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UNITED STATES 

1,957,016 

PATENT OFFICE 
1957,016 

ELECTRICAL APPARATUS 
Warreh P. Loudon, Dayton, Ohio, assignor to 

Delco Aviation Corporation, Dayton, Ohio, a 
corporation of Delaware 

Application November 25, 1929, Serial No. 409,696 
13 Claims. 

This invention relates to electrical apparatus 
and more particularly to an electrical generating 
apparatus and its associated distributing system. 

Heretofore there have been proposed electrical 
generators of the type employing high and low 
voltage armature windings wound upon the same 
armature drum and having a common field, for 
use on vehicles such as for example, aircraft, in 
order to supply anode and cathode energy to the 
thermionic tubes of a radio transmitter. These 
generators, for the most part, have heen provided 
With a positive driving connection to the engine 
of the aircraft, or have a separate rotating ele 
inent Such as a Sinall air-driven propeller. 

in certain instances, as for example wher. iihe 
aircraft engine is disabled or not in operatic2, it 
gay be highly desirable to operate the radio 
transmitter in order to translihit signals. 

Accordingly, one of the objects of the resent 
inventioi is to provide a novel electrical instal 
stion of the above character adapted for use in a 
dependently of the operation of the power realis 
normally employed for actuating the sane. 
Another object of the invention is to provide 

in an electrical generator adapted to deliver el 
ergy at a plurality of voltages, novel means 
whereby the generator may be driven by Eile 
chanical means or operated as a motor-genera." 
tor. 
Another object is to provide means of the above 

type, which includes a three winding generator 
whereby the latter may be operated as a motor 
generator. - 

A further object is to provide a double voltage 
electrical generator which is compact, light in 
weight, and one which is particularly adapted for 
use on aircraft to supply electrical energy at all 
times to a radio transmitter. 
Other objects and features of novelty will ap 

pear more fully hereinafter from the following 
description taken in connection with the accom 
panying drawings which illustrate one embodi 
ment of the invention. It is to be expressly un 
derstood, however, that the drawings are for pur 
poses of illustration only, and are not designed 
as a definition of the limits of the invention, ref 
erence being had for this purpose to the appended 
claims. 
Referring to the drawings, wherein like ref 

erence characters refer to like parts throughout 
the several views: 

Fig. 1 is a diagrammatic view of the circuit 
connections of the apparatus of the present in 
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Fig. 2 is an axial section of the generator and 
driving means therefor; 

Fig. 3 is a view in perspective of the disas 
Sembled portions of the one-way clutch; 

Fig. 4 is a Section taken on line 4-4 of Fig. 2; 
Fig. 5 is a section taken on line 5-5 of Fig. 2 

and illustrating the disposition of the low volt 
age winding with respect to the high voltage coin 
Ciutator; and 
Fig. 6 is a diagram natic view of another en 

bodiment of the invention, 
Referring role garticularly to Figs. E. 3rd 2 

there is shov in a generator 6 of the direct current, 
COrlpoland type, having an armature shaft, 68, and 
3.n ar:7aatu're dug. ', which ia,tter is adapted to 
Carry three Separate windings. These windings 
aire SC air&2nged and designed that, two of ther 
COYstitute ligh: ad low voltage generating wind. 
igS Wirile tile third Winding constitutes a riotor e 
winding, for a purpose which will appear inore 
fully hereii. 2.fter. 

Each of these Windings is connected to a coli 
nutator, the high and low voltage generating 
windings being connected to commutators 8 and 9 
respectively, while the notor winding is connect 
ed to a COXI Etator i0. A shunt field windirig II, 
i2 and series field winding 3 are common to the 
arnature Yindings and are adapted to furnish 
the proper field excitation. The high voltage 
continiutator 8 is adapted to be connected through 
leads 14 and 15 to a substantially constant load 
16 Such as for example, the anode circuit of a 
plurality of thernionic tubes of a radio trans 
mitting set. The low voltage commutator 9 is 
adapted to furnish energy through lead it, con 
tact 18, switch arm. 19, connections 20, 21, 22, 23 
and lead 24 to a Substantially constant load such 
as the cathodes 25 of the thermionic tubes of the 
transmitting set. A battery 26, constituting a wa 
riable load is connected in parallel with the load 
25 and is adapted to be charged by the low volt-, 
age winding during normal operation of the gen 
erator. 

