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[57)] ABSTRACT:

Device for generating time pulses to be supplied to a
binary circuit as binary code signals to digitally indicate
the time in terms of hour and minute. The device has
an hour shaft rotated intermittently at intervals of an
hour so that it rotates one complete revolution during
24 or 12 hours, and a minute shaft rotated by one revo-
lution per 60 minutes. Two sets of cams are fixedly se-
cured to the hour shaft and the minute shaft, respec-
tively, and a switch is operatively coupled to each of
the cams so as to be opened and closed as the shafts ro-
tate. The cams are so profiled that the pulses generated
by the opening and closing of the respective switches
are used as binary code signals supplied to the binary
circuit so as to digitally indicate the time in terms of
hour and minute. '

4 Claims, 8 Drawing Figures
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1
DEVICE FOR GENERATING TIME PULSES

BACKGROUND OF THE INVENTION

The present invention relates to a device for generat-
ing time pulses to be used as binary code signals sup-
plied to a binary circuit so as to digitally indicate the
time in terms of hour and minute,

Heretofore, various devices have been proposed to
digitally indicate the time in terms of hour and minute.
However, the prior art devices of the type described
above are complicated in construction, inaccurate in
operation, expensive and suffer various deficiencies.

The present invention is directed to improvements in
the device for generating time pulses to be used to digi-
tally indicate the time in terms of hour and minute.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a
novel and useful device for generating time pulses to be
supplied to a binary circuit as binary code signals so as
to digitally indicate the time in terms of hour and min-
ute.

The above object is achieved in accordance with the
present invention by providing a device characterized
by an hour shaft rotated intermittently by an angle at
intervals of an hour so that it rotates by one complete
revolution during the time period intended to be digi-
tally indicated in terms of hour, i.e., 24 hours or 12
hours, a minute shaft rotated by one complete revolu-
tion per 60 minutes, a set of hour indicating cams
fixedly secured to the hour shaft, a set of minute indi-
cating cams fixedly secured to the minute shaft, a first
group of switches each operatively coupled with the re-
spective hour indicating cam so as to be closed and
opened to produce time pulses used as binary code sig-
nals supplied to a binary circuit, for indicating the time
in terms of hour, and a second group of switches each
operatively coupled with the respective minute indicat-
ing cam so as to be closed and opened to produce time
pulses used as binary code signals supplied to the bi-
nary circuit for indicating the time in terms of minute.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic side view showing an embodi-
ment of the device for generating time pulses con-
structed in accordance to the present invention;

FIG. 2 is a fragmentary view taken along line I — II
of FIG. 1 and showing the hour indicating cams for in-
dicating the numeral in the figure of second order, i.e.,
the figure of tens of hour including 0, 10 and 20;

FIG. 3 is a fragmentary view taken along line II —
11l of FIG. 1 and showing the hour indicating cams for
indicating the numeral in the figure of first order, i.e.,
the figure of ones of hour including 6, 1, 2, - 9;

FIG. 4 is a fragmentary view taken along line IV —
IV of FIG. 1 and showing the minute indicating cams
for indicating the numeral in the figure of second order,
i.e., the figure of ones of minute including 0, 1, 2, - §;

FIG. § is a fragmentary view taken along line V — V
of FIG. 1 and showing the minute indicating cams for
indicating the numeral in the figure of first order, i.e.,
the figure of ones of minute including 0, 1, 2, - 9;

FIG. 6 is a fragmentary view showing the arrange-
ment of one of the hour indicating cams and the switch
corresponding thereto which is operatively coupled
through a swingable lever;
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FIG. 7 is a table showing the relationship between the
binary code signals and the numeral indicating the time
in terms of hour and minute as well as the correspond-
ing switches giving the respective binary code signals;
and

FIG. 8 is a diagram showing the operation of the
switches for digitally indicating the time.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, the device constructed in accor-
dance with the present invention is provided with a
driving source such as an electric motor 1, a minute
shaft 2 driven by the motor 1 at a speed of one revolu-
tion per 60 minutes, an intermittent driving mechanism
3 connected to the minute shaft 2 so as to be actuated
thereby, and an hour shaft 4 connected to the intermit-
tent driving mechanism 3 so as to be driven thereby in-
termittently at an angle at intervals of an hour so that
the shaft 24 is rotated by one revolution during 24
hours.

