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To all whom it may concern:

Be it known that T, Ruporyr ¥. Heuas
a subject of the Emperor )t Grermany, ay
a resident of Pittsburgh, in the cou unty o

Allegheny and State of ;_’ennw’\.x? 18, hava
invented a new and useful 3 .n.mp rovement in
Systems of bontrol, of which the following
is a specification.

M\' invention relates to ystems of

trol, and it has special cfeveﬂ > 1o the 3
genu ative control of dynamo-electr
chines that are adapted for use in sysiems of
relatively high veltage.

The object of my invention is to Dbrovide o
reliable and effective wfssun of the above-

VL

indi¢ated character Mpcb shall ]
economical in oper atlon
preclude the use of uasui
n certain auxiliary
tiva systes.

“‘("’}ufﬁ

The customary ty pe of dynamotor may be
suceesstully operated from the st gt

it up to voltages of D“"s“'f,u‘(?‘ﬁ&L\,L
volts, but above thzs voitage, a ma
the dynamotor type for absorbir
from, or returning ecurrent
clreuit would have 1o b
ceedingly large Comzn:zé
over tronbles For thix
sary to d vige ot’qel me
suitably tow voltage
that are "Ijbposm wpon raillway vehic
to the exciting field-winding
wain machines during
tion.

According to my present mx entio, I
vide a a\'\tcm having fhe above-mer
desirable characteristics. by conmneet
dynamotor ov its eqiivalent in para
cuit relation to the armature of a seri
dyvnamo-ciectric machines that has_ﬁ-c low-
est Volta,ge impressed upon it, or, in ‘
words, the main armature that is dive otly
connected to the negative s u*mw -eivenit con-

».,,,.«m

ans tor

to t‘nﬂ 3

(IIY\(;‘I}IE Fate
raf;e 1erative

ductor. In this way, a snit ﬁbm low voi tage
for the purpose mentiored may i}e e ’ﬂy

attained, as hareuuf{e mors { ef 'f@

in the accompanying (Lw i
is a dmnr 173 «ntw vw‘v of
T my.

Ei 41

Lm% ernmd / os’qw mod

dreuit conductors

respectively
md Ground; a

plurality of

ectric ‘n(mhlz‘eg re spe(‘twe;}
.ﬁ,\", A% A% and At and

net windings ﬁi F2 om
fa familiar ¢ \pe hav-
um”(tec. armature wind-
and 4~ and a field magnet winding
: a suttable switching device or control-
sere shown conv en*lonally at O, for the
: suitably maninda'ﬁng the main
’!)1 1 the supply circuit, and a ve-

-5 disposed in civeuit with the
'1(] g (7 o{ the dynamotor for

ure \Vinding M of the dyna-

o} gnet windings ¥ to
1 me =.i; machines ars con-
nected In series- f,ir;mr velation across the
lowest-voltage main armature A which is

eonnected 1 ectly to the negative supply-
ireniy econd mun Ground. The field wind-

ot the dynamotor is connected across
e windin g 5. The armature
g M is conmected in the series cireuit
ent mneu to act as a bucker, that is, to
age to the reO'ene“aieq voltage
! :u'nmtﬁre A% In this way, the

(Ui\

e bo was{ed n res&s‘ca"ﬂce, i;, in this
sorbed by the armature winding M
rheostatic losses. and such surplus

eniergy s mechanically trans lllbthu to thc
armature winding &, wherehy excessive

'e'm rui o that poz'

1T OV
L oeng

fold
feld

n Tx“ Wll‘ be
inderstood ah(n. in tme case of a dynamotor,
the armatuve wmdmm ¥ and G are wound
on ‘,he same cove (not shown). which is
mted cn a suitable shaft s, whereby en-
ergy is mechanically tanbvn‘taed between
the armatare windings ov the core directly:
whereas, in the case of a motor-generator
set. energy s mechanically tra ansmitted by
the shaft s.
In this way, the 07'(1111511'2' tyvpe of dyna-
motor mzlj; be employed, since the voltage
ature A, even in case of & ‘supply—
‘ *c as high as 5,000 volts, would
ve for, and would not be likely
; ﬁam-w% er trouble in, the dyna-

or the purpose of regulating the
z:z*rm( r and the amount of
L to the nwin regen-
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65 case, the surplus exeiting-field enerov
’ F <] By

= 1,28
erative circuit, the resistor Rt may be suij-
ably varied, in accordance with familiar
practice, as the speeds of the regenerating
machines gradually decrease.

