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No. 205,717,

(No model.)

To all whom it may concern:

Be 1t known that I, JoraN GUsTAF VIKTOR

LiaNg, electrician, a subject of the King of
~_ Sweden and Norway, residing at 16* Soho
- 5 Square, London, England, have invented an
Improved Method of Regulating Electric Mo-
tors, of which the following is a specification.
- This invention relates to a method of and
means for regulating electric motors, particu-
10 larly those of the kind that are employed for
propelling vehicles and that work on a regen-
erative system, in which the motors act as
such while propelling and accelerating the ve-
hicle and act as generators for returning elec-
15 tric energy to the source of supply while brak-
Ing or retarding the vehicle.
In thespecification of a previous application
for United States Patent, Serial No. 203,838,
filed April 19, 1904, there was described a
20 method whereby the series windings of two
or more double-wound motors were so con-
structed and subdivided for the purpose of sav-
ing space occupied by the motors and copper
used for the windings that said subdivisions
25 could beconnected invarious parallel relation-
ship and then be used as part of the shunt-
winding. Foreffecting thischange from series
to shunt, or vice versa, a special field-change
cylinder was set forth in said prior specifica-
30 tion. It has been found that the aforesaid
change when etfected by said change-cylinder
causes a considerable shock in the motors,
which shock is sometimes sufficient to operate
the overload-switch of the vehicle, thus cans-
35 Ing inconvenience. This shock may be ex-
plained by the fact that the strength of the
magnetic field of the motors decreases to prac-
tically zero at the moment of breaking the
field-circuit to change from the series to the
40 shunt condition, or vice versa. As some time
18 required to enable the field taq resume its
original strength, it follows that the motor-
armatures momentarily revolve in a very
weak magnetic field, with the result that the
45 counter electromotive force falls almost to
zero, while the voltage remains unchanged, so
that in order to balance the difference in vol-
tage between the line-pressure or power-cir-

cutt and the counter electromotive force a
rush of current through the motors takes 50
place. According to the present invention
this rush of current isavoided by retalning in
the circuit of the series field-windings or in-
troducing into such circuit a certain amount
of series turns when the series field-winding 53
1s broken in changing from the series to the
shunt condition (said series turns being, if de-
sired, employed partly or wholly to form the
series windings for the compound excitation)
and when the shunt field-winding is broken in 6o

changing from the shunt to the series condi-

tion still retaining in the said cireuit or intro-
ducing thereinto a certain amount of series
turns, which when the said change has been .
completely effected—<. ¢., the full series ex- 6 g
citation established—are either totally or par-
tially cut out of circuit or are kept in circuit

as part ot the complete series field-windings.
By this arrangement also not only is the
aforesaid rush of current avoided, but the 70
sparking at the contacts of the controller is
minimized when the portion of the series
field-winding which is formed by the parallel-
g of the shunt-windings is broken. This
reduction of the sparking results from not 75
completely breaking. the field - circuit, and
thereforenotrendering the motors electri cally
inactive, but, on the contrary, leaving the
motor-armatures in circuit and with a mag-
netic field of considerable intensity for them So
to revolve in, thereby making this part of the
motor control conform with the principle of
what is known as “‘closed-circuit control.”
Instead of applying this closed-circuit-control
principle only at the times when the fidld- 8¢
windings are being changed from series to
shunt, or vice versa, it will be found prefer-
able to apply the principle throughout all the
changes that are made in the series, series-
parallel, and parallel relationship of the arma- 90
tures, as will be hereinafter explained. It
should here be stated that for series-wound
motors regulated in the usual way by means

| of resistances inthe armature-cirenit and S1M-

ple series paralleling of the field-windings the 953
closed-circuit principle of control is not novel.
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rate shunt fields and
combinations of armatures, fields, and resist-
ances are alikefor a particular speed notch of