As shown in FIGS. 1 and 2, cams 5A, 5B are fixedly
secured to the hour shaft 4 which serve to indicate the
numeral in the figure of second order, i.e., the figure of
tens of hour including 0, 10 and 20 as described below.

Switches 13A, 13B are arranged adjacent to the cams
5A, 5B, respectively, and swingable switch levers 9A,
9B pivoted by pivot shafts %a, 9b, respectively, opera-
tively couple the cams 35A, 5B with the respective
switches 13A, 13B as shown in FIG. 1. As shown in
FIG. 6, the lever 9A is urged in the anti-clockwise di-
rection by a spring 95 secured at its one end to the lever
9A and at its other end to a stationary portion in the de-
vice, and keeps the switch 13A in opened state insofar
as the recessed portion SA’ of the cam 5A contacts
with the arm 9A-1 of the lever 9A, but, when the raised
portion SA-1 of the cam 5A comes to contact with the
arm 9A-1 of the lever 9A as the cam 5A rotates in the
anticlockwise direction as indicated by the arrow, the
lever 9A is rotated in the clockwise direction and the
arm 9A-2 thereof abuts against the actuator of the
switch 13A so as to close the switch 13A.

In the similar manner, the switch 13B is closed when
the raised portion 5B-1 of the cam SB actuates the
lever 9B as the cam 5B rotates, while the switch 13B is
kept in opened state by a spring (not shown) urging the
lever 9B in the anticlockwise direction insofar as the
recessed portion of the cam 5B contacts with the lever
9B.

As shown in FIGS. 2 and FIG. 7, the contour of the
cam 5A is so determined that the switch 13A is kept
opened correspondingly to the indication of the nu-
meral 0 and 1 in the figure of tens of hour so that the
binary code signal in the first row in the figure of tens
of hour is set to 0, while the switch 13A is closed corre-
spondingly to the indication of the numeral 2 in the fig-
ure of tens of hour so that the binary code signal in the
first row is set to 1. To this end, the cam 5A is formed
with the raised portion 5A-1 in the range between 300°
and 360° corresponding to four twenty-fourths of one
revolution of the cam 5A at the end of one complete
revolution, assuming that the arm 9A-1 of the lever 9A
is located at the top 0° of the cam 5A in FIG. 2 and the
cam 5A is rotated in the anticlockwise direction.

In the similar manner, the contour of the cam $B is
so determined that the switch 13B is kept opened cor-
repondingly to the indication of the numeral 0, 2 in the
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figure of tens of hour so that the binary code signal in
the second row in the figure of tens of hour is set to 0,
while the switch 13B is closed correspondingly to the
indication of the numeral 1 in the figure of tens of hour,
so that the binary code signal in the second row is set
to 1. To this end, the cam 5B is formed with the raised
portion 5B-1 in the range between 150° and 300°
corresponding to ten twenty-fourths of one revolution
of the cam 5B at the intermediate portion of one com-
plete revolution thereof.

In the similar manner, cams 6A, 6B, 6C and 6D are
fixedly secured to the hour shaft 4 as shown in FIGS.
1 and 3 and operatively coupled with switches 14A,
14B, 14C and 14D through swingable levers 10A, 10B,
10C and 10D, respectively. These cams 6A, 6B, 6C and
6D serve to select the numeral to be indicated in the
figure of first order, i.e., the figure of ones of hour in-
cluding 0, 1, 2, - 9.

As shown in FIG. 3, the cam 6A is formed with two
raised portions 6A-1, 6A-2 in the ranges between 120°
and 150° and between 270° and 300° so that the switch
14A is kept opened correspondingly to the numerals 0
to 7 to be indicated in the figure of ones of hour so as
to set the binary code signal in the first row in the figure
of ones of hour.in FIG. 7 to 0, while the switch 14A is
closed correspondingly to the numerals 8, 9 in the fig-
ure of ones of hour so that the binary code signal in the
first row is set to 1.

