June 2, 1942. J. R. HARRINGTON ET AL 2,284,816

ROTARY SWITCH

Filed Aug. 3, 1940 5 Sheets-Sheet 1

~97
]
\[r
F%I
Y []
126 | 123 |[—la

N
. ‘Oaj -
S S
3-8
1P

~

/44

\% 100 0 0 0 W %T@"@ Q|| i ¢
.S‘\. 1090 09 0 0 o oJlrbgs o ‘@ 2|l 2 Z) % G
: TRV
SO ST OESs T——21
‘%// / //! /, AR )% %
/ : 577 ..
XN Wy S
X Boyd 1. Stttk

,B(y @M, % ,ﬁwvgm

SEYys,




June 2, 1942. J. R. HARRINGTON ET AL 2,284,816

ROTARY SWITCH

Filed Aug. 3, 1940

5 Sheets-Sheet 2

d/e
9/
1o




June 2, 1942, J. R. HARRINGTON ET AL 2,284,816
' RO_TARY SWITCH

Filed Aug. 3, 1940 5 Sheets—Sheet 3
g 4
/0/63
S=va /05~
/02%_‘“&9 /‘QQ v i /06
s % ‘“%f : hor - /07
=iy i %
29 L =R 708
|/83/ // G 17\\ LS e
e Ca N4
| ( (@))% Y
J— \ 2/
/22— \ \ . _
/9 NS
125 — > as’
/253 i 4 -
Pl - AN

ZLe

° v 7 0] . .
@8' g4 ﬁa@/gz‘@ﬁ L9y,

aa V74
] N . ) mife A ! D -
Ny | % Ia P{(/J/ 37(9 E\FFI]J/ LJt | ;L/y

LT Slo— £/j//z

A=

ol el ol

28—\ AN I&JQ E:Jz . o lo N

IO LD
e o Invertors

® O

Uazyres R rington
Boyd A Srnitr
B(y Brovum, %Méml DBt Leornnct
SEFLys




June 2, 1942, J. R. HARRINGTON ET AL 2,284,816
ROTARY SWITCH

Filed Aug. 3, 1940 5 Sheets-Sheet 4

Inventors
Jarmnes K. Ha rringlon,
' Loyd 1. omith




June 2, 1942, J. R. HARRINGTON ET AL 2,284,816
ROTARY SWITCH
Filed Aug. 3, 1940 5 Sheets~Sheet 5

ol
S 7SN
' g J0p—
/7’ of .92 \
— )54 _

/ rine i R I B |
/

=T -

145 wgg N 4 . /
\e -

annd

\O

F7q16, Tz,
o/ /06 = J52
YLy
i h/C2;;§ |

,_hq:.l' >
' Jroverrtors:
damnes 1 Harringion
A

BoY. ,
B Bt ik B .




Patented June 2, 1942

2,284,816

UNITED STATES PATENT OFFICE

2,284,816
ROTARY SWITCH

James R. Harrington, Mansfield, and Boyd H.
Smith, Shelby, Ohio, assignors to The Auto-
call Company, Shelby, Ohio, a corporation of

Ohio

Application: August 3, 1940, Serial No. 350,716
(CL 200—105)

21 Claims.

The - present invention relates to rotary
switches of the stepping type in which a rotary
member is stepped around to cooperate succes-
sively with a circularly arranged series of con-
tacts. Rotary switches of this general descrip-
tion are extensively used for automatic selec-
tion, remote control:of electrical circuits, hunt-
ing of electrical circuits, counting operations, to-
talizing operations, etc. These switches may be
of the remote-controlled pulsing type in which
the stepping of the switch is in response to im-
pulses governed or controlled by an outside
source, or it may be of the self-interrupted puls-
ing type in which the stepping of the switch is
automatic in response to the interruption of its
ocwn energizing circuit.

One of the features of the invention is the
provigion of an improved rotary switch of the
above general description in which the succes-
sive switching operations are made to occur be-
tween cooperating pairs of contact springs which
are flexed into and cut of pressure engagement
with each other by the successive stepping of a
rotary arm or arms, as distinguished from a wip-
ing contact action in which the rotary element
carries wipers which depend upon sliding action
across the surfaces of successive contacts. The
certainty and reliability of contact closure is
greatly increased by our improved arrangement
using contact springs, and all frictional or slid-
ing wear of contact surfaces is eliminated.

Angther feature of our improved rotary switch
is an improved operating relation hetween the
stacks or “pile-ups” of contact springs and the
stepping arm or arms which actuate the con-
tact springs. The pile-ups of contact springs
are arranged in a cylindrical grouping, all ex-
tending parallel to the axis of rotation of the
actuating arm or arms, and disposed similarly
to the elements of a cylinder surrounding the
actuating mechanism. This results in a very
compact arrangement, with a large number of
circuit controlling functions performed in-a ro-
tary switch of small size. Each pile-up includes
an actuating spring adapted to be flexed out-
wardly for performing the circuit making or
breaking functions of that pile-up. Such actua-
tion is accormplished by the rotary actuating arm
or arms being stepped around into engagement
with the inner side of the actuating spring,
thereby flexing said spring radially outwardly
with respect to the cylindrical series of pile-ups.
As previously remarked, in the preferred em-
bodiment of our invention there is no wiping
contact action between the rotary arm and the
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contact springs, but, instead, the actuating arm
merely exerts a camming or thrusting pressure
against the inner side of each actuating spring
through the medium of an insulating roller car-
ried on the outer end of the actuating arm.
However, a wiping contact action can also be in-
corporated in our improved construction, if de-
sired.

Another feature of our invention resides in
the ready facility of connecting the electrical
conductors to the contact springs; and, also, the
ease and facility with which any one of the
pile-ups can be removed and replaced, as for
changing its combination of springs, soldering
electrical connections thereto, etc. The series of
pile-ups are all detachably secured around the
cylindrical oufer surface of a stationary sup-
porting ring. This disposes the terminal ends
of all of the contact springs in positions readily
accessible for soldering conductors thereto.
Furthermore, by the mere release of two mount-
ing screws, serving to support each pile-up on
said supporting ring, the pile-up can be quickly
removed for changing the spring combination
thereof, cleaning the contact points, soldering
connections to the terminal ends, or for any
other purpocse,

Another feature of the invention resides in
the provision of a readily releasable jack mount-
ing of the movement which carries and drives
the actuating arm. This movement comprises
the stepping electromagnets, the armature re-
sponsive thereto, the pawl and ratchet mecha-
nism actuated by the armature for stepping the
actuating arm, and, in some instances, the move-
ment may also include a release electromagnet
for resetting the actuating arm, and may in-
clude interrupter contact springs for securing
the self-interrupting operation. All of the elec-
trical connections for the electromagnets, in-
terrupter springs, etc., are established through
this' jack mounting. Hence, should any occa-
sion arise to inspect, repair or substitute the
movement, the jack mounting thereof enables
the movement to be readily withdrawn from the
agsembly without the necessity of unsoldering
and resoldering electrical connections, ete. This
jack mounting consists of a receptacle portion
carried by the stationary supporting frame, and
a plug portion carried by the actuating unit or
mgovemment, the receptacle portion comprising a
plurality of sockets, and the plug portion com-
prising a corresponding arrangement of plug pins
for engaging in said sockets.

