RN

Mot B o

March 15, 1960 J. L. BONANNO
' ' STEPPING SWITCH

Filed April 8, 1959

Tn::].l. ( .

IIIIII/ A
/IIIIIIIIIII/A‘...’.

(5

—
—

2,928,916

4 Sheets-Sheet 1

INVENTOR
TOSELH L. BONSINNG

QBZEM, Notles Roolle

ATTORNEYS




March 15, 1960 J. L. BONANNO 2,928,916
STEPPING SWITCH
Filed April 8, 1959

i 80
Tu:"&. 2 20 79U\ 75

4 Sheets-Sheet 2

7 = ‘\: 78 79 s1
-=y 48 VAN 4 \
57 R 39 ;;,, 35 \\\ X
JAY 5 // {,,,4— 3 7 AN A
gL 92 7 /_,,j 34 = O\ P
88 é 7 X 4 /// 686, 4. r\\\\\' EJ\ 42
¢ ) .
19 ST L __/5_4%5___513\\\ Dt b 52
? k\ ' 22aniN ) 3d| \

Y £ |\ 24|
/ \\\\\3{ NS/ s /,,/,,t,g i 7 )
. ‘ L “
89 N A ¢ \\\\93 ‘§§\‘\ tsgt 42 /I}’//:4 7 ;‘?// 37
2 \\ \\§/ 00 \\\\\i\\‘\ 7§¢‘ o 7 g V5 7/
NN 20N ) ALY 74,
87 N N ,\’\" ~20 & A 57

/3 \""'7_7_2’

4

INVENTOR
(ﬁ.ﬁ' cPu L. BONBNNO

Govasy, Bolle s 0ol

ATTORNEYS



March 15, 1960 J. L. BONANNO 2,928,916
STEPPING SWITCH

Filed April 8, 1959 ) 4 Sheets-Sheet 3

o M8
I “h: w o /20 ! |
2
/5 SN 15 757 11 | ~/3
Y, 76 <1, o= N
90 _’ < C%p M0l dm L2 8 T o Ny
60 TS . i 54
; —N- 57
50 : —
757 H' ( -~22°% §
\ -1 or\ 555 -4
; RO . 7N
ANARANNAN NANRN O

37 NN AN S ! i
7o\ (o7 [ 972N 38 {77  INVENTOR
35 33 2/25 [/‘f 7320 Josepw L. Bovwsawne

BY

Dossty, 78 - Totle

ATTORNEYS



March 15, 1960 J. L. BONANNO 2,928,916
’ STEPPING SWITCH
Filed April 8, 1959 4 Sheets-Sheet 4

-& A N, ﬁ\\\\‘{f\ \\{\f 17(\ [-// R . , 9
1 . 33 2 25 / 'T_‘ 8.
T :‘ 50 08 9 oo :‘
-3 87 00
#9. 18 ) = /
il v { i
IH (| 5/ 92:/‘ B i ,/,.93
| 10 120
— ‘ ' 50
. 7Z3 708 A9 R TRIIIIN
N =2 06 07 S ATERT |
170~ N ek ]D
3N lq. .
Ko 100 75 7% 73 2 s
2 | 4 é
Tﬁ:}n III%;/-MZ»/@‘L-E;_ )
' /4 79 =) e
N NN
INVENTOR
JoSEPH L. Bonsvwvo
BY
o, ollsdy Nt

ATTORNEYS




United States Patent O

2,928,916

ice

1

2,928,916
STEPPING SWITCH

Joseph L. Bonanno, South Orange, N.J., assignor to The
Lionel Corporation, New York, N.Y.,, a corporation of
New York

Application April 8, 1959, Serial No. 805,034
8 Claims. (CL 200-—105)

The present invention relates to an electrically actu-
ated stepping switch.

Stepping switches are used where a large number of
automatic switching operations are required. A stepping
switch is a controlled step-by-step selector switch having
one or more movable contacts and a very large number
of stationary contacts adapted to be engaged successively
by the movable contacts as the switch is stepped around,
generally by the application of electrical impulses to suit-
able actuating means for the stepping switch.  Stepping
switches are generally stepped in only one direction.

It is an object of the present invention to provide a
stepping switch capable of being stepped in opposite direc-
tions with precision and reliability.

