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3,074,051
DECODER MECHANISM
Herbert M. Penningroth, Hales Corners, Wis., assigner to
‘General Motors Corporation, Detroif, Mich., a corpo-
ration of Delaware
Filed Miar. 16, 1959, Ser, No. 799,524
1 Claim. (Tl 340--164)

This invention relates to sefective signaling systems and
more particularly to a selective ringing decoder mecha-
nism responsive to a predetermined call signal.

In communications and control systems with multiple
receiving stations, it is a usual practice to utilize com-
mon circuits or carrier frequencies for all stations and to
employ distinctive call signals for selecting a particular
station. In a conventional system, the call signals, like
the well known dial telephone numbers, are represented
by different permutations of a group of intergers, such as
2 through 10. Typically, a call signal is formed by tak-
ing five integers at a time, such as 5—2—7—8—3, to
permit a very large number of stations to be selectively
operated in the same network. .

In wired networks, the czll signals may be transmitted
as successive electrical pulse trains in which each pulse
train corresponds to an integer signal. For radio trans-
mission, the call signals are commonly encoded by suc-
cessively aiternating an electrical signal between two given
frequencies with a number of alternations corresponding
to the value of the call signal integer and with a pro-
longed delay or space between alternations to separate the
integer signals. Conventionally, the call signal is en-
coded by alternate 600 c.p.s. and 1500 c.p.s. tone fre-
quencies with a frequency transition at approximately
every 100 milliseconds within an integer signal and a
space of approximately 500 milliseconds between suc-
cessive integer signals. At the reciving station, translat-
ing means convert the alternate frequency signals to
pulse signals for application to a selector device or de-
coder mechanism which responds only to an assigned call
signal to complete a control circuits or ringing circuit
of a signal device which alerts an operator to a forth-
coming message transmission,

The decoder mechanism translates the electrical pulse
signals to step-by-step displacement of a control device,
such as a code wheel with ratchet teeth, in which the
assigned call signal is established by code pins spaced by
a number of teeth or steps equal to the corresponding
integer signal. In prior art decoder mechanisms, a single
electromagnet is energized by the pulses and a fast-act-
ing armature thereof actuates a driving pawl coacting
with the ratchet teeth on the code wheel to advance it
one step for each pulse and a magnetic time delay arma-
ture on the electromagnet actuates a holding pawl which
retains the wheel in its advanced position during and after
a correct pulse train. Such a time delay is usually ac-
complished by the use of a heavy copper slug on the elec-
tromagnet core to limit the rate of flux change and thereby
delay the actuation of the armature. Such an arrange-
ment is designed for a constant time delay and so the
response of the decoder is limited to a narrow range
of pulse repetition rate. The prior art decoder systems
are expensive to manufacture and service and are not
well adapted for many applications, particularly mobile
radio receivers, because the complex mechanism is heavy
and requires excessive space.

It has been found, in accordance with this invention,
that the prior art decoder mechanisms may be greatly
simplified and yet afford more versatile operation by
mechanically and electrically separating the decoding
actuator and stepping actuator. This is accomplished
by the use of stepping actuators and decoder actuators
having separate electromaguets for the driving and re-
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taining pawls respectively with the code wheel disposed
therebetween to provide a common plane of motion for
the reciprocation of the electromagnet armatures and the
rotation of the code wheel. The separate electromagnets
permit the decoder mechanism to accept call signals hav-
ing a wide variation in pulse repetition rate. This ar-
rangement permits a very light weight and compact de-
sign with the entire mechanism mounted on a single
support deck which facilitates manufacturing assembly
and maintenance as well as easy access to the code wheel
for changing the assigned call number.

A more complete understanding of this invention may
be had from the detailed description which follows taken
irom the accompaning drawings in which:

FIGURE 1 is an elevation view of the decoder mech-
anism with the cover partially removed;

FIGURE 2 is a view taken on lines 2—2 of FIGURE
1

FIGURE 3 shows details of construction;

FIGURE 4 is a graphical representation of a typical
call signal; and

FIGURE 35 is a view taken on lines 5—5 of FIGURE 3.