Another feature having particular reference
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to the homing or self-interrupting embodiment
of our rotary switch is the provision of an im-
proved operating arrangement for the interrupt-
er springs. This arrangement utilizes the pawl
and ratchet parts of the stepping mechanism
for obtaining a very accurate, reliable timing
of the motion of the interrupter springs, i. e,
a quick, accurately timed break of the circuit
substantially at the instant that the advancing
pawl has engaged the next ratchet tooth, and
an accurately timed make of the circuit in pre-
determined relation to the return motion of the
advancing pawl and the dropping of the locking
dog intc the next tooth of the ratchet wheel.

Other Teatures, objects and advantages of the
invention will appear in the following detail de-
scription of two preferred embodiments of our
improved rotary switch. In the accompanying
drawings. illustrating such embodiments:

Figure 1 is a side view, partly broken away,
showing in particular the cylindrically disposed
series of contact spring pile-ups mounted on the
circular supporting frame;

Figure 2 is a similar side elevational view of
the actuating unit or movement, the latter being
shown removed from the stationary frame struc-
ture and cylindrical series of pile-ups, such illus-

trating the advantage of the jack mounting of -

the movement;

Figure 3 is a fragmentary front elevational
view showing the movement assembled in its
operative position in the stationary frame struc-
ture, in position to actuate the cylindrical series
of pile-ups;

Figure 4 is a transverse sectional view through
the actuating mechanism or movement, taken
approximately on the plane of the line 4—4 of
Figure 2;

Figures 5 to 11, inclusive, are detail views
showing different sprmg combinations of the
pile-ups;

Figure 12 is a fragmenta1y front elevational
view of the receptacle portion of the jack mount-
ing for the movement;

Figure 13 is a rear elevational view illustrating
the plug portion of the jack mounting, this plug
portion being secured to the rear of the actuating
movement;

Figure 14 is a front elevational view of an-
other embodiment of our invention of the self-
interrupting or homing type; ’

Figure 15 illustrates the normal relatlon be-
tween the armature, advancing pawl and inter-
rupter springs in this latter embodiment;

Figure 16 is a similar fragmentary view show-

_ing the operating relation while the armature
and advancing pawl are moving downwardly and
the pawl is just about to snap over the edge of
the engaged ratchet tooth; and

Figure 17 shows the interrupter springs moved
to open circuit position by the snapping of the
advancing pawl over the edge of the engaged
ratchet tooth. ’

_Pigure 1 illustrates the rotary switch mounted
vertically on any suitable supporting panel or the
like 24, it being understood; however, that the
switeh. can also be mounted horizontally or in
any ahgular position. The various-elements of
the switch are carried by a main frame struc-
ture 25 comprising a spider hub 26, spider arms
2T and a cylindrical ring or annulus 28, all pref-
erably formed as an integral unit. Tapped
bosses - 28 project rearwardly from each. of the
three spider arms 271 and abut against the
mounting panel or baseboard 24, these bosses re-
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ceiving mounting screws 3{ passing through the
panel. An aperture 32 in the panel enables the
several conductors 33 to be extended forwardly
from the back side of the panel for establishing

soldered connection with the terminals of the

mounting jack. The receptacle portion of this
mounting jack ‘is indicated at 34, and the plug
portion ig indicated at 35. The receptacle por-
tion 24 is composed of a cylindrical body of in~-
sulation which sets into a central opening in the
spider hub 26, there being a series of sockets 34’
formed around the outer portion of said . insu-
lating hody 34 (see Figure 12) for receiving the
prongs 35’ of the plug portion 35. The flanged
front end of the insulating body porticn 34 car-
ries a mounting clip 36 adapted to receive the
mounting screws 37, by which the receptacle
portion is secured to the spider hub 26. The
contacts within the sockets 34’ have end termin-
als 38 (Figure 1) to which the conductors 33 are
soldered. The removable actuating unit or
movement is indicated in its entirety at 41 in
Figure 2, this unit carrying the plug portion 35
of the jack mounting. Said movement is fur-
ther secured to the stationary frame structure
25 by two diametrically opposite attaching screws
42 and 42’ which pass through the top and bot-
tom portions of the unit 41 and thread. into
tapped holes 43 and 44 provided in the frame
structure. The tapped hole 43 is formed in an
attaching lug 45 which projects-inwardly and
rearwardly ‘from the ring 28, and the tapped
hole 44 is formed in a shouldered step portion
45 projecting from one of the spider arms 27,
at a point diametrically opposite the lug 45. To
withdraw the actuating unit or movement 41
from the rotary switch, it is only necessary to re-
lease the two attaching screws 42 and 42’, and
to then withdraw the plug portion from the re-
ceptacle portion of the jack mounting. It will be
understood that the prongs and sockets of the
jack mounting are coded so that the movement
41 can only be reinserted back into the rotary
switch in the one proper angular position.
Referring now to the mounting of the stacks
or pile-ups of contact springs on the frame 285,
each of these pile-ups is designated 51 in its
entirety, and is releasably mounted on the out~
side of the ring 28 by the mounting screws 52,
as clearly shown in Figures 1 and 5 to 9 inclusive.
It will be noted that these pile-ups are arranged
in a cylindrical grouping, all extending parallel
to the axis of the ring 28 and parallel to the axis
of rotation of the actuating arm or arms T, Tiu,
whereby the pile-ups are disposed like the ele-
ments of a cylinder which surrounds the actuat-
ing unit 4{. Each pile-up 51 comprises an actu-
ating spring 5ia¢ or 5lac which is adapted to be
flexed outwardly under the camming action of
an insulating roller or rollers 12, 12q carried on
the -ends of the actuating arms. Cooperating
with the actuating spring 5ia of each pile-up are
one or more secondary springs 51b, 5lc, 51d, etc.,
which can be assembled in any number of differ-
ent combinations, as shown in Figures 5, 6, 7, 8
and 9. Figure 5 illustrates a make spring 51b
disposed on the outer side of the actuating spring
8la; Figure 6 illustrates a make spring 519 on
the cuter side, and a break spring 5ie on the
inner side of the actuating spring; Figure 7 illus-
trates a plurality of concurrently moving actuat-
ing springs 5fe, 51d, Efe and 547, each cooper-
ating with different make or break secondary
springs. In the arrangement shown in Figure 7,
all of the actuating springs 5ia, 5id, 5le, etc.,
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are flexed outwardly concurrently through the
medium of the insulating spacers 53 which are
disposed between the upper ends of said springs.
Figure 8 illustrates a pair of secondary springs
5lg and 51 cooperating with the actuating
spring %la in such relation that springs 5ia and
§{g make circuit before springs 5i¢ and 5ih
kreak circuit. Pigure 9 illustrates a similar com-
bination, with an additional break spring 5ic on
the inner side of the actuating spring 5ia. The
contacts 51z carried by each of the springs may
he composed of silver or any other desired con-
tact material.