- and

Neither is it novel to employ the said closed-

circuit principle of control with compound-

wound motors in which there are two sepa-
in which the various

the controller, whether such notch is reached
by a for w‘ud movement -of the controller-
cylinder—z. e.,from zero toward the highest-

speed notech—or by a backward movement of

the controller-cylinder—. e., from the high-
est-speed notch toward zero. In the present
case, however, where the regulation of the
speed of the motors is eff
changes in the strength of the magnetic field

of the motors and where by a baokwal d move-

ment of the oontroller-oyhndol the constitu-
tion of the field-windings is radically changed,

“the application of the closed circuit prmolplo
of control is believed to be novel and for the

first time employed in such connection. -
In order that the sald invention may be
clearly understood and readily carried into

~effect, the same will be described more fully

withr el‘erence to the aocompam* ing drawings,
in which—

Figure 1 is a diagrammatic devolopmont of
the various stationary and movable contacts
of the improved controller. Figs. 2 and 2°

are diagrammatic representations of the vari-
ous oombmatlons established by the move-

ments of the cylinders of said controller when
the machines are of the compound wounc
type, Fig. 2 representing the various combi-
nations when the controller handle is turned
in a forward direction, and Fig. 2" represent-
ing the various oombmatlons When the con-
troller handle is turned in a backward direc-
Figs. 3 and 3" are diagrammatic views
similar to Figs. 2 and 2%, showmﬂ‘ the various

combinations that are estabhshed by the move-

ments of the cylinders of the controller when

the machines are ‘'of the shunt-wound type'

Fig. 4 is a horizontal section of the reversing
jeld-change cylinder and its stationary
contacts used with this method of control.

A* represents the main controller-cylinder,
and A’ the stationary row of contacts Wlth
which it codperates, smd stationary contacts
being numbered from ‘17 to *°23.”

BX represents the combined reversing and
ield-change cylinder, and B’ B* are the rows
of stationary contacts with which it cooper-
ates, the row B’ being numbered from “" 17 to

*“16” and the row B from *“1” to *“15.” The
four vertical rows of black squares bt H b
represent the various movable contacts with
which the said.reversing and field-change cyl-
inder B* is provided. The stationary con-
tacts B’ B? are situated on opposite sides of
the cylinder B*, those on one side being con-
nected with the field-windings of one of the
two double-wound motors and those on the
other side being connected with the ﬁeld-
windings of the other of the two motors.

eoted by means of

“dition to theilr series cond

ward direction.

267.351

There are nine notches of the controller, (rep-
resented by the numerals 1 to 9,) arranged 1n
three groups, as set for th in the spool"ofttion
of the aforesaid prior application for patent.
In the example illustrated there are supposed

to be two double-wound electric motors, ot
-which the circles & d* d° d* represent the ar-

matures. |

P2 3 4

¢ ¢ ¢ ¢ represent Groupb or subdivisions of
the series windings, which are so dimensioned
as to enable them to serve as serles windings

75

when connected in parallel and as shunt-wind- ._

ings when connected in series. f f represent
other oroups or subdivisions of the series
windings, which are introduced only during
the period of I‘EG‘GHE‘:I‘LUOH 1t bemu‘ ander-
stood that the wmdmﬂs ¢ to ¢ when par al-
leled enable the motors to work like series-
Wound motors and that when said windings
7 to ¢ are thrown from their paralleled con-
ition they enable the
motors to work as oompound wound machines.

s is the starting resistance, and f' f~ are
field resistances, the former of which is ohm-
ically higher than the latter.

