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UNITED STATES PATENT OFFICE. 

CIIARLES J. WAN DEPOELE, OF LYNN, MASSACHUSETTS, 

ELECTRO-DYNAMIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 404,324, dated May 28, 1889. 
Application filed February 28, 1889, Serial No, 301,492, (No model) 

fo (till it'hon, it in?tity concern: 
Be it known that I, CHARLES.J. WAN DE 

POELE, a citizen of the United States, resid 
ing at Lynn, in the county of Essex and State 
of Massachusetts, have invented certain new 
and useful Improvements in Electro-Dynamic 
Motors, of which the following is a descrip 
tion, reference being had to the accompany 
ing drawings, and to the letters and figures 
of reference marked thereon. 
My invention relates to electric motors; and 

its object is to provide means for regulating 
the Speed and power of the motor and at the 
Same time to so control the flow of current 
therethrough that it will be commensurate 
With the results accomplished—that is, with 
the torque exerted by the field-magnets upon 
the armature-and, further, that the magnetiz 
ing effect of the field-magnet will be such 
that I can produce in the armature, even at 
iOWSpeed, Such a counter electro-motive force 
as Will operate to prevent too great a flow of 
Current therethrough. I am thus enabled to 
Cut Out of circuit the artificial resistance fre 
quently used and permit the entire current 
to flow through the coils of the field-magnet, 
thereby securing the maximum torque even 
at continued low speed, thus preventing an 
abnormal rush of current through the motor 
When pulling a heavy load. 

In a prior patent, No. 347,902, August 24, 
1886, I have shown and claimed a long series 
field-magnet in series with the armature, a 
number of the coils being so arranged that 
they could be cut out to reduce the resistance 
Of the motol-circuit and also weaken the field 
magnet when it was desired to increase the 
speed of the motor. In the present instance 
an artificial resistance is employed which is 
connected in series with a field-magnet not 
provided with sections to be cut out, the re 
Sistance and field-magnet being relatively so 
arranged that by means of suitable switch 
ing devices I can cut out resistance and 
throw the entire current through the coils of 
the field-magnet or place the resistance in a 
derivation from the field-magnet, or place all 
or part of said resistance in series with the 
field-magnet, or place said resistance in deri 
Vation from the field-magnet, and by cut 
ting out part of said resistance cause it to 
divert a corresponding portion of the current 

from the field-magnet. Another form com 
prises the same elements as the foregoing, ex 
cept that an additional demagnetizing-coil is 
wound upon the field - magnet and so con 
nected that it can be coupled with the resist 
ance spanning the field-coils acting to Weaken 
the field-magnet. 
An electric motor employing a short field 

magnet must use in connection therewith a 
large artificial resistance; otherwise at the 
moment of starting an abnormal rush of cur 
rent will take place through the motor and 
give a sudden jerk to the armature and gear 
ing and the mechanical connections, besides 
taking too much current from the generator. 
Therefore with such a motor, in ordinary rail 
way work, where the load has to be frequently 
stopped and started, a very large artificial re 
sistance must be used in connection. With the 
motor, consuming a large proportion of the 
total current energy supplied by the gener 
ator. Furthermore, in ascending steep grades 
the motor must either run at comparatively 
high speed or be, by the introduction of re 
sistance, deprived of a large proportion of its 
possible power. The impracticability of de 
veloping the highest power of the motor at 
low speed without danger of overheating is 
therefore the difficulty which it is the prin 
cipal olbject of the present invention to over 
COO. 
The field-magnet of my improved motor is 

Wound with coils sufficient to magnetize the 
pole-pieces to a high degree, the effect of which 
upon the armature, even at low speed, will be 
to produce a considerable counter electro-mo 
tive force. My improved method of utilizing 
an artificial resistance enables me to adjust 
the relative resistance of the field-magnet cir 
cuit and the remainder of the motor-circuit 
so perfectly in accord with the duty to be per 
formed that the motor may exertits maximum 
power continuously at low speed for any de 
sired length of time without overheating or 
consuming a wasteful proportion of the Sup 
ply-current. 

Several arrangements for carrying my in 
vention into effect are shown in the accom 
panying drawings, and will be referred to in 
the appended description and claims. 