Figure 10 -illustrates the wuse of actuating
springs §!a which are so proportioned as to be
nen-bridging in operation, while Figure 11 shows
the use of actuating springs 5faq which are so
proportioned as to be bridging in operation.
That is to say, in Figure 10 the upper ends of
the actuating springs 5fa are relatively narrow
with regard to the spacing hetween pile-ups and
to the width of the actuating rollers 12 or 12a,
whereby the roller moves completely out of en-
gagement with one actuating spring, or permits
that actuating spring to restore its normal cir-
cuit conditions, before the roller engages or
flexes the next actuating spring into the position
which makes or breaks the circuit connections
responding to that spring. Thus, in this non-
bridging relation, all of the circuit controlling
functions brought about by any one pile-up are
restored to normal condition before the circuit
controlling functions of the next pile-up are
brought into their actuated conditinn. Figure 11,
on the other hand, shows the upper ends of the
actuating springs Biga as being formed with
lateral wings or exbensions 5!y, which are so
proportioned with respect to the spacing be-
tween adjacent pile-ups and with respect to the
width of the actuating roller 12, that the motion
of the roller {rom one actuating spring to the
other always results in a bridging relation. That
is to say, the actuating roller causes all of the
circuit centrolling functions of each pile-up to be
brought into their actuated condition before the
circuit centrolling functions of the next preced-
ing pile-up have been allowed to return tc their
normal condition.

It will be seen from the foregoing descriptions
of Figures 5 to 11, inclusive, that each of the
several pile-ups can be arranged with practically
any combination of contact springs, and for
either bridging or non-bridging operation. The
terminals §i¢ of the confact springs are formed

with slanting ends, as best shown in Figures 10 -

and 11, and each of these terminals is constructed
as a separate clip, distinct from the contact
spring, s¢ that it can be assembled to dispose
the slanting end either to the right or to the left,
thereby affording greater facility for soldering
conductors thereto when several contact springs
are assembled in a pile-up. As shown in Pigure 5,
the various contact springs of each pile-up are
maintained in proper spaced relation by the in-
sulating” spacers §5, and insulating bushings 58
are extended through these insulating spacers
and through the contact springs and terminal
clips 51¢ for recelving the mounting screws 52
which thread infto the tapped holes 57 in the
ring 28. An outer pressure plate 58 composed of
metal is assembled over the outer side of each
pile-up for receiving the pressure exerted by the
heads of the screws 52. As clearly shown in Pig-
ure 1, all of the pile-ups are conveniently ac-
cessible around the exterior of the supporting
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ring 28, and any pile-up can he quickly and easily
removed hy the release of the screws 52, when-
ever it is desired to change the spring combina-
tion, clean the contact points, or perform other
operations on the pile-up. This mounting of
the pile-ups surrcunding the exterior of the ring
28 also greatly facilitates assembly of the rotary
switch, and further facilitates the making of the
soldered connections between the conductors
and the terminals 5i¢. If the pile-up includes a
relatively large number of contact springs, as
represented in Figure 7, it may be desirable to
use stud holts 52’ and cooperating nuts 527’ in-
stead of the screws 52. In the two embodiments
of rotary switch illustrated in Pigures 1 and 15,
we have shown a series of fifty pile-ups mounted
in equally spaced relation around the supporting
ring 28, but it will of course be understood that
& greater or lesser numbker of pile-ups may be
employed in larger or smaller capacity switches.

Referring now to the actuating unit or move-
ment 4i, it will ke seen from Figures 2,3 and 4
that this unit is assembled on a frame casting
61 of substantially C-shaped outline, comprising
a front wall 62 and rearwardly extending top
and bottorm legs §3 and 64. A detachable rear
plate 65 extends downwardly across the rear ends
of the frame legs 63 and 64, to which legs the
plate is secured by the screws 66, as shown in
Figure 13. The plug portion 35 of the mounting
jack 34--35 is supported on this rear plate 65,
the flanged rear end of the insulating body por-
tion 38 being secured to an attaching clip 36’
which is fastened to the plate 65 by the screws
3T’, similarly to the mounting of the receptacle
portion of the jack. As shown in Figure 13, a
hole 67 extends longitudinally through the upper
frame leg 63 for receiving the upper mounting
screw 42, and a hole 68 extends longitudinally
through the lower frame leg for receiving the
lower mounting screw 42, the upper hole 67 be-
ing adapted to align with the upper tapped hole
43 in the stationary supporting frame, and the
lower hole €8 being adapted to align with the
lower tapped hole 44 in said supporting frame.
The hole 67 and its tapped bore 43 are located in
closer proximity to the axial center of the actu-
ating unit than the lower hole 68 and its tapped
bore 44, such arrangement preventing the possi-
bility of erroneous mounting of the actuating
unit within the stationary part of the switch
structure. Arcuate shoulders 69 machined across
the top and bottom surfaces of the frame legs
§2 and 64 are adapled to abui the forward edge
of -the supporting ring 28 (Figure 1) when the
actuating unit is assembled within the station-
ary part of the switch structure.

Any desired number of rotary actuating arms
11, Tia, etc. may be employed. Figures 2 and 3
illustrate a construction using two diametrically
opposite srms T, Tia, whereas Figure 14 illus-
trates a .construction using only one arm TI.
It will be noted that the two arm construction
of Figures.2 and 3 coacts with the fifty pile-ups

‘%o give a twenty-five point switch, and that the

single arm construction of Figure 15 coacts with
the fifty pile-ups to give a fifty point switch,
both embodiments being obtainable on the same
switch frame. Furthermore, these actuating
arms may be arranged for odd or even multiples,

-and the pile-ups may be continucus or in groups

related to arm movements. The taper of the ac-

tuating rollers 72—72a conforms approximately
to the angle of outward flexure of the contact
springs when flexed outwardly by said rollers.
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The hub 138 of the actuating arm structure is
secured to a drive shaft T4 which has bearing
support in a boss 15 projecting forwardly from
the front wall 62 of the frame 61. A spirally
coiled ribbon spring 76 has one end staticnarily
anchored at 1T to the boss 15, and has its other
end connected with a rivet 18 projecting rear-
wardly from the actuating arm device. A washer
76 is assembled on the boss 15 to retain the re-
turn spring 16 between said washer and the actu-
ating arm. In other embodiments of our inven-
tion which do not use a return spring, this washer
may be omitted. The torsion of the spring 76
tends constantly to return the actuating arm
back to its normal or zero position. This nor-
mal position is determined by sftop mechanism

associated with the driving ratchet wheel, as we.

shall now describe.

