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UNITED STATES

PAaTENT OFFICE.

ROBERT A. SLOAN AND JOHN E. LLOYD BARNES, OF LIVERPOOL, ENGLAND.

SWITCH FOR ELECTROMOTORS.

SPECIFICATION forming part of Letters Patent No. 682,818, dated September 17, 1901,

Application filed June 19,1900, Serial No. 20,877,

To all whom it may concern:

Be it known that we, ROBERT ALEXANDER
SLOAN and JOAN EDWARD L1.OYD BARNES,
subjects of the Queen of Great Britain, resid-
1ng in Liverpool, in the county of Lancaster,
England, have invented certain new and use-
ful Improvemeonts Relating to Switches, Spe-

cially Applicable to Switches for Electromo-
tors and the Like, of which the fo]]owmrr isa

specification.

This invention relates chiefly to starting-
switches for electromotors, and more par ticu-
larly to such switches as comprise a main
switch and a resistance or regulating switch
mutually interlocked after the manner de-
scribed in the complete specification to our
British Letters Patent, dated the 16th of Jan-
uary, 1899, and numbered 1,044.

Our obJeets in the plesent invention are to
provide suitable automatic devices by means
of which the main switch is opened when the
current rises above or falls below predeter-
mined limits and to so construct the regulat-
Ing-switch as to prevent its being rapidly
moved from the starting position to the nor-
mal running position.

It will be seen on reference to our prior
specification referred to that in virtue of the
mode of interlocking there deseribed the han-
dle of the main switch must be moved so as

to be clear of the main-switch bars before the

regulating - switch can be moved from the
starting position and that this feature renders
this type of switch particularly suitable to
those cases in which it is desired to fit auto-
matic circuit-opening devices.

We have illustrated our invention in the

accompanying drawings, in which-—

Figure I is a front elevation, and Fig. II is
a plan, the magnets being removed in the lat-
ter view for the sake of clearness. Fig. III
is a side elevation, and Fig. IV is a fragmen-
tary section on the line A A of Fig. I. Figs.
VYV, VI, and VII are fragmentary views show-
1ing detalls of the magnets for effecting the
automatic opening of the main switeh, Fig. V

being a plan as seen from above, Fig. VI a
~plan as seen from below, and Fig. VII a sec-

tional elevation on the line B B of Figs. IV
and V. Figs. VIII and IX are detail views
of the device for insuring that the resistances

cannot be cut out too quickly, Fig. VIII be- |

(No model.

—_—_— e = —

[ ing an elevation with the hand - knob re-

moved and Fig. IX a sectional plan on the
line C C of Kig, VIII. Figs, X, X1, and XII
show a modification of the switch suitable for
heavy currents, the views belng, respectively,
front elevation,side elevation, and plan. Fig.
XIII is a fragmentary view showing the posi-
tions of the toggle-joints when the switeh is
open.

Referring in the first instance to Figs. 1 to

55
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IX, we provide a double-pole main switch

comprising switch-bars a, which are adapted
when the switch is closed to connect the con-
tacis b and ¢ and which are operated by
levers d, connected by an insulating-bar e to
a handle f. The handle 7, the bar e, and the
levers d thus form a loose or d1sconnected
handle by means of which the switch may be
opened and closed. 'T'he poles of this switch

are preferably mounted on separate slates,

as shown, the negative on, say, the right-hand
or narrow slate and the positive on the left-
hand slate. We also mount on this latter
slatearegulating-switch, comprisinganarm ¢,
moving over a series of contacts /2, and means
(to be hereinafter described) for preventing
the arm ¢ being moved too rapidly as it is
pushed over to cut out the resistances insert-
ed between the successive contacts hA. The

main switch and the regulating-switch are

also interlocked by means of a segmental
locking-piece ¢ on one of the levers d (the po-
sitive one in the arrangement illustrated) and
a quadrantal lockmﬂ'-pwce 7 on the switch-
arm g. From an inspection of the drawings,

{ Figs. I, 1I, and III, it will be seen that the

iuterlocking of these two locking-pieces ren-
ders it impossible either, first, to close the
main switch when the regulating-arm is in
any position other than the one.in which it is
shown in Fig. I, which is the starting position,
or, second, to move the arm ¢ from this posi-
tion till the handle f has been drawn back
(after the switch is closed) clear of the switch-
bars, as indicated in dotted lines in Fig. III,
thusleaving the latfer quite free to open. We
also provide a maximum device M and mini-
mum device N. The former canses the main
switch to open when there 1s an overload and
the latter caunses it to open when there is an
underload or when the supply is cut off.

It will be convenient before deseribing the
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devices M and N to revert to thé'main switch

and describe the details of its construction. !