Referring now to the drawings, there is shown an illus-
trative embodiment of the invention in a decoding unit
adapted for use with a radio receiver in a network using
conventional alternate tone frequency call signals. As
shown in the block diagram 1 of FIGURE 4, a typical
call signal, such as 5—5—2—7—4, is composed of alter-
nate tone frequencies f; and f,. Each integer signal is
represented by a number of tone transitions equal to
the integer and successive integers are separated by a
prolonged pause or space. A single fone transition at
the end of a call signal is used for a clearing pulse to
reset the decoding unit for reception of a succeeding call
signal. In the decoding unit, an electronic circuit con-
verts the tone frequency transitions to electrical pulses
to provide successive integer signal pulse trains 2 with
individual stepping pulses which are of lesser duration
than the interval between the tone transitions within an
integer signal and to provide decoding pulses 3 which
continue throughout each integer signal pulse train. The
electronic circuit of the decoding unit may be of the type
disclosed and claimed in copending application Serial No.
799,650 filed March 16, 1952 by James D. Malone and
Arthur J. Runft for “Selective Ringing Decoder System.”
The inventive decoder mechanism of the decoding unit
responds to a predetermined call signal composed of the
stepping and deccding pulses to complete an electrical
signaling or ringing circuit.

The decoding unit comprises a support plate 18 to
which is secured a U-shaped mounting bracket 12 for
supporting both the decoder mechanism and the elec-
trenic circuit components within a single housing. The
bracket 12 has its base secured to the plate 18 and a pair
of oppositely disposed side plates 14 and 14’ which termi-
nate at their upper ends in flanges 16 and 16’ supporting
an upper plate or deck 18 The lower ends of the side
plates 14 and 14’ terminate in fianges 29 and 29’ respec-
tively which support a lower deck 22. A pair of support
posts 24 and 24’, seated on the lower deck 22, support
an intermediate deck 26. The lower deck 22 and the
intermediate deck 2§ are printed circuit boards upon
which are mounted the various components of an elec-
tronic circuit for converting an alternate frequency tone
signal to a pulse signal. External connection from the
electronic circuit is provided through a cable 32 and
plug connector 34. The upper deck 18 is a metal plate
and includes a latch 36 for a removable cover 38. The
upper deck supporis the inventive decoder mechanism
which will be described in detail presently.

The decoder mechanism coriprises a code wheel 46
rotatably mounted upon a shaft 42 which is secured to
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the upper deck 18. The code wheel is resiliently urged
by a return spring 44 in a clockwise direction toward
a reference position in which a depending pin 46 on the
wheel engages an ecceniric stop pin 48, adjustably
mounted on the deck 8. The code wheel is provided
with a plurality of equally spaced peripheral teeth 5§ and
corresponding apertures 52 extending through the code
wheel at the base of the respective teeth. The call signal
assigned to the particular decoder is established by the
locations, relative to a reference tooth 54, of a plurality
of code pins 56, 58, 60, 62 and 64. For the call signal
5—5-—2-—7—4, taken as an example, the code pin 56 is
positioned five teeth in advance of the reference tooth,
code pin 58 is positioned five teeth in advance of code
pin 56 and so forth. Each of the code pins 56, 58, 60
and 62 are suitably formed of spring wire and extend
radially from a hub 65 toward the respective tooth and
thence through the corresponding aperture and project
through the code wheel as shown in FIGURE 5. The
final code pin 64 is a thin metal arm provided with an
upwardly extending contact element 66 constituting one
of the contacts of the control or ringing circuit.