Secured to the inner end of the shaft T4, on
the inner side of the frame wall 62, is the driving
ratchet wheel 81 through which the step-by-step
motion is imparted to the shaft 14 and arm TI.
The stop mechanism referred to is mounted be-
tween the ratchet wheel 81 and the frame wall
62, and comprises a stop arm 82 carried by the
ratchet wheel and adapted to engage a stop pin
83 carried by the frame wall. The stop arm
82 is pivotally mounted for free oscillation on the
shaft 14, and is arranged to be driven by the

ratchet wheel 81, but in such relation thereto 3

that the stop arm is capable of a limited range
of oscillation relatively to the ratchet wheel.
This is accomplished by mounting a bolt or stud
84 in the ratchet wheel, with one end projecting
forwardly from the wheel and extending into an
arcuate slot 85 which is formed in the stop arm
82. A narrow outer exiremity 82’ on the arm
82 effects the actual contact with the stop pin
83, and the angular length of the slot 85 is so
proportioned with respect to the width of the
projection 82’ that an accurate stop relation is
established at a point one step short of a com-
plete revolution. For example, with the actu-
ating arm standing in its normal position in en-
gagement with the No. 1 pile-up, one stop rela-
tion will be established, and following this in the
operation of the device the arm can swing
through engagement with all of the pile-ups up
to and including No. 59, at which point the other
stop relation will occur. In the spring return
of the actuating arm, the latter revolves back
into engagement with the No. 1 pile-up, repre-
senting the normal position.

The advancing mechanism comprises the two
advancing electromagnets 88, 88’ which are dis-
posed side by side directly in back of the ratchet
wheel 81, and which have their cores 89, 89’
anchored to a horizontal shelf portion 64’ of
the frame by screws 8{. Disposed directly above
the upper ends of the magnet cores is the ar-
mature 92 which carries at one end the advanc-
ing pawl 93 adapted to impart advancing move-
ment to the ratchet wheel 81. The other end
of the armature is pivotally mounted on a sup-
porting shaft 94 which is supported at its front
end in the frame wall 62 and at its rear end
in a lug §5 extending downwardly from the frame
leg 63, as best shown in Figure 2. This lat-
ter portion of the armature 92 is formed with
a relatively wide yoke portion 96 so as to estab-
lish widely spaced points of bearing support of
the armature on the shaft. The armature and
pawl are normally retained in their elevated
position by a torsion spring 97 which surrounds
the shaft 94 in front of the yoke portion 96.
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One end of this spring is connected to the yoke
portion 86, and the other end is connected to
a very small pinion 98 which is rotatably mount-
ed on the shaft 94 directly in back of the frame
wall 62. The pinion 98 is adapted to be given
rotative adjustment through the actuation of a
short worm shaft 99 which meshes with the up-
per side of the pinion. This worm shaft is jour-
naled in a bracket 101 secured to one side -of
the frame 61, and the outer end of said worm
shaft is threaded for receiving a lock nut 102
which serves to lock the worm shaft after the
desired adjustment has been given the pinion
88. The rotative adjustment of this pinion in
one direction or the other serves to increase or
decrease the tension of the torsion spring 97,
and relatively fine adjustments can be made
whenever it is- desired to have the response. of
the electromagnets 88, 88’ marginal. In the illus-
trated construction, we have shown the arma-
ture 82 as being disposed above the electromag-
nets 88, 88’, so that the restoration of the ar-
mature to normal position is effected solely by
the tension of the spring 97 but, as will be un-
derstood, the operating arrangement may be in-
verted so as to dispose the armature 92 below
the electromagnets, in which position restora-
tion of the armature to normal position would
be effected by gravity, assisted by the tension of
the torsion spring 271. The normal -position of
the armature is determined by an adjustable
stop screw (83 which screws down through the
upper frame leg 63, and functions as an adjust-
able back stop for the armature movement. The
advancing pawl 93 is pivotally mounted at (06
on a downturned lug at the end of the arma-
A torsion spring 08T coiled about the
pivot 188 normally tends to urge the nose 108
of the pawl into engagement with the teeth of
the ratchet wheel 8f. Another arm 109 pro-
jecting substantially horizontally from the up-
per portion of the pawl is adapted to engage a
limiting stop in the form of a screw fi{l which
threads down through the upper frame leg 63.
This accurately positions the retracted location
of the pawl nose 108 so that the ratchet wheel
teeth can just clear the pawl nose at this time,
in order that the ratchet wheel can be reversely
rotated back to its normal position under the
impetus of the return spring 76. The advanced
position of the pawl is determined by an adjust-
able stop screw 113 which threads through an
angle arm 114 projecting outwardly from this
side of the supporting -frame. The oufer sur-
face of the advancing pawl 93 is adapted to
strike the screw 11{3 when the pawl has com-
pleted the proper one step advancement of the
ratchet wheel, the stop function of the screw
serving to prevent any overthrow movement be-
ing imparted to the ratchet wheel. It will be
understood that there are the same number of
teeth formed around the ratchet wheel as there
are pile-ups 51 disposed around the frame por-
tion of the switch.

In magnetic release embodiments of our inven-
ion, such as that shown in Figures 1, 2, 3 and
4, the holding pawl 1i6, which functions to-
hold the ratchet wheel 81 in each position of ad-
vancement, is made magnetically releasable in
response - to the energization of a release elec-
tromagnet 117. This latter electromagnet is dis-

posed to one side of the advancing electromag-
nets and ratchet wheel, and has its core secured
by a screw 118 to an angle bracket 119 which is
fastened by screws. 2l to.a lug 122 projecting
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laterally from the frame casting 6f. The hold-
ing pawl 116 is rockably mounted on a pivot
bolt 123 carried by the front frame wall 62, and
the pawl is formed with an armature portion
{24 projecting beyond this pivot bolt and dis-
posed directly below the release electromagnet
11T. The lateral edge of the armature portion
i24 is adapted to abut against the lower edge
of the angle shaped magnetic bracket 119 when
the armature is attracted, thereby substantially
completing a magnetic circuit through the core,
armature and angle bracket. A thin strip of
brass or other non-magnetic material 125 is se-
cured to the armature in position to abut the
lower edge of the bracket 118, and thereby pre-
vent the armature from adhering in its attracted
position after the deenergization of the electro-
magnet 17, A coil spring {26 mounted on the
pivot bolt i23 (Figure 2) tends to maintain the
holding pawl {16 in the normal position illus-
trated in Figure 4. Upon the release of this
holding pawl by the energization of the electro-
magnet {17, the ratchet wheel and actuating
arm immediately revolve back to their normal
position under the return energy of the spring
15. In the above described embodiment, it will
be noted that the advancement of the ratchet
wheel 81 and switch actuating arm always oc-
curs on the down stroke or attractive move-
ment of the armature 92.

