(No Model.) 5 Sheets—Sheet 1.

M J. WIGHTMAN. ~_
METEOD OF REGULATING ELECTRICALLY OPERATED MECHANISM. |
- No. 435,958. Patented Sept. 9, 1890.

1 \
| o
: p 2
: E
1 K Ficc e,
; .
i | .
*J.;{/ @% 4
- V2
C. S
" Jl
w4772
-
) ) INVENT OR!
Merle J- )_*szg;wnm;z, |

THE NORR!S PETERS CO., PHOTO-LITHO., WASHINGTON, D. C. .
."_”-'H
-




~ .'I(NO Model.) - | 5 Sheets—Sheet 2.
—~ ‘ M. J. WIGHTMAN. -

METHOD OF REGULATING ELECTRICALLY OPERATED MECHANISM. S~

_ s ' | | _
N- ‘ . _ l : - oy - Y - "."-'I'

SAtlorne




(No Model.) 5 Sheets—Sheet 3.

M. J. WIGHTMAN. -

METHOD OF REGULATING ELECTRICALLY OPERATED MECHANISM, Ny

No. 435,958, Patented Sept. 9, 1890.

F:‘;t:f. a.
o, [ o2
- X
Fic 5. ©
vl
— Y py 039 ' .
® ’ &'
A Y
f 3‘? .1I ;! .ﬂ_‘e
. | )
., \ '
 INVENTOR
- Merle I'WMIM .

ATTORNEY.




(No Model.) 5 Sheets—Sheet 4.

, M. J. WIGHTMAN. . ~
'METHOD OF REGULATING ELECTRICALLY OPERATED MECHANISM. T

No. 435,958. - Patented Sept. 9, 1890.
Fir T - P 109V,

-y W EEm wwn Sl gl e e o - e - S — — vl S
'

— — e e

— Wiy b — — — —
—t— b ‘,..._. [~

E— T L —

—-— e Tep
il B e — sk SN ki -
- 1_.__— - awe L . -l
-----------
[ e - - — — e — — -
— —':
— — e Emy =k E O

INVENTOR
MerleJ Wegldmait

ATTORNEY. ﬁ

L THO., WASHMGTCN, . €.




(No Model.) 5 Sheets—Sheet 5.

M. J. WIGHTMAN.

METHOD OF REGULATING ELECTRICALLY OPERATED MECHANISM. | T~
No. 435,958, _ Patented Sept. 9, 1890,

ATTORNEY.

‘I\‘E'.'l\
Ficy] il
WITNESSES: | INVENTOR
m N ffﬂzeJWg?ng .

NORRIS PETEAS CO., PHOTO-LITHO., WASHINGTON, D, C.




UnTTED STATES PATENT OFFICE.

MERLE J. WIGHTMAN, OF LYNN, MASSACHUSETTS, ASSIGNOR TO THE THOM-
- SON-ITOUSTON ELECTRIC COMPANY, OF CONNECTICUT. -

METHOD OF REGULATING ELECTRICALLY-OPERATED MECHANISM,

[ —
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To all whom ot may CONCermn.: .
Be it known that I, MERLE J. WIGHTMAN,

a citizen of the United States, residing at
Lynn, in the county of Essex, Stateof Massa-

s chusetts, have invented certain new and use-
ful Improvements in the Method of kegu-

lating Electrically-Operated Mechanism, of

 which the following is a specification.

My invention consists in providing for any

. {e machinery which it is desired to operate by

“electricity with varying speed and power two

electric motors, which are connected to the
machine so as to co-operatein driving it. AS
'it is well known thatthe regulation of an elec-
15 tric motor depends upon the relation between

the direct and the counter electro-motive

forces, it becomes necessary on a constant po-
tential circuit that a motor must be regulated

in its speed either by varying 1ts counter elec-

20 tro-motive force with relation to the speed, or
else byinserting aresistance to compensate for
any decrease of counter electro-motive force
when the said counter electro-motive force
corresponds with the speed of the motor and
cannot be varied independently thereof. In
the method which I have invented the two
armatures constitute each a source of electro-

25

motive foree, which may be placed either in.

 series or in multiple are, so that the total elec-
z0 tro-motive force of the motors may be varied
independently of the speed of the driven
mechanism and no artificial resistance be re-

quired.

