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To all whomw it may concern:

Be it known that I, ALBERT I3. HERWICK, &
citizen of the United States, residing at Schen-
ectady, in the county of Schenectady and

State of New York, have invented certain new

“and useful Improvements in Resistance-

10

- other uses.

Switches for Electro-Motors, &c., of which the

following is a specification. = .
This invention provides an improved con-
struction of resistance switch designed es-
pecially for controlling the starting and stop-
ping of electro-motors, but applicable also to
- My improved starting box switch is de-
signed to overcome the difficulties heretofore

" experienced by reason of arcing across the
- contact segments when moving the switeh to
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interpose higher resistance. |

It is well known that motors starting from
a state of rest receive ordinarily too great a
current by reason of the absence of counter

“electro-motive force, to compensate for which

it is necessary to interpose sufficient resist-
ance to reduce the current to the proper vol-
ume, the resistance being diminished as the
speed of the motor inereases, until when the
motor has attained its full speed and 18 con-
sequently generating its full counter electro-
motive force, the resistance is wholly cut out.
To accomplish this result, a series of resist-
ances is employed econnected through inter-
posed contact segments arranged to Dbe

touched successively by a contact arm or
~ brush which is moved by the operator. ln

starting the motor, the arm is first brought
against the first segment so that all resistance
is in series with the motor, and as the speed
of the latter increases the arm is moved suc-
cessively from one segment to the next, a por-
tion of the resistance being cut out by each
movement, until when the motor reaches full

speed the arm is on the final segment, where-

by the resistance is wholly or nearly short-cir-

cuited. With the ordinary construction of

switeh it is necessary in order to stop the mo-
tor to cause the contact arm to move back-

~ ward over the series of. seements, so that at

each segment it throws serially into cireult

~ with the motor an additional resistance until

50

the terminal segment of highest resistance 1s |

to break the circuit and stop the motor. The
movements of the switch in direction to re-
‘duce the resistances are unaccompanied by
sparking or arcing,since the arm moves from 55
a segment of lower toone of higher potential.
But the opposite movements of the arm to
introduce increasing resistances are accom-
panied by arcing between the segments upon
the breaking of contact with the respective 60
segments by the contact arm because the arm
passes from higher tolower potentials. This
arcing is injurious to the segments and con-

| tact arm, asis well known. My invention ob-.

viates the arcing due to this cause by such 53
construction of the switeh that the backward
movement of the arm for increasing the re-

sistance is unnecessary. I so construct the

switch that the arm moves always in one di-
rection. In starting it passes onto a terminal jo
contact segment of highest resistance, and 18
moved thence over the successive segments
of the series during the operation of starting
the motor, until when the latter has attained
full speed the arm rests upon the terminal 75
segment of lowest resistance, on which it re-
mains while the motor is running. To stop
the motor the arm is given a further move-
ment in the same direction, so that it 1s car-
ried beyond and out of contact with this lat- 8o
ter terminal segment to break the circuit.
Instead, however, of breaking the circuit im-
mediately, the current 1is first reduced by
throwing in the highest resistance, orany snit-
ably high resistance, and immediately after- 3s
ward thecircuitis broken. Toaccomplish this,

| I provide a supplemental contact segment be-

yvond the terminal segment of lowest resist-
ance, the supplemental segment being con-
nected through a high resistance, preferably go
by being joined to the terminal segment of
highest resistance in the series. To avoid
arcing, when the contact arm is moved from
the terminal segment of lowest resistance to
the supplemental segment, the contact arm 95
is provided with a spring for pressing it
acainst the segments, and the supplemental
segment is placed sufficiently farirom the ad-
jacent terminal segment to cause the arm to
snap or fly from the oneto the other, its move- 1oc
ment being so quiek that an arc following it

‘reached, past which the arm may be moved ! is drawn out or attenuated,and upon the arm
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striking the supplemental segment is extin
guished. The same construction of the arm
serves to extinguish the arc upon the final
movement by which the circuit is broken.

Figure 1 of the accompanying drawings is
a perspective view of a motor starting box
provided with a switch constructed according
to my invention in its preferred form. Fig.
2 1s a plan of the switeh, the circuit connec-
tions being shown in diagram. Fig. 3 is a
vertical transverse section of the switeh cut
in the plane of the line 3—3 in Fig. 2. Figs.
4,9,0and 7 arefragmentary plan views partly
In horizontal section showing different suc-
cessive positions of the contact arm. Fig. 8
shows a modification. :

Referring to Fig. 1, let A designate the re-
sistance box, the construction of which isim-
materlal to my invention, and B designate
the switeh as a whole.