It is another object of the invention to provide a com-
pact, highly dependable stepping switch capable of being
actuated in both directions by the application of positive
and negative current pulses thereto. ’

The invention-will be fully understood and other ob-
jects and advantages thereof will become apparent from
the following description and the drawings in which:

Fig. 1 is an exploded perspective view of a stepping
switch according to the invention; o

Fig. 2 is a top view with the contact disc removed and
part of the ratchet wheel broken away and with the parts
in_their neutral position;

Fig. 3 is a view similar to that of Fig. 2 showing the

switch actuated in the clockwise direction;

Fig. 4 is a view similar to that of Fig. 3 showing the
switch actvated in a counterclockwise direction;

Fig. 5 is a sectional view taken along the line 5—5
of Fig. 2;

Fig. 6 is a top view partly in section showing the stator
and rotor arrangement; .

Fig. 7 is a sectional view taken along the line 7—7
of Fig. 6; ‘

Fig. 8 is a partial sectional view showing the switch
contacts;

Fig. 9 is a partial sectional view taken along the line
9—9 of Fig. 2;

Fig. 10 is a partial sectional view taken along the line
10—10 of Fig. 3; and o

Fig. 11 is a diagrammatic view
assembly. '

Referring to the drawing, cylindrical case 10 may. be
formed of an aluminum alloy or other suitable material.
It .includes a base 11 and sides 12 and 13 joined by a
shoulder 14. A plurality of tapped bosses 16 are pro-
vided along shoulder 14. The base has a bushing 17
supporting fixed center pin 18, which may be formed of
stainless steel. A permanent magnet rotor assembly 20
is mounted on pin 18 against the bushing or bearing 17.
Rotor 20 comprises a cylindrical permanent magnet 21
and an actuating plate 22 integral with a disc 23 which
overlies - the mganet 21. Actuating plate 22 may be
formed of Phosphor bronze and includes a pair of project-
ing ears 24. Magnet 21 and plate 23 are held assembled
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and 26 and the tubular sleeve 27 through which the pin’
18 passes. The rotor 20 is thus assembled and mounted
as shown in Fig. 7. «

A stator 30 is mounted in the lowermost portion of
casing 10 around the rotor 20. The stator comprises a
steel ring 31 having a tapped hole 32 info which a screw
32" is adapted to extend for holding the ring 31 fixed
within the casing. A ‘magnetizable core 33 consisting
of a plurality of laminations suitably riveted or otherwise
fastened together is fixedly mounted in ring 31. The core
33 has a circular opening 34 for receivng rotor 20.. The
core has a plurality of poles which are, in the present
embodiment, shown as being four poles 39-42 on which
coils 35—38 are mounted. The coils are connected in
series with a pair of input leads 43 and are interconnected
by wires 45, 46 and 47. The coils are so connected and
wound that coils 35 -and 37 will produce N-poles on the .
inner ends of pole pieces 39 and 41, and coils 36 and 38
will produce S-poles at the inner ends of pole pieces 40
and 42 when the current flows through the coils in one
direction, and will produce the opposite magnetic polarity
when the current flows in the other direction. Interme-
diate the four poles 39-42 the laminations are notched
at 48 so as to define distinct poles. -In cooperation with
the stator arrangement just described the rotor is mag-
netized so that it has two N-poles and two S-poles as
shown in Fig. 11, when in its peutral position.

Overlying the stator 30 and the rotor 20 is an assem-
bly comprising a base plate 50 formed of a non-magnetic
material such as brass. Plate 50 is fastened to the case
10 by screws 51 which enter the bosses 16. A projec-
tion 52 on case 10 helps to position the base plate. Plate
50 has a cut-out 54 and a downwardly projecting lug
55 the purpose of which will be described later. Mounted
over the plate 50 is an indexing plate 60 made of a non-
magnetic material and having an opening 61 through

- which the actuating plate 52 is adapted to extend, with

the shoulders 24 of the actuating plate abutting the bot-
tom of indexing plate 60. The inner end of opening 61
is notched or enlarged at 62 to permit the indexing plate

. to move in both directions without striking pin 18. A

stud 64 in plate 60 forms a pivot for it and extends
through the base plate 50 as shown in Fig. 5. The lower
end of stud 64 has thereon a bushing 66 on which a cen-
tering spring 67 is mounted. The spring 67 has two side
arms 68 and 69 which engage the lug 55. Thus, the
centering spring 67 tends to return the indexing plate 60
to its center or neutral position when the latter is turned
by the actuating plate 22. At one end, the indexing plate
60 is provided with a pair of arms having cam surfaces
70 and 71. These surfaces are adapted to engage cam
followers 73 and 74 integral with locking pawl assemblies
75 and 76. The locking pawl assemblies are mounted by
means of studs 78 around which there are mounted bias-
ing springs 79 for biasing the locking pawls 80, 81 in-
wardly. Paw! 80 is shaped to prevent counterclockwise