The contact-pieces ¢ are of ordinary con-
~ struction; but the others, b, as will be seen
5 more particularly from Fig. IV, are hollow

and are provided with plungers /&, normally
pressed outwardly by the springs [. The
latter springs when compressed and free to
~act are of sufficient strength to overcome the
10 frictional resistance between the switch-bars
aand their contacts, sothat unlessthe springs
are held in their compressed state it is im-
possible to leave the switeh closed. The bars
may each be provided with a smaller spring

I5 m, adapted to carry the switeh-bar over to
its full ** off” position after the spring I has
reached its outward limit, as indiecated in

dotted lines in Fig. IV. The mode of hold-

ing the spring / in its compressed position is

20 as follows: We attach to the plunger % (see
 Figs. Il and IV, negative contact b) a pin
n, which is articulated to the fixed pivot o by
~.means.of the two links p and g, which, as will
be seen clearly in Fig. 11, form a toggle-joint,

25 the arrangement being such that when the
plunger is pushed in and the spring com-
pressed in the act of closing the switch the
three pivots of the toggle-joint are brought
into line, or approximatelyso. If, however,

30 a veryslight forece be applied to turn the link
g clockwise, the pivotal friction being very
small, sueh slight force will turn it past the
dead - center, when of course the spring
again becomes operative and pushes the

35 switch-bars clear of the contacts. An exactly

- taect b an arrangement which we find works
40 well in practice. The plunger % in this case
is held in its retracted position by an ordi-
nary detent 7, which is articulated to the link

§ of the toggle by a rod s, the connection be-

| ing such that the link g can move from its
45 ‘‘dead-center” position tor some distance be-
fore it begins to operate the detent . The

object of the latter provision is to make use

of the energy stored up in the spring ! of the
contact b to operate the detent 7, and this is

;o of course done in the arrangement illustrated,

inasmuch as the link ¢ as soon as it is just
clear of the dead-center position is deflected
by the full force of the spring 7 acting with
an increasing leverage. We have found that

55 with any form of ordinary detent the force

required to disengage is so considerable and
variable that the action is very uncertain

when only comparatively small forces are

available, and we attach considerable impor-
6o tance to what we term the ‘“pivotal” form of
detent described, which forms such a delicate

-and VI1I.

1

similar arrangement may be adopted in the |

case of each of the contacts b; but we have |
shown in connection with the positive con-

|

‘not be left ¢losed.
‘vices described by their action on the link ¢
-cause the switch to open when the value of
the current falls below or rises above assigned
It may be pointed out here that a
considerable incidental ad vantage of the piv-
-otal detent results from the fact that as the
switch is closed and the toggle straightened
-the armature of the minimum - magnet is
‘pushed automatically almost into contact -
~with the pole-face, thus materially reducing
the reluctance of the magnetic cireuit, and

limits.

- 682,818

comprises a magnet /, having suaitable pole-
pieces and an armature v, which form a fairly-
complete magnetic circuit. The mode of car-
rying the armature is shown in Figs. V, VI,
The magnet and its pole-pieces are

attached to non-magnetic cheeks v and w, in

the upper one of which, 2, there is a slot
shaped as shown in Fig. VII, and the arma-
ture 1s undercut, as indicated in this latter

figure, and is carried by a knife-edge formed

in the cheek v and is thus very freely sus-
pended, and its lower end is guided in a slot
formed in the lower cheek w. Thearmature
uw has a screwed rod «, on which a counter-
balance ¥ fits as a nut. This counterbal-
ance keeps the armature v in its off position
away tfrom the lower pole-face, as shown in
the drawings, and the forece to be overcome
in order tomove it from this position may be
varied by varying the position of the coun-
terbalance 4 on the serew . When, how-
ever, the current circulating around the coils

~of the maximum-magnet { reaches a prede-

termined limit and pulls the armature over,
the lower end of the latter engages with the
abutment 2z on the link q (see Fig. II) and

moves it from its dead-center position with
_ In the case of
~the minimum device N the action of course

the result already described.

requires to be such that it operates the link
q when the current is less than a predeter-
mined limit. The construction of the mag-
net, pole-pieces, armature, and cheeks of the
minimum deviee is similar to that deseribed

in connection with the maximum device, ex-
cept that the minimum:-magnet1tendstodraw -

the armature 2 away from engagement with
the pivot 3 of the toggle and that a spring 4
is now provided, which normally tends to

push the armature into engagement with the
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pivot 3 of the toggle or of course with any con-

venient part of the link ¢. It will be seen,
therefore, that unless the current flowing

