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UNITED STATES PATENT OFFICE.

HERBERT G. CRAWFORD, OF ELMONT, VIRGINIA.

AUTOMATIC CIRCUIT-CONTROLLING MECHANISM.

‘No. 840,557,

Specification of Letters Patent.

Patented J an. 8, 1907.

Avplication filed Mareh 22, 1905, Serial No. 251,509.

To all whom Tt may COnCert.:

Be it known that I, HerBERT G. CrRAW-
FORD, a citizen of the United States, residing
at Elmont, in the county of Hanover and
State of Virginia, have invented & new and
useful Automatic Circuit-Controlling Mech-
anism, of which the following is a specifica-
tion. _

This invention relates to electric regula-
tors. '

The principal object of the mvention 1s to

provide a regulating means of such nature
that the vanation of a delicately-balanced
needle or other member from a given point
in either direction will cause either the mak-
ing or breaking of circuits through which
either directly or indirectly the needle or its
carrier will be made to reassume such 1nitial
position. -

A further object of the invention 1s to pro-
vide a novel form of voltage-regulator where-
in the system is to be regulated by a poten-
tial-regulator of well-known construction—
such, for instance, as that shown in the
Steinmetz patent, No. 548,400, dated Octo-
ber 22, 1895. | _

A still further object of the invention 1s to
provide a device o% this character in which
full movement of the magnet-cores 1s in-
sured even where the initial eircuit-closing is
but momentary, and, further, to- provide
mechanism of such construction that the
switch members on breaking the circuit may
be moved very quickly.

With these and other objects 1n view, as
will more fully hereinafter appear, the inven-
tion consists in certain novel features of con-
struction and -arrangement of parts herein-
after fully described, 1llustrated in the accom-
panying drawings, and particularly pomnted
out In the appended claims, it being under-
stood that.various changes in the form, pro-
portions, size, and minor details of the struc-
ture may be made without departing from
the spirit or sacrificing any of the advan-
tages of the invention.

In the accompanying drawings, Figure 1
is an elevation of an electric regulator con-
structed in accordance with the invention,
the wiring connections being shown 1n
diagrammatic form. Fig. 2 1s a sumilar view
of a portion of the mechanism with one of the
switches in circuit-closing position. Fig. 3

is a side elevation of the needle, the mitial |

contacts, and the needle-depressing mechan-
ism drawn to an enlarged scale.

| detail perspective view of one of the base-
{ plates employed for carrying the switch

members. Kig. 5 1s a side view of one of the
electromagnets. Fig. 6 1s a detail perspec-
tive view showing principally the location
and connections of the line-wires leading be-
tween the source of energy and the motor or
similar member. Kig. 7 is a detail view of
one of the circuit-closing arms, showing the

-spring for restoring it to normal position.

Kig. 8 1s a general diagram of the principal
wiring connections, showing more especially
the local circuits under the control of the au-
tomatic switches.  Fig. 9 is a general dia-
gram of the system,showing the source of en-
ergy, the regulator, and the mechanism for
operating said regulator. |

Similar numerals of reference are employed
to indicate corresponding parts throughout
the several figures of the drawings. '

The present imvention aims to provide a
mechanism for automatically controlling cir-
cuits, and in the present instance the draw-
ings illustrate a voltage-regulator operated
by a motor 10, the circuit of which is con-
trolled by the movement of a delicately-bal-
anced needle 11. The needle is operated in
any manner, and 1t may form the movable
member of a galvanometer or other instru-
ment controlied by the varying strength or
amperage of an electric current. Whatever
1ts nature, the position of the needle at a neu-

tral. or other predetermined point results in

the breaking of the motor-circuit. If the
needle moves in one direction, a circuit will
be established through the motor to revolve
the same 1n one direction, and if the needle
moves in the opposite direction a circuit will
be closed to rotate said motor in the opposite

direction, and the motor may be connected

in any suttable manner to any mechanism

‘that will either directly or indirectly tend to

restore the needle to its initial position or the
needle-support to a predetermined position.
The needle 11 1s shown in the present in-
stance as mounted on an arbor 12, having an
arc 13, provided with threaded openings for
the reception of poising-screws 14. Near the

‘lower end of this needle is a contact-point 15,

that preferably is formed of platinum, and as
the needle moves it swings over a block 16,
‘having a number of contacts 17, 18, and 19,
three being shown in the present instance, al-
though the number may be increased or di-
minished in accordance with the use to

Wig. 4 is a | which the device is to be put. These con-
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- of an electric motor, and this motor element’
drives a shaft 19, on which is secured a

&, | | 840,557

tacts are preferably tapered, and the block 16 | tlvel The disk 45 carries a pin47, arranged

18 provided with an ad]ustmg-screw 17’ by
which the positions of the contact may be ad-

justed with relation to the swinging contact-
point, and thus vary the sensitiveness of the
device, so that a greater or less range of

movement of the needle will be. necessary to
bring it opposite the outside contacts.

