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UNITED STATES

PATENT OFFICE.

JOIIN C. FYFE, OF CHICAGO, ILLINOIS, ASSIGNOR OF ONE-HALF TO JAMES
HAYES, OF SAME PLACE.

RHEOSTAT.

SPECIFICATION forming part of Letters Patent No. 537,412, dated April 9, 1885.
Application filed January 24,1885, Serial No, 536,080, (No model.)

To all whom it may concern:

Be it known that I, JoHN C. FYFE, a citizen
of the United States, residing at Chieago, in
the county of Cook and State of Illinois, have

5 invented certain new and useful Improve-
ments in Rheostats; and I do hereby declare
the following to be a fall, clear, and exact de-
scription of the invention, such as will enable
others skilled in the art to which it apper-

1o tains to make and use the same.

This invention relates to rheostats, but
more particularly to those known as starting-
boxes for electric motors.

For some time the fire inspectors have, in

15 many places, required that the starting-boxes
for electric motors shall be made to open the
motor circuits automatically; that a double
pole switch shall be placed between and in
circuit with the starting-box and the main or

20 leading in wires; and that this switeh must

always be opened after the motor is stopped-

to avoid the danger of fires from grounds,
lightning and the like. This later require-
ment has resulted in more or less disaster

25 and annoyance at the electric power stations,
as the error frequently occurs of first throw-
ing the starting-box into cireuit, thereby clos-
ing the armature circuit of the motor, and af-
terward closing the switch by which the full

30 force of the current issuddenly thrown on the
motor, without having first had the benefit of
the cushion of the resistance in the starting-
box and allowing the armature to get into mo-
tion. Such mistake results in the instanta-

35 neousshort cireniting of the system and often
“blowing” the fuses at the power station, as
they may be already loaded nearly to their
fall capacity, thereby temporarily disabling
the entire system.

40 The primary object of my invention is to
overcome this objectionable feature by pro-
viding means whereby the “making” of the
armature circuit is prevented until the switeh
is closed; to provide means for simultane-

45 ously elosing the switch and the motor arma-
ture circuit; and to provide a switch through
which the negative and positive feed-wire
circuits must be closed before the resistance
and motor armature circuit ean be closed.

5o  Other important objects are to provide an

electro-magnet through which the current
may pass; to provide a more perfect contact,
and at the same time less friction and wear-
ing of the contacts; to provide a direct mag-
netic contaet permitting the use of iron con- 53
tacts which are preferably in the form of
rollers, thereby allowing free action of the
contact arm which may, if in the proper po-
sition, fall of its own weight when released
by the current falling below the required 6o
strength; to utilize the bare magnet core or
contact plate as a terminal to the sections of
the resistance; to aid, by magnetic adhesion

or attraction, the usual spring-actuated con-
tacts, thereby reducing the spring tension on 65
the contact arm to a minimum; to provide
electro-magnetic contacts, the windings of
which form sections of the resistance; and to
provide conductors for the current which
may be utilized for many other purposes than yo
for a rheostat or starting-box, by applying
its heretofore wasted energy to assist in in-
suring its own ecirenit completenessat the
contacts.

Further objects of the invention are to ;s
provide a magnectic are-rupturing factor; to
provide ample ventilation, a fire-proof sup-
port to each coil of resistance, and an auto-
matically operated switeh; to provide a maxi-
mum and a minimum release for the contact 8o
arm; and to provide means to insure safety
in case of overloading of the contact.

With these and other objects in view, the
invention consists in the means substantially
as hereinafter deseribed and more particu- 8j
larly pointed out in the claims at the end of
the deseription.

Referring to the accompanying drawings,
forming a part of this specification, Figure 1
i3 a side elevation of a starting-box with the go
front plate partly broken away tc enable the
underlying parts to be seen, the resistance