In order that the electrical output from both 
the high and low voltage commutators may be 
controlled within narrow limits, a voltage regul 
lator 27 of the vibrating contact type, may be 
connected in Series with the shunt field windings 
11 and 12 across the terminals of the low voltage 
commutator. Since the operation of such regula 
tors is well understood in the art, and since the de 
tails thereof form no part of this invention, fur 
ther description is unnecessary. 
In placing the commutators 8 and 9 at one end 

of the armature drum, means are provided where- il 0 
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2 
by the low voltage winding may be led through 
the high voltage commutator in order to permit 
the proper electrical connections to be made. 
In the form shown such means is constituted 
(Fig. 5) by a bridge 28 fixed in any suitable man 
ner to armature shaft 6, the outer periphery of 
said bridge having longitudinal channels 29 
formed therein leaving projections 30. Disposed 
in these channels and insulated therefrom aS by 
quills 31, are the ends 32, 33 of the coils constitut 
ing the low voltage winding, which coil ends are 
connected to the commutator segments of com 
mutator 9 in a manner well understood by those 
skilled in the art. The connection of the two 
generating windings to their respective commu 
tators at one end of the armature enables the 
heavier motor winding to be easily connected to 
the commutator 10 at the opposite end of the 
armature. 
The armature shaft 6 may be rotatably mount 

ed as by means of ball bearings 34 and 34 in a 
suitable housing 35 which may be attached to a 
mounting bracket 36 by means of a plurality of 
Screws one of which is shown at 37. 
In aircraft installations, the radio generators 

heretofore employed have been positively con 
nected through suitable driving connections with 
a rotating portion of the internal combustion 
engine. In such cases, with the engine not in 
operation, the generator was not available as a 
Source of power in order to energize the radio 
transmitter. In accordance With this invention, a 
one-way clutch is interposed in the driving con 
nection between the armature of the generator 
and the internal combustion engine, and when 
the latter is not in use, the battery 26 is connected 
to the motor commutator 10 in order to operate 
the generator as a motor-generator. During such 
operation, the battery also furnishes energy to 
the load 25, the low voltage Winding being dis 
connected therefrom. 

Referring to Figs. 2, 3 and 4 the roller or one 
way clutch is constituted by a driving member 38 
adapted to be driven through any Suitable gearing 
by the crankshaft or extension thereof 39 of an 
internal combustion engine, and a driven mem 
ber 40 adapted to be drivably connected to the 
armature shaft 6a. The driven member is pro 
vided with a plurality of projecting portions 41 
and a corresponding number of channels 42 which 
latter are adapted to contain the rollers 43 of the 
clutch. As shown in Fig. 4 these rollers are 
normally maintained in engagement with the in 
ner surface of the cup-shaped driving member 
by resilient means Such as Springs 44 housed with 
in counterbores arranged tangentially in portions 
41. It is pointed out that the bottom 45 of chan 
nels 42 is a cam Surface SO formed that as mem 
ber 38 rotates in a counterclockwise direction, 
rollers 43 will become wedged between the flange 
of member 38 and the can Surface 45 to rotate the 
driven member 40. However, if it is attempted 
to transmit torque from member 40 to member 
38 in the same direction of rotation, the rollers 
43 will become disengaged with respect to the 
member 38 which Will consequently not rotate. 
In order to drivably connect the member 40 

to the armature shaft of the generator, the said 
member is formed with internal splines 46 
which are adapted to cooperate with splines 47 
formed on an extension of armature shaft 6 a. 
This extension is continued to the left of splines 
47, as indicated at 48 and is reduced in diame 
ter to permit of easy assembly. The end of the 
extension 48 has a bearing fit in a bushing 49. 

1,957,016 
A cut-out relay 50 of suitable construction is 
preferably placed in series with the battery 26 
in order to prevent discharge of the battery 
through the low voltage winding when the in 
duced voltage therein is less than the voltage 
of the battery. 

In normal Operation, the Switches 19 and 21 
are closed in their full lined positions on con 
tacts 18 and 22, respectively, whereby the high 
and low voltage windings are connected to their 
respective loads. The internal combustion en 
gine now drives the generator through the one 
Way clutch heretofore described, and sufficient 
energy is generated in the high and low voltage 
Windings to enable efficient operation of the 
transmitting set. 
During the time that the engine is not in op 

eration as for example in the case of aircraft 
installations when a forced landing is neces 
Sary, Switches 19 and 21 are moved to the dotted 
line positions (Fig. 1) thereby disconnecting the 
low voltage commutator at contact 18 and con 
necting battery 26 through lead 51, switch 19, 
lead 20, switch 21 and connection 52 to the mo 
tor commutator and from the latter, through 
lead 53 to the battery in order to operate the 
generator as a motor-generator. Due to the 
One-Way clutch between the generator and the 
internal combustion engine, the armature shaft 
will rotate free from any driving connection 
with the engine crankshaft, and energy at high 
voltage will be supplied the load 16 of the trans 
mitting set. The load 25 will be supplied with 
energy from the battery 26 through leads 23 
and 24. 