In the drawings, Figure 1 is a diagrammatic 
view of the motor - circuit, and resistance 
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switch. Fig. 2 is a similar view, the switch 
ing device being shown in other positions. 
Fig. 3 is a diagrammatic view of the motor 
circuit, including the additional demagnetiz 
ing-coil on the field-magnet. Fig. 4 is a view 
of the devices illustrated in Fig. 3, the switch 
ing apparatus being shown in other positions. 
. In the drawings, A indicates the commuta 
tor of the armature; B C, the commutator 
brushes; D D, the main conductors; 3, branch 
leading from the positive main conductor to 
the positive commutator-brush, and 4 branch 
conductor extending from the switch to the 
negative-line conductor. 
F are the coils of the field-magnet, of which 

f is the core. 
G is an adjustable resistance or rheostat 

formed in one connected series, but divided 
into fourteen sections by terminals e' to el', 
Withinsulated contact-blocks 1 to 14, arranged 
for convenience so as to form a segment of a 
circle. The outer extremity of the field-mag 
net coils Fare connected by conductor 5 with 
the negative commutator-brush C, and the in 
ner terminal of the said coils is connected by 
conductor 6 with one end of the resistance 
coil G. - 

Hindicates a switch, which may be circu 
lar, as shown. The outer diameter of the 
switch is partly composed of the resistance 
terminals 1 to 13, and from the terminals 13 
extends a continuous segmental contact, 14, 
to which the extremity of the resistance-coil 
G and also the inner terminal of the field 
magnet coil F are connected by the conductor 
e'. The outer diameter of the switch is not, 
however, a complete circle, a space being left 
between the extremity of the segmental con 
tact 14 and the first one of the switch-termi 
nals. Within the outer circle of the switch 
composed of the resistance-terminals and the 
contact 14 is placed an annular metallic con 
tact, 15, which is connected with the return 
conductor 4, and constitutes the common re 
turn for the switch. 
A short segmental contact, 16, is located 

within the return-contact 15, and connected 
by the conductor 7 with the negative commu 

5 O 
tator-brush. C. A switch-lever composed of 
metallic arms J K, connected to a central in 
sulating-block, is pivoted to the axis of the 
switch. The arm J is provided with a con 
tact brush or block, a, adapted to bear upon 
the outer circle of the switch, and the arm K 

55 is provided with a similar block, a?, so that 
the extremities of the switch-lever J K will 
be at all times in contact with some portion 
of the outer circle, except when one or other 
of the said extremities occupies the space be 
tWeen the end of the contact 14 and the re 
sistance-terminal 1. The arm J is also pro 
vided with a contact brush or block, a, ar 
ranged in Such position that when the arm is 
properly moved it will engage the short seg 
mental contact 16. The contact dis in elec 
trical connection with the brush a through 
the arm J. The arm K carries, in addition 

to the contact a', a contact, a, which is at all 
times in contact with the return-conductor 
through the circle 15, upon which it moves. 
At starting, the arms J K, hereinafter re 

ferred to as the “switch-lever,’ are placed in 
position indicated in full lines in Fig.1, with 
the terminal at upon the resistance-block 1. 
In this position the field-magnet coils and the 
whole of the rheostat are connected in Series, 
the current flowing from the negative com 
mutator-brush through the coils of the field 
magnet, thence by conductor 6 through the 
coils of the resistance G, then out by con 
ductor e', terminal 1, contact a' upon the arm 
K of the switch-lever, thence through the arm 
K to contact a, thence to return-conductor 
through the circle 15. The contact at upon 
the arm J rests, meanwhile, upon the seg 
ment 14; but as said arm Jhas no connection 
with the return 15 the current cannot escape 
that way, and is compelled to traverse the en 
tire series of coils, as Stated. 
To increase the current flowing through 