The cam 6B is formed with two raised portions 6B-1,
6B-2 in the ranges between 60° and 120° and between
210° and 270° so that the switch 14B is kept opened
correspondingly to the numerals 0 to 3 and 8, 9 to be
indicated in the figure of ones of hour so as to set the
binary code signal in the second row in the figure of
ones of hour in FIG. 7 to 0, while the switch 14B is
closed correspondingly to the numerals 4 to 7 to be in-
dicated in the figure of ones of hour so as to set the bi-
nary code signal in the second row in the figure of ones
of hour in FIG. 7 to 1.

In the similar manner, the cam 6C is formed with five
raised portions 6C-1, 6C-2, 6C-3, 6C-4 and 6C-5 in the
range between 30° - 60°, 90° - 120°, 180° - 210°, 240°
-~ 270° and 330° - 360°, so that the switch 14C is kept
opened correspondingly to the numerals 0, 1, 4, 5, 8
and 9 to be indicated in the figure of ones of hour so
as to set the binary code signal in the third row in FIG.
7 to 0, while the switch 14c is closed correspondingly
to the numerals 2, 3, 6 and 7 to be indicated in the fig-
ure of ones of hour in FIG. 7 so as to set the binary code
signal in the third row to 1.

In like manner, the cam 6D is formed with twelve
raised portions 6D-1, 6D-2, - 6D-12, each in the range
of 15° at intervals of 15° from each other, so that the
switch 14D is kept opened correspondingly to the nu-
merals 0, 2, 4, 6 and 8 to be indicated in the figure of
ones of hour in FIG. 7 so as to set the binary code signal
in the fourth row in the figure of ones of hour to 9,
while the switch 14D is closed correspondingly to the
numerals 1, 3, 5, 7 and 9 to be indicated in the figure
of ones of hour so as to set the binary code signal in the
fourth row to 1.

In the similar manner, cams 7A, 7B and 7C and cams
8A, 8B, 8C and 8D are fixedly secured to the minute
setting shaft 2 as shown in FIGS. 1, 4 and 5.

The cams 7A, 7B and 7C are operatively coupled
with switches 15A, 15B and 15C through swingable le-
vers 11A, 11B and 11C in like manner as in the case of
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the cams 5A, 5B and serve to determine the numeral
selected from 0, 1, 2, — § to be indicated in the figure
of second order, i.e., the figure of tens of minute in-
cluding 0, 10, 20 - 50 as shown in FIG. 7.

The cam 7A is formed with a raised portion 7A-1 in
the range between 240° and 360° as shown in FIG. 4 so
that the switch 15A is kept opened correspondingly to
the numerals 0 to 3 to be indicated in the figure of tens
of minute in FIG. 7 so as to set the binary code signal
in the first row to 0, while the switch 15A is closed cor-
respondingly to the numerals 4 and § to be indicated in
the figure of tens of minute so as to set the binary code
signal in the first row to 1.

In the similar manner, the cam 7B is formed with a
raised portion 7B-1 in the range between 120° and 240°
so that the switch 15B is kept opened correspondingly
to the numerals 0, 1 and 4, § to be indicated in the fig-
ure of tens of minute so as to set the binary code signal
in the second row in the figure of tens of minute to 0,
while the switch 15B is closed correspondingly to the
numerals 2, 3 to be indicated in the figure of tens of
minute so as to set the binary code signal in the second
row to 1.

The cam 7C is formed with three raised portions
7C-1, 7C-2 and 7C-3 each having the range of 60° at
intervals of 60° from each other beginning at 60° from
the top 0° of the cam 7C so that the switch 15C is kept
opened corresondingly to the numeral 0, 2 and 4 to be
indicated in the figure of tens of minute so as to set the
binary code signal in the third row to 0, while the
switch 15C is closed correspondingly to the numerais
1, 3 and 5 so as to set the binary code signal in the third
row to 1. :