On the base-plate is mounted a suitable
motor element 18, which may tak - the form

crank-disk 20, carrying a crank-pin 21. As
the cra,nk—pm revolves it engages a strip 22,

formed, preferably, of spring metal and hav-

ing its upper edge embedded 1n a metallic
block 23, to which a line-wire 24 is connect-
ed. The lower end of the spring-strip car-

“ties an arc-head 25, which is pressed into con-

20

30
- if forced 1into engagement with the contact 19

33

40

tact with the needle or the contact 15 each
time the crank-pin is revolved. No matter
what the position of the needle may be, the
head 25 will engage it at each revolution of

the crank-pin, and this may occur every few

seconds. At tlmes the contact 15 may be

forced into engagement with contact 18,
which will break the motor-circuit if the la,t- "

ter be energized, or if 1t be forced into en-
gagement with contact 17 a current in one
direction will be sent through the motor and

a current in the opposite direction will be
sent through the motor.

At a suitable point, on the base is arranged
a series of electromagnets 20’, 21/, and 22/,
each of which have closed magnetlc circuits

and are provided with moyvable core members

23’, 24/, and 25, respectively, there being a
sepa,mte electmmagnet for each of the nee-
dle-engaged contacts, and in this connection
it is to be observed that contact 17 controls
the circuit of electromagnet 20’, contact 18
that of electromagnet 21/, and contact 19 the

- circuit of electromagnet 29, The cores 23/,

45

24/, and 25 carry pins 27, 28, and 29, respec-
twely On the pin 27 1s an msulatmg—b ack

- 30 and a conducting-sleeve 31, the insulating-
~ block normally engaging two contacts 32 and
33, carried by the base-plate; but when the

50

55

@lectromagnet 18 energized and the core is

“pulled down the sleeve 31 will be brought

into engagement with the contacts 32 and 33,
and a circult will be closed for a purpose here—
inafter described. The pin 28 garries an in-

sulating-block 34 and & conducbmg—sleeve 35,

which under similar conditions is brought

into enﬁ’agement with contacts 36 and 37 to.
 close & circuit between them. The pin 29
“carries 2 block 39, of insulating material, and

coxlductmﬂ"-slee‘m 40, which may be low-
ered to engage two wﬂtams 41 and 4 2 mrmed

~ by the base-plate.

_@5

At a pomnt above the elemmmaﬂnets 20/
and 22/ are Screws or pins 43 44, on which are
mounted rocking disks 45 and 46, respec-

In a vertlca,l slot formed m a strip or block 48,
that 1s carried by the pmn 27, and said disk

has a shoulder 49 with which m ay engage a,
locking-plate 50, carried by a bell-crank lever

51, that 1s pivoted on a pm 52 on the base-

plate From disk 45 projects an arm 53,
| which carries three switch members 54, 55
and 56, all insulated from each other and ar-

ranged to engage, respectively, the pairs of

contacts 57, 58, and 59, that are carried by a
bleck 60, formed of insulating material, the
| several contact members bem-:r provided with
binding-screws of the usual type for connec-
tion to the line-wires, and these switch mem-
bers control the circuit between the source of
energy and the motor. A coiled spring 63 1s
arranged around the pivot-screw 43.and has
one end connected to the disk and the other
end to the base. The springs serve to move

the switch to open position when the shoul-.

der 49 1s disengaged irom the lﬁckmg-
tongue 50.

The disk 46 is provided with a projecting

pin 65, which enters a vertically-disposed

| slotin a strip or plate 66, carried by the upper

end of the pin or rod 29, ‘and on said disk is a

75

80

Q0

shoulder 67, with which may engage a lock-

ing-tongue 68 carried by a bell-crank lever
69, that 1s fulcrumed on a stud 70, carried by
the frame. From the disk 67 projects an

arm 71, carrying three switch members 72,.