My invention therefore consists ina method |

1

3¢ by which different degrees of speed in the
driven mechanism may be obtained by, first,
placing the two motors in series; secondly,
‘regulating the counter electro-motive force of
one or both of the motors by changes in the

4o field-magnet strength so as to produce &
higher rate of speed; thirdly, short-cireult-
ing one motor after its counter electro-motive
force has been reduced to a point where the

" short-circuiting may be accomplished without
45 sparking
~ jn multiple arc with their normal field-magnet

. fourthly, connecting the two motors

strength, and, fifthly, regulating the field-mag- |
net strength of one or both of said motors to
obtain the highest rate of speed. More or less
zo of these steps may be taken, as desired.

My invention is illustrated in the accom-
panying drawings, in which— ' _

Figures 1, 2, 3, and 4 are diagrams illus-
trating the various modifications of my inven-
tion. Fig.5 is a diagram illustrating appara-
tus that can be used in practicing my inven-
tion. Fig.6isa diagrammatic view of a modi-
fied form of apparatus. Fig. 7 is a diagram
of the circuits in a switch mechanism of still
another form of eonstruction that may be used
in practicing my invention. Fig. 8 is a plan
view of the switch mechanism whose circuits
are diagrammatically illustrated in Fig. 3.
Fig. 9 is an end view of the switch-cylinder
shown in Fig.8. TFig.10 is a perspective view
of one of the spring-contact disks of the switeh-
cylinder. | |

Referring to Fig. 1 of the drawings, X and |
Y represent the two main lines of a constant
potential circuit. | |

A and B represent two electric motors.

A’ and B’ represent the field-magnets, and
A? B? represent the armatures of the respect-
ive motors. In Fig.1 these motors areshown
connected in series with switches for. chang-
ing connections as may be necessary in car-
rying out my method. A switch is also pro-
vided for cutting out more or less of the field-
magnet coils of motor A. The circult may
be traced from line X to switch 0, to contact
£2 to magnet A’ of the motor A, and by switch
c m to the second motor B. The two motors
will thus be in series and adapted for the
lowest rate of speed. By operating switch-
lever b more or less of the coils of A’ will be
thrown out of circuit. This will tend to in-
crease the speed by decreasing the total coun-
ter electro-motive force of the two motors. 0
may be moved until substantially all of the
coils of A’ are cut out, when the counter elec-
tro-motive force of A will be substantially
reduced to zero, and it may then be safely
short-circuited without producing any are at
the contact. This will be accomplished by
turning the switch d onto the contact-plate
m, when only the motor b will be actually in
circuit. o o

The method which has thus far been de-
seribed is one which may be employed 1n any
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motor from series-connection with another | o? it moves the arm B? along with it until the

motor without producing sparking at the con-
tact, as would be the case where an active
armature is suddenly short-circuited.
The next step in the method of regulating
will be to place motor A in multiple-are con-
nection with motor B, with its field-magnet
restored to 1ts full strength. T'his will be ac-
complished by moving switeh O to the posi-
tion shown in dotted lines, where the circuit
of A is entirely interrupted. The switch ¢
will then be turned to contact-plate [ and
the switch 0? turned to contact-plate 0. The
switech-arm 0 may then be rapidly brought to
contact 7% where it will give the same con-
For the final
step, motor A alone or motor B also may again

“have its field-magnet strength reduced to ob-
- taln a greater speed than would be possible

with the two motors in multiple arc with their
full field-magnet strength.

In Fig. 2 substantially the same arrange-
The switeh 03

however, 18 omitted, its function being per-

formed by moving the arm b onto a supple-

mentary contact ¢, which is connected both
to the switch d and to the outer field-magnet
coil of A. .

In Fig. 3 another arrangement for accom-
plishing the same results is illustrated. In
this instance, however, the motor A is short-
circuited by moving the switch b onto the
contact g,and it is then thrown into multiple-
arc connection by a further movement of the
switch b, so as to connect the plates ¢* m?.