In Flgs 9 and 2* the letters and numerals
on the left-hand side of the diagrams repre-
sent the various speed changes and transition
steps between such chano*esj the numerals in-
dicating the speed changes and the letters the
transition steps, said transition steps taking
place between notches 3 and 4 and notches 6
and 7 when the controller-handle is being
tarned in a forward direction and between
notches 9 and 8, 7 and 6, and 4 and 3 when the

controller-handle is being turned 1n a back-
It is to be observed that the

same transitions as between notches 9 and 8
are repeated whenever a change trom motor
to generator characteristic takes place and
snmlarlv that the same transition as between
notches and *“off ” are repeated whenever a
change from generator to motor characteris-
tic takes plaoe
Retol ring more particularly to Figs. 2 and
dlo@ram A shows the two double wound
motorb in series connection, the field resist-

ances ' F* and the WlIldlIlG‘S £ being discon-

In this

nected. ondltlon of the parts the

| whole current passes through the Wmomgs é

to ¢* in parallel and the starting resistance s
and the field excitation is at 1ts maximum and
the motors are operating to start the vehicle
into motion. At dlaﬂ‘ram 1, Fig. 2, which

represents the oond1tlon of the motors when

the controller-handle is turned to the first or
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lowest-speed notch for increasing the Spoed |

of propulsion of the vehicle, the connections
are the same as in diagram A, with the excep-
tion that the starting resistance ¢ has been
short-circuited. At (:hao‘lam 2. Fig. 2, which
represents the oonchtlon of the motors when
the controller-handle. is turned to the second-
speed notch, the connections differ from dia-
oram 1 oan to the extent that the high re-
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sistances /' are put i In circuit, thus dwertmo
par tof the current from the field- windings e 'to
(; ‘and weakening the field. Atdmo“mm:% Fig.

2, (the next- suc:ceedmﬂ“ speed - noteh .) more

ot the curr ent 1S dwerted from the ﬁeld wind-
ings ¢ to ¢ than in diagram 2 by the intro-
ductlon into the c:n‘cmt of the other resist-
ances /-, thus still further weakening the neld
excitation. In effecting the chancfe of speed
from notch 8 tonotch 4 the motors are changed

~from their series connection to their series-

parallel connection by two transition steps,
(chnomms B and D)—that is to say, the field
ot one motor is first strengthened, as at dia-
oram B, by cutting out the resmt‘mce F* and
Lhen the other motor, with its two armatures
and field-windings, is short circuited,asis gen-
erally done, and almost amult%neously the
circult thr 0L10h the armature and field-wind-
1ngs of the Shmt circuited motor is broken.
as at diagram D, thus leaving one motor to
do all the work. At dmﬁ“ram 4, Fig. 2, (the
next-succeeding speed- notch) the short-cir-

—

D 1s reintroduced,
with maximum field str ength in parallel with

the other motor, the feld of which latter 1s
simultaneously stl engthened to its maximum
by breaking its teld resistances ' 7. At
diagram 5, Fw‘ 2, (the next-succeeding speed-
notch, ) the maximum field strength of “the mo-
tors 1n diagram 4 .1s weakened by the intro-
cuction of the high resistances 7. as in dia-
oram 2. At dlfwmm 6, Fig. 2, (the next-suc-
(,eedmcr speed- noteh )the field strength of the
motors. 1s slightly increased by Substltutmtr
for the high resistances /’ in diagram 5 the
lowresistances #*. . In effecting the change of
speed from notch 6 to notch 7 the motors are
changed from their series-parallel connection
(in which they existed in diagrams 4, 5, and 6)
to full-parallel connection by three tI'ELHSItIOIl
steps, (diagrams E, F, and G)—thatis to say,
the circuit connectlons of one motor and its
tield are first broken, as at diagram E, leaving
the other motor undlstm bed. The dlsconnect-
ed motor, with its armatures in parallel and
with maximum field strength, is then reintro-
cduced, asatdiagram F, and afterward the other
motor 1s dlsconnected asat diagram (5, and re-
arranged and r emtroduced W1th 1ts armatures
in par -allel ancl with maximum field strength,
thus bringing about the arrangement mdlcated
at diagram 7 Fig. 2. At diagram 8, Fig. 2,
(the next- sueceedlno speed.- notch ) the feld
strength of both motorsis 1 veakened by the in-
troduction of the high resistances 7/, and at
diagram 9, Fig. 2. (thpnext and last succeeding
Speed notch) ‘the field str ength of both motors
1s further wealened by the introduction of
the low resistances 7 in addition to the said
resistances /'.  When the controller-handle
1s turned backward, the reversing and field-
change cylinder B* is shifted ane oularly
thr ouoh the angle — SIXtY clegrees, this mov-
ing its contacts ¢’ and ' away trom the rows

7 Kigs. 1, 2, and 2% are introduced, with -

‘a moment

| resistancesqy’ 0.

| further Strenothen the shunt - winding.