‘around the minimum -magnet coils is suffi-

cient to overcome thespring 4 the switch can-
In this way the two de-

therefore necessitating a much smaller mag-

netizing-current than would have been nec-
| essary had there been a considerable air-

gap. -

110,
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~ We will now describe the means for pre-

| venting the arm g of the regulating-switch 130
from being too rapidly moved over its con-
tacts., | - | -
- We provide a circular toothed are 5, (see

trigger that the force necessary to operate it
may be very small. Moreover, we find the
resistance to be overcome by such operating

65 force is exceedingly constant. @
Returning now to the maximum and mini-

mum devices M and N, the maximum device | Figs. I, IT, VIII, and IX,) over which the end T
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of the arm ¢ moves, and in a cavity in the
under side of this arm we pivot a double en-
gagement-pawl 6. This pawl is pivoted on
but is free to move about the spindle 7, which
serves also to pivotally connect the knob 8
to the arm ¢, and it will be seen from the
shape of the pawl that when it is partly ro-
tated to cause the one end to clear an engag-
ing tooth of the are 5 it has to be moved into

such position as insures the engagement of

the opposite end of the pawl with the same
or the next tooth. Thus to move the arm in
the direction indicated by the arrow it be-
comes necessary to vibrate the pawl 6 after
the manner of an escapement, giving a step-
by-step movement. Ifthe pawl weredirectly
connected to the knob 8, it would be simply
necessary to vibrate the knob through a com-
paratively small angle, while maintaining the
directional pressure, to insure a fairly-rapid
movement of the arm ¢g. We find, however,
that if instead of making a direct connection
between these two we carry a pin 9, secured
to the pawl through a slot 10 in the arm (
(see Fig. VIII,) and provide the knob with
an annular groove 11, into which the pin 9
projects, we can by makmg the annular slot
extend through nearly three hundred and
sixty degrees and rendering 1t necessary to
rotate the knob through nearly three hundred
and sixty degrees each time the pawl is to be
vibrated make it im possible to move the arm
rapldly in the direction of the arrow from one
1t will be seen
also that by altering the number of the teeth
in the arc or by altermn’ the length of the
groove 11 in the knob the time taken to move
the arm from the one extreme position to the

- other may be varied within wide limits.

40

45

Reverting again to the main switeh, it will
be seen that the spring /[ must be suﬂiciently
strong to overcome the frictional resistance
of the contacts, and although in switches of
moderate size it is quite practicable to use
such springs, especially where there is one
spring for each switch-bar, we find in very
large switches that it is deswable to modify
the arrangement, as shown in Figs. X to XII],

- to which wferenee will now be made

50
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Instead of placing a spring [ in each con-
tact to act through a plunger we use a coiled
spring 12, which tends to turn the switch-bar
13 about its spindle 14, so as to withdraw it
from the contacts 15 16, and the spring is
made strong enough to overcome the normal
frictional resistance. In order to keep the
switeh closed, the friction is inereased by in-
creasing the normal pressure between the sur-
faces. This is accomplished by making one
of the extreme side pieces of each contact

rigid and making the other side (or where the

contact 1s multiple, as shown in the draw-
Ings, the other portions) flexible and so con-
nectingthe extreme flexible portionsby means
of pivots 17 and 18 and links 20 and 21, piv-
oted together at 19, that the links form a tog-

‘be adjusted to take up wear.

8-"
-

.-'-".'

[ pivots are in line, increases the normal pres-

sure between the contacts. The main toggle
18 held in its straightened position by a piv-
oted detent 22 23, similar in its action to the

one already described. This pivoted detent

18 controlled by a maximum device M and a
minimum device N, similar to those already
described, except that in this arrangement

the maximum device acts on the tail of the

Iink 22. The short link 21 of the main tog-
gle consists of -two screws—one left- handed
and one right-handed—united by a nut, by
means of which the length of this link may
The shortlink
23 of the pivoted detent is prolonged to form
a handle, which forms a very convenient de-
vice for closing the main toggle. The action
in this respect will be clearly understood from
Fig. XIII. _

For the sake of clearness the handle 24 of
the switch is shown as being fixed directly to
the switch-arm; but of ecourse when the main
switch is interloeked with aregulating-switch
the handle is loosely connected like the han-
dle f and is interlocked like the latter.

It may be well here to draw attention to the

following features of our invention: Itis pos-
sible, notwithstanding the interlocking de-

Vlees and the leleasmﬂ' devices; 10 always :

open the switch by hand The regulating-
switch cannot be moved to the position in
which the resistanceis cutoutuntil the switch-
bars are left quite free for the operation of
the releasing devices, and the switch cannot
be held closed against a dead short circuit on
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the motor, inasmuch as it can only be held

closed when all the resistance is in circuit.
Moreover, the minimum-armature is, as al-
ready described, automatically brought into
engagement with the magnet - pole as the
swwch is closed.
can of course be varied. For instance, the
minimum-magnet may be wound with a shu nt-
coll, orit may be put in series with the shunt-
coil of a shunt-motor. It will also be noticed
that the slow-movement device for the regu-

lating -switeh is operative in one direction

ouly, so that the resistance may be put in
quickly, and that part of our invention may
be applied to those forms of motor-switches
in which the arm is held in the running posi-

tion—that is, where the resistance is all cutb

out—Dby an eleetmmagnet'which 1s deéner-
gized when the current falls below or rises
above the limits, in which case a spring pulls
the arm back to the starting position, the
pawl tripping over the teeth and oﬁermn‘ no
resistance.