" rotation and pawl 81 is shaped to prevent clockwise ro-

tation. )

At the other end of indexing plate 69 there is an
escapement 85 comprising indexing pawls 86 and 87.
The pawls are provided with pivots 88 and 89 and an
indexing spring 90 mounted on a stud 91. Pins 92 and
93 are positioned for moving the pawls 86 and 87 out
of engagement when the indexing plate 60 is moved in one
direction or the other. A ratchet wheel 10¢ formed of a
non-magnetic material is provided with a center bushing
101 adapted to fit over the pin 18. The diameter of
the ratchet wheel is such that it is engaged by the indexing

pawls 86 and 87 and the locking pawls 80 and 81. On

the upper face of the ratchet wheel 100 there is mounted
at least one movable contact assembly 105. The contact
assembly comprises a spring contact supporting bracket’
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106 which may be fastened by rivets 107 to the ratchet
wheel.
167 to the bracket 186. The spring 108 is formed of
any suitable spring material such as silver and is provided

with-a loop -1¢9 which engages the rounded “head of

center pin* 18. The  upper end of bracket 106 supports

the spring contact 118 which has a pair of arms 117 and-

132 and is preferably formed of sterling silver:* Arms

A center spring 108 is also fastened by rivets"

111 and 112 are adapted to engage the lower-ends 115 and -

116 of two or more circular rows of Ings or terminals"

113 and 129 of a fixed contact disc 12§ so as to inter-

10

connect one or more of the terminals 118 with one or -

more of the terminals 119.
arrangements of -terminals and spring contacts can be

used.” The case 310 may be crimped at.its upper edge"

to hold disc 12¢ fixed.

The operation “of the stepping switch is as follows:
When no current is supplied to the ‘leads 43 and coils
3538 are not energized, indexing plate 6§ is held in a
neutral or center position by means of spring 67. - In
this position the rotor is oriented with respect to the
stator  as shown in Fig. 11 and Fig. 6. When current
or a current pulse in one direction is supplied to the
stator coils they produce a magnetic field as indicated by
the lines 128 of Fig. 11 causing the rotor to rotate in one
direction: Actuating plate 22 fixed to the rotor is theres
fore moved, turning the indexing plate 60, say, in the
clockwise direction. As indicated in Fig. 3, the indexing
plate is thus pivoted about the stud 64 and moves ‘the
escapement in.a clockwise direction, causing. indexing
pawl 86 to move out of engagement with pim 92 and

It is apparent that other
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ing said ratchet wheel for locking it against rotation
in' eithér- direction, means on said indexing plate for-
actuating said locking pawls and switching means includ-
ing stationary circumferentially arranged contacts and a
cooperating contact mounted on said ratchet wheel for
engagement with the stationary contacts.

2. A stepping switch according: to claim 1, wherein

.each locking pawl has spring means. biasing it against
‘the ratchet wheel and the actuating means for said pawls

include a cam follower fixed to each pawl and a pair of -~
cam surfaces on the indexing plate positioned to engage
said cam followers.

3. A stepping switch comprising a casing,.a stator as-
sembly in said casing, said stator assembly including a
mulit-pole magnetic core having a circular opening and
a plurality of interconnected coils mounted on the poles
of the stator and a permanent magnet rotor in said open-
ing, means for mounting said rotor for oscillation about
an axis of said circular opening, an indexing plate, means
for pivotally mounting said indexing plate, means con-
necting said indexing plate to said rotor, spring means
for urging said indexing plate to a center position,.an
escapement connected to one end of said indexing plate,
and a ratchet wheel pivotally mounted on said axis in:
engagement with said escapement for rotating said ratchet-
wheel one tooth at a time in response to oscillation of
the indexing plate, and switching means including sta=

. tionary - circumferentially “arranged contacts ‘and ‘a co-'

30

into engagement with ratchet wheel 186, thus moving the . .

ratchet wheel in the clockwise direction.  Simultaneously,
the camming surface 71 of indexing plate 60 moves the
locking pawl 81 cut of engagement with the ratchet wheel
in*order to permit the latter to rotate. At the same
time the camming surface 70 moves out of engagement

with the cam follower 73 and permits the locking pawl

83 .to engage the ratchet wheel 180 so as to prevent
counterciockwise rotation and to limit the rotation . of
ratchet wheel 160 so that it moves only a -distance of
one tooth. Accordingly, the spring contact assembly 103

35

40

is ‘also moved to switch the connections with terminals

1318 and 119. In.this manner the switch performs one
step. for each pulse which is applied, regardless. of ‘the

length of the pulse or its magnitude, and the number of .

steps which are executed is exactly equal to.the number of
pulses which .is _applied, provided that the pulses are
spaced in.conformance with the operating time of the
stepping switch. If current pulses of the opposite polarity
are applied it will be evident .that the magnetization of
the stator poles by the mode of operation above described
the switch will be stepped in the opposite direction.
Although I have illustrated my invention by fully de-
scribing one particular embodiment thereof, it will be
understood by those skilled in the art that many varia-

tions. and modifications thereof may be made without-
departing from the spirit and.scope of my invention as.

defined in the following claims..