3

of statlonary contacts B" B* and bringing its

contacts 6° 0** into engagement therewith.
This movement of the cyhnder B”* causes the
contacts 6 and 8 of the rows of stationary
contacts B B Fig. 1, to engage with the

“contacts of the cvlmder B~, this engagement
taking place before the other statlon‘u'y con-

tacts 01? the rows B’ B* break connection with
the rotary contacts " and ¥’*. By the afore-
sald change of contacts effected by the an ou-
lar movement of the cylinder B* throuwh the
SIXty clegrees a certain amount of series tur }ns
e
result that the connections are as represented
in diagram H, Fig. 2. By the continued
baclkward movement of the controller-handle

later the field- Wmdmos consisting
of the paralleled groupse tod, are b1 oken and
only the field-windings # remain in cir cuit,

as shown in diagram J As soon as the ro-
tary contacts 2 6 of the cylinder B have

macde contact with the stationary rows of
cont‘tcts B’ B® the groups of field - windings
¢ to ¢ are connected together in series and

together with the WII](hI]O‘S 7, convert the ma-
chines into their compound condition, as rep-
resented at diagram 8, Fig. 2% without in-
terrupting the circuit thmuo‘h the armatures,

the shunt resistance ' bemﬂ short-circuited
and the shunt resistance 1otmned In cir-

cut. Atdiagram 7, Fig. 2% thefield strength
1S Increased bV Shmt clrcmtmﬂ' both the shunt
In cha,ntrmcr back from the
tull-parallel to the series- parallel condition of
the motors the armature-circuit of one motor
broken, as at dlacrmm K, leaving the shunt
ﬁe'd of the same 1h cireuit and the resistance
w' 18 short-circuited. Then the armatures of
the disconnected motor are rearranged and re-
introcduced into the cireuit, as at dlaol am L,

both of the %huntresmtfmces 2w 2y bemo then in
circuit. The same operation of breahm anc
reintroducing the other motor is 1epeated a3
shown in dmﬂlam M and diagram 6, Fig. 2%

thus bringing about the series- pamllelmo con-
cition of the motor. At diagram 5, Fig. 2*

(where the controller-handle has been turned
back anothel speed-notch) the shunt resist-
ance 2’ 1s cut out of cireuit to strengthen the

shunt-winding and at diagram 4, Kig. 2%

(where the controller-handle has been turned
back another speed-notch,) the other shunt
resistance, 20° 1s also cut out of circuit to still
In
passing trom “the series parallel to the series
conclition it is necessar y to short circuit one
motor at the moment it is being introduced in
series with the other. To effect this without
developing a dangerous short-circuiting cur-
rent, the field must be reduced as much as pos-
sible. Therefore, at the moment ot breaking
the circuit of one motm n leavmﬂ* the series-
parallel condition its shunt field is short-ciy-
cuited, as at diagrams N and O, a suitable re-

| sistance being at the same time introduced in
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20

the field of the other motor, asshown in these
diagrams, to prevent an excessive develop-
ment of its field strength. Thus the speed-

notch represented- by diagram 3, Fig. 2% 18
reached, the continued backward movement
of the controller-handle bringing about the
cutting out of the circuit of first one and then
the other of the shunt resistancesw’w’as speed-
notches 2 and 1 are reached, as represented
in diagrams 2 and 1, Fig. 2*. The continued
backward movement of the controller-handle
causes the shunt-windings to be broken, as at
diagram P, and to be reintroduced in their
series condition, as at diagram R, and eventu-
ally breaks the connections when the said con-
troller-handle reaches the off position, as
represented in the diagram 5. It i1sto bere-

marked that in passing through the various

speed steps during the backward movement
of the controller-handle, Fig. 2%, no change
takes place in the series field. In the shunt
field the resistances are short-circuited until