In order to advance the code wheel step-by-step in
accordance with the integer signals, there is provided a
stepping actuator having an electromagnet €8 energized
by the stepping pulses. This electromagnet is secured to
the deck 18 and provided with a field frame 78 upon
which is pivotally supported a U-shaped stepping arma-
ture 72 by a pivot pin 74. The armature 72 is resiliently
urged away from the electromagnet core by a leaf spring
76 having one end mounted on the field frame and with
the other end bearing against a stud 78 at one side of
the armature 72. A driving paw! 8¢, of U-shaped con-
figuration and suitably formed of wire, is pivotally
mounted on the other side of the armature 72. The free
end of the pawl 80 is urged toward engagement with the
periphery of the code wheel by a leaf spring 82 secured
to the armature. The pawl 86 is adapted to engage the
adjacent tooth of the code wheel and when the electro-
magnet 68 is energized with a stepping pulse, the arma-
ture 72 is pulled-in to impart a driving stroke to the pawl
80. The driving stroke advances the code wheel the dis-
tance of one tooth in a counterclockwise direction until
the paw] engages a stop plate 84 mounted on the deck 18.

In order to retain the code wheel in its advanced posi-
tion between pulses of an integer signal and thereafter
only if the correct number of pulses have been applied,
there is provided a decoding actuator which includes an
electromagnet 86 encrgized with the decoding pulses.
This electromagnet is secured to the deck 18 and is pro-
vided with a field frame 8% upon which is pivotally
mounted an L-shaped armature 9 by a pivot pin 2. The
armature 9@ is resiliently urged away from the core of the
electromagnet by a leaf spring 34 having one end secured
to the field frame and the other end bearing against a
-stud $¢ on the armature. The armature 9% carries an
actuating plate 8 which extends beneath the code wheel.
4 retaining pawl 190 is pivotally mounted upon a pin 192
-secured in the deck 18 and is resiliently urged toward
engagement with the periphery of the code wheel by a
.coil spring 184. ‘The actuating plate 98 includes a shoul-
der 106 which engages.the paw! 108 when the armature
99 is dropped-out and displaces the pawl from éngage-
ment with the code wheel. The actuating plate 98 also
includes a latch or tab 108 which extends toward the
code wheel beyond the projecting ends of the code pins.
When the armature 99 is pulled-in, as shown in FIGURE
4,-during an integer signal, the shoulder 186 is displaced
inwardly to permit the retaining pawl 106 to engage the
periphery of the code wheel and ratchet over the teeth
thereof to retain the wheel in its advanced position: be-
tween pulses of the integer signal. In this position, the
tab 108 is displaced inwardly of the wheel sufficiently to
permit the code pins to pass without interference. At the
-end of the inieger signal when the decoding pulse ends
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and armature 9% drops out, the retaining pawl 109 is
displaced from the periphery of the code wheel by the
shoulder 166. If any of the code pins 56, 58, 69 or 62
is located at the reference position, the tab 188 engages
the code pin and retains the armature ¢ in an intermedi-
ate position. In-this position, the tab 188 interferes with
the arcuate motion of the engaged code pin and the re-
teining pawl remains in alignment with the adjacent tooth
to prevent retrograde motion of the code wheel under
the influence of the return spring 44. If the final code pin
&4 is located at the reference position at the end of an
integer signal, a ringing contact 219 which is mounted on
the armature 9% engages the ringing contact 66 and re-
tains the armature in the intermediate postion. The con-
tact 11¢ interferes with the arcuate motion of the contact
66 and the retaining pawl remains in alignment with the
adjacent tooth and thus the code wheel is retained in its
advanced position. The ringing contacts 66 and 119
complete an energizing circuit for a signal device, such
as a bell or Iamp, not showi.