Referring now to the embodiment illustrated
in Figures 14-17, this construction is of the seli-
interrupted pulsing type in which the stepping
of the switch is automatic in response to the in-
terruption of its own energizing circuit. In such
construction, the advancement of the ratchet
wheel and switch actuating arm occurs on the
retracted movement of the armature instead of
-on the attracted movement. Such modified em-~
bediment has the same cylindrical grouping of
the pile-ups around the stationary supporting
ring 28, has the same jack mounting of the re-
movable actuating unit or movement 41, and is
the same as the previously described embodiment
in all respects except that there is no magnetic
release and spring return of the switch actuating
arm, but instead the arm is pulsed back to a home
position by the self-interrupting contacts which
are actuated by the advancing pawl. The same
identical arrangement of advancing electromag-
nets 88, 88’ actuates the same form of armature
§2, and this armature is restored to its normal
position by the same arrangement of adjustable
torsion spring 871 adapted to be adjusted through
the same arrangement of worm shaft 93 ete.
The pivot 107 at the cpposite end of the armature
carries the advancing pawl 12T which extends
down substantially vertically alongside the
ratchet wheel 81’. The teeth on this ratchet
wheel extend reversely to the relation previous-
ly described, which may be obtained by simply
turning the ratchet wheel 81 over, and the ad-
vancing pawl 127 is provided with a nose 28
which imparts advancing movement to the teeth
129 of said ratchet wheel on the upward, re-
tractive movement of the armature 92 instead of
on the downward attractive movement thereof.
Formed integrally with the lower end of the ad-
vancing pawl 127 is a tongue §32 which is bent
laterally to lie in a plane at right angles to the
advancing pawl. This tongue is slotted or

notched to form a vertical guide recess which ex-
tends down over the shank of guide screw 134
that threads into a tapped bore in the side of
the frame casting 61. This reciprocal guided re-
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lation between the forked tongue 132 and the
stud 134 prevents the advancing pawl 1271 from
being accidentally deflected sidewise out of prop-
er operating relation to the teeth of the ratchet
wheel. A pin 136 projecting laterally from the
advancing pawl 12T has connection with one end
of a tension spring 137 which tends to hold the
tooth or nose portion 128 of the pawl in constant
contact with the ratchet teeth 128. This spring
137 extends approximately diametrically across
the rear side of the ratchet wheel 8§’ and has
connection at its opposite end with a pin 138 pro-
jecting laterally from a holding pawl 138. This
helding pawl is pivotally mounted on a pin 141
carried by the front wall 62 of the frame cast-
ing. The upper end of said pawl is formed with
a forwardly projecting lug 142 which constitutes
the nose or dog portion of the pawl, the latter
being held constantly against the ratchet teeth
by the spring (37, and preventing any backward
motion of the ratchet wheel in the actuation
of the switch. As remarked above in connection
with the preceding embodiment, the armature 92
and advancing pawl (21 may be reversely dis-
posed with respect to the electromagnets, so that
in the restoration of the armature to its normal
position the action of the restoring spring 98 will
be assisted by gravity.

Referring now to the interrupter springs and
their mode of operation, we have shown two du-
plicate pairs of these springs 144, 145 and {44/,
145" arranged for conjoint cperation. Both
pairs of interrupter springs can be connected to-
gether in multiple for controlling the energizing
circuit of the advancing electrocmagnets 88, 88/,
or only one pair of springs may be employed for
interrupting such circuit, and the other pair may
be employed for some other purpose. Insulating
bushings (46 carried by the contact spring 144
serve to actuate both front springs (44, (44’.
The front insulating bushing (46 bears against
a slider spring 148 which has sliding contact
against the back side of the laterally bent togue
portion 132 of the advancing pawl. In the ver-
tical motion of the advancing pawl {21, the spring
148 functions as a slider strip interposed between
the advancing pawl and the front bushing 148,
whereby the bushing does not have direct con-
tact with the sliding motion of the armature
such as would result in rapid wear of the bush-
ing. The three springs (44, i44’ and {48 are
biased so that they normally tend to flex in-
wardly to the open circuit position illustrated in
Figure 17 whenever the advancing pawl 127
swings inwardly. Stiffener springs {51 may be
interposed on the inner sides of the back contact
springs 145, {45’ so as to stiffen the latter sorings
against flexing inwardly when the front springs
move to the circuif opening position illustrated in
Figure 17. The above described pile-up of
springs and insulating spacers 152 is secured by
screws 153 to an angle lug {54 which projects
laterally and rearwardly from the front wall 62
of the frame casting. BEach ratchet tooth 129
comprises an idling flank i57 and an advancing
flank 158, these two being disposed at approxi-
mately a right angle or slightly less than a right
angle to each other. The parts of the mecha-
nism are so proportioned and arranged that
when the armature 92 is in its retracted position
(Figure 15) the pawlnose 128 is then engaging an
idling flank 157 which extends substantially par-
allel to the length of the interrupter springs
144—14%’. Thus, in the down stroke idling move-
ment of the armature (Figure 16) the pawl nose
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128 slides along the idling flank 157, during which
motion the idling flank serves to guide the pawl
nose for movement along a path diagrammadtical-
1y represented by the line x—2 in Figure 16. It
will be noted that this line extends substantially
parallel to the length of the interrupter springs.
Hence, during the entire down stroke of the ar-
mature while the advancing pawl is moving
downwardly preparatory to engaging another ad-
vancing shoulder or flank 158, no motion is im-
parted to the interrupter springs 144, 144’, but
these springs are held in their normal, closed cir-
cuit positions. However, as soon as the pawl
nose 128 rides off the extremity of the idling
flank 157 and moves inwardly across the actuat-
ing flank 158, the interrupter springs 144, 144’
both move inwardly to their open circuit posi-
tions, as shown in Figure 17. This immediately
interrupts the energizing circuit of the electro-
magnets 88, 88’, with the result that the arma-
ture 92 is impelled upwardly by the retracting
spring, such imparting a one-step advancement to
the ratchet wheel 81/, and restoring the part to
the position illustrated in Figure 15. During the
rotative movement of the ratchet wheel in this
one-step advancement, the pawl nose 128 and
pawl 121 partake of the rotary motion of the
ratchet wheel, swinging upwardly and outwardly,
and this outward component of motion restores
the interrupter springs 144, {44’ back to their nor-
mal positions in a relatively quick circuit-closing
operation near the end of the return motion of the
armature. This improved operation of the inter-
rupter springs insures that the motion of the
advancing pawl in reaching for the next tooth
is completed before the contacts are opened, also
that the contacts are not closed until near the
end of the actuating motion of the advancing
pawl, with the result that a positive reliable con-
trol of the contacts is obtained, and a high speed
operation of the switch is also secured.