It will be understood that, while 1 have
here shown and described my invention as
embodying a dynamotor in connection with
the excitation of the main feld 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
sultable practicé. It will be further undes.
stood that, if desired, the armature winding
G may be employed to deliver a suitably

low veltage to the various auxiliary devices,

such as control cireuiis, lights, efe., upon
the associated clectric railway vehicle, as is
customary, '

- During the motoring and the regen-
erative operation of the main motors,
current flows from the junction point be-
tween the armsatures A and A% through

armature winding M, and the field windings

F* to F*, inclusive, to the return conductor
Ground.  Current glso flows from the gen-
erator armature G through the armaturs M,
field windings ¥ to T4, inclusive, and the
resistor RL A circuit in parallel to the cir-
cuit traced through the armature G is etfec-
ed through the field winding GF: The di-
rection of current flow through the field
windings F* to F* 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 enp-
rent flow through the armatures 4! to As
inclusive, is reversed and the excitation of
the field windings F* to T, inclusive, is in-
creased.

Reference may now be had to Fig. 2,

~whereln the circuit connection of the arma.

ture winding M of a motor-generator that re-
places the previously-deseribed dynamotor
18 identical with that illustrated in Tig. 1,
while the generator armature winding G is
connected intermediate the negative supply-
circuit conductor Ground, and the lower-
voltage terminal of the armature winding
M, or, in other words, is connected across
the series-connected field-magnet windings
of the main machines.

In this case, the field winding GF of the
wotor generator is connected in cirenit with
a suitable variable resistor R? across the ar-
mature winding G, and a second field mag-
net winding MF for the motor goenerator is
connected through a suitable variable re-
sistor R* across the armature winding 3.

The operation of the systemn  just de-
seribed will be evident from the similarity
to the system llustrated in Fig. 1. In this

th
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- winding
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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

Fig. 1 is required, _
-1t will be understgod that, in order to

vary the operation of, the dynamotor or
motor-generator set and the excitation of
the main fald windings as the speeds of the
main machines decrease, the resistors R and
R® may be suitably manipulated to respec-
tively vary the dynamotor or motor-genera-
tor set speed and fhe voltage delivered by
the armature windmg G. :

In Fig. 8, the system shown com prises the
main dynamo-electric machines and the ar-
mature windings M and G of & 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 3 is provided with a
shunt field winding BEF! that is connected
in series relation with a suitable varinble re-
sistor R*acvoss the series-connected armature
windings M and G, while the armature
1s provided with a shunt field-
magnet winding GF* thatisconnected in sories
relation with a suitable variable resistor RS
across the armature windings M and (¢ also,
A second field winding GI? for the arma-
ture winding (& is connected in the main ro-
generative cirenit and is differentially dis-
posed with respect to the shunt feld wind-
ing G¥F: '

In general ope ‘ation of the system, with
the excoption of the effect of the differen.
tially disposed feld windings GF! and (152,
is similar to those already described, while
the iise of these field windings teads to pre-
vent  siurges of regenerative eurrent by
reason of relutively heavy fluctuations in
the supply-cireuit vol age, for example, and
£o maintain s substantially constant regen-
erated current.  For instance, assaming an
inerease of regencerated current fraversing
the main machine armatures and the field
winding GF2 the effective exeiting field
flux- of the armature
Honately decreased by reason of the differ-
ential conneetion of the feld windings G
and GF? whereby the excitation of the main
windings is correspondingly
decreased, and the regenerated current is
rapidly reduced to the predetermined con-
stant value desired.  The differential rela.
tlon of the field-magnet windings GF! and
GE® per se is not of nly bresent invention,
but is shown and desceribed in my copending
application, Serial No. 855,539, filed Aug. T,
1914, to which reference may be made for
further deseription of the operation.
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