Fig. 6 illustrates a modified arrangement of 
the circuit shown in Fig. 1, the connections be 
ing Such that during the time the generator 
is drivably connected to the engine, the motor 
Winding may be connected in series with the 
low tension generating winding. The wiring 
connections of this embodiment of the inven 
tion are similar to those indicated on Fig. 1 ex 
cept that contact 18 is connected to the oppo 
Site brush of commutator 9 by leads 17, and 
lead 52 is continued from motor commutator 
10 to the low tension commutator 9 as indi 
cated at 54. In order to properly connect the 
two Windings in Series, the direct connection be 
tween the end of shunt field coil 11 and the 
commutator 9 shown in Fig. i., has been elimi 
nated. 
In operation. When the unit illustrated in Fig. 

6 is engine-driven, closure of switches 19 and 
21 upon contacts 18 and 22 will connect the low 
tension generating winding in series with the 
motor Winding, the latter then functioning as 
a portion of the low tension generating wind 
ing. The low tension output circuit comprises 
lead 17, contact 18, Switch 19, series field 13 
and connections 21-23 to the load, through 
connections 24 and 53 to the motor winding and 
thence by 54 to the commutator 9. It is pointed 
Out that by connecting the motor and low ten 
Sion generating windings in series, for generat 
ing purposes there is obtained a highly efficient 
arrangement, and One which is adapted to de 
liver an increased output at low voltage. 
When it is desired to operate the machine 

as a motor-generator it is only necessary to : 
move Switches 19 and 21 to the dotted line po 
Sitions whereupon the operation of the appara 
tuS Will be Similar to that of the apparatus of 
Fig. 1 when operated as a motor-generator. 
There is thus provided a novel multi-wound 
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1,957,016 
generator capable of delivering energy at a plu 
rality of voltages and one which is particularly 
adapted to be used on aircraft to supply en 
ergy to a radio transmitting set. By provid 
ing the one-way driving connection between the 
prime mover and the arrnature shaft of the 
generator, and the motor winding on the gen 
erator, a Source of Operating power for trans 
mission of radio signals is always insured. This 
is particularly advantageous in the case of air 
Craft installations where it is desired to trans 
nit signals after a forced landing has been 
made. By employing a three winding generator 
each winding may be designed for its particu 
lar function whereby unusually efficient opera 
tion is secured. 
While there has been shown and described, 

only two embodiments of the invention, it is to 
be understood that the same is not limited 
thereto, but may be embodied in several elec 
tro-mechanical forms. For example, the motor 
winding may be disposed at the other end of the 
armature rather than at the one shown, or the 
motor winding may be placed together with 
either of the generating windings at either end 
of the armature. It is also to be understod that 
one-way driving connections other than the one 
illustrated and described may be employed with 
out departing from the spirit of the invention. 
Reference will therefore be had to the appended 
claims for a definition of the limits of the in-, 
vention. 
What is claimed is: 
1. In combination with a driving member, a 

generator having a plurality of output Wiridings 
and a motor winding, means including a one 
Way clutch for drivably connecting said driving 
member and generator, output circuits operative 
ly connected to said output windings, a battery 
in one of said circuits, and means for connecting 
Said battery to said motor winding whereby to 
operate the generator as a motor-generator. 

2. In combination with a driving shaft, a gen 
erator having high and low voltage output wind 
ingS and a motor Winding, means for drivably 
connecting said shaft and said generator includ 
ing a One-Way driving connection, load circuits 
operatively connected to said output windings, a 
battery in the low voltage circuit and adapted to 
be normally charged thereby, and means for 
connecting said battery to said motor winding 
to operate the generator as a motor-generator 
When the driving shaft is not in operation. 

3. In apparatus of the class described a gen 
erator having high and low voltage windings and 
a motor Winding, circuits, normally connected to 
Said high and low voltage windings, a battery 
adapted to be connected with said low voltage 
winding to be charged thereby, means for me 
chanically driving said generator including a one 
way clutch, and means for connecting said bat 
tery to said motor winding to operate the gen 
erator as a motor-generator when the mechan 
ical means is not in operation. 