While we have illustrated and described what
we regard to be the preferred embodiments of
our invention, nevertheless it will be understood

that such are merely exemplary and that numer-~

ous modifications. and rearrangements may be
made therein without departing from the essence
of the invention.

We claim:

1. In a rotary switch, the combination of an
assembly of contact springs grouped cylindrically
about a common axis and extending substan-
tially parallel thereto, a movement for actuating
the switch comprising electromagnetic stepping
mechanism and a rotating arm driven thereby
for engaging said contact springs successively,
and mounting jack means for said movement en-
abling said movement to be jack connected and
disconnected relatively to said contact spring as-
sembly.

- 2, In a rotary switch, the combination of a se-
ries of contact spring pile-ups grouped cylindri-
cally about a common axis and extending sub-
stantially parallel thereto and to each other, an
actuating movement for actuating the switch
comprising an electromagnet, pawl and ratchet
mechanism responsive thereto, and an actuating
arm advanced with a step-by-step motion by said
pawl and ratchet mechanism, said actuating arm
rotating coaxially of the comimon axis of said
pile-ups and flexing the actuating springs of said
_pile-ups radially outwardly of the series for per-
forming circuit controlling operations in  said
pile-ups, and mounting jack means for mounting
said -actuating movement whereby it may be re-
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moved axially of .said cylindrical series of-con-
tact springs without disturbing said springs or
their electrical connections. K

3. In a rotary switch of the class described, the
combination of a supporting frame including a
stationary cylindrical ring, a plurality of contact
spring pile-ups mounted in a cylindrical series
around the exterior of said - supporting ring,
screw means for detachably securing said pile-
ups to the outer surface of said supporting ring,
each of said pile-ups comprising at least an actu-
ating spring and a coacting spring adapted to
perform a- circuit controlling operation when
said actuating spring is flexed radially cutwardly
relatively to its coacting spring, an actuating
movement comprising an advancing electromag-
net, pawl and ratchet mechanism responsive
thereto, a rotatable actuating arm advanced
with a  step-by-step motion by said pawl and
ratehet mechanism, said actuating arm rotating
coaxially of said cylindrical supporting ring and
operating to flex the actuating springs of said
pile-ups radially cutwardly of the cylindrical se-
ries for performing circuit controlling operations
in said pile-ups, and mounting jack means for
said actuating movement comprising a recep-
tacle portion carried by said supporting frame
and a plug portion carried by said actuating
movement, said mounting jack means enabling
said actuating movement to be removed and re-
placed axially of said stationary supporting ring
without disturbing said contact spring pile-ups
or the electrical connections thereto.

4. In a rotary switch, the combination of a
series of contact spring pile-ups grouped cylin-
drically about a common axis and extending sub-
stantially parallel thereto and to each other, a
switch actuating arm rotating coaxially of said
commor axis and flexing the actuating springs
of said pile-ups radially outwardly of the series
for performing circuit controlling operations in
said pile-ups, a ratchet wheel for imparting
step-by-step advancing movement to said actu-
ating arm, an advancing pawl for stepping said
ratchet wheel in a forward direction, an ad-
vancing electromagnet for actuating .said ad-
vancing pawl, spring means tending to rotate
said ratchet wheel and actuating arm back to a
normal position, a holding pawl opposing the
action of said spring means, and a release elec-
tromagnet for releasing said holding pawl, one
of said electromagnets being disposed within said
cylindrically grouped series of contact spring
pile-ups.

5. In a rotary switch, the combination of a

- series of contact spring pile-ups grouped cylin-
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drically about a common axis and extending sub-
stantially parallel thereto and to each other, a
switch actuating movement comprising an actu-
ating arm rotating coaxially of said common
axis: and flexing the actuating springs of said
pile-ups radially outwardly of the series for per-
forming eireuit controlling operations in. said
pile-ups, a ratchet wheel for imparting step-by-
step advancing movement to said actuating arm,
an advancing pawl for stepping said ratchet
wheel in a forward direction, an advancing elec-
tromagnet for actuating said advancing pawl,
spring means tending to rotate said ratchet
wheel and actuating arm back to a normal posi-
tion, a holding pawl opposing the action of said
spring means, a release electromagnet for releas-
ing said holding pawl, said advancing and release
electromagnets and their respective pawls and
ratchet wheel being mounted substantially with-
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in said cylindrically grouped series of contact
spring pile-ups, and a mounting jack for said
switch actuating movement enabling said move-
ment to be mounted and dismounted from the
switch assembly in a direction substantially ax-
ially of said cylindrical series of contact springs,
and to connect and disconnect the electrical
connections of said advancing electromagnet and
said release electromagnet in such mounting and
dismounting of the movement.

6. In a rotary switch, the combination of a
series of contact springs grouped cylindrically
about a common axis and extending substantially
parallel thereto, an actuating arm rotating coax-
ially of said commoen axis and affecting flexing
motion of a plurality of said contact springs sub-
stantially radially of the series for performing
circuit controlling operations, a ratchet wheel
for imparting step-by-step advancing movement
to said actuating arm, a pawl for stepping said
ratchet wheel, an electromagnet for actuating
sald pawl, and stop means for said ratchet wheel
and actuating arm comprising a stationary stop
pin, a stop arm adapted to move with said
ratchet wheel and to engage said stop pin, and
lost-motion means comprising a pin and a slot
cooperating between said ratchet wheel and said
stop arm for permitting said stop arm to have
limited lost-motion freedom relatively to said
ratchet wheel.

7. In a rotary switch, the combination of a
series of contact springs grouped cylindrically
about a common axis and extending substan-
tially parallel thereto, an actuating arm rotat-
ing coaxially of said common axis and effecting
flexing motion of a plurality of said contact
springs substantially radially of the series for
performing circuit controlling operations, g
ratchet wheel for imparting step-by-step move-
ment to said actuating arm, a pawl for stepping
said ratchet wheel, an electromagnet for actuat-
ing said pawl, and interrupter contacts control-
ling said electromagnet and arranged to be actu-
ated by the lateral motion of said pawl as the
pawl snaps inwardly off the teeth of said ratchet
wheel.