73, and 74, that are adapted, respectively, to
engage with pairs of contacts 75, 76, and 77,
carried by a block 78, that is formed of insu-
lating material, and said switch members 75,
76, and 77 are prowded with the ususl bind-
mg—screws for connection to the line-wires.
The disk 46 is also restored to its initial posi-
tion by a spring similar to tha,t employed on
the disk 45.
The bell-crank lever 51 1s pmwded with an
approximately vertical arm 79, that carries
two contacts 80 and 81, the contact 80 being
electrically connected to the bell-crank lever,
while the contact 81 1s imnsulated therefrom.
" When in the position shown i Fig. 1, con-
tact 80 engages a contact 82, carried by the

base, and when 1n the p031t10n shown 1 i Fig.
2 the contact-plate 81 engages a pair of con-
tacts 83 and 84 and closes a circuit.

The bell-crank lever 69 is provided with
two contacts 86 and 87, the contact 86 being
eiectrically connected to the bell-crank lever,
while the contact 87 is insulated theretrom
When m the position shown in Pigs. i and 2,
confact 86 engages a stationary contact 88
carried by the base-plate, and when moved
the contact 87 will engage a pair of ¢ontacts
89 and 90 to close a circuit between them.

The upper end of the pm 28 18 threaded for
- the reception ot a milled nut 92, and that DOT-
tion of the pm between the conductmg—
slesve 35 and the nut receives the ends of the
| approximately horizonte! arms of the ball-
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crank levers 51 and 69, the end portions of
said levers being rounded at the point where
they engage with the nut.

For operating the device a source of energy,
such as a dynamo 96, 1s employed, and from
one pole leads wire 24 to the block 23, and

when spring-strip 22 and needle 11 are de-

pressed a current will ow through contacts
17, 18, or 19 and wires 97, 98, and 99, de-

10 pending on the position of the needle at the

L5

20

tiine the contact 1s made.

Tracing the circuit from contact 17, 1t wall
be followed through wire 97 to contact-strip
103, switch 74, contact 1037, wire 104, to the
Wmdmg ol electromagnet 20’ thence by wire
105, wire 106, bell-crank lever 69, contact 86,
contact 88, wire 107, screw 52, bell—orenk le-
ver 51, contact 80, contact 82, wire 108, and
return to the dynemo or other source of en-
ergy. This energizes momentarily the elec-
tromagnet 20, and 1ts core 23’18 pulled down,
so that the oonduotmg—sleeve 31 1s placed be-—
tween and connects electrically contacts 32
and. 33, whereupon a circuit is established

2c from block 23, wire 109, wire 110, contact
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58, and 59.

32, sleeve 31, contact 33, wire 111, wire 104,
eleotrome,gnet 207, wire 105, and Teturn as
before through wire 108 to the dynamo.
This is for the purpose of creating a contin-
uous circuit through the coil in order to in-
sure positive operation of the core, inasmuch
as the closing of the circuit throug 'h the nee-
dle and contact 17 is but momentery The
downward movement of the core acts uipon

slotted plate 48 on pin 47 and partly re-
volves disk 45, moving the arm 53 until its

several contacts 54, 55, and 56 are engaged,
respectively, with the pairs of contacts 57,
This closes a circuit through
the motor 10, as hereinafter described.

soon as the disk 45 has been rotated to a suft-
ficient extent the bell-crank lever 51 will
move to the position shown in Hig. 2 and
tongue 50 will interlock under the shoulder
49 of the disk, holding the latter, with 1its

“switch-arm, 1n oireuit—olosingi position. At

the 1nstant this oceurs contact 80 leaves con-
tact 82, and the circuit through the coil 20
will be broken, so that the core is iree to Te-
turn without in any manner affecting the po-

“sition of the disk 45, the slot in strip 48 being

made for this purpose. The moving of the
core upward causes the oonduotmg-sleeve 31
to disengage from contacts 32 and 33, the
meuletme-blook 30 being placed betwee:o
sald oontaots
When the bell-erank lever moves to the
position snown 1n ¥ig. 2, contact 51 engages
the two conitacts 83 fmd 84 and closes a cir-
cuit the purpose of which will be oeremefter
deemrbed
A hen the contacts have been closed 1 the
Hanner deseribed, o Llrou may be {raced
wm the ¢ “‘E"”‘Etl"l“o or other source O energy
howrime 120, wive 121, (referring nNow

r.ﬂlIL-Tif 1

3

more particularly to Fig. 6 ) one of the con-
tacts 58, contact 55, second contact 58, wire