‘being shown diagrammatically. TFig. 2 is an

end elevation with the contact lever partly
broken away to show the initial contact plate. g3
Tig. 3 is a sectional view on theline III-—III
of Wig. 5, illustrating the spring contacts of
the switch and the manner of insulating said
contacts from the supporting bracket or arm.
Fig. 4 is a section through the contact roller, 1c
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taken on the line IV—IV of Fig. 5. Tig.5is
a fragmentary view looking fromn the side of
the starting-box opposite that of Fig. 1,illus-
trating the circuits open,and how the end of
the switch-supporting arm interlocks with
that of the contact arm. Fig. 6 is a detail
sectional view through one of the resistance
coils showing the contact plate in elevation.
Fig. 7 is an end elevation of a contact plate
the resistance being in section. Fig. 8 is a
fragmentary view partly in section, illustrat-
ing the minimum and maximum release for
the contact. Tig. 9 isa sectional view, partly
broken away, taken on the line IX—IX of
Fig. 8. Fig. 10 is a diagrammatic view, illus-
trating the application of my invention for
controlling an electric motor; and Fig. 11 is
a diagrammatic view of a modified form of
my invention.

In the drawings, A may designate a frame
of any preferred form or construetion, but
preferably composed of two plates of slate or
other suitable material ¢ and o', which are
held apart by the sleeves ¢?® through which
are passed the binding bolts ¢® These bolts
may be separated from the sleeves by a lin-
ing of asbestos or other insulation a' as an
extra precaution against grounds and the
like, and pass through the plates and the sup-
porting feet a® at proper points to properly
bind the whole together, the said supporting
feet being adapted to be secured to an insu-
lated switch board, or its equivalent, by the
screws ab.

Secured to the inner sides of the plates a
and o’ are the positive switch contacts b, b/,
and the negative switeh contacts b2 b3 ar-
ranged abovesaid positive contacts, each con-
tact being connected with its respective bind-
ing post secured to the outer surface of the
frame plates. Arranged to engage these con-
tacts is a double pole switeh C having a sup-
porting arm ¢ secured to a bracket ¢’ which
is pivoted at ¢® to standards ¢® extending out-
wardly from the platesaand ¢’. Thisswitch
preferably comprises a pair of U-shaped
spring contacts ¢t ¢, insulated from each
other and from the supporting arm ¢ by a
block of insulation ¢% preferably of - slate, to
which thespring contacts and the supporting
arm are secured by screws or otherwise, the
said screws or fastening devices being prop-
erly insulated to prevent leakage between ad-
jacent parts. The spring contacts of the
switch are adapted to span the positive and
negative contacts and are normally pressed
out of engagement therewith by a spring ¢’
one end of which bears against the under sur-
face of the supporting arm, while the opposite
ends are secured to the standards ¢®. The
supporting arm ¢ has its inner end ¢%, curved
and extending into the frame between the
plates @ and @’ adapted to bear on the cam-
shaped end d of a contact arm D.

The contaet arm D is rotatably supported
on a pin or shaft d’, which has its ends pref
erably screw-threaded and passed through the
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plates to which it is secured by the nuts d*;
the said arm being separated from the plates
a and o’ by metallic washers d® Thisarmis
provided with a suitable projection d* adja-
cent to its cam-shaped end d which serves to
form an abrupt recess d°in which the curved
end ¢® of the supporting arm is adapted to fit
when the switch is open to limit the outward
movement of said switch and the downward
movement of said contact arm, thereby form-
ing an interlocking connection between the
two, as shown in Fig.5. Theouterend of the
contact arm may be provided with a handle
dS, of any preferred form, and has extending
therefrom a bow-spring d’, on the end of whicl
is arranged the contact rollers e. This eon-
tact e is preferably composed of a series of
disks of magnetizable metal, preferably iron,
separated from each other by close fitting
washers to insure contact with their support
and prevent possible fusion between any
pairs, and are loosely mounted to rotate on &
stud or pin ¢’ carried by a bracket ¢* which
is secured to or formed integrally with the
bow-spring d7, as best shown in Fig. 4. These
disks are loosely fitted to the pin e’ to permit
a multiplicity of econtacts at each of the at-
tracting contact-plates or cores F.

The contact plates or cores It may be of any
desired width, length or thickness according
to the resistance f wound upon them, which
is determined by the voltage and the required
capacity. These contact plates arve prefer-
ably punched or otherwise formed from soft
strap iron and are arranged so that each core
or plate forms a radius with the pin d’ as the
center; the said plates or cores being bent
downward at their outer ends to form a bet-
ter contact surface for the rollers e, and hav-
ing projecting lugs f’ on opposite sides there-
of, which are inserted into corresponding ap-
ertures f* in the inner sides of the plates o
and o’ of the frame, by which they are rigidly
held from displacement.