Having now fully deseribed our invention,
what we claim, and desire to secure by Let-
ters Patent, 1S-—-

1. In combmatlon a switch-bar, a handle
by which the bar is operated, insulated con-
tacts adapted to be electrically connected by
the bar,aspring which is compressed when the
contacts are 80 connected and which tends to

gle, which when it is straightened, so that the | forece the bar out of the contacts, a detent for

105

The electrical connections

IIC0
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120

125

130
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holding the said spring ecompressed but which
leaves the switch-bar free to be opened by
the handle, and means for releasing the said
detent when the eurrent carried by the switch
falls below or rises above a predetermined
Iimiti stibstantially as described and illus-
trated. | |

2. Incombination: a mainswitch-bar, con-

tacts therefor, a spring which is compressed |

-

when the switeh-bar is in its contacts and
which tends to forece the said bar out.of its
contacts; a detent for holding the said spring
compressed but which leaves the switch-bar
free to be opened by hand, means for releas-
ing the said detent when the current falls be-
low or rises above predetermined limits, a
loose handle, adapted to open and close the

switch-bar,and provided with a locking-piece; |
| the switeh-bars, the contaets, the springs and

a regulating-switeh provided with a locking-

piece which, when the regulating-switch is in |

any position other than the starting position,
locks the main-switeh handle in its off posi-
tion, and which, when the latter is in contact.
with the closed-switeh bar, is locked in the
starting position; substantially as deseribed
and illustrated. S '

3. Incombination: the switch-bar, the con-
tacts; the spring tending to force the bar out
of its contacts, the pivoted links whose oppo-
site ends are connected respectively to a fixed
pin and to a pin holding the spring, and which
are adapted, when closed so that their centers
arein line, to hold the said spring compressed,
and the means for releasing the said spring
by pushing the linksout of line; substantially
as described and illustrated. -

4. In eombination: the switch-bar, the con-
tacts, the spring carried in one of the contacts,
the detent and the means forreleasing the de-

tent; substantially as described and illus- |

trated. | |
0. In combination: the switeh-bar, the con-

tacts, the spring, the plunger, the latter two |
carried 1n one of the contacts, the detent and |
the means for releasing the detent, substan- |
tially as described and illustrated. ]

6. Incombination, in a double-pole switch, |

882,818

| two sets of fixed. contacts, a. switeh-bar for

each set, a lever for each bar, means for mov-
ing each bar to close the switch, independent so

| means foreachbartending toopensaid switch,

‘Independent devices for retaining the switch .

“closed, said devices moving in unison in re-

leasing said switches, and means for control-

ling said devices. _ 55
7. In combination in a double-pole switeh,

| two sets of fixed contacts; a switch-bar for

F-;; each set; a lever for each bar for moving said

“bars to close the switch, independent means
for each bar tending to open said switch, in-
~dependent pivoted devices for retaining the

6o

| switeh closed, said devices moving in unison -
i in releasing said switch, and means for con-
| trolling said devices. |

‘8. In a double-pole switeh, in combination;
the two detents, one of the latter consisting
~of pivoted links, and the other of a detent
connected to the said links by a rod which,
~when the links are opening under the influ-
-ence of the spring which they control, trans-
mits the force of the said spring tothe detent

70

| to release it; substantially as deseribed and

| 9. In a regulating-switch, in combination;
{ the SWitGh-aFmi the toothed arc, the dOUble- o

1llustrated. -
RE
‘acting pawl, and the pivoted handle adapted = -
to move the pawl in opposite directions, when
the extremities of an annular slot therein en-
gage with a pin attached to the pawl; sub-
stantially as described and illustrated.
- 10, Inaregulating-switch, in combination;
‘the switeh-arm, the toothed are, the double-
‘acting pawl and a handle adapted to oscillate
“the said pawl and to move the switch-arm;
substantially as desceribed and illustrated.

~ Intestimony whereof we have hereunto set
~our hands in the presenee of two subsecribing

witnesses. |
| | ROBT. A. SLOAN. |
J. E. LLOYD BARNES.

8o

Witnesses:
JOSEPH E. HIRST, |
WALTER A. LOADMAN.
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