122, to motor 10, and back through wire 123

{0 one of the eonteete 57, contact 54, second

| position. If the needle be

contact 57, wire 124, and wire 125 to the
dynamo, the circuit through the field being
omitted in this figure to avoid confusion.
This we will assuine revolves the motor in the
direction-of the arrow z. The motor con-
tinues to revolve and to effect change 1in the
voltage or amperage, and the needle once more
moves toward its neutral or predetermined

eh ove the con-
tact 18 when spring 22 1s again depressed, &
circuit may be traced through wire 98, wire
127, wire 128, to electromagnet 217, thence
through wire 129 wire 130, one of the: con-
tacts 59, contact 56 the second contact 59,

‘wire 131 and wire 108  previously deserrbed

to the source of energy. Lhis energizes the
electromagnet 21/, and its core 1s pulled
down, the first effect, of the movement being
to brmff the conducting-sleeve 35 between
the two contacts 36 and 37, whereupon the
circuit may be traced from block 23, wire
109, wire 110, wire 133, contact 37, sleeve 35,
contact 36, wire 134, wire 128, the electro-
magnet, 21’, wire 129, wire 130, contacts 59
and 56, wire 131, and wire 108, to the source
of energy. This maintains the circuit
through the electromagnet 217, and as the
core 1s pulled down farther the nut 92 will
engage the approximately horizontal arm of
bell-crank lever 51 and will pull the same
down until the tongue 50 is disengaged from
the shoulder 49 of the disk, whereupon the
disk is free to move to its initial position
under the influence of its returning spring,
and the arm 53 will be moved in such man-
ner as to instantly break the motor-circuit.

At the same time contact 80 will move against

the contact 82. Movement of the bell-
crank lever 51 dlsengeges contact 56 irom
the contacts 59 and instantly breaks the cir-
cuit through the electromagnet 217, so that
the core of the latter is then free to move to
its normal position under the influence of 1ts
spring, and the parts will again be in the po-
sition shown 1n Hig. 1-—that is to say, with
no current passing to the motor.

Should the needle be in a position over the
contact 19 when the strip 22 is depressed, the
circuit will be closed through wire 99, con-
tact 140, switch 56, contact 14 10/, wire 147 i to
eleotromeenet 22 ‘and from thence through
wire 142, wire 106 screw 70, bell-crank lever
69, eonteot 86, oonteot Se, wire 107, screw

.52 bell-cranlk 1e'ver 51, contact 80, oooteet

82 and wire 108 to 1etum to the souroe,of
energy Thls energizes - the electromagnet
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922’ and the core is pulled down until sleeve
40 o:oters between contacts 41 and 42, where-

upon a circuit may be traced from wire 109,
wire 110, contact 42, sleeve 40, contact 41

| wire 1%3 the tmdme* of the eleetromegnet

130
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22’ wire 142, wire 106, serew 70, bell-crank |
lever 69, contact 86, contact 88, wire 107,
screw 52, bell-crank lever 51, contact 80,
contact 82, and wire 108 to return to the dy-
namo. On the energizing of the electromag-
net 22’ slotted plate 66 1s pulled downward
and acts through the pin 65 to move the disk

46 until arm 71 1s moved to the lett, bringing
the contacts 72, 73, and 74 into engagement,
respectively, with the pairs of contacts 75,
76, and 77. 'This closes a circuit which may

be traced from the dynamo through wire 120,

wire 150, one of the contacts 76, contact 73,
the second contact 76, wire 151, to wire 123,
to motor, and return by wire 122 to wire 153,
one of the contacts 75, contact 72, second
contact 75, wire 154, and wires 124 and 125

to the dynamo, the course of the current be- |

ing opposite that in which 1t previously trav-
eled and revolving the motor in a direction

~ opposite to the directionindicated by arrow .