The resistance f is preferably prepared in
accordance with the process disclosed in the
patent granted to myself, No. 528,539, of No-
vember 6, 1894. In the present ecase I may
use a piece of insulation f% preferably as-
bestos, saturated with silicate of soda. and
pasted over each edge of the contact plate
where the resistance is to be wound, and of
sufficient thickness to suspend the resistance
across the sides of the cores If, thus permit-
ting ventilation, as bestshown in Fig. 2. The
cotton eovered resistanceor coil isnow wound
on each insulated contact plate or core, af-
ter first being saturated with the silicate, the
ends of each coil being cleansed and having
one of its ends forced into a slit f* (Fig. G)
enough, however, of the end remaining to
make connection with the adjacent coil.
These are now subjected to sufficient heat to
burn the cotton covering and erystallize the
silicate, when they are ready to be assembled
as heretofore explained. The coils or resist-

ances f preferably comprise one layer of wire,
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and alternate both as to their connection
with the adjacent coil and asto their connec-
tion with the slits in the plates or cores. If
these plates were not connected with their
respective resistance coils, the plates would
become simple magnets when the current
passed through the coils, but asthey are con-
nected to one end of their respective coils,
they become contact magnets, or magnetic
contacts. Thecontactrollerseserve to bridge
two adjacent plates, thus short circuiting the
otherwise open magnetic eircuit, creating
thereby a magneticecircuit through said plates
and rollers, whieh varies in intensity accord-
ing to the position of said rollers and the
amount-of resistanee in circuit.

The upper contact plate F” needs no con-
nection with its respective coil as its inner
end is bent downward at /% and by a screw f°
is attached to the adjacent plate F? thus get-
ting its connection through said latter plate.
The binding together of the lower ends of
these plates not only constitutes an electric
connection, but also completes one-half of the
magnetic eircuit, the latter creating thereby a
material increase in magnetic power. The
object then of the position given to the other
contact magnets is obvious, as it will be seen
that to allow them all to touch at their lower
ends would short ecireuit the resistance, butas
they are placed as close as practiecable yetat
a safe distance apart, they derive, (by expos-
ing to each other as much of the sides of their
inner ends as possible) a material increase in
their magnetic value, over what it would be
were they placed parallel. The plates F’ and
EF? need not be wound with iron wire, as pref-
erably used on the others, but with copper
wire of sufficient capacity to constantly carry
the maximum load in ampéres required, the
end of the coil of the plateor core F’ being con-
nected to the binding post g.

For releasing the contact rollers e when the
current is reduced in strength I preferably
provide a spring contact ¢’ secured to and ex-
tending outwardly from the contact plate F’
which is adapted to abut against a curved
contact spring ¢% carried by the bow-spring
d? of the contact arm when the full force of
thecurrent isutilized. Thesecontact springs
oppose the attraction of the magnets formed
by the plates F’ and F* so that when the cur-
rent is reduced from any cause sufficiently to
allow the springs to overcome the attraction
of the magnet the contact arm will fall of its
own weight, These contact springs form a
minimum release, and serve to insare a pas-
sage for the current under a heavy load.

To prevent injuary from an overload or un-
due ampere strain being thrown into the cur-
rent either by overloading the motor, by light-
ning, grounds or short circuits either in the
generator or across the negative and positive
wires or connections, I provide a maximum
release comprising an armature s adapted to
shunt the magnetic fleld formed by the mag-
netized plates F and F? as best shownin Figs.

<3

8and 9. This armature or magnetic shuunt 7
is preferably made of iron, and has two pro-
jecting ends h’, k', which are bent upward
and pass through countersunk apertures in
the upper portion of the plate I'?; the counter-
sinking giving free movement to the magnetic
shunt, while the bent ends of said magnet
shunt serve to hold and limit the movement
of the same. The outer end of the magnetic
shunt is adapted to contact with the plate '’
and is attached to the end of a bent spring I*
which passes through one of the plates and is
secured to the outersurface of said plate, the
bent portion of the spring having an adjust-
ing serew /i for varying the resistance of said
spring. The magnetic shunt has a greater
surface exposed to the magnet than the con-
tact, whichis,in this case, round. By placing
the magnetic shunt with one end in contact
with one of the poles and having a superior
contact surfaceat the other end within reach
and ininfluenceof the surplus magnetism,will,
upon gaining sufficient power to overcome the
adjusted tension spring, attract the shunt
magnet i and instantly divert sufficient of
the magnetic current to cause the contact to
roll away or fall of its own weight. This
places the resistance in cirenit, thus reducing
the heavy current ampéres which caused the
release of the contact rollers.