. the armature combination has been changed,

30

35

40

50

(see diagrams 7 and 4,) whereupon the said
shunt resistances w0’ " are successively rein-
serted, thus weakening the’
say, at speed-notches 8, 5, and 2, Fig. 27, one
resistance — viz.,  w—1is in series with the
shunt field, the other resistance—viz., 20'—
being short-circuited. At speed-notches 7, 4,
and 1, Fig. 2%, both of the shunt resistances
w' w? are short-circuited and at speed-notehes
6 and 3, Fig. 2%, both of the said resistances
w' w® are in series with the field-windings.
The transition steps (shown by diagrams P
and R) are typical transitions for changing
the field from the shunt to the series condi-
tion. Theshuntfieldisfirst broken,leavingthe
series turnsinecircuit, diagram P. Theshunt-
windings ¢ to ¢ are then rearranged—:. .,
converted into the parallel condition and re-
introduced as series windings in parallel with
the other series windings 7, diagram R. Then

these series windings 7 are entirely removed

from the circuit.- diagram S, and at the same
time the armature and field connections are
broken by the controller-handle reaching the
off position. | | _'
The flow of the current through the vari-
ous connections will now be traced 1n con-
nection with Fig. 1. For this purpose let 1t
be assumed that the controller-handle occu-

~ pies the speed-notch 3, where the motors will

55

be in the condition represented by diagram 3
of Fig. 2 and operating to propel the vebhicle.

" The row of rotary contacts ' of the cylinder

60

65

B* will then be in contact with the row of
stationary contacts. B’, and the row of rotary

contacts ' of said cylinder B”™ will be in con-

tact with the row of stationary contacts B as
represented in Fig. 4, it being understood
that the main controller-cylinder A”™ will be
occupying a position in which 1ts row ot con-
tacts 8 will be in contact with the stationary
row-of contacts A’, Fig. 1. Then the cur-

Held—that 1s to

reaches earth through contact 21.

767,351

rent will flow from the trolley-contact 10
through the main-cylinder contacts to contact
11, through armature ', contact 13;and: main-
cylinder contacts to contact 12, armature &,
contact 14, then through the main-cylinder

-contacts to contact 15 and contact 11 of the
row of stationary contacts B. Here the cur-

rent divides, part of it passing to contact 10

(row B?) and thence through the resistances

S f* to contacts 18 and 19 of row A’ . whence
it passes through the main-cylinder contacts
to contact 17.0of row A’. The other part of

‘the current passes through the row of con-

tacts 0'* of cylinder B™ to the stationary con-
tacts 2, 3, 12, and 13 of row B* and passes si-
multaneously through the field-windings ¢ ¢
& ¢ belonging to the armatures d' «° and re-
turns to the contacts 4, 5, 14, and 15 of the
row B? and unites again at contact 7 of said
row B®.  TFrom this contact 7 the current re-
turns to the main cylinder A through con-
tact 17 of row A’, where it unites with the
part from contacts 18 and 19 and passing
over the main-cylinder contacts reaches con-
tact 16 and thence flows to contact 6 of row
A’. The current then flows through arma-
ture d° to contact 4 of row A’, and from this
contact it flows through the contacts of the
main cylinder A* to the contact 5 of row A/,
and thence through armature ¢' and contact
3 of row A’, which is electrically connected
with contact 7 of the stationary row of con-
tacts B’. Here the current again divides,
part of it passing through the row ot con-
tacts &’ of the cylinder B* and reaching the
contacts 2, 3, 12, and 13 of row B, the other
part passing through the field-windings ¢ ¢
& ¢ belonging to the armatures @’ ¢ of the
motors and returning through contacts 4, 5,
14, and 15 of row B’ and uniting agalin at con-
tact 11 of row B'. Thence the current flows to
contact 20 of row A’ and through thecontactsotf
main cylinder A* reaches contact 21 and flows
to earth.
resistance 7' 7 of the other motor and reaches
the contact 10 of row B’. Itthen flowsthrough

