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(57] ABSTRACT

A miniaturized printer wherein the duration of each
print cycle, the sequence of printing operations per-
formed in each print ¢ycle and the time between each
print cycle 18 controlled by a detecting arrangement.
The detecting arrangement is adapted to detect the
rotary position of a plurality of print rings having print
characters circumferentially disposed therearound and
for generating a character selection timing pulse for
each of the available rotational positions of each print
ring during a print cycle. The rotational position of
each print ring corresponds to a print character circum-
ferentially disposed about the print ring and, to this end,
a print selection mechanism associated with each of the
print rings selectively positions each of the print rings at
respective predetermined print positions during each
print cycle in response to the character selection timing
pulses produced by the detection arrangement so that
printing can be performed thereby. The detecting ar-
rangement is further constructed and arranged to pro-
duce a stand-by signal representative of each print ring
being positioned at a stand-by position at the end of
each print cycle. The detecting arrangement further
includes a shutter mechanism for preventing the detect-
ing arrangement from producing a stand-by signal until
a predetermined interval of time after the last of the
character selection timing pulses are generated during
each print cycle.

12 Claims, 14 