8. In a rotary switch, the combination of z se-
ries of contact spring pile-ups grouped  cylin-
drically about a common axis and extending sub-
stantially parallel thereto and to each other, an
actuating arm rotating coaxially of said common
axis and flexing the actuating springs of said
pile-ups radially outwardiy of the series for per-
forming circuit controlling operations in said
pile-ups, a ratchet wheel for imparting step-by-
step movement to said actuating arm, a pawl for
stepping said ratchet wheel, an armature for ac-
tuating said pawl, an electromagnet for operat-
ing said armature, said armature and pawl im-
parting advancing movement to said ratehet
wheel upon the deenergization of said electro-
magnet, interrupter contacts governing the ener-
gization of said electromagnet, and means actu-
ated directly by the inward and outward move-
ments of said pawl relatively to the teeth of said
ratchet wheel for operating said interrupter con-
tacts.

9. In a rotary switch, the combination of a
series of contact spring pile-ups grouped cylin-
drically about a common axis and extending sub-
stantially parallel thereto and to each other, an
actuating arm rotating coaxially of said common
axis and flexing the actuating springs of said
pile-ups radially outwardly of the series, advanc-
ing mechanism for imparting step-by-step ad-
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vancing movement to said actuating arm com-
prising an electromagnet, an armature respon-
sive thereto, a pawl actuated by said armature, a
ratchet wheel comprising ratchet teeth actuated
by said pawl, interrupter springs governing the
energization of said electromagnet and arranged
to be actuated by said pawl, said interrupter
springs extending substantially parallel to the
path of movement of said pawl while the latter
is riding along the idling flank of a ratchet tooth,
and means actuated solely by the snap.motion of
said pawl inwardly from the tip of the ratchet
tooth into engagement with the advancing flank
of the tooth, independently of the motion of said
armature, for thersupon separating said inter-
rupter springs to deenergize said electromagnet.

10. In a rotary switch, the combination of a
series of contact springs grouped in a cylindrical
relation about a common axis, an arm rotating
coaxially of said common axis and performing
circuit controlling functions at . said contact
springs, and means on certain of the contact
springs of said series for causing said actuating
arm to operate certain of said contact springs in
a bridging relation, while enabling said arm to
operate other contact springs of the series in g
non-bridging relation.

11, In a rotary switch, the combination of a
supporting ring, a series of contact springs
grouped cylindiically about the outside of said
supporting ring and extending substantially par-
allel to the axis thereof, an actuating arm rotat-
ing coaxially of said common axis and eifecting
flexing motion of a plurality of contact springs
substantially radially of the series for perform-
ing circuit controlling operations, and means for
causing said actuating arm to operate a plurality
of said contact springs in a bridging relation.

12. In a rotary switch, the combination of a
serles of contact spring pile-ups grouped cylin-
drically about a common axis and extending sub-
stantially parallel thereto and to each other, an
actuating arm rotating coaxially of said common
axis and flexing the actuating springs of said
pile-ups radially outwardly of the series for per-
forming circuit controlling operations in said
pile-ups, and bridging flanges projecting later-
ally from a plurality of said actuating springs
adapted to coact with said actuating arm where-
by said arm operates each succeeding pile-up to
an actuated position before permitting the pre-
ceding pile-up to return to a normal position.

13. In a rotary switch of the class described,
the combination of a series of circularly grouped
contacts, a rotating arm coacting with said con-
tacts, an advancing electromagnet, an armature
responsive thereto, an advancing pawl actuated
by said armature through attractive and retrac-
tive movements, a ratchet wheel connected with
said rotating arm and advanced by said advanc-
ing pawl on the retractive movement of said ar-
mature, self-interrupting contact springs con-
trolling the circuit of said electromagnet and ex-
tending substantially parallel to the path of the
attractive movement of said pawl, said contact
springs being actuated solely by the sidewise in-
ward snapping motion of said advancing pawl,
and means comprising a slider spring positioned
between said advancing pawl and said contact
springs for causing said contact sprines to sepa-
rate when said pawl snaps inwardly off a tooth
of said ratchet wheel whereby the time of sepa-
ration of said contact springs is dependent sole-
1y upon the time of said sidewise inward shap-
ping motion of said advancing pawl rather than
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upon any time in the oscillating motion of said
armature.

14, In a rotary step-by-step switch of the class
described, the combination of a supporting frame
including a stationary cylindrical ring, a plural-
ity of contact spring pile-ups mounted in a cy-
lindrical relation around the exterior of said
ring, the contact springs of said pile-ups extend-
ing substantially parallel to the axis of said ring
and to each other, screw means for detachably
securing said pile-ups to the outer surface of said
supporting ring whereby any pile-up can be
readily removed from the exterior of said ring
without disturbing-other pile-ups, each of said
pile-ups comprising at least an actuating spring
and a coacting spring disposed in radially spaced
relation and adapted to perform a circuit con-
trolling operation when said actuating spring is
flexed radially outwardly relatively to its coact-
ing spring, a rotatable actuating arm revolving
concentrically of the axis of said cylindrical se-
ries of pile-ups, a roller carried by said actuating
arm adapted to directly engage said actuating
springs successively for flexing the latter out-

wardly, bridging flanges projecting laterally from ¢

a plurality of said actuating springs adapted to
be engaged directly by said roller so as to cause
said latter springs to be operated in bridging re-
lation, a ratchet wheel for imparting step-by-
step advancing movement to said actuating arm,
an advancing pawl for stepping said ratchet
wheel in a forward direction, an advancing elec-
tromagnet for.actuating said advancing pawl,
spring means tending to rotate said ratchet
wheel and actuating arm back to a normal posi-
tion, a holding pawl opposing the action of said
spring means, and a release electromagnet for
releasing said holding pawl, one of said electro-
magnets being disposed substantially within said
cylindrically grouped series of contact spring
pile-ups.

