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To all whoeny 6 may concerr:

je it known that I, THORSTEN VON ZWEIG-

BERGK, a citizen of the United ptates, residing
at Cleveland, in the county of Cu ymhoﬂa ﬂnd
State of 01110, have invented certain new and
useful Improvements in Series-Multiple Con-
trollers; and I do hereby declare the following
to be a full, elear, and exact deseription of the
invention, such as will enable others skilled in
the art to which it appertains to lll::leO and use

~the same.

One object of my invention is to provide
novel mechanism for subdividing the ares in-
cident to breaking orreducing an electric cur-
rent, whereby the destructive energy of said
arcs 1s diminished.

Another object is to provide a novel and
simple construction of the controller device
fortrolley-cars, whereby the different connec-
tions of the motors and resistances may be
made quickly and with certainty.

Another object is to provide a construction
whereby the movement of the switch 1n one
direction results in the trolley being connect-
ed with the motors in series and the move-
ment of the switeh in the other direction re-
sults in the trolley being connected with the
motors in multiple are.

The invention consists In the novel con-
troller apparatus hereinafter described, and
pointed out definitely in the claims.

The apparatus, as shown, 18 especially
adapted to control the current of a motor-car
carrying two motors and two resistances. By
the movement of the switeh in one direction
the motors in series are connected with the
trolley and the circuit is made to include
neither or one resistance, or both resistances,
as desired, and by the movement of the switch
in the opposite direction the motors in multi-
ple arc are connected with the trolley, and the
connection includes neither or one resistance,
or both resistances, as desired.

In the drawings, Figure 1 is a front eleva-
tion, partly in section, of the controller de-
vice, the contact-fingers on the unsectioned
side of the figure being removed. Ifig. 218 a
plan view thereof. Iig. 3is a sectional plan
viewon line 8 3 of Fig. 1. Ifig. 41isa sectional

5, 5“ and 5" are sec-

(No model,)
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tional plan viewson line 5 5 when the switch-
cvlinderisin three different positions. Ifigs.
G, 6", and G" are sectional plan viewson line 6 G
when the switeh-eylinder is in three different
positions. Figs. 7,7% and 7" aresectional plan
views on line 7 nhen the switeh- cvlmdol 18
in three different positions, Ifig. §1s a dia-
crammatic view of the controller apparatus,
the black patches representing the contact-
strips on the switeh and their connections and
the white blocks representing the contact-fin-
oers.

Referring to the parts by letters, I repre-
sents a movable switeh. It 1s shown in the
form of a cylinder which i1s mounted upon a
vertical axis. Theparticular construction of
the cylinder is not material to the invention.
It is only necessary that the various contact-
strips c carried by it shall be insulated from

cach other. In the construction shown the
switeh consists of a central vertical shatt J,
upon which are rigidly secured the three fiber
(insulated) rings L, N, and P.

Theoriginal contact-str ips A A" A% or““trol-
ley-strips, K as I will call them, are arranged in
one horizontal row upon the 5111‘faee of t-he ring
.. Thesurfaceof theswitehin the same hori-
zontal plane with the trolley-strips is builtout
by strips A%, having no electrical connections,
the surface of all of said strips being parts of
the same cylindrical surface.

C, ¢, ¢ C3 CL O OY and € represent a
row of are-spanning strips which aresecured
upon the ring L. Allof them exceptthe two
middle strips C° C* are connected togetherin
pairs by the wires ¢. The strip C° is con-
nected by wire ¢’ with the middle trolley-strip
A’, while the strip C*is connected by wires
«? ¢* with the two other trolley-strips A A~
Another 1101‘12.011 tal row of arc-spanning strips
B, B, B B B B° B and B' are secured
to the ring N, and Lheym'e connected in pairs
bv the wires 0.

One motor-strip K is secured to the face ot
the ring P, and the two other motor-strips D
D’ are secured in a row to the same ring.
The two motor-strips E and D' are connected
by a wire e to the trolley-strip A" and conse-
quently with arc-spanning strip C°. The mo-
tor-strip D 1s grounded.
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M M’ represent the two motors, which, as |

shown, are permanently connected together,
and the motor DM’ is grounded.

