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To (illusion it antity concern: 
Beit known that, RU Doi F F. R. Eii.33N), 

a subject of the Emperor of Germany, and 
a resident of Pittsburgh, in the county of 
Allegheny and State of iPennsylvania, ilave 
invented a new and useful in a provenest in 
Systems of Control, of which the following 
is a specification. 
My invention relates to systeins Of co} 

trol, and it has special reference to the '3- 
generative control of dyna:no-elect:ric Ya 
chines that are adapted for use in systems of 
relatively high voitage. 
The object of my invention is to provide a 

reliable and effective system of the above 
indicated character which shall e l'elatively 
economical in operation and which shal 
preclude the use of unsuitably yoltages 
in certain auxiliary circuits of the regenera 
tive systeii. 
The customary type of lyilaint for his be 

successfully operated from supply cir 
cuit up to voltages of approxiinately 1500 
volts, but above this voitage, a inaciline of 

its rs 4. 

the dynamotor type for absorbing energy 
fron, or returning cirrent to, the supply 

* circuit would have to be provided with ex 
ceedingly large coii) militaiors to avoid ash 
over troubles. For this: reason. ii. 3'as neces 
sary to devise other means for supplying 3. 
suitably iow voltage to the auxiliairy devices 
that are disposed upon railway vehicles 
to the exciting field-widing circrait of . 
main in achiies during regenerative ape;3. 
tion. 

According to any present il ventiai, 
vide a system having the Rove-granticined 
desirable characteristics, by contiecting a 
dynamotor or its equivalent in parasiel-cir 
cuit relation to the agnature of a series 3: 
y R O ( t Y U. i ( c e S t 8 t h al S 8. h (e O y e 

est voltage impressed upon it, or, in oting 
words, the main armature that is directiy 
connected to the negative supply-circuit, con 

k. ductor. In this way, a Slaitably low voltage 
for the purpose mentioned may be readily 
attained, as hereinafter more ful ... we 

in the accompanying drawi 
is a diagra innatic view of a s 'y. 
trol embodying any invention, and Sigs, 2 
and 3 are similai views cit systears of co 
trol that, embody other cd 
inve; iota. 

Referring to Fig. i. e. 
systeia show a comprises a pil 

Y, A Coal or ATIrty of eEFR 

3:32 is tet: Dec. 32,918. 

y- respectively 
roiley and Ground; a plurality of 

respectively 
attres \ , , , , and A and field magnet windings F, F, EF 

; : drianitio of a familiar type hav 
iing anecialinically-connected arinature wind 
ings 1 and 3 and a field magnet winding 

a 'nature Yinding () of the dynamotor for 
purposes (if regislation. 

i he triature winding M of the dyna 
isotor aid he field-magnet windings F to 
if, inclusive, of the Jain achines are con 
nected in series-circuit. "elation across the 

imature A which is 
''}}}lected directly to the negative supply 
('ire it coinductor Ground. The field wind 
iig (ii it the dynamotor is connected across 
tie airinatire winding G. The amature 
winding yi is connected in the series circuit. 
it ist etioned to act as a bucker, that is, to 
{}p}{}se its voltage to the regenerated voltage 
of the main armatire A*. In this way, the 
striplus exciting circuit voltage which would 
otherwise be wasted in resistance, is, in this 
case, absorbed by the armature winding M. 
with it rheostatic losses, and such surplus 

is niecinatically transmitteti to the kiie' S 

l, west-voltage inain air 

S. 1. 

artiliture winding G, whereby excessive 
field-sii'i:33, energy is returned $o that por 
{i}; e Ilain regenerative circuit that, 
inclides the main airmature ... it will be 
(ii dei'stood hat, in the case of a dynamotor, 
the : rnai. ili'e windings if anxi G are wound 

i. on the same core (not shown), which is 
mounted on a suitable shafts, whereby en 
tergy is mechanically transmitted between 
the a nature vindings by the core directly: 
whereas, in the case of a motor-generator 
set. energy is mechanically transmitted by 
the shaft. s. 

in this way, the ordinary type of dyna 
joior inay be employed, since the voltage 
of the 3rnature A, even in case of a supply 
circuit voltage as high as 5,000 volts, would 

excessive for, and would not be likely 
v fiasi-over trouble ii, the dyna 
l' the purpose of regulating the 

diy racier and the amount of 
is feturned to the Riain regen 
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erative circuit, the resistor R may be sui 
ably varied, in accordance with familiar practice, as the speeds of the i'egenerating 
machines gradually decrease. 

It will be understood that, while I have 
here shown and described my invention as 
embodying a dynamotor in connection with 
the excitation of the main field windings, 
a suitable motor-generator set may be em 
ployed if desired, the armature windings in 
that case being connected as illustrated in 
Fig. 1 and the various field-magnet wind 
ings being disposed in accordance with any 
suitable practice. It will be further under 
stood that, if desired, the armature winding 
G may be employed to deliver a suitably 
low voltage to the various auxiliary devices, 
such as control circuits, lights, etc., upon 
the associated electric railway vehicle, as is 
customary. Y 

During the motoring and the regen 
erative operation of the main motors, 
current flows from the junction point be 
tween the armatures A and A', through 
armature winding M, and the field windings 
F to F, inclusive, to the return conductor 
Ground. Current also flows from the gen 
erator armature G through the armature i?, 
field windings F to F, inclusive, and the 
resistor R. A circuit in parallel to the cir 
cuit traced through the armature G is effect 
ed through the field winding GF. The di 
rection of current flow through the field 
windings F to if and the dynamotor. is 
maintained unchanged whether the main 
machines are operating as motors or are op 
erating as generators. However, during re 
generative operation, the direction of cur 
rent flow through the armatures A. to A, 
inclusive, is reversed and the excitation of 
the field windings F to F, inclusive, is in creased. 