15. In a rotary step-by-step switch of the class
described, the combination of a supporting frame
including a stationary cylindrical ring, a plural-

ity of contact spring pile-ups mounted in a cylin- :

drical relation around the exterior of said ring,
the contact springs of said pile-ups extending
substantially parallel to the axis of said ring and
to each other; serew means for detachably secur-
ing said pile-ups to the outer surface of said sup-
porting ring whereby any pile-up can be readily
removed from the exterior of said ring without
disturbing other pile-ups, each of said pile-ups
comprising at least an actuating spring and a co-
acting spring disposed in radially spaced relation
and adapted to perform a circuit controlling
operation when said actuating spring is flexed
radially outwardly relatively to its coacting
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spring, a rotatable actuating arm revolving con- |

centrically of the axis of said cylindrical series of
pile-ups, said actuating arm being adapted to en-
gage said actuating springs successively for flex-
ing the latter outwardly, a ratchet wheel for im-
parting step-by-step advancing movement to
said actuating arm, an advancing pawl for step-
ping said ratchet wheel in a forward direction,
an advancing electromagnet for actuating said
advancing pawl, spring means tending to rotate
said ratchet wheel and actuating arm back to a
normal position, a holding pawl opposing the ac-
tion of said spring means; and a release electro-
magnet for releasing said holding pawl, ons of
said electromagnets being disposed substantially
within said cylindrically grouped series of con-
tact spring pile-ups. -
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16. In a rotary step-by-step switch of the class
described, the combination of a supporting frame
comprising a stationary cylindrical ring, a plu-
rality of contact spring pile-ups mounted in a
cylindrical relation around the exterior of said
ring and extending parallel to the axis of said
ring and parallel to each other, each of said pile-
ups comprising at least ah actuating spring and
a coacting spring disposed in radially spaced re-
lation, cooperating contacts carried by said
springs and adapted to perform a circuit control-
ling function when said actuating spring is flexed
radially outwardly relatively to its coacting
spring, each actuating spring c¢omprising a pro-
jecting end portion extending longitudinally out-
wardly beyond the plane of said contacts, bridg~
ing flanges projecting laterally from said end
portions of a plurality of the actuating springs,
a rotatable actuating arm revolving concen-
trically of the axis of said cylindrical series of
said pile-ups, a roller carried by said actuating
arm adapted to flex said actuating springs radi-
ally outwardly, said roller engaging said project-
ing end portions and said bridging flanges di-
rectly whereby those actuating springs provided
with bridging flanges are actuated in bridging
relation while still permitting non-bridging actu-
ation of other actuating springs in the series not
provided with bridging flanges, a ratchet wheel
for advancing said actuating arm from one of
said contact spring pile-ups to another with a
step-by-step motion, an advancing pawl for step-
ping said ratchet wheel, and an electromagnet
for actuating said advancing pawl, said actuat-
ing arm, ratchet wheel, pawl and electromagnet
being confined substantially within said cylindri-
cal series of pile-ups.

17. In a rotary step-by-step switch of the class
described, the combination of a supporting frame
comprising a stationary cylindrical ring, a plu-
rality of contact spring pile-ups mounted in a
cylindrical relation around the exterior of said
ring and extending parallel to the axis of said
ring and parallel to each other, each of said pile-
ups comprising at least an actuating spring and
a coacting spring disposed in radially spaced re-
lation, cooperating contacts carried by said
springs and adapted to perform a circuit control-
ling function when said actuating spring is flexed
radially outwardly relatively to its coacting
spring, each actuating spring comprising a pro-
jecting end portion extending longitudinally out-
wardly beyond the plane of said contacts, bridg-
ing flanges projecting laterally from said end
portions of a plurality of the actuating springs,
a rotatable actuating arm revolving concen-
trically. of the axis of said cylindrical series of
said pile-ups, a roller carried by said actuating
arm gdapted to flex said actuating springs radi-
ally outwardly, said roller engaging said project-
ing.- end portions and said bridging flanges di-
rectly whereby those actuating springs provided
with bridging flanges are actuated in bridging
relation while still permitting non-bridging ac-

-tuation of other actuating springs in the series

not provided with bridging flanges, and electro-
magnetic stepping mechanism enclosed substan-
tially within said cylindrical series of contact
spring pile-ups for advancing said actuating arm
with a step-by-step motion,

18. In a rotary step-by~-step switch of the class
described, the combination of a supporting frame
comprising a stationary cylindrical ring, a plu-
rality of contact spring pile-ups mounted in a
cylindrical relation -around the exterior of said
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ring and extending parallel to the axis of said
ring and parallel to each other, each of said pile-
ups comprising at least an actuating spring and
a coacting spring disposed in radially spaced re-
lation, cooperating contacts carried by said
springs and adapted to perform a circuit control-
ling function when said actuating spring is flexed
radially outwardly relatively to its coacting
spring, each actuating spring comprising a pro-
jecting end portion extending longitudinally out-
wardly beyond the plane of said contacts, a ro-
tatable actuating arm revolving concentrically
of the axis of said cylindrical series of pile-ups, a
roller carried by said actuating drm, said roller
engaging said projecting end portions of the ac-
tuating springs directly at points beyond the ra-
dial plane of said contacts, and electromagnetic
stepping mechanism enclosed substantially with-
in said cylindrical series of contact spring pile-
ups for advancing said actuating arm from one
of said pile-ups to another with a step-by-step
motion.

19. In a rotary step-by-step switch of the class
described, the combination of a substantially cir-
cular supporting member, a plurality of contact
spring pile-ups mounted on said supporting
member and grouped cylindrically about a com-
mon axis and extending substantially parallel
thereto and to each other, each of said pile-ups
comprising at least an actuating spring and a co-
acting spring disposed in radially spaced rela-
tion and adapted to perform a circuit controlling
function when said actuating spring is flexed
radially outwardly relatively to its coacting

spring, a rotatable actuating arm revolving con-
centrically of the axis of said cylindrical series
of pile-ups and adapted to flex said actuating
springs of the pile-ups radially outwardly, and
means carried by one of said actuating springs
for causing the operation of its pile-up and the
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next succeeding pile-up to be in bridging relation.

20. In combination, an eleciromagnet, an ar-
mature responsive thereto, a pawl actuated by
said armature, a rotary member having ratchet
teeth successively actuated by said pawl, said
pawl being oscillated substantially endwise in
one direction along the idling flank of each
ratchet tooth and thence snapping laterally off
the tip of the tooth to take an inward position
where it is operative to impart motion to the ad-
vancing flank of said tocoth on the reverse end-
wise oscillation of the pawl, and a pair of cocp-
erating contacts arranged to be actuated by such
lateral snapping motion of said pawl, whereby
the circuit controlling function of said contacts
is dependent upon the pawl snapping off the tip
of the ratchet tooth, independently of the posi-
tion of said armature.

21. In a rotary stepping switch of the class
described, the combination of a series of contact
spring pile-ups grouped cylindrically about a
common axis and extending substantially paral-
lel thereto and to each other, each of said pile-
ups comprising at least an actuating spring and
a coacting spring disposed in radially spaced re-
lation and adapted tc perform a circuit control-
ling operation when said actuating spring is
flexed radially outwardly relatively to its coact-
ing spring, an actuating arm rotating coaxially
of said common axis and adapted to have pro-
gressive stepping motion imparted thereto to en-
gage successive pile-ups for flexing the actuat-
ing springs of said pile-ups radially outwardly,
and electromagnetic stepping mechanism sub-
stantially enclosed within said cylindrical group
of contact spring pile-ups and operative to im-
part stepping motion to said actuating arm.

JAMES R. HARRINGTON.
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