In the similar manner, the cams 8A, 8B, 8C and 8D
are formed with raised portions as shown in FIG. § so
that the corresponding switches 16A, 16B, 16C and
16D are actuated so as to set the binary code signals as
shown in the figure of the first order, i.e., the figure of
ones of minute including 0, 1, 2, - 9 in FIG. 7. The cam
8A has six raised portions 8A-1, - 8A-6 each having the
range of 12° and arranged at intervals of 48° from each
other beginning at 48° from the top 0° of the cam 8A.
Thus, the switch 16A is actuated by the cam 8A so as
to be opened correspondingly to the numerals 0 to 7 to
be indicated in the figure of ones of minute so that the
binary code signal in the first row is set to @, while the
binary code signal in the first row is set to 1 corre-
spondingly to the numerals 8, 9 to be indicated in the
figure of ones of minute. The cam 8B has six raised por-
tions 8B-1, — 8B-6 each having the range of 24° and ar-
ranged at intervals of 36° from each other beginning at
24° from the top 0° of the cam 8B. Thus, the switch 16B
is actuated so as to be opened correspondingly to the
numerals 0 to 3, 8 and 9 to be indicated in the figure
of ones of minute in FIG. 7 so that the binary code sig-
nal in the second row is set to 9, while the binary code
signal in the second row is set to 1 correspondingly to
the numerals 4 to 7 to be indicated in the figure of ones
of minute.

The cam 8C has twelve raised portions 8C-1a, 8C-1b,
8C-2a, 8C-2b, — 8C-6a, 8C-6b, in the ranges of 12° -
24°, 36° — 48°, 72° - 84°, 96° - 108°,-132° ~ 144°, 156°
- 168°, 192° — 204°, 216° - 228°, 252° — 264°, 276° ~
288° 312° - 324° and 336° - 348° from the top 0° of
the cam 8C as shown in FIG. § so that the switch 16C
is opened correspondingly to the numerals 0, 1, 4, §, 8
and 9 to be indicated in the figure of ones of minute in
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FIG. 7 so as to set the binary code signal in the third
row to 0, while the switch 16C is closed correspond-
ingly to the numerals 2, 3, 6 and 7 to be indicated in the
figure of ones of minute so that the binary code signal
in:the third row is set to 1.

The cam 8D has 30 raised portions 8D-1a, ~ 8D-1e,
8D-2a - 8D-2¢, - 8D-6a - 8D-6¢ each having the range
of 6° and arranged at intervals of 6° from each other be-
ginning at 6° from the top 0° of the cam 8D so that the
switch 16D is opened correspondingly to the numerals
0, 2, 4, 6 and 8 to be indicated in the figure of ones of
minute in FIG. 7 so as to set the binary code signal in
the fourth row to 0, while the binary code signal in the
fourth row is set to 1 correspondingly to the numerals
1, 3, 5, 7 and 9 to be indicated in the figure of ones of
minute.

As described above, since the hour shaft 4 is rotated
intermittently so as to complete one revolution during
24 hours and the minute shaft 2 is rotated by the revo-
lution per 60 minutes, the pulses generated by the
opening and closing of the respective switches 13A,
13B -~ 16C, 16D as effected by the respective cams are
used.as binary code signals as shown in FIG. 7 which
are supplied to the binary circuit so that the time in the
range of 24 hours is indicated digitally by the binary
codes 00 — 10 determining the numeral in the figure of
the second order of hour, the binary codes 0000 to
1001 determining the numeral in the figure of the first
order of hour, the binary codes 000-— 101 determining
the numeral in the figure of the second order of minute
and the binary codes 0000 — 1001 determining the nu-
meral in the figure of the first order of minute.

The operation of the respective switches 13A, — 16D
for digitally indicating the time in terms of hour and
minute is shown in FIG. 8. Thus, all the switches are
opened at the time of 00:00, i.e., zero hour and zero
minute, while only the switch 16D is closed at the time
of 00:01. At the time of 5:21, the switches 13A, 13B,
14A, 14C, 15A, 15C and 16A - 16C are opened, while
switches 14B, 14D, 15B and 16D are closed.

In like manner, the time 15:46 is digitally indicated
when the switches 13A, 14A, 14C, 15B, 15C, 16A and
16D are opened while the switches 13B, 14B, 14D,
15A, 16B and 16C are closed.

When the switches 13A, 14C, 14D, 15A, 15C, 16A
and 16D are closed and the remaining switches are
opened, the time 23:59 is digitally indicated.

In FIG. 1, the cams 5A, — 8D are shown as having dif-
ferent dimensions from each other. However, they may
be the same dimensions with each other according to
the design. Further, the angular position each of the
cams may be varied insofar as the cooperating lever is
angularly shifted so as to maintain the same relative an-
gular position with respect to the raised position coop-
erating therewith.