The switch B is constructed with a series of
contact segments s s, with resistance coils
7 7 connected between them. These seg-
ments are arranged in circular manner, and
are swept by a movable contact arm a,which
1s carried by a suitable carrier, conveniently
constructed as an arm b projecting from a
spindle ¢ which is turmed by a suitable han-
dle C.  In the construction shown, the spin-
dle ¢ is made as a tubular sleeve and turns
on a fixed post d, but thisis not necessary, as
any other construction may be substituted.
The arm a is pressed outwardly by a spring e.
1'o insure better contact, the arm ¢ is subdi-
vided, being made up of a series of independ-
ent fingers, and the spring e is likewise sub-
divided into separate tongues which press in-
dependently against the respective fingers or
subdivisions of the arm.

In the construction shown,the contact seg-
ments s s are constructed with upturned ends
arranged in juxtaposition so as to constitute
an intermittent eylindrical flange, and the
contact arm ¢ is mounted to press radially
outward against the uptarned ends of the
segments. Other construetions and relative
arrangements of the segments and econtact
arm may, however, be substituted, it being
only necessary that the segments shall be ar-
ranged successively in a circular series, and
that the contact arm shall pressagainst them
so as to atford a good electrical contact.

1The contact segments s s constitute a re-
sistance series as in any ordinary resistance
box. Ten segments are shown in the draw-
Ings with nine interposed resistances r, but
other numbers may be used instead, depend-
ing upon the degree of subdivision that is de-
sired. To distinguish them, the segments are
numbered respectively from s’ to s°. The
segment s’ is connected directly with the mo-
tor or its armature ¥, so that when the con-
tact arm 1s touching this segment, all the re-
sistances 7 are short-circuited. Thisseginent
s’ is consequently the segment of lowest re-
sistance,while the opposite terminal segment
s is the segment of highest resistance.

h

In addition to the series of segments s’ to
s I provide a supplemental contact segment

lettered /. Thissegment is arranged just be-

yond the terminal segment s’ and is slightly

‘removed therefrom, or arranged slightly far-

ther from the center as shown. This supple-
mental segment 7 is connected to the motor
or its armature through a sunitably high re-
sistance, preferably through the maximum
resistance of the series. This result is most
conveniently effected by connecting it with
the high resistance terminal s'°, which is done
as shown in Fig. 2, by a wire#. Between the
supplemental segment { and the initial termi-
nal segment s of the resistance series, is a
wide space which I will call an open-circuit-
ing space.

T'he operation is as follows:—DBefore start-
ing, the contact arm stands in the open-cir-
cuiting space. In order to start the motor,
the handle isturned to the right so as to bring
this arm into contact with the terminal seg-
ment s therebyinterposing the maximum re-
sistance in series with the motor. As the
motor acquires speed, the handle is furither
turned to the right, causing the contact arm
to touch successively the segments s* s%, &e.,
of successively lower resistance, thereby cut-
ting out the resistance step by step, until
when the motor has acquired full speed the
contact arm is brought onto the terminal seg-
ment s” of minimum resistance, thereby cut-
ting out all resistance except thatof the con-
ductors and the motor itself. The switch
will remain in this position while the motor
is running. To stop the motor, the switch
handle is turned further to the right, so that
the contact arm passes beyond the terminal
segment s’ and makes momentary contact
with the supplemental segment ¢, thereby in-
troducing the maximum resistance into series
with the motor, and consequently greatly re-
ducing the current. This movement from a
segment of high potential to one of much
lower potential is accompanied by a spark, or
in case of a circuit of high voltage by an are,
but by reason of the location of the segment
t, and the construction of the contact arm
with a spring as described, the arm on break-
lng contact with the terminal segment s’ flies
or snpaps quickly across and outward to the
segment ¢, in the manner illustrated in Fig.
9, so that by this quick movement the are is
attenuated and extinguished. Immediately
thereafter, by the continued movement of the
nhandle C, the arm is carried across and past

the segment ¢, and upon breaking of the

contact therewith is caused to again fly out-
wardly under the impulse of this Spring, so