‘the contacts &' of cylinder B” to contact 11 ot

row B’ and unites with the other part of the
current at contact 20 of row A’ and also
_ Let 1t now
be assumed that the controller-handleis turned
in a backward direction from the speed-notch
3 to speed-notch 2 in order to bring about the

retarding or braking of the vehicle, or, in

other words, to change the series condition of
the motors to their compounding condition, so
that they will act as generators and return
current to the main supply. Their condition
will then be as shown at diagram 2 of Fig. 2°
and the flow of the current will be as follows,
it being understood that the cylinder B” is
then in the position in which its contacts 6°
and 0* are respectively in contact with the
rows of stationary contacts B' B® and the

‘main cylinder A™ is in the position in which

The current also passes through the
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- 11 of row B, and here it
- of contacts on cylinder B> to follow.
1O
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14 and 13, and
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its contacts 2 are in contact with the row of

contacts A’: The-current passes through con-
tact 10 of row A’ to contact 11 of said row,
and thence flows through armature ¢, contact
13, (row A’,) contact 12, (row A’.) armature
", and contact 14, (row A’,) to contact 15,
(rowA’.) Thencethe current flows to contact
inds only one path

Hence
1t flows to contact 6 of row B Thence the

current flows through the series windings 7 of
one of the motors to contact 8 of row B and
thence it passes through the contacts of cyl-
inder B* to contact 7 of row B> TFrom this
contact the current returns to contact 17 of

row A’ and reaches contact 16 of said row. |

Thence the currentflows to contact 6, (row A’,)
through armature ¢’, contacts 4 and 5, (row
A’,) and armature d@* to contact 3, (row A’.)
The current then passes to contact 7 of row
B’ and reaches contact 6, (row B.) It then
passes through the series windings 7 of the
other motor and reaches the contact 8 of row
B’.  Thence it flows to contact 11 of row B’
and passes to contacts 20 and 21 of row A’,
and thus to earth.
flows from contact 10 of row A’ to contact 8
of said row and passes through the resistance
w” to contact 7 of row A’.
flows to contact 1 of row B’, and thence passes
Held-
winding ¢’ to contacts 4 and 3, field-winding
¢, contacts 5 and 12, field-winding ¢*, contacts
ield-winding ¢* to contact 15.
Thence the current passes to contact 12 of row
B and through field-winding ¢ to contacts 14
and 13 of said row, thence passing through
field - winding ¢' to contacts 15 and 2, (row
B%,) thence through field-winding ¢ to con-
tacts 4 and 3, and thence through field-wind-
ing ¢ to contact 5. Then the current passes
to contact 1, (row B?) whence it flows to con-
tacts 20 and 21 of row A, and thus to earth.
The direction of the flow of current is the op-
posite 1f the counter electromotive foree of
the motors is higher than the line voltage.

~ As explained in the specification of my ap-
plication for United States Patent Serial No.
191,620, filed February 1, 1904, the four rows
of contacts carried by the combined reversing
and field-change cylinder B* are arranged in
pairs of vertical rowsd’ 0’ 5* 1, situated dia-
metrically opposite each other. By the an-
gular movement of theshaft B*, carrying said
cylinder, each of the two rows of ‘these con-
tacts can be 1n turn brought into simultane-
ous engagement with the two rows of station-
ary contacts B' B*.  The group or pair of con-
tacts &' 0" serves to connect the separate field-
windings of the motors in parallel, Fig. 2, so
that the machines work as series motors, and
the other group or pair of contacts 5* 2% serves
to connect said windings in series, Fig. 2% so
that the machines work as compound genera-
tors. Theangular distance @ between the two