The operation of the deviee will be readily
understood from the foregoing deseription
and the accompanying drawings. It will be
seen should the parts bein the position shown
in Fig. 5 and the positive and negative con-
tacts connected with the positive and nega-
tive wires of the line, that by moving the con-
tact lever D, the end of the supporting arm
¢ of the switch will be released and the cam-
shaped end d of said lever cansed to force the
switeh against the tention of the spring ¢’ to
close the circuit through the positiveand neg-
ative contacts before the contact roller ¢ has
reached the initial contact plate F5 As will
be seen, by tracing the cireunit in Fig. 10, for
a shunt wound motor, the field circuit through
the motor has been closed with the main or
line wires, by the spring contact ¢* of the
switch, wires m, fleld of the motor M, wire m’
to the negative switch contact I?, spring con-
tact ¢% contaet D tothe line, thus energizing
the field for the armature when the cirenit is
closed, which occurs with all the resistancein
series by continuing the movement of the
lever D till the contact rollers ¢ engage the
initial contact plate or core ¥3. Inforcing the
rollers thus, the spring bow d7 causes the roll-
ers e to bear on the magnet contacts, accord-
ing to the inward tension of said spring and
the added adhesion of the now magnetized
contacts. The ecircuits being established,

through "the resistance, the current passes
from the positive switch contact b or itsbind-
ing post, wire m? leading therefrom to the
washers d® which bear against the contact
arm through the contact arm D, rollers e,

contact plate or core, its resistance f, the
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remaining coils, to the binding post ¢, wire
m?, through armature to wire m’ and to the
negative contaet b3 spring contact ¢®, contact
0% then to the line. As has been described
one end of each resistance coil connects with
itsrespective contact plateorcore; and as the
contact rollers e pass upward over them, the
said contact plates are one at a time cut out
of the armature circuit, thus reducing the re-
sistanceandincreasingthe power of the motor.
When the rollers e have reached the position,
shown in Fig. 1,the rheostat resistance is now
out of circuit and the motor is at its full ca-
pacity, and the current is passing not only
through the contact plates I, I'%, but through
the spring contacts ¢* and ¢’ to said plates.
Should the current be now reduced or in-
creased in strength, from any cause, sufficient
to allow the contact arm to fall and open the
cireuit as heretofore explained, the switch
spring ¢" bearing against the supporting arm
¢ will cause the curved end of said arm to
slide over the cam-faced end d of thecontact
arm D, without, however, moving the switch
contacts until the abrupt recess ° is reached,
when the end c® of the supporting arm slides
into said recess, allowing the switch spring to
throw the switch open suddenly. The con-
stant upward pressureof theswitch spring has
no effect on the switeh or contact arm D until
the abrupt recess is reached, which occurs, as
seen in Fig. 5, when the line between the
centers of the pins ¢® and d’ has been crossed,
or not in direct line with the pressure of said
spring. At the point of erossing,the contact
rollers e have not reached the initial contact.
Thustheswitch does notopen or begin toopen
until the resistance is nearly all again in the
circuit, Before the switeh contacts have
reached the “breaking ” point, the contact
rollers e leave the initial contact plate, and
any excessive spark or are, if any at all, oc-
curs at thiscontact point, which is magnetized
by its resistance winding, the combined mag-
netic arc-rupturing effect of which, together
with the resistance which reduces the am-
péres, renders the spark harmless, thus mak-
ing a magnetie are-rupturer at this point.

It is obvious that I may use many of the
parts for other purposes than for a starting-
box or rheostat; nor do I confine myself to
the number of poles the switch may have, for
when the system demands it, a single,double,
triple, or other suitable switch may be em-
ployed if desired.