30

35

40

~operating the second switch in the ordinary

45

53

60

circuits are so arranged that should obne

block 19 a circuit will be closed through the |

The motor 10 1s operated for the purpose of

- producing an etiect, the opposite of that pro- |

duced by the previous rotative movement |
and results in again restoring the needle to |
1ts neutral or initial position, and if again de-
pressed the needle will strike the contact 18,
and the circuit through the electromagnet 217 |
will be established 1in the manner previously
described 1 order to release disk 46 and
break the motor-circuit. -
- To prevent the possibility of both switch
members being closed at the same time, the

switch be closed and then contact be made |
that would otherwise close a circuit through
the electromagnet operating the other switch

“a circuit will be closed through magnet-coil

21’ opening the first switch, and then at the |
next depression ot the spring-strip 22 the cir-
cuit will be closed through the electromagnet |

manner. Ior example, if the switch oper-
ated by the electromagnet 20’ is closed by a
previous depression of the block 15 into en- )
gagement with contact 17 and the needle
should be moved in such manner that on.the
next depression contact would be made with

spring-strip, the contact 15, contaet 19, wire
99, wire 160, contact 83, contact 81, contact
84, wire 127, wire 128, electromagnet 21’,
wire 129, wire 130, contacts 59 and 56, wire
131, and wire 108, to return to the dynamo.
The magnet-core 24’ is then pulled down and
the switeh 1s moved to open position, the cir- ;
cutt through the coil 21 ﬁei_ng opened as soon
as switch member 56 leaves switch members
59. On the next depression of the needle, if
the latter is still over contact 19, the circuit
wul be closed through electromagnet 22’ in |
the manner previously deseribed. =~
Where the apparatus is employed for vol-
tage regulation, the connections are made in
the manner shown in Fig. 9. The potential- |

4L 840,557

regulator # has one winding connected in se-

ries with one of the mains 120, while the sec-
ond winding is connected in shunt to the
mains 120 and 125. In order to operate the
regulator, it 1s connected by suitable gearing,
including sprocket-wheels 160 and a link beit

70

171, to the motor 10, the motor connections

being controlled by the switching mechan-
isms previously deseribed, so that by turning
sald motor in one direction or the other the
regulator may be actuated for the purpose of
regulating the voltage of the lines. The
main circuit-closing device 1n this case takes
the form of a voltmgpter, the movable needle
or pointer of which is depressed at regular imn-

tervals for the purpose of closing one or other

of the switch-circuits. . -

As before stated, 1t 1s obvious- that the
mechanism may be used for a variety of pur-
poses and that the number of switches and
contacts may be increased or diminished and
that by proper adjustment of the screw 17’
the instrument may be made more or less
sensitive for the purpose of closing or open-
ing circuits of a greater or less range of move-
ment, of the needle. -
Having thus described the invention, what
1s claimed 15— I

1. In apparatus of  the class described, s
delicately-balanced needle res%)onsive to va-
rying conditions, a plurality of contacts over
which the needle swings, a needle-depressing
member forming part of a normally open cir-
cult of which 51
and means for forcing said member in the di-
rection of the needle at predetermined imter-
vals, and thereby engaging the needle with
the contacts to close the circuit through said
member. .

2. In apparatus of the class described, the
combination with a delicately-balanced nee-
dle responsive to varying conditions, of &
plurality of contacts over which the needle
swings, a spring-strip having an enlarged
head for contact with the needle, said spring-

| strip being formed of conducting material
“and constituting a part of a circuit of which

the contacts form terminals, a revoluble
shatt, and a crank-pin supported by the
shatt and arranged to engage said strip.

3. In apparatus of the class described, the

| combination with a needle responsive to va-

rying conditions, of a contact carried by said
needle, a plurality of contacts over which the
needle swings, a spring - strip held in a fixed

support at one end and provided at its iree

‘end with an enlarged head for engaging the
| needle-carried contact, said Sprih%-strip be-
' ing -formed of conducting material and con-

stituting a part of a circuit of which the con-
tacts form terminals, a revoluble shaft, a

| crank-disk on the shaft, and a crank-pin pro-

jecting irom the disk and arranged to engage
said strip. |

4. In apparatus of the class described, the 1

e contacts form terminals, -
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dle responsive to varying conditions, of a
plurality of contacts arranged on convergen‘t
ines and over which the needle swings, and
means for adjusting said contacts to alter the
sensitiveness of the device by increasing or
decreasing the distance between the contacts
at the point of movement of said needle.
5. The combination with a delicately-bal-
anced needle responsive to varying condi-
tions, of a plurality of contacts arranged on
convergent lines, and over which the needle
swings, a block carrying said contacts, means
tor adjusting the block to vary the Sens:ttwe-
ness ot the dewoe a spring-strip naving a
fixed support at one end and provided at its
opposite end with an enlarged head arranged

to engage the needle, and means for depress-

ing the strip at regular intervals.
6. In apparatus of the class described, the
combpination with a shaft or arbor, of a nee-