The trolley cont‘mt fingers, of which there
are five, I' I It* I I, are fastened to the
edges of an insulated ring g f. Thisringis se-
cured to a sleeve f/, w hich embraces the shaft
J loosely, and is fastened to a {ixed base /=,
These contact-lingers are connected with the
trolley 1" and the resistances R IR as follows:
Both resistances are included in the con-
nection f° between the trolley and the fin-
oers E* Kt One resistance I3 is included in
the connection /7 between the trolley and the
two fingers I ", The connection / hetween
the trolley and ﬁnger I does not include
elther resistance.

G, &, 6% G, G, G% G°, and G" represent
arc-spanning ﬁngels which are arranged in
an annular row around the cylinder and are
supported by an insulated {iber ring IX. This

ring is secured to a sleeve &, which loosely

embraces the shaft J, and the ring is pre-
vented from revolving by an arm o , which
is fastened to it and to the fixed casing O.

The ends of these fingers respectively ]10 in
the planes of the two rows of are-spanning

strips. When the currentis cut off entir ely,
these fingers lie between the arc-spanning
strips of these two rows; bul when any con-
nection is made each of the said fingers con-
tact with an arc-spanning strip in the upper
row and one in the lower row, as indicated
by the dotted representation of finger & in
the diagrammatic view.

I and IT' represent two spring-actuaied
contact-iingers which are pivoted oneabove
the other to a fixed insulated support. One
finger II' is in the planc of the motor-strip K,
while the other is in the plane of the motor-
strips D D°.  The finger IT is connected by
wire /i with both motors inseries, while a wire
I’ connects the finger IT' with hoth motors in
multiple are.

YWhen the switeh isinthestut-off posw;mn
the two strips D D’ are on opposite sides of
the finger I, as shown by IFig. 4. The strip
I£ 18 Just below strip D and consequently on
the same side of finger I1I'. The three trol-
ley-strips A A" A° lie between the two fin OIS
I T4, as shown in Fig. 7%, and the fingers (%,
&e., lie between the arc-spanning strips, as
Shown 1 Iies, 5% and 6°,

The switelh may be turned in either diree-
tion nearly half a revolution. If turned to
the left, the motors are connected in series;
1f to the right, in multiple are. If turned by
its handle V one noteh to the left, to the po-
sitlon indicated by the line 1 of I‘lﬂ 2, all of
the are-spanning strips are brouﬂhb Into con-
tact with the corresponding ﬁngel_'s (=, dve.,
the trolley-strip A contacts with finger I
and the motor-strip D’ contacts with ﬁnﬂer
H. The current then flows through both re-
sistances R I to finger If*, strip Aj all of the
arc-spanning strips and fingers to strip D', to
finger I, and beth motors in series. If moved
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another noteh to the left, all of the arc-span-
ning strips simultaneously break connection
with the arc-spanning fingers and immedi-
ately make new connection With the next palr
of fingers. The trolley-strip A makes con-
tact with the finger ', while belfore this last
contact 1s made trolley-strip A" makes con-
tact with finger I~ T'he motor-strip D’ re-
mains in eontact with finger 11.  The current
momentarily flowsdirecet from strip A’ to strip
D'over wire e,and thence as before; but when
all of the contacts are made as described the
current passes through one resistance I to
finger ', to strip A, and thence through the
arc-spanning strips, &e., as before. When
the switelh moves another notch 1o the left,
the arc-spanning strips break the old and
male new connections with the fingers G, &e.
The motor-strip A contacts with finger I,
while the strip A" contacts with finger 17
The current flows through both motorsin se-
ries and neither of the resistances, the then
existing connections beingindicated by Ifig. 7