In some cases the switch may be dispensed
with entirely, as illustrated in Fig. 11. Iere
the device is shown as simply controlling the
armature cirenit of an electro-motor, while the
field may be excited directly from the mains
or in any other proper manner. The sup-
porting arm c is somewhat shorter than when
the switch is employed but is otherwise simi-
lar to thatof the preferred form. The frame
plates are shown square which is the form
preferably employed in large starting-boxes
and rheostats, where greater length of contact

L3
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plates iz desired. Instead of allowing the
contact arm to fall by gravity, a spring may
be supplied to return the same to open posi-
tion, or different contacts may be supplied if
desired.

I may dispense with some of the parts, or
substituteother constructions for those shown,
and I therefore do not wish to confine myself
to the exaect construetion shown, as this may
bechanged in some instances, without depart-
ing from the spirit of my invention.

I havedescribed the rolling contact as com-
prising a series of rollers ¢, but it is obvious
that I may employ a single roller if so de-
sired.

IHaving thus fully deseribed my invention,
what I claim as new, and desire to secure by
Letters Patent of the United States, is—

1. In a device of the character deseribed,
the combination with suitable resistance, of
a switch adapted to be thrown into and com-
plete the cirenit with the mains before the re-
sistance can be placed in circuit, and means
for preventing the opening of the switch be-
fore the resistance circuit is open, substan-
tially as described.

2. In a rheostat or starting-box for electric
motors, the combination with a suitable re-
sistance, of a switeh controlling the mains or
leading in and leading out wires, said switch
being adapted to be thrown into eireuit with
said mainsbefore the resistance can be placed
in cireuit, means for simultaneously operat-
ing the switeh and placing the resistance in
circuit after the switch has been closed, and
means for automatically opening the switch
after the resistance is open, substantially as
deseribed.

3. In a rheostat or starting-box for electric
motors, the ecombination with an electric mo-
tor and a suitable resistance included in the
armature circuit of said motor, of a switch
controlling the mains or leading in wires, said
switch being adapted to be thrown into and
complete the circuit with said mains and the
field circuit of the motor, means for simulta-
neously operating the switch and placing the
resistance in circuit after the switch has been
closed, and means for automatically opening
the switch after the resistance is open, sub-
stantially as deseribed.

4. In a rheostat, the combination with a
suitableresistance, of a switch controlling the
mainsorleadingin andleading out wires, said
switch being adapted to be thrown into eir-
cuit with said mains before the resistance can
be placed in cireuit, an arm adapted to close
or open the resistance circuit and for simul-
taneously closing the switch before the resist-
ance is placed in cireuit, together with a
spring for auntomatically opening the switch
after the resistance is open, substantially as
deseribed.

5. In arheostat, the combination with suit-
able resistance, of a contact arm adapted to
close or open the resistance circuit, a switch
operated by said arm for throwingsaid switch
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into circuit with the mains, together with an
interloeking connection between said arm and
the switch for limiting the outward movement
of the same, substantially as deseribed.

6. The combination with suitable resist-
ance, of a contact arm adapted to close or
open the resistance circuit, and a second arm
for simultaneously operating the first-men-
tioned arm and having an interlocking con-
nection with said contact arm for limiting
its outward movement, substantially as de-
scribed.

7. In a rheostat, the combination with suit-
ableresistance, of adouble pole switch adapt-
ed to be thrown into and complete the circuit
with the mains before the resistance can be
placed in ecircuit, a contact arm for operat-
ing said switech and for closing or opening the
resistance eireuait, together with means for
preventing the opening of said switch before
the resistance circuit can be opened, substan-
tially as described.

8. The combination, with a pivoted arm
having a cam-shaped end and an abrupt re-
cess in said end, of a second arm having one
of its ends curved and adapted to bear upon
and be operated by the cam-shaped end of the
first mentioned arm and to enter the recess
insaid end toform an interlocking connection
therewith, together with a spring for opening
said second arm, substantially as described.

9. Inarheostat,the combination with a suit-
able support, of a switch comprising a pair.of
U-shaped spring contactsinsulated from each
other and adapted to be thrown into circuit
with the mains, an arm pivoted to the sup-
port and insulated from said spring contacts,
a spring arranged to automatically open said
switch at apredetermined point together with
a second arm for placing the switeh in cireuit
with the mains and for controlling the move-
mentof said spring,substantially as described.