dle mounted thereon and promded with a

threaded arc having poising-screws, a con-
tact carried by the needle, a plurality of con-
tacts over which ‘the needle-carried contact
swings, and means for causing engagement
of a needle-carried contact with one of the
other contacts at regular predetermined in-
tervais. | . |
7. In apparatus of the class described, a
circuit-closing member responsive to vary-
ing conditions, a plurality of contacts with
which said member may engage to close dif-
ferent GH‘OU.le .8 mechanically - actuated
means for mrcmg said member into engage-
ment with the contacts, electmmaﬁ'nets AT~
ranged 1n sald circuits, switches under the
control ot said electmmagnets 2 SOUTce ef
enerﬁ'y, a transiating device, and circuits e
ndmg between the source 0. energy anc $hs
transla ting device and including said switches.
3. The combination with a source of 2n-

ergy, of a translating demce circults con-

necting the two, a pair of switches ineluded
1 satd mrcults pivotally - mounted arms
forming the movable members of the switches
disks carrying said arms, electromagnsts
having movaoie CoTes cozme,cted 50 said
disks,
holding the switches in closed position, anc
a third electromagnet having a movable core
connected to said catches.

9. In apparatus of the class described, the
combination with g source of energy, of
translating device, circuits connecting the
two, switches included in sald ecircuifs, piv-
oted disks having extended arms formm§ the
movable members of said switches, electro-
magnets having movable cores, pin-and-slot
connections between the movable cores and
dzsﬁs catches for engaging the disks to retain
the switch members in closed position, & third
eieetmmaf net, and means connecting the core
of the thu‘d 61801‘:&'011’1&0'116&; to said catches.

10. In spparatus of the

catches ror engaging the disks and

class deseribed, |

= .,

340,557 =
‘combination with a dehea,tely—b alanced nee- | the combinstion with & source of energy, of &

translating device, circuifs connecting the
two, normally Opﬂﬂed switches arranged in
said circults, electromagnets connected to
the swuehes contacts &I’I’aﬁbﬁd in cireuits
each includin o an electromagnet, a third elec-
tromagnet opera’cmc to release and permit
Openmr movement oi the switch, a contact
connected to the third elec‘tmmacne‘t 8 TNOV-
able member responsive to varying condi-
tions "and arranged to swing over said con-
tacts, and means for forcing said movable

member in the direction of the contacts at
regular intervals.

11. The co
ergy, ol atransiating device, circuits connect-
ing the two, normaily opened switches ar-
mne ed in said circuits, electromagnets hav-
ng ovable cores connected {o the switches;
ea;t ches for holding said switches in closed po-

sition, & third elwtmmac*ﬁet means connect-~.

ing the core of the third elecwomacﬂet to the
catches, & plu:«:ahw of contacts armn ed in-
det)endeﬁ tly 1n circuits with said electr(;::1]':*13,;;__1r

nets, 2 delicately-balanced needle responsive

to varying conditions and aﬂanc ed to swing
over such contacts, and means for foreing the
cedle ai DIQ{E.Ebu}.m&d intervals i the di-

_rw tion of seid “Oilb&GLS

12. in sppaeratus of the class described,
the combiniation with  souree of energy, of a
translating devies, circuits conmecting the
two, zm**m&i** G‘Pﬁﬂ@d switches arranged In

said circults and -each including e piveted.

disk heving a ﬁociﬁmu—szmulder 2nd’ pmwded
with an extended f}__"iﬂ tor the su‘}pon, of the

itch members; & pin I}I'Ogecumg from the
dlsi I, 20 elagirom a“ﬂ&t adjacent-to each disk
and provided s with & movable core, 2 aﬁﬁfte
connected tc the core 2 and having a slot for
the rece: ficn of the pin, means for momen-
tarily clesing a eivcuit bﬂl”"‘l,_fh either eleciro-
asnes, * the Mov-

cnd Taeans cond; rolied by
able cors for | @ﬂizg the cireult d{}é@ﬂi until
the core completes its ‘EOVQJEBE.