In turning the switeh to the right connec-
tions are made by means of which the motors
are connected in parallel are. by thusmov-
ing the switeh one noteh the trolley-strip A”
1s made to contact with the finger I, and both
motor-strips DD and K will contact with {he
fingers IT IT', respectively.  Now, as always,
“hen any eonnecllon is made the fingers G,
&e., are contacting with the are- 91}.;11111111;;
strips B, &e., O, &e. The currentnow flows
through both resistances, the are-spanning
strips, and fingers to strip I, finger I, to a
pomnt between the motors. It {lows through
onc motor M’ to the ground and through the
other moftorto finger 11, to strip D, to ground.
In the further movement of the switeh in this
direction the path of the current is changed
only by culting out onc¢ and then both resist-
ances as the strip A~ contacts suceessively
with fingers I and I, T'he last position is
indicated by Fig. 7. In moving to the sec-
oind noteh the strip A’ DASSCs momentarily
into contact with finger I, and in moving to
the third notch the %11_111 AT 1S nmmentim_]_b
brought also into contact with finger I, and
during the period of time when said fingers
are in contact with strip A’ {he current passes
directly from said strip to motor-strip Ii.
- Itwill benoticed that the distance betwecen
the strip A" and both strips A A* is less than
the width of the lingers If, &e.,wherefore the
sald fingers temporarily make contact with
both strips as the switch is moved to carry
one out of and the other into contact with
one of the fingers. It will also be noticed
that 1in moving the switeh from one position
to another 1n cither direction all of the are-
spanning strips brealk contact with all of the
fingers &, &ce., at the same instant that the
strips A or A~ break contact with the respee-
tive fingers.

It the switeh is in either position shown by
Figs. 7% or 7" and it is moved to malke a new

connection to reduce the current flowing, the
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circult 1s simultaneously broken in seventeen
places—viz., when the trolley-strip A or A“
breaks contact with the finger I and when
all of the arc-spanning strips break contact
with the several contact-fingers. Thereatfter
and until the strips A or A® make contact
with the fingers I or If, as the case may be,
the current flows through one resistance to
one or the other of said fingers to trolley-strip
A’, thence over wire e to motor-strip E or D', as
the case may be, and thence to the motors.
The reduced circuit is now formed, and in
being formed the old circuit was, as above
stated, broken simultaneously in seventeen
places, thereby diminishing the length of the
incidental ares to the extent well understood.
The switch does not stop in this position, but
continues to move until one of the strips A
A? (depending upon the direction of move-
ment) contacts with the corresponding finger
[ I* and until the are-spanning strips again
make contact with the fingers G, &e. boLh of
which connections are mdde before tho strip
A’ finally breaks contact with the finger I
or I3,  The circuit is not changed by this ad-
ditional movement except that the are-span-
ning system of strips and fingers is connected
into 1t, and this change is made without any
brealk in the circuit.

When the current is entirvely cut off, all of
the motor-strips and arc-spanning strips and
trolley-strips simultaneously break contact
with the fingers with which they are in con-
tact, nmkmﬁ ecighteen or nmeteon breaks, as
the CELSO may be

Associated with the switeh is an indieator-
wheel U, secured to it and having six notehes
(indicated by 125 4 5 () in addition to the
notch , Kig. o. A spring-actuated arm ',
pivoted to a fixed support, 1s provided with
a friction-roller 2*, which is held in contact
with the periphery of said indicator-wheel by
the spring . The indicator-wheel moves
with the switch and can only stop when the
roller ©*is in one or the other of said notches—
that is to say, 1t may stop in one of the seven
positions before explained. The notches 3
and G are separated by a long tooth «”,which
engages with the roller v* and prevents fur-
ther movement of the switeh in either diree-
tion after the said engagement talkes place.
Theswitech may therefore be moved only three
notches from the shut-off point in either di-
rection. 1If the motors are connected in sc-
ries or multiple arc and it is desired to re-

b |

~verse the connection in this particular, it is

necessary to first entirely shut olf the current.

The lines marked 1, 2, 5,4, 5, and § in Fig.
2 indlicate the 130‘311310115 of the handle V when
the roller u*is engaging with the correspond-
imgly -numbered notches 1n the indicator-
wheel.

The lines marked 1, 2, 8,4, 5, and 0 in IFig.
4 represent the parts of the motor-strips which
are in engagement with the finger Il when the
roller«?®is engaging with the correspondlnﬂlj, -
marked notehes in the imdicator~wheel.

o

[Taving desceribed my invention, I claim—

1. In a series-multiple controller, In com-
bination, two motors, contact-{ingers with
which the motors are respectively connected
in series and in multiple are, a switch mov-
able in both dircetions from the “*shut-olf”
position, motor contact-strips thereon, on op-
posite sides of said contact-fingers when the
switchisin said shut-off position, and adapted
to contact with said contact-fingers, trolley-
strips thereon, connections between the mo-
tor-strips and trolley-strips, and fixed con-
tact-fingers which connect the trolley-strips
with the source of current, whereby the move-
ment of the switeh in one direction causes
the current to pass through the motors in
series, and the movement of the switch in the
opposite direction causes the current to pass
through the motors in multiple are, substan-
tially as and for the purpose specified.