Reference may now be had to Fig. 2, 
wherein the circuit connection of the arma 
tre winding Mi of a motor-generator that re 
places the previously-described dynamotor 
is identical with that illustrated in Fig. 1, 
while the generator armature winding G is 
connected intermediate the negative supply 
circuit conductor Ground, and the lower 
voltage terminal of the airmature winding 
Mi, or, in other words, is connected across 
the series-connected field-magnet windings 
of the Jain inachines. - 

in this case, the field winding GF of the 
moti' genei'ator is connected in circuit, with 
a suit alie variable resistor R across the ar 
natire winding G, and a second field mag 
net winding A.F for the motor generator is 
connected through a suitable variable re 
sistor R* across the armature winding vi. 
The operation of the systein just de 

scribed will be evident from the sinidarity 
to the system iii strated in Fig. i. in this 
case, the surpiis exciting-field energy tha 

w 
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is derived from the armature winding M by 
the armature winding G is returned di 
rectly to the exciting field-winding circuit 
rather than to the main armature winding 
A', whereby a machine of smaller capacity 
than that necessary in the system shown in iig. is required. - 

it will be understood that, in order to 
Y'aly the operation of the dynamotor or 
notor-generator set and the excitation of 
the main field windings as the speeds of the 
inain machines decrease, the resistors R° and is may be suitably manipulated to respec 
tively vary the dynamotor or motor-genera 
to set speed and the voltage delivered by 
the armature winding G. 

in Fig. 3, the system shown comprises the 
main dynamo-electric machines and the ar 
mature windings M and G of a motor-gen erator that replaces the previously-described 
dynamotor, together with connections to the 
main machine circuits that are identical with 
those illustrated in Fig. 2. However, the 
armature winding M is provided with a 
shunt field, winding MF that is connected 
in series relation with a suitable variable re 
sistor Racross the series-connected arnature 
windings i? and G, while the armature 
winding G is provided with a shunt field 
magnet winding GE that is connected in series 
relation with a suitable variable resistor R 
across the armature windings M and (; also. 
A second field winding Gi for the arma 
ture winding G is connected in the main re 
generative circuit and is differentially dis 
posed with respect to the shunt field wind ing GF. 

in generai operation of the system, with 
the exception of the effect of the differen 
tially disposed field windings GF and GF, 
is similar to those already described, while 
the use of these field windings tends to pre 
vent surges of regenerative current by 
I'eason of relatively heavy fluct liations in 
the Supply-circuit voltage, for example, and 
to maintain a substantially constant regen 
erated current. For instance, assuming an 
increase of 'egenerated current traversing 
the main machine arnatures and the field 
winding (F, the effective exciting field 
flux of the armature winding (; is propor 
tionately decreased by reason of the differ 
ential connection of the field windings GF 
and GiF, whereby the excitation of the main 
-lachine field windings is correspondingly 
decreased, and the regenerated current is 
'apidly reduced to the predetermined con 
stait valle desired. The differential rela 
tion of the fieid-magnet windings GF and 
(; ; per se is not of my present invention, 
but is show in and described in my copending 
application, Serial No. 855,539, fied Aug. 7, 
1914, to which reference may be made for frther description of the operation. 

do not wish to be restricted to the 
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specific ci: 
of parts here 
fications inay . 
arting from the spirit. 

5 invention. desire, 
Stich initiations s 
dicated in the append 

claim as gly invent ;i 
1. in a system oi control, the coinibing : 

i3 with a plurality of main dygano-e' ...?" imachines severally having ar. !95'ss-sci 
Šield-imagnet ings, if nie 
necting said arnature winding 
cuit, relation, and an auxilia: 

75 ing connected as a bucke 85 i. field 7 indings 
id main armatires. 

in a system of control, the coiniisation 
i a supply circuit of relatively iligh. 'ois 

e, and a plurality of inain dynai 
machines severally having 

ind field-magnet windings, G3 
co:nnecting said artinature wind 
Felation across said supply cis 

25 radity of auxiliary armatire 
aeans for connecting one of sa, 
windings as a backer in ci 
inain field windings acros 

2 
i. w i 

2 2. 3. 

. 
3. 

ariaatures, and ineans yyid 
30 second auxiliary winding it field 

i8, tire. inai 
3. in a systeria 

crimixination with 
egene 

circuit, 8, 
piura its of Iain dynag-O-electric in 23 

35 severally having a rinati'es an is field-na :33; 35 
jet windings, if nea - - - 

3. 3. l G. 
arinatire windings said supply circuit, a piarait 5,iii. 
cally associated auxiliary ::i'in:iii'e iii-coil 

{{ ings, area is for cyninecting the fi {} 
axiliary ariature windings is series 
tion with said Thail 
{}ne of said mail : regener: {d so tag, (*{j- 

45 hecting he fier : xi (iing is a 
positi: ; of the inac { } { i'i 
thei'e is the energy { saic first, 
auxiliary winding. 

4. In a systeria of ''genei'; 
combination with a slippiy Éireii: 

    

  

  

  

  

  

  

  

  

  

  

  

  

  