13. In apparatus of the class described,
he combination with & source of energy, of
ranslating device, cireuits commecting th
WO, ﬂ{}“fmadv Giﬁeﬂﬂ{f_ switcn me
cludea 1n seid cireuiis ﬁ;_na each including 2
pwomﬂy—mm._ie@ disk having o locking-

L
&
L
U

s;:mul er and a projecting supportmg-afm o

the switeh mempers, 2 pin projecting irom
the disk, an slectromagnet heving = movabis
core,
COT8 &ﬂd aﬂraﬂgﬂd for the reception of the pin,

o, cateh Tor encag ging the i{:ackmg—shoﬂdef_ anc._

holding the switeh in closad position, a caich-.
1o elect cromeagnet, and means 107 auto-
matically closing the cireuit through 2ny one .

operating

ot thﬂ e]_ew?om&e hets.

ﬁha: comgmamozz maﬂ 9, S0UTCE Of o~

efg , O & Lrwnsiablug device, eircults con-
necting he two, normally opened sivitches in
s2id siTeuits end eoch in meruding o disk naving

npinaiion with a source or en-

Eu-n.
)
'

2 siotied piate {)‘“ bar camud DY 'the'
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) locking
ing-arm for the switch members, a pin pro-
]eetmg from each disk, an eleetromec'net ad-

Jacent to each disk and having a movable

core, a slotted plate carried by the core and
arranged.for the reception of the pin, a cir-
cult-c

movement of the core, a third electreme cnet
arranged between the others, & pair of bell-
crank levers having catches for engagcing the
shoulders of the disks, and a movable core
under the canfrol of the third electromagnet

and arranged to engage said bell-crank le- |

vers and permit opening movement of the
switches.

-~ 15. The combination with a source of en-
ergy, of a tramslating device, circuits con-
necting the two, normally opened switches in

said eircuits, an independent electromagnet

for eperetmg each switch, and having a loose

connection therewith, eatehee for holding the

switches in closed p051t10ns after the eleetre-
magnets have been deénergized, a third elec-

‘tromagnet having a movable core, bell-crank

levers earrym% the catches and prowded with
arms engageable by said movable core, and

- means for closing a circuit through any one of

30

necting the two, normally o

said electromagnets. = °

16. The combination wath & source of en-

ergy, of a translating device, circuits con-
ened switches

~ arfranged in said circuits, independent elec-

33

*- 40

45

tremagnets for eperetmg the switches, each
of-said magnets having a movable core, a cir-

cuit-closing device carried by esdch: core and

arranged to maintain closed 8 momen-

completed its movement, ¢atches for holding
the switches in closed position, pawl-carried
levers carrying said catches, a third electro-

megnet having a movable core, a threaded

%ojeetmg from the core of the third
mem er, an adjustable nut carried by the
gm and a,rrem.ged to engage the arms of the

ell-crank levers to effect movement of the
- catches to release position, means for hold- |

closing device carried by the core and |
serving to maintain a circuit closed through |
"~ the electromagnet until the completion of |
.. IC

tarily -energized circuit until the core has
net.

'. 840,867

_shoulder and a projecting support- | ing eleeed a momentarily - energized circuit

through said electromagnet, and contacts
connected 1n cirecuits with the several elec-
tromagnets, a delicately-balanced needle re-
sponsive to varying conditions and arranged

to swing over said contacts, and means for

forcing the needle against said contacts at
predetermined intervals.

17. The eombination with a source of en-

ergy, of a translating device, circuits con-

‘mnecting the. two, normally opened switches
arranged In said circults, electromagnets for

operating said switches, each magnet having
a movable core, & pair of contacts adjacent to
each core, means carried by the core for clos-
ing a circuit between the contacts and thus
maintaming closed a momentarily-energized
circuit until the core has completed 1ts move-

‘ment, bell-crank levers having catches for

memtemmg the switches in closed position,
auxiliary circuit-controlling contacts carried
by the bell-crank levers and adapted to open

the circuits of the electromagnet when the

SW1tehes have been closed, a third electro-

et having a movable core for engaging
sald bell-crank lever, contacts to which the
electromagnets . are eleei:.'mee,]l}r connected,

‘and a movable member for engaging said

contacts to close a circuit through any one ot
the electromagnets.

18. In apparatus of the elese set forth, a
switch, an electromagnet having a movable
core connected to said switch, a movable
contact member carried by the core, station-
ary contacts with which the movable contact
engages to complete and hold close the ener-
g1zing-circuit of the electromagnet until the
core has completed its movement, and means
for momentarily enermzmg the electremeg—

In testimony that I claim the foregoing as
my own I have hereto athxed my signature in
the presence of two witnesses.

HERBERT G. CRAWFORD

- Witnesses:
Crar E. CRAWFORD,
E. J. Doran.,
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