Provision is made in the decoder mechanism to prevent
a single integer signal from advancing a code pin beyond
the reference position and thus to avoid false response to
call signals in which one integer is equal to the sum of
two or more successive integers in the assigned call signal.
‘Without such provision, for example, the decoder mech-
anism having an assigned call. signal of 5—5—2—7—4
would respond to a call signal 5—7—7—4—3 since the
first integer signal 5 would advance the code wheel to the
first code pin and the second integer signal 7 would ad-
vance the code wheel directly to the third code pin with-
ont stopping at the second. The third and fourth integer
signals, 7 and 4, would .advance the code wheel succes-
sively until the code wheel contacts 66 and 11§ were
closed to complete the ringing circuit for the signal de-
vice. To prevent this false response, a blocking lever 112
is pivotally mounted by a pivot pin 114 on the inner end
of the actuating plate 98. The blocking lever includes a
tab 116 extending toward the code plate beyond the
projecting ends of the code pins. When the armature 98
is pulled-in during an integer signal, the tab 116 is dis-
posed in the path of the ends of the code pins. When
the number. of stepping pulses in the received call signal
integer corresponds to the integer signal assigned to the
particular decoder, the ‘code pin is advanced to the refer-
ence position and immediately adjacent the tab 112.
When the armature 98 drops ocut at the end of the integer
signal, the blocking lever 112 is moved outwardly so that
the tab 116 is out of the path of the code pin and upon
receipt of the succeeding integer signal, the code pin
passes by the tab on the blocking lever without interfer-
ence. If, however, the number of stepping pulses in the
received integer signal exceeds that of the assigned call
signal, the code pin is advanced beyond the reference posi-
tion and engages the tab 116 and rotates the blocking lever _
in a counterclockwise direction. . This positions the cam
surface 118 thereon in the path of the driving pawl 88
and engagement of the pawl with the adjacent tocth of
the code wheel is prevented. Consequently, at the end
of the integer signal when the armature 88 drops out, the
code wheel returns to its reference position, .

In operation of the decoder mechanism, assume that
the assigned call signal 5—5—2—7—4 is received and
the corresponding stepping pulse trains 2 are applied to
the stepping-actuator eleciromagnet 86 and the coire-
sponding decoder pulses 3 are applied to the decoder actan-
ator electromagnet 68. Initially, the armatures of both
electromagnets are dropped out as shown in FIGURE 2

~and upon receipt of the first pulse of the first integer sig-

nal 5, both-armatures are pulled-in simultaneously to the
position shown in FIGURE 4. - The stroke imparted ic
the driving pawl 88 causes it to engage the adjacent tooth
of the-code wheel and advance the code wheel a distance
With the armature $8¢ pulled-in, the re-
taining pawl 160 raichets-over the adjacent tooth and
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prevents retrograde motion of the code wheel. The suc-
ceeding pulses of the first integer signal 5 advance the
code wheel step-by-step until the code pin 56 is in the
reference position and at the end of the last pulse, the
armature 72 of the stepping actuator drops cut. Sub-
sequently, the armature 99 of the decoding actuator drops
out and the tab 308 on the actuating plate 98 engages
the end of the code pin 56 and holds the armature 90
in its intermediate position. In this position, the retain-
ing pawl 186 remains aligned with the adjacent tooth
and, together with the interfering engagement of the tab
188 with the code pin, prevents return of the code wheel
to its reference position.

(If the received integer signal contains fewer pulses
than that assigned to the decoder mechanism, the code
wheel advancement will not locate a code pin at the
reference position and at the end of the integer signal
the armature ¢ wil] drop out completely, allowing the
code wheel to return to its reference position. If the
received integer signal contains more pulses than that
assigned to the particular decoder, the code wheel will
be advanced until the code pin pivots the blocking lever
112 and moves the came surface 138 into the path of
the driving pawl 8¢ to prevent further advancement of
the code wheel. Upon termination of the integer signal,
the decoding armature $¢ will drop out completely, per-
mitting the code wheel to return to its reference position.)