10. In a rheostat, a magnetic contact com-
prising a core, an insulating medium partly
surrounding said core forming an open space
thereby, and a resistance coil passing around
the insulation and suspended over the open
space to permit ventilation, substantially as
described. :

11. In a rheostat, a contact comprising a
core of soft iron, and a section of the resist-
ance surrounding said core and insulated
therefrom, the said core forming one terminal
for said resistance, whereby the said core may
serve as a magnet and convey the current,
substantially as desecribed..

12. In a rheostat, the combination with a
series of magnetic contacts, of a magnetizable
contact adapted to engagesaid magnetic con-
tacts, substantially as described.

13. In a rheostat, the combination with a
series of magnetic contacts forming terminals
for sections of the resistance eircuit and to
convey the current tosaid resistance sections,
of a series of rolling magnetizable contacts

[

adapted to close or open said resistance cir-
cuit, substantially as described.

14. In a rheostat, the combination with a
series of magnetic contacts forming terminals
for the resistance circuit, of a magnetizable
contact adapted to close or open said resist-
ance cirenit, together with a minimum release
for forecing said contact away from its mag-
netie eontact when the circuit is sufficiently
reduced in strength, substantially as de-
scribed.

15. In a rheostat, the combination with a
series of magnetic contacts formning terminals
for the resistance circuit, of a magnetizable
contact adapted to close or open said resist-
anece eireuit, together with a maximum release
for allowing said contaet to recede from its
magnetic contact when thecircuitis increased
beyond a predetermined point, substantially
as described.

16. In a rheostat, a magnetic contact form-
ing a terminal for a section of the resistance,
and to convey the current to said section of
resistance substantially as described.

17. In a rheostat, the combination with a
sevies of magnetic contacts forming terminals
for the resistance cireuit, of a magnetizable
contaet adapted to close or open said resist-
ance circuit, together with a minimum release
comprising aspring secured to oneof the mag-
netic contacts and adapted to abut againsta
second spring carried by the contact, substan-
tially as desecribed.

18. The combination with a magnetic con-
tact, of a contactadapted to engage said mag-
netic contact and be held thereby, together
with a magnet shunt for short circuiting the
magnetic fleld of said magnetic eontact for
releasing said contact, substantially as de-
seribed.

19, The combination, with a magnetic con-
tact having a north and a south pole adjacent
1o each other, of a contact adapted to engage
said magneticeontact and be held thereby, to-
gether with a spring-retained magnet shunt
engaging one pole and adapted to be placed
in contact with the other pole toshort circuit
the magnetic field torelease said contact when
the magnetic attraction is sufficient to over-
come the tension of the spring, substantially
as described.

20. In a rheostat the combination with a
magnetic contact formed by the resistance
passing around the same and having a north
and a south pole adjacent to each other, of a
rolling econtact adapted to engage said mag-
netic econtact and be held thereby, a magnet
shunt engaging one pole and adapted to be
placed in contact with the other pole, and a
spring for normally holding the magnet shunt
open, whereby the magnetic contact may he
short circuited to release the rolling contact,
sitbstantially as described.

21. In a rheostat, the combination with a
series of magnetic contacts forming terminals
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for the resistance circuit, of an arm carry-
ing a magnetizable contact adapted to open
and close the resistance circuit, together with
means for permitting the arm to open the re-
sistance circuit, substantially as deseribed.

22. In a rheostat, the combination with a
series of magnetic contacts radially arranged
and having their inner ends exposed to each
other and forming terminals for the resistance
circuit, together with a magnetizable contact
for opening and elosing the resistance circuit,
substantially as described.

23. In a rheostat, the combination with a
suitable resistance, of an arm,and a series of
contact disks adjacent to each other and

537,412

loosely mounted upon a single stud and ro-
tatably held on said arm adapted to open or
close the resistance cireuit, substantially as
desecribed.

24. In a rheostat, the combination with a
series of magnetic contacts forming terminals
for the resistance circuit, of a rolling magnet-
izable contact adapted to close or open said
resistanee eircuit, substantially as described.

In testimony whereof I affix my signature
in presence of two witnesses.

JOIIN C. FYFL.

Witnesses:

W. E. McHENRY,
JaMus HAVES.
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