4. In combination, a generator having an ar 
mature and a plurality of generating windings 
disposed thereon, a motor winding, a plural 
ity of commutators one for each winding, the com 
mutators for the generating windings being dis 
posed at one end of the armature and the com 
mutator for the motor winding being disposed at 
the other end of the armature, a field winding, 
means for driving Said armature including a one 
way driving connection, means for connecting 
said motor Winding in series with one of said 

3 
generating windings during operation of said 
driving means, and means for energizing said 
motor winding for operating the generator as a 
motor-generator when the driving means is not in 
operation. 

5. In combination with a driving member, a 
generator having high and low voltage generating 
Windings and a motor winding, load circuits nor 
mally connected to said generating windings, a 
battery connected to said low voltage load circuit, 
means for drivably connecting said member and 
generator including a one-way clutch, and means 
for simultaneously disconnecting said low voltage 
load circuit from said low voltage winding and 
for connecting said battery to said low voltage 
load circuit and to said motor winding to oper 
ate the generator as a motor-generator when the 
driving member is not in operation, 

6. In combination with a driving shaft, a gen 
erator having a plurality of generating windings 
and a motor winding, means for drivably con 
necting said generator and shaft, including a one 
way clutch, means for connecting said motor 
Winding in series with One of said generating 
windings during normal operation of the gen 
erator, and means for connecting a source of en 
ergy to said motor winding to operate the gen 
erator as a motor-generator. 

7. In combination with a driving shaft, a gel 
erator having a plurality of generating windings 
and a notor Winding, means for drivaly connect 
ing said generator and shaft including a one-way 
clutch, a battery adapted to be connected with 
one of said generating windings to be charged 
thereby, means for connecting said motor wind 
ing ir series with one of Said generating wind 
ings during normal operation of the generator, 
and neans to connect said battery to said no 
tor winding to operate the generator as a motor 
generator when the driving shaft is not in opera 
tion. 

8. In combination with an internal combustion 
engine, a generator having a plurality of generat 
ing windings and a normally inoperative notor 
winding, means for drivably connecting Said 
engine and generator including a one-way driv 
ing connection, load circuits normally connected 
to said generating windings, a battery connected 
to one of said load circuits, means for discon 
necting one of said load circuits from its asso 
ciated winding, and means simultaneously oper 
able with said disconnecting means for connect 
ing said battery to said motor winding to operate 
the generator as a motor-generator. 

9. In combination with a generator having a 
plurality of output windings and a motor wind 
ing, means for normally driving said generator 
including a one-way driving connection, means 
for connecting one of the Output windings in 
Series with the motor winding whereby the latter 
forms a part of the output winding during op 
eration of said first mentioned means, and a 
Source of electrical energy adapted to be con 
nected to said motor Winding for operating said 
generator as a motor-generator when said first 
mentioned means is not in operation. 

10. In combination with a driving member, a 
generator having high and low voltage generat 
ing windings and a motor winding, means in 
cluding a one-way driving connection for driv 
ably connecting said member and generator, 
means for employing said motor winding as a 
part of said low voltage generating winding dur 
ing operation of Said first-mentioned means, a 
Source of electrical energy, and means for con 
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4. 
necting said motor winding to said source whereby 
to operate the generator as a motor-generator 
when said first-mentioned means is not in 
Operation. 

ill. In combination, a generator having an 
armature and a plurality of generating windings 
disposed thereon, a motor winding on Said arma 
ture, means for mechanically driving said arma 
ture said means including a one-way driving 
connection, means for utilizing said motor Wind 
ing as a portion of one of Said generating Wind 
Yings during Operation of Said driving means, 
Said motor winding being adapted to be connected 
to a source of electrical energy when said driving 
means is not in Operation. 

12. In combination with an internal combus 
tion engine, a generator having two output wind 
ings and a motor Winding, means for drivably 
connecting the generator and engine including 

1,957,018 
a one-way clutch, means for connecting said 
motor winding in series with one of said output 
windings and means for operating said generator 
-as a motor-generator when said first mentioned 
means is not. in Operation, 

13. In combination with a driving member, a 
generator having a plurality of output windings 
and a motor winding, means including a One-way 
clutch for drivably connecting said driving men 
ber and generator, circuits operatively connected 
to said windings, a battery in one of said cir 
cuits, and means including a Switch in said bat 
tery circuit for controlling the transfer of elec 
trical energy from Said battery to said motor 
winding, whereby to operate the generator as a 
motor generator when said driving member is 
not in Operation. 

WARREN P. LOUDON, 
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