In the above described embodiment, the time is indi-
cated in the range of 24 hours. However, the present
invention also applies to the digital indication of the
time in the range of 12 hours. In this case, the cam 5B
is dispensed with and the cams for setting the numeral
to be indicated in the figure of the first order of hour
are modified so that only the portion in the range be-
tween 0° and 180° of the contour each of the cams illus-
trated is extended over the entire periphery each of the
cams, while the hour shaft is rotated by one revolution
during 12 hours.
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The digital indication of 00:00 may be modified to be
24:00 or 12:00 by appropriately modifying the con-
tours of the cams setting the numeral to be indicated in
the figure of the second order of hour and the cams set-
ting the numeral to be indicated in the figure of the first
order of hour.

As described above, desired time pulses are easily ob-
tained by the simple combination of the cams with the
switches in accordance with the present invention so
that the time pulses when generated in a master clock,
can be utilized to drive slave clocks. Further the time
pulses can be utilized in the operation of time division
in an electronic computer or in the automatic control
of various electric devices at a predetermined schedule.

We claim:

1. Apparatus for generating binary-encoded time sig-
nals, which comprises:

a motor, connectable to an external source of power

for energizing same;

a first shaft, operably connected to, and driven by,
said motor, said first shaft being rotated through
360° once every hour;

intermittent drive means connected to said first shaft;

a second shaft, operably connected to, and driven by,
said intermittent drive means, said second shaft
being intermittently rotated through 360° once
every 24 hours;

a first and a second group of cams fastened to, and
rotated by, said first shaft;

a first and second group of cam-followers respec-
tively associated with said first and second groups
of cams;

a first and second group of normally-open switches
respectively associated with, and actuated by, said
first and second group of cam-followers, said first
group of switches generating binary-encoded sig-
nals representative of the units digit of the minute
portion of said time signals and said second group
of switches generating binary-encoded signals rep-
resentative of the tens digit of the minute portion
of said time signals;

a third and fourth group of cams fastened to, and ro-
tated by, said second shaft;

a third and fourth group of cam-followers respec-
tively associated with said third and fourth groups
of cams; and

a third and fourth group of normally-open switches
respectively associated with, and actuated by, said
third and fourth group of cam-followers, said third
group of switches generating binary-encoded sig-
nals representative of the units digit of the hour
portion of said time signals and said fourth group
of switches generating binary-coded signals repre-
sentative of the tens digit of the hour portion of
said time signals.

2. The apparatus according to claim 1, wherein said
first group of cams comprises four cams, each of said
four cams generating one binary digit of the four binary
digits required to represent the decimal digits 0 - 9
(0000- 1601),

said second group of cams comprises three cams,
each of said three cams generating one binary digit
of the three binary digits required to represent the
decimal digits 0 - 5 (000 - 101) ;

said third group of cams comprises four cams, each
of said four cams generating one binary digit of the
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“ . . o o -]
four binary digits required to represent the decimal ~ Second  One x120° - — 240° from top 0°
., Second Two 1X120 - 120° from top O

- digits 0 - 9 (0000 - 1001); Second  Three  3X60°  60° 60° from top 0°
said fourth group of cams comprises two cams, each Third One gxso: ; (2)°o° é (1;9:_ from zop0°o=
of salq two cams gene‘ratmg one binary digit ot: the .}-:::g $:::e 5:28» 30°&60°  30° f:g: :g: 0°
two binary digits required to represent the decimal § Third Four 12x18°  15° 15° from top 0°
digits 0 ~ 2 (00 - 10). Fourth One 1%60° - 300° from top 0°
Fourth Two 1X150° - 150° from top 0°

3. The apparatus according to claim 2, wherein the
cams of said first through fourth groups of cams have

raised portions according to the following table: 4. The apparatus according to claim 2, wherein, to

generate digital signals representative of a 12 hour

10 . .

Raised  Raised clock, said second shaft is rotated through 360° once

Portion Portion s
Group Cam Duell Spacing  Beginning every 12 'hours, and sal'd fourt}'l group Qf cams com-
First One 6x12° 48° 48° from top 0° prises a single cam having a raised portion extending
Firat Two 6x24° 36° 24° from top 0° o : o o it
First Three [2x12°  12°%24°  12° from top 0° over 180°, starting ,1 80° from the 0° top position.
First Four 30%6° 6° 6° from top 0° 15 ook ok o
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