Fig. 4 shows the same arrangement as Iig.
2, except that the switch ¢ has a connection
to main line X independent of the contact-

- piece ¢*

In Kig.5 1 proceed to show how the connec-
tions illustrated in the previous figures may
be successively made by a single movement
of the switeh. In other words,the switch-arm

b 18 provided with an operating connection

to switches d and ¢, so that they may be turned
automatically after the switech b has reached
the point where it has cut out the whole of
field-magnet A’. In this figure also I have
shown the two armatures connected by a belt

to the same driven mechanism, so as to co-
operate in their action upon it. In the posi-
tion of the switch shown in the figure both
motors arein series. Thearm b isthen moved

so as to short-circuit successive sections of |

magnet A, and then as it passes from plate
g the radial projection o throws the connected
switches ¢ ¢ onto the plates [ m, respectively.

The two motors will then be in multiple are.

Fig. 6 shows an arrangement by which the
field-magnet strength of motor A is reduced
by a resistance f, which is gradually with-
drawn from a shunt around the field-magnet.

- Inthisarrangementthe arm b gradually short-

05

circuits the field-magnet A, then cuts it out

of eircuit,and by coming in contact with pin

latter connects with /, while the former rests
upon m and g% This produces the same re-
sults accomplished by the arrangements pre-
viously described.

For practical use—as, for instance, in the
controlling of electric-railway motors—I have
devised the apparatus illustrated in Ifigs. 7,
3, 9, and 10. This consists of a cylinder-
switch made up by placing a number of disks
P upon the same shaft C, so as to be operated
together. Kach of these disks consists of an
insulating center, upon the periphery of which
are placed a series of projections ¢®, spaced

75

30

S0 as to make the desired connections when

brought into contact with the respective sta-
tionary contact-pieces. One of these is illus-
trated in Fig. 10, and consists of two plate-

| aprings riveted to a conducting-block and
~adapted to extend intfo the path of the
-Jections ¢° so as to be separated and press
upon the opposite sides of the said piece,

pro-

making thus a good electrical connection
therewith. The said stationary contacts are
connected to various parts of the circuits, as
will be seen, at the top of Fig. 7, where they
are marked a” a® ¢, &e.. o’ and a'! are con-
nected to the two terminals, respectively, the

' former being also connected to the end coil

of the field-magnet of motor B. ¢? is con-
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nected to an intermediate point of the said

field-magnet, and a® to its opposite terminal.
a* is connected to one terminal of the field-
magnet of motor A, ¢’ to an intermediate
point of the said magnet, and a® to the opposite
terminal. af, @b ¢’ and @' are connected,
respectively, to the four terminals of the ar-
mature-circuits. |

The lower part of Iig. 7 indicates the con-
nections which are established between the
said stationary contacts a’ ¢ a®, &e., by means
of the projections ¢® as they are turned by
shaft C. The figures 1 2 3, &e., on the left
of Ifig. 7, indicate the successive positions of
the switch, and consequently the different
conditions. There are eleven different ar-
rangements of the connections shown, al-
though I am not confired to this number in
the practice of my invention.

The same letters in different figures repre-
sent corresponding parts. |

Two similar sets of contacts may be ar-
ranged inreverse order upon each half of the

switch-cylinder, permitting the same order of

connections to be established in whichever
direction the cylinder may be rotated, the
currents through the armature being reversed
with the opposite directions of rotation. This
1s shown in Fig. 9, but in the diagram of
Fig. 7 only one-half is shown, for simplicity.
Pogition "one is the zero-point, the only con-
nection being a short ecircuit around a portion
of each field-magnet for the purpose of ab-
sorbing the extra current upon the breaking
of the motor-circuit. In position 2 the arma-

l.tures and fields of both machines are con-
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nected in series. In position 3 the same con- |

nections are shown as in position 2, with the
exception that a portion of the field of each
motor is short-circuited. Position 4 throws
the
tures remaining in series. Position 5 short-
circuits a portion of each field-winding. FPo-
sition 6 detaches one of the fields (that of B)
from the circuit, leaving both the armatures
in series with one field. Position 7 is the
same as position 6, with the exception that
fields are substituted, each for each, in order
that the changes in the field-magnet strength
may not always be made upon one magnet
only. Position 8 cuts out entirely one of the
motors, (in the diagram motor A,) leaving
one-half of the field of B in circuit. It should
be mentioned that in passing from 7 to 8 the
distance between contacts g and & being less
than the width of the contact-strips, the ar-
mature of the motor A is momentarily short-
circuited. Position 9 is the same as position
3, with the motorsinterchanged each for each.
In position 10 both. motors are in multiple,
and in position 11 sections of the motor-fields
are cut out for producing the final degree of
speed. It will be seen that steps 6 and 7 pro-
duce no difference in speed, likewise steps 8
and 9. The mutual substitution of the motor
in these instances is for the purpose of more

“nearly equalizing the total amount of work

35

40

which each motor is called upon to do—that
is, equalizing the heat developed in each mo-
tor, should one motor at a time be called upon
to do an excessive amount of work.