‘that by a second snap action, as indicated

I Fig. 7, the circuit is finally broken. This
movement leaves the contact armin the open-
circulting space in the position shown in Ifig,
7, where it remains until the switch is fur-
ther moved in the same direction for starting
the motor again. In the course of this fur-

ther movement, the contact arm encounters
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the initial terminal segment s by moving

against which it is pressed inwardly to re-
commence its travel around the contact faces
of the resistance segments.
arm to be thus pressed in by the initial seg-
ment, it is constructed with a gently beveled
or inclined advancing face . o

Tt will be seen that by my improved con-

struction of switch there is no occagion for

10

moving the contact arm backward or in di-
rection from a segment of lower to one of
higher resistance, such as would cause spark-
ing or arcing between the segments. The
only movements where such areing is likely
t0 occur, namely, upon parting contact with
the segments s” and #, are accompanied by a

~ snap action of the arm such as instantly ex-

: 20

tinguishes any arc that might form. _
1 will more fully explain the purpose of the
introduection in my improved rheostat of the

supplemental contact 7 and its resistance. - It |

is well known that upon breaking the circuit

of an electro-motor while in operation or be-

ing driven by the magneto inductive effect

30

35

of an electric current, the self-induction of

the armature generates momentarily an ex-

‘tremely high electro-motive force which is

liable to cause a discharge short-cireuiting

the coils of the armature, and thereby burn-

ing out orinjuring the motor. In ordinary

- resistance boxes this result is avoided by

sradually interposing resistance and thereby

cutting down the current circulating in the

armature-coils, the maximum resistance be-
ing thus introduced before the circuit 18
broken, so that upon the breaking of the cir-
cnit the motor is receiving much less current

than when under load, and consequently 1ts

| o

gelf-induction isso reduced that at the instant

of breaking theinductive discharge has so low
an electro-motive foree as to be well within
the capacity of theinsulation of thearmature.

Thisintroduction of resistance is effected by

 sweeping the contact arm of the rheostat
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backward over the segments to the same effect
as though the contactarm of my rheostat were

turned back so as to sweep over the seg-
ments in the contrary direction, and finally
break contact with the segment s of highest
resistance or lowest potential. But this back-

ward movement is attended by the disadvan-

tage that in passing from each segment to the
next, an are tends to follow the arm, thersby

damaging the switch. My invention avolds

this latter result by moving the contact arm
always forward and never backward, and con-
sequently by breaking the circuit from the
segment s’ of lowest or no resistance, while
to prevent the injuring of the electro-motor
by

provide that the operation of breaking the
circuit shall first momentarily introduce the
maximum resistance, or any suitable high re-
sistance by reason of the contact of the arm
with the supplemental segment ¢, 80 that the
" current traversing the motor shall be very
" materially reduced., The contact armin snap-

To enable the

reason of the self-inductive discharge, I

' ment of highest

ping from the segment s’ draws an arc after
it whieh is attenuated by the rapid snap ac-
tion of the arm in flying to the segment 7, 80
that the resistance of the arc thus drawn out
becomes so high that upon the arm reaching
thesegment?, theare is instantly extin guished
by the closing of the circuit through the re-
sistance connected with this segment, the dif-

ference of potentials between the segments s’

and £ being insufficient to maintain the arc
when the latter has been thus attenuated by
the snap action of the arm. The armature
necessarily remains in contact with the seg-
ment 7 for a moment while it is being moved
over it,and during this time the current trav-

ersing the motor is soreduced that its self-in-

ductive capacity is cut down to a point where
upon the final breaking of the circuit the elec-
tro-motive force due to the self-induction
shall not be sufficient to damage the motor.
The potential is also so reduced that at the
final snap action there is much less tendency
to draw an are, and the arc which follows the
arm is quickly extinguished by the rapid snap
action thereof.

This invention introduces a new principle
in rheostats or resistance switches for control-
ling electro-motors, in that the breaking of
the cireuit although effected from the seg-

backward sweep of the arm to introduce suc-
cessive resistances, is made to momentarily
introduce a sufficiently high resistance be-
fore the final breaking of the circuit, as to 80
reduce the self-induction that no harm can
result when the final break occurs.

