tion in which the several features of this
invention are embodied, which apparatus
in its action, and which method in iis execu-
tion, attain the various objects of the in-
vention and are well suited to meet the re-
quirements of practical use.

As many' changes could be made in the

" above construction and method and many

apparently widely different’ embodiments of
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this invention could be made or executed -

without departing from the scope thereof,
it'is intended that all matter contained in

the above description or shown in the ac-

companying drawings shall be interpreted
as_illustrative and not in & limiting sense
Having described my invention, what I

claim as new and desire to secure by Letters.

Patent is:

1. In an electrical system for aeroplanes
and the like, in combination, two gas en.
gines, a separate generator associated with
each said engine, and adapted to be driven
thereby, a single secondary battery, one of
said generators being connected across one-
half the cells of said battery, the other gen-
erator across the other half of said battery,

-a separate starting motor for each engine,
-each adapted to be connected to both ter-

minals of said battery, a separute startin
switch for each said motor for effecting sai
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connection, and additional translating . de- -

vices adapted to be comlected across said
battery.

2. In an electrical system for aeroplaneés
and the like, in -combination, two gas en-

gines, a separate substantially 6 volt gen-.
“erator associated with each said engide, and

adapted to be driven thersby, a single sub-
stantially 12 volt battery,- each said gen-
erator being connected to charge one-half
the cells of said battery, a separate substan-

85
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tially 12 volt smmng motor for each en- '

gine, each adapted to be connected to bolt

.terminals of said battery, a separate start-

ing switch for each said motor for effecting
saxd connection and & hgmmp and an ig-
nition circuit mapted to be Leq from said
oacteiy

In mstmﬁony whareof, 1 have signed my
2 to this sp@clﬁcatmn this 9th day of

lvlul ¢h, 1917.
LIONEL M. WOLFFSOHN.

105

110