It is evident that the method of connection
may be very greatly varied without depart-
ing from the principles of my invention—
for instance, more than one extra coil on the
field-circuit could be used where but one 1s

~ shown in thisdiagram. This method of coup-

o
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ling may also be applied to more than two
motors. |

The mechanisms hereinbefore described 1
do not make claim to herein, as they will be
made the subject of another application.

What I claim as new, and desire to secure
by Letters Patent, is— _

1. The method of removing an electric mo-
tor from series-connection with another mo-
tor connected to the same mechanism, which
consists in reducing the counter electro-mo-

tive force in the armature of the motor to be

removed and then short-circuiting the sald

9. The method of removing an electric mo-
tor from a cireuit in which it is in series with
another motor geared to the same load, which
consists in reduecing the counter electro~mo-

tive force in the armature of the motor to be.

removed and then short-circuiting the sald
motor. S

3. Themethod of removing an electric mo-
tor from a circuit in which it js in series with
another motor connected to the same mech-
anism, which consists in reducing the coun-

jelds of the motorsin multiple, the arma-

)

|

ter electro-motive force of the motor to be re-

moved by changing the field-magnet strength

of the said motor and then short-circuiting it.
4. The method of controlling electrically-

propelled mechanism which consists in pro-

viding two motors which are connected to

‘said mechanism so as to co-operate in driv-

ing it, and then regulating the two motors
by, first, placiug them in series for a slow
speed; secondly, increasing the speed by
changing the field-magnet strength of one or
both motors, and, thirdly, short - circuiting
one motor after the counter electro-motive
force in its armature has been
safe degree. |

5. The method of controlling electrically-

propelled mechanism, which consists in pro-

viding two motors which are connected to
said mechanism so as to co-operate in driv-
ing it, and then regulating the two motors by,
irst, placing them in geries for a slow speed;
secondly, increasing the speed by changing
the field-magnet strength of one or both mo-
tors; thirdly, short-circuiting one motor after

the counter electro-motive force in its arma-

ture has been reduced to a safe degree, and,

| fourthly, placing the two motors in multiple-

arc connection. |

6. The method of controlling electrically-
propelled mechanism, which consists 1n pro-
viding two motors which are connected to
said mechanism so as to co-operate in driv-

.
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ing it, and then regulating the two motors by, .

first, placing them in series for a slow speed;
secondly, increasing the speed by changing
the field-magnet strength of one or both mo-
tors; thirdly, short-circuiting one motor after
the counter electro-motive force has been re-
duced to a safe degree; fourthly, placing the
two motors in multiple-arc connection, and,

fifthly, increasing the speed still further by

varying the field-magnet strength of one or

| both of said motors after they have been

placed in multiple-arc connection. |

7. The method of changing two motorsfrom
series to multiple-arc connection, which con-
sists in reducing the counter electro-motive

force in the armature of one or both of said

motors, short-circuiting one motor when 1its
counter electro-motive force has been reduced
to a safe degree, and then connecting the two
motors in multiple are. | |

3. The method of controlling
operated mechanism, which consists in pro-
viding an electro-motive apparatus having

connecting these sources in series, reducing
the electro-motive force of one of said sources

‘and short-circuiting it, and then connecting

the two sources in multiple arc with their
normal electro-motive force. |

0. The method of controlling electrically-
operated mechanism, which consists in pro-
viding an electro-motive apparatus having
two sources of counter electro-motive force,

connecting these sources in series, reducing

electrically-
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two sources of counter electro-motive force,
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the electro-motive force of oneof said sources | Signed at Lynn, in the county of Essex and

and short-circuiting it, and then connecting | State of Massachusetts, this 4th day of Sep-

the two in multiple arec with their normal | tember, A. D. 1889.

electro-motive force, and, finally, reducing |
- 5 the counter electro-motive force of one or Witnesses:

both of the said sources for the last degree of -~ JOHN W. GIBBONELY,

regulation. . A. B. NORRIS.

MERLE J. WIGHTMAN.
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