the field-magnet, the switch-lever is turned in 
the direction indicated by the arrow, thereby 
gradually reducing the amount of resistance 
in series with the field-magnet and permit 
ting a greater flow of current therethrough, 
subject, of course, to the counteracting effect 
of the counter electro-motive force in the ar 
mature. With the switch-lever in the posi 
tion shown in dotted lines in Fig. 1, the en 
tire resistance is cut-out, and the motor will 
act as a simple series machine. The action 
of the contact devices upon the arm J at the 
other end of the switch-lever is, for conven 
ience, depicted in Fig. 2. As there seen in 
full lines, the position of the switch-lever is 
reversed, the contact a' resting upon the 
switch-terminal 1 and the contact a upon seg 
ment 14. In this position the contact a en 
gages the segment 16 and the contact a the 
circle 15. The entire rheostat is now con 
nected in derivation from the field-magnet 
coils, the circuits being as follows: from com 
mutator-brush C by conductor 5 through the 
field-magnet coils and by conductors 6 and 
e' to segment 14, thence through contact a, 
arm K, to contact a' and the return-conductor 
15. The other path for the current starts 
also from brush C, passing through con 
ductor 7, segment 16, contact a, arm J, and 
through contact a' aid terminal 1 to the 
resistance G. The resistance being now in 
derivation from the field-magnet coils, the 
current will divide itself between said field 
coils and the resistance-coils, according to 
their respective resistances or conductivities. 
When the switch-lever is moved in the direc 
tion of the arrow, thereby carrying the con 
tact a' toward switch-terminal 14, the resist 
ance G is gradually diminished, and, being 
still in derivation from the field-magnet, will, 
as the contact a' approaches the terminal 14, 
divert more and more current from the field 
magnet coils by affording a by-path for its 
passage, thus affording means for weakening 
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the field-magnet to any desired degree, and 
thus regulating the speed of the motor by 
modifying the counter electro-motive force, 
as is Well understood in the art. 
With the switch-lever in the position shown 

in dotted lines in Fig. 2 the resistance is en 
tirely cut out and the main current entirely 
shunted around the field-magnet coils. Thus 
it will be noted that the action of the switch 
lever in the positions indicated in Fig. 1 con 
nects any desired portion of the resistance in 
Series with the field-magnet coils, while with 
the positions indicated in Fig. 2 the same 
level reversed is used to place the resistance 
in derivation from the field-coils, thereby 
shunting any desired portion of the main 
Current. 
In Figs. 3 and 4 the same form and letter 

ing are adhered to for convenience; but, in ad 
dition to the circuits and connections pre 
viously described, a differential winding is 
placed upon the field-magnet and arranged to 
be connected in series with the rheostat, G. 
when the latter is manipulated by the switch 
lever, as described with reference to Fig. 2 
that is, when the resistance is operated in 
shunt relation to the said field-magnet. As 
indicated in said Fig. 3, the circuit from the 
commutator-brush C is by conductor 17, 
through demagnetizing-coil 1S, and thence by 
conductor 7 to the segment 16. The working 
coils F of the field-magnets are connected to 
the conductor 17, the current flowing there 
through and out by conductor 6 and el', as 
previously described. 
With the switch-lever in the position shown 

in full lines the segment 16, through which 
the rheostat is placed in shunt relation, is not 
in circuit, and consequently the demagnetiz 
ing-coils JS receive no portion of the current, 
the said current flowing through the field 
magnet coils and resistance, all in series, pass 
ing out through terminal 1, contact C, arm K, 
contact a thereon, and the return-conductor 
15. By moving the switch-lever in the di 
rection indicated by the arrow the resistance 
may be gradually cut out until on reaching 
the position indicated in dotted lines the re 
sistance will be all out and the field-magnet 
coils only in series with the armature. 

In Fig. 4 the position of the switch-lever is 
reversed, the contact ?t' resting upon the ter 
minal 1, the contact (it upon the terminal 16. 
The current passing from brush C through 
conductor 17 will divide, one part passing 
through the magnet - coils, passing there 
through and out by conductors 6, e, and seg 
lment 14, contact C, arm K, contact a, and 
the conductor 15, the remainder of the cur 
rent passing through the demagnetizing-coil 
1S, conductor 7, segment 16, contact (, alm 
J, contact (t, terminal 1, the resistance G, out 
by e, segment 14, and return-connections. 
With the position shown in full lines in Fig. 
4 very little, if any, current will be shunted 
from the field-magnet coils through the de 
magnetizing-coils and the resistance; but as 

the switch-lever is moved in the direction of 
the arrow the resistance of the shunt-circuit 
will decrease and more and more current flow 
therethrough and be diverted from the field 
magnet coils until, with the arm in the posi 
tion seen in dotted lines, the resistance Will 
be almost entirely cut out and most of the 
current be shunted from the field - magnet 
coils through the demagnetizing-coils, thereby 
still further weakening the field-magnet. 

It will be apparent that with the combina 
tion described almost any degree of magnetic 
relationship can be established between the 
field-magnet and armature of the motor, 
while at the same time the total resistance of 
the motor-circuit can be adjusted as required 
for any duty. The highest practical mag 
netization can be instantly secured and as 
readily reduced, placing the motor under the 
most complete control and enabling it to per 
form any service of which it is capable with 
out developing the dangerous conditions by 
which electric motors are so often damaged 
or destroyed, and also without the Waste of 
energy resulting from admitting the current 
to the motor-circuit through a large artificial 
resistance, whereby, as in previous practice, 
the maximum amount of current has been 
consumed when the motor was doing the least 
Work. 