In order during the operation of starting
the motor to prevent the contact arm being
accidentally carried too far so as to move it
beyond the position of full contact with the
final segment s’, I provide a latch device
adapted to arrest the contact arm when it
reaches this segment and hold it there se-
curely during the normal running of the mo-
tor. I also provide a similar latch device tor
holding the contact arm in place when turned
to the open-circuiting space to stop the mo-

| tor, in order that it may not be accidentally

displaced while the motor isatrest. Various
constructions of more or less positively act-
ing snaps or catches might be provided for
accomplishing this purpose. The construc-
tion that I have adopted for this purpose is
shown in Figs. 4, 6 and 7. The base of the
spindle ¢ is formed with two notches fand g
in different angular positions. A boltorecatch
piece N is arranged to move through a hole in
a stationary collar 2, and adapted to enter
either of these notches, being pressed inward
to engage therewith by aspring 3. When the

| contact arm is brought into contact with seg-

S

ment s’, the first notch f comes into coin-
cidence with the end of the bolt 2, which snaps
into this notch, as shown in Kig. 4, and con-
sequently holds the spindle and arm immov-
ably in place with a strength dependent upon

| the depth and steepness of the notch and the
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tension of the spring 2. The cateh device
should engage with sufficient firmness to pre-
vent any possible aceidental turning, and to
require the exereise of some strength to turn
the handle further. Upon strength being
thus applied to continue the rotation of the
handle, the advancing movement of the ro-
tary spindle expels the bolt /2, which remains
retracted, as shown in Fig. 6, until the con-
tact arm reaches the open-circuiting position
shown in Fig. 7,in which position the second
noteh g comes into coincidence with the bolt,
and the latter snaps into place, so that the
spindle is again held firmly in position until
strength is applied to foreibly turn the han-
dle again to the right. _
It will be observed that the notches 7 g are
angular constituting in effect ratchet notches,
the bolt 2+ being also angular and constitut-
ing in effect a pawl. IIence when either of
these notches is engaged by the bolt, the con-
tact of their abrupt sides prevents the switch

spindle being turned backward. The switch |

18 designed never to be turned in any but a
forward direction, and turning it backward
would result in some degree of sparking or
arcing while traversing the contacts s’ to s'°,
or might result in mechanicalinjury if turned
backward from the open-cireuiting position
shown in Ifig. 7. The econstruction of the
notches with abrupt sides prevents the POS-
sibility of suchinjury by preventing the turn-
ing of the switch backward from either of the
two positions in which it is designed to be
left standing. In case in either of these Po-
sitions the operator were to attempt to turn
it in the wrong direction, his effort would

simply resultin unserewing the handle C from

the spindle ¢, since the handle is united to the
spindle by a right-hand serewthread.

I claim as my invention the following-de-
fined novel features, substantially as herein-
before specified, namely: |

1. A resistance switch for an eleetiro motor
comprising contact segments with interposed
resistances, and a contact arm traversing said
segments, relatively arranged and constructed
to progressively decrease the resistance by a
movement in one direction, and by a further
movement 1n the same direction to first sud-
denly introduce a high resistance and after-
ward break the circuit.

2. A resistance - switch for cutting out an
electro-motor, &e., consisting of a conduecting
segment and arm constituting ecireuit-break-
Ing contacts, combined with a segment con-
nected through a high resistance, arranged to
be touched momentarily by the arm in its eir-
cult- breaking movement, whereby to mo-
mentarily cut down the eurrent before finally
breaking the circuit, and thereby to reduce
the self-inductive discharge from the motor.

3. A resistance-switch for an electro-motor
comprising contact segments with interposed
resistances, connected to one circuit terminal
and a contact arm connected to the opposite
circuit terminal traversing said segments, rel-

atively arranged and constructed toslide when
moving from segments of relatively lower to
those of higher potential, and to snap when
moving from a segment of higher to one of
relatively lower potential.

4. A resistance-switch comprising a series
of contact-segments with interposed resist-
ances, graduated froma maximum resistance
at one terminal segmentto a minimum resist-
ance at the opposite terminal, a supplemental

i segment beyond the latter terminal, connected

to interpose a high resistance, and an open-
circuiting space beyond this supplemental
segment, combined with a spring-pressed con-
tact-arm constructed to sweep over the seg-
ments in direction from that of maximum re-
sistance to that of minimum resistance, so
that the interposed resistance is progressivel y
diminished, to move past the latter to the Sup-
plemental segment, and to sweep beyond this
segment by a snap action to avoid arcing in
breaking the circuit.