Upon receipt of the succeeding integer signal 5, the
stepping actuator and decoding actuator are operated in
a similar manner to advance the code pin 58 to the refer-
ence position. Similarly, the succeeding integer signal 2
advances the code pin 60 to the reference position, the
integer signal 7 then advances the code pin 62 to the ref-
erence position, and the final integer signal 4 advances
the final code pin 64 to the reference position. Upon
termination of the decoding pulse, with the code pin 64
in the reference position, the armature 99 drops out until
the contact 11 engages the contact 66 to hold the arma-
ture $0 in its intermediate position and prevent return of
the code wheel to its reference position. The engagement
of contacts 110 and 66 completes an energizing circuit for
the signal device to alert the operator to a forthcoming
message transmission. After the final integer signal, a
single clearing pulse advances the code wheel one step,
and when the decoding armature 98 drops out, the retain-
ing pawl 1€0 is displaced from the code wheel and the
code wheel returns to its reference position in readiness
for a succeeding call signal.

Although the description of this invention has been
given with respect to a particular embodiment, it is not
to be construed in a limiting sense. Numerous modifica-~
tions and variations within the spirit and scope of the
invention will now occur to those skilled in the art. For
a definition of the invention, reference is made to the
appended claim.

I claim:

A control device responsive to an assigned integer type
call signal composed of successive stepping pulse trains
corresponding to each integer and decoding pulses con-
tinuing during each pulse train, said device comprising
a support plate, a code wheel rotatably mounted on one
side of the plate and having equally spaced peripheral
teeth, means interposed between the code wheel and the
support plate for biasing the code wheel toward a refer-
ence position, a stepping electromagnet including a step-
ping armature mounted adjacent the code wheel on the
plate and adapted to receive said one side of the stepping
pulses, said stepping armature being pivotal about an axis
parallel to the -axis of rotation of the code wheel and

6

being actuated in response to each stepping pulse, a driv-
ing pawl pivotally mounted on the armature and resilient-
ly urged toward engagement with the periphery of the
code wheel to advance the code wheel one tocth each
5 time the stepping armature is actuated, a decoding electro-
magnet including a decoding armature mounted adjacent
the code wheel and opposite the stepping electromagnet
on said one side of the plate and adapted to receive the
decoding pulses, the decoding armature being pivotal
10 about an axis parallel to the axis of rotation of the code
wheel and actuated by the decoding electromagnet dur-
ing each decoding pulse, a latch element and an electrical
contact mounted on said decoding armature at a reference
position adjacent said code wheel, said latch element and
15 contact being disposed on opposite sides of said code
wheel and movable radially thereof with said decoding
armature, plural code pins secured to said code wheel
adjacent selected teeth located in succession from the
tooth at the reference position in accordance with the suc-
20 cessive integers of the call signal, a retaining pawl pivotal-
ly mounted on the plate and resiliently urged toward en-
gagement with the periphery of the code wheel, said re-
taining pawl being in the path of movement of the decod-
ing armature so that the retaining pawl is dispiaced from
the code wheel periphery when the electromagnet is de-
energized and engages the periphery of the code wheel
when the decoding electromagnet is energized whereby the
code wheel is retained in its advanced positicn during an
integer signal, said stepping electromagnet and said decod-
ing eleciromagnet being of the same construction type so
that they exhibit the same rate of response to the applica-
tion of pulses of the same shape, the first and intermediate
code pins being successively positioned at said reference
position by the successive integer signals of the assigned
call signal and coacting with said latch element to retain
the code wheel in its advanced position between integer
signals, the last code pin being positioned at said refer-
ence position by the final integer signal of the assigned
call signal and coacting with said electrical contact to
complete an electric circuit and to retain said code wheel
in its advanced position after the final integer signal, a
lock-out lever pivotally mounted on the decoding armature
and movable therewith radially of the code wheel, a tab
on the lock-out lever adjacent said reference position and
disposed in the path of said code pins when the decoding
electromagnet is energized whereby the lock-out lever is
pivotally displaced by movement of a code pin beyond the
reference position before the decoding electromagnet is
deenergized, a cam surface on the lock-out lever adjacent
the driving pawl and movable into the path thereof to
prevent driving engagement of the pawl with the code
wheel when the decoding armature is energized and the
lock-out lever is pivotally displaced by a code pin, thereby
preventing false response of the control device to a call
signal having an integer equal to the sum of two or more
successive integers in the assigned call signal.
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