At the same time current

The current then

D

groups of contacts 4" 5”and ' 0** is only that
which is necessary to insure the breaking of
the arc of one group of contacts before mak-
Ing contact with the other group, and the an-
gular distance £ between the groups of con-
tacts " and 4" and * and 5* is one hundred
and eighty degrees. Thecircuaits controlled by
these contacts are so arranged that when the
cylinder B occupies the position represented
in the drawings the motor will revolve in one
direction and that when said eylinder is turned
through the angle f—i. ¢., one hundred and

e1ghty degrees, or a half-revolution—to bring

the cylinder-contacts that are represented on
the left into the position occupied by those on
the right the motors will revolve in the oppo-
site direction. This angular displacement of
the cylinder in no wise interferes with the ca-
pacity of the cylinder-contacts to bring about
the change of the field-windings of the motors
trom the series to the compound. condition,
and vice versa, when said eylinder is oscillated
through the angle @ in whichever of the two
extreme positions it may be placed by turn-
ing through the said angle f—that is to say,

‘when one group of contacts—say &' '*—en-

gages with the stationary contacts B’ B? the
windings of the motors will be in paralleled
condition and form part of the series wind-
ings and when the other group of contacts—
say 0° 0™ —engages with said stationary con-
tacts the windings will be in the shunt or com-
pounding condition, this function .of the con-
tacts being equally well fulfilled by the oscil-
lation from one group of contacts to the other
through the angle @ irrespective of the one-
hundred -and - eighty - degree position of the
cylinder, and therefore independently of the
direction of rotation of the motors. The os-
cillation through the angle & from one row
or group of contacts to the other cannot effect
a reversal of the current through the fields of
the motors, since that requires the movement
of the cylinder through the angle f—i. ¢.. one
hundred and eighty degrees.

When the machinesare shunt wound instead
of compound wound, the different variations
in their character and electrical relationship
during working is illustrated in Figs. 8 and 3*
In view of the full explanation given with re-
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spect to Kigs. 2 and 2" it is unnecessary to de-

scribe these Figs. 3 and 3% in detail.

No claim is made hereinafter to the strue- |

tural apparatus hereinbefore described and
disclosed in the accompanying drawings and
by the use of which the methods of- operation
hereinafter claimed are effected, as this fea-
ture constitutes the subject-matter of an origi-
nal application bearing Serial No. 191,620,
1led in the United States Patent Office onthe
Ist day of February, 1904, and of which the
present application is a division. _

What I claim, and desire to secure by Let-
ters Patent of the United States, is—

1. A method of regulating a regenerative
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electric motor, which consists in making the
field-windings capable of acting alternatively

‘asseries windings when the motor is propelling

and accelerating and as compound or shunt
windings when the motor is performing 1ts

braking or retarding function, and in keep-

" ing the current from the power-circuit unin-

LO

terrupted while the change in the character of
the field-windings is being effected, for the
purpose specified.

2. A method of regulating aplurality of re-
‘oenerative electric motors, which consists in
making the field-windings capable of acting
alternatively as series windings when the mo-
tors are propelling and accelerating and as
compound or shunt windines when the mo-

(0,501

tors are performing their braking or retard-
ing function, and in keeping the current from
the power -circuit uninterrupted while the
change in the character of the field-windings
is being effected and also while the various
changes are being made in the series, serles-
parallel and parallel relationship of the ar-
matures for varying the speed of the motors,
substantially as described. |

In testimony whereof I have hereunto set

my hand, in presence of two subscribing wit-
nesses, this 26th day of March, 1904. |
JOHAN GUSTAF VIKTOR LANG.
- Witnesses: B |
Epwarp H. JoHNSON,
-Hexry HASPER.
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