9. A resistance-switch comprising a ciren-
larly-arranged series of contact segments with
interposed resistances, graduated from a max-
imum resistance at the initial terminal of the
series to a minimum resistance at the final
terminal, a supplemental segment beyond the
lateral terminal, connected tointerpose a high

| resistance, and an open-circuiting space be-

tween said supplemental seement and the ini-
tial terminal, combined with a contact-arm
movable over the series of segments in a ro-
tative direction from the initial to the final
terminal, from the latter to said supplemental
segment, and from that across the open-cir-
cuiting space to the initial terminal again.

6. A resistance-switeh comprising a circu-
larly-arrangedseries of contact seements with
Interposed resistances,graduated from a max-
imum resistance at the initial terminal of the
series to a minimum resistance at the final
terminal, and an open-circuiting space be-
tween the terminals,combined with a contact-
arm movable over the series of segments in a
rotative direction from the initial to the final
terminal, and from the latter across the open-
circuiting space to the initial terminal again,
and constructed to part contact with the final
terminal segment by a snap action to avoid
areing, and a spring cateh, constructed with
engaging inclines adapted to hold the con-
tact-arm in position when in contact with said
final terminal, and yieldingly resist its fur-
ther movement to break the cirenit.

7. A resistance-switch compriging a cireu-
larly-arranged series of contact segments with
interposed resistances, graduated from a max-
Imum resistance at the initial terminal of the
series to a minimum resistance at the final
terminal, and an open-cireuiting space be-
tween the terminals, combined with a contact-
arm movable over the series of segments in g
rotative direction from theinitial to the final
terminal, and from the latter acrossthe open-
circuiting space to the initial terminal again,
and constructed to part contact with the final
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terminal segment by a snap action to avoid
arcing, and a spring catch, constructed with
engaging inclines adapted to hold the con-

tact-arm in position when standing in sald

open-circuiting space, and yieldingly resist

‘its further movement to said initial terminal

to close the circuit. | _
S. A resistance-switch comprising a circu-

larly-arranged series of contact segments with

interposed resistances, graduated from & max-
imum resistance at the initial terminal of the
series to a minimum resistance at the final
terminal, a supplemental segment beyond the
latter terminal, connected to interpose a high
resistance, and an open-cireuniting space be-
tween said supplemental segment and the ini-
tial terminal, combined with a contact-arm
movable over the series of segments in a ro-
tative direction from the initial to the final
terminal, from the latter to said supplemental
segment, and from that across the open-eir-
cuiting space to theinitial terminal again, and
a spring catch-device adapted to hold the
contact-arm when in contact with said final
terminal, and again when it reaches said open-
circuiting space, to resist its further move-
ment. -

9. A resistance-switch comprising a series
of contact-segments with interposed resist-

ances, a supplemental segment of high re-
sistance beyond the terminal segment of low-

est resistance, and an open-circuiting space

between said supplemental segment and the

35

terminal segment of highest resistance, com-
bined with a contact-arm adapted to move
over the segments in one direction, a spindle

carrying said arm, and a catch-device con- |

| sisting of a spring bolt pressing toward said

spindle, and notches in the spindle coincid-
ing with said bolt when the arm is on the seg-
ment of lowest resistance and in the open-cir-
cuiting space. _ '

10. A resistance-switch ecomprising a series
of circularly-arranged contact-segments and
an open-circuiting space, combined with a
contact-device consisting of a rotative carrier
and a contact-arm carried thereby and press-
ing against said segments, said arm formed
to touch the segments in the rear of its con-
nection with the earrier,so as to trail over the
segments, and having an inclined advancing
side, whereby when it flies out into said open-
cireuiting space, and is again moved against
the series of segments the initial segment
serves to press it back and bring it again
into engagement with the contact faces ot the
segments.

11. A resistance switch comprising a series

of contact segments with interposed resist-

ances and an open-circuiting space, combined
with a contact arm adapted to move over the
segments rotatively in forward direction, a
spindle carrying said arm, an operating han-
dle fixed to said spindle and a ratchet catch
device for preventing the backward rotation
of the spindle consisting of a spring pawl en-
gaging abrupt notehes.

In witness whereof 1 have hereunto signed
my name in the presence of two subseribing
witnesses.

| ALBERT B. HERRICK.
Witnesses:
HENRY F. MARX,
ALBERT K. GANZ.
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