It will be understood that the field-magnet 
coils in series with the armature can be used 
independent of the adjustable resistance, and 
that the differential coils and the resistance 
could be utilized to effect all the desired regul 
lation by first placing all resistance in Series 
with the armature and field-coils and after 
cutting the resistance out of circuit the cir 
cuit to be placed upon the demagnetizing or 
differential coils. 

It will also be understood from considera 
tion of my prior patent above referred to that 
all the coils-both the resistance-coils and de 
magnetizing-coils-may be wound upon the 
cores of the field-magnets of the motor, there 
by producing an added effect, and at the same 
time constituting a very compact and efficient 
arrangement. 

IIaving described my invention, what I 
claim, and desire to secure by Letters Patent, 
S 

1. In an electric motor, the combination, 
with the armature thereof, of a long field-mag 
net coil in series there with, an adjustable re 
sistance, and means for placing any desired 
portion of the resistance either in series or in 
shunt relation to the coils of the field-magnet, 
substantially as described. 

2 In an electric motor, the combination, 
with the armature thereof, of a long Series 
field-magnet coil, an adjustable resistance 
adapted to be connected in series therewith 
at starting, and means for placing said resist 
ance or any desired portion thereof in deriva 
tion from the field-magnet coils, substantially 
as described. 

3. In an electric motor, the combination, 
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With the armature thereof, of a long series 
field-magnet coil, an adjustable resistance 
adapted to be connected in series therewith 
at starting, means for placing said resistance 
or any desired portion thereof in derivation 
from the field-magnet coils, an opposing. or 
differential coil or coils upon the field-magnet, 
and series connections between the differen 
tial coil or coils and the resistance when in 
shunt relation with the field-magnet, substan 
tially as described. 

4. In an electric motor, the combination, 
with the armature, of a long field-magnetcoil 
in Series there with, an adjustable resistance, 
a Switch, connections between the coils of the 
field-magnets and the resistance and the 
Switch, and means for placing the resistance 
in Series or in shunt relation to the field-mag 
net coils or cutting it out entirely to regulate 
the power and speed of the motor, substan 
tially as described. 

5. In an electric motor, the combination, 
With the armature, of a long series field-coil 
and an adjustable artificial resistance, a 
Switch, and connections between the switch 
and the several portions of the resistance, said 
SWitch being so arranged that the resistance 
can be placed either in series or in derivation 
from the main field-magnet coils of the motor, 
Substantially as described. 

6. In an electric motor, the combination, 
with the armature, of field-magnet coils, an 
adjustable resistance, a switch, connections 
between the field-magnet coils and the coils of 
the resistance and the said switch, and a 
switch-lever adapted to be moved into succes 
sive engagement with the several parts of the 
Switch, and to thereby connect the field-mag 
net coils and resistance in series, then gradu 
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ally cut out the resistance, then connect the 
said resistance in derivations over the field 
magnet circuit, and then gradually cut out the 
shunted resistance, or vice versa, substantially 
as described. 

7. In an electric motor, the combination, 
with the armature, of a field-magnet coil in 
series therewith, an adjustable resistance, a 
switch, connections between the coils of the 
field-magnet and of the resistance and the 
switch, and a switch-lever adapted to be moved 
into engagement with the several parts of the 
switch and in one rotation to connect the re 
sistance in series with the field-magnet coils, 
then to gradually cut it out, then to connect 
the entire resistance in derivation from the 
said field-magnet coils and cut it out alto 
gether, substantially as described. 

8. The combination, with a series field-mag 
net and a divided artificial resistance, of a 
switch having an extended terminal connected 
to one end of the field-magnet coil, a number 
of contact-points connected to terminals ar 
ranged along the resistance, an extended re 
turn- connection, a short segmental contact, 
a conductor extending from the beginning of 
the field-magnet to said contact, and a mov 
able contact-arm provided with contacts 
adapted to engage the several parts of the 
switch and to connect the resistance in series 
or in derivation with the field-magnet coils, 
substantially as described. 

In testimony whereof I hereto affix my sig 
nature in presence of two witnesses. 

CHARLES J. WAN DEPOELE. 
Witnesses; 

J. W. GIBBONEY, 
CHARLEs L. OECHSNER. 
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