In a controller device, in combination,
two motors, two contact-fingers, one of which
is connected with the two motors in series,
and one with said two motors in multiple are,
a switch movable in both directions from the
shut-off position, and means for connecting
one finger with the trolley when the switeh 1s
moved in one direction, and for connecting
said finger with the ground and the other fin-
oer with the trolley when the switch is moved
in the opposite direction, substantially as and
for the purpose speciiied.

3. In a controller deviee, in combination,
two contact-fingers I, II', a switch relatively
movable in both directions, two motor-strips
D, D’ in line upon said switch and on oppo-
site sides of the finger 11, the strip D being
connected with the ground, a motor-strip I
upon said switech on one side of finger II,
means for connecting and disconnecting both
strips £ and D’ with the trolley, and two mo-
tors which are connected with finger II 1n se-
ries, and with finger IL" in multiple are, sub-
stantially as and for the purpose specified.

4, In a controller device, in combination, a
switch movable in Dboth direetions from its

I shut-off position, two motor contact-fingers,

two motors respectively connected with said
fingers in series and in multiple are, two
strips D D' on the switeh inline with and on
opposite sides of one of the said fingers, the
strip D being grounded, a strip K in line with
the other motor-finger, the two rows of are-
spanning strips, all of the strips in one row
being connected in pairs, and all of the strips
in the other row except two being similarly
connected, permanent electrical connccetions
between one of the said two arc-spanning
strips with the motor-strips E and D', means
for connecting the other of said are-spanning
strips with the current-supply, and a plu-
rality of arc-spanning fingers for severally
connecting the strips in one arc-spanning
row with strips in the other row, substan-

- tlally as and for the purpose specified.

5. In a controller, in combination, a sw 1teh
movable in both du"ectlonq from the shut-o
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position, three trolley-strips thereon, fixed |

contact-fingersfor contacting with said strips,
sald fingers being connected with the source
of current by connections which include dif-
ferent amounts of resistance, a row of arc-
spanning strips which are econnected together
1n palrs, another row of arc-spanning strips,
all but two of which are connected together
I pairs, permanent electrical connections
between one of the said two arc-spanning
strips referred to and both of the end trolley-
strips, permanent electrical connections be-
tween the other of said arc-spanning strips,
the middle trolley-strip and two of the mo-
tor-strips, motor-strips, their contact-fingers,
clectrical connections between the motor con-
tact-ingers and the motors, and arc-spanning
contact-fingers, substantially as and for the
purpose specified.

6. A controller consisting of a switch hav-
ing thereon a row of trolley-strips compris-
ing the strips A, A’, A® and the two rows of
are-spanning strips, the strips of cach row
(except two in one row) being connected in
pairs as described, and two rows of motor-
strips, one row containing one strip E and
the other row two strips D, D’ on opposite

sides of the corresponding contact-finger, per-
manent electrical connections between both
strips A, A® and one of the unconnected arc-
spanning strips, permanent electrical con-
nections between the strip A’ and the other
unconnected arc-spanning strip and the mo-
tor-strips K and D', permanent electrical con-
nections between the strip D and the ground,
the trolley-fingers, permanent electrieal con-
nections between said fingers and the trolley,
which connections include different amounts
of resistance, arce-spanning fingers for con-
necting the strips in the two are-spanning

rows, the two motor-fingers, and two motors .

connected 1n series with the ground, and per-
manent electrical connections between one
motor-finger and both motors in series, and
between the other motor-fingers and both mo-
tors 1in multiple are, substantially as and for
the purpose specified.

In testimony whereof I allix my signature
in presence of two withesses.

THORSTEN VON ZWIIGDERGK.

Witnesses:
K. L. THURSTON,
K. . GILCHRIST.
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