What is claimed is:

1. A stepping switch comprising a casing, -a stator as-
sembly. in said casing, said stator assembly including a
multi-pole magnetic core having a circular cpening and
a plurality of interconunected <oils mounted on the poles
of the stator, a permanent magnet rotor in said opening,
means for mounting said rotor for oscillation about an

axis of said circular opening, an indexing plate, means.

for pivotally mounting said indexing plate, means con-
necting said indexing plate to said rotor, spring means
for urging said indexing plate to a center position, an
escapement connected to one end of said indexing plate
and a ratchet wheel pivotally mounted on.said axis in

50

55

60

70

engagement with said escapement for rotating said ratchet .

wheel one tooth at.a time in response.to oscillation of

the indexing plate, a pair of locking pawl means engag-

operating contact conmnected to said ratchet wheel for -
engagement with the stationary contacts.

4. A ‘stepping switch comprisicg a casing, a :stator
assembly in.said casing; said stator assembly including
a multi-pole core having a circular opening and a plurality
of interconnected coils mounted on the poles.of the
stator, a disc shaped permanent magnet rotor having
alternating N and S poles round its circumference, means
for mounting said rotor in the. opening of said stator for
oscillation about an axis of said circular opening, an .
mdexmg plate, means for pivotally mounting said index-
ing plate, means connecting said indexing plate to said
rotor, spring -means for urging said indexing plate .to
a center position, an escapement connected to one end
of said indexing plate, and a ratchet ‘wheel pivotally
mounted. on.said axis in engagement with said.escape-
ment for rotating said ratchét wheel one tooth at a time
in response .to oscillation .of the . indexing plate, and
switching means.. including - stationary - circumferentially
arranged contacts and a cooperating contact connected
to said ratchet wheel for engagement with the stationary.
contacts.

5. A steppmg switch compnsmg a casing, a stator as-
sembly in . said casing, said stator assembly “including a
multi-pole magnetic core having a circuiar opening and.
a plurality. of .interconnected coils. moutnted .on the -
poles-of the stator, a permanent magnet rotor, means for
mounting said rotor in said opening for oscillation about
an axis of said-circular opening, an escapement, a ratchet _
wheel pivotally mounted on said axis in.engagement with’
said escapement, means connecting said escapement to
said rotor for rotating said ratchet wheel one tooth at -
a time in response-to oscillation of the indexing plate,
and switching means including stationary contacts and
a cooperating contact connected to said ratchet wheel
for engagement with the statiopary contacts.

6. A stepping switch according to claim 5, including-
a pair of locking pawl means enoagmg said ratchet wheel
for locking it against rotation in one direction.

7. A stepping switch according to claim 6 including
means connected to said-rotor for moving one of lock~-
ing pawls from one tooth of the ratchet wheel to the
next.tooth in response to each oscillation of the rotor.

8.- A stepping switch comprising a cylindrical casing,
a ‘stator -assembly in -said casing, said stator -assembly
including a closed magnetic ring ‘on a unitary core having -
a plurality “of .radially" extending poles-and a-circular-
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opening and a plurality of interconnected coils mounted
on the poles of the stator, a permanent magnet rotor
having a like plurality of circumferentially = arranged
poles, means for mounting said rotor for oscillation about
an axis of said circular opening, an indexing plate, means
for pivotally mounting said indexing plate, means con-

necting said indexing plate to said rotor, spring means for -

urging said indexing plate to a center position, an escape-
ment connected to one end of said indexing plate, and

a ratchet wheel pivotally mounted on said axis in engage- 10

6

ment with said escapement for rotating said ratchet wheel
in a given fixed distance at a time in response to an
oscillation of the indexing plate, means engaging said
ratchet wheel for locking it against further rotation after
it has moved said fixed distance, and switching means
including stationary arranged contacts and a cooperating
contact mounted on said ratchet wheel for engagement
with the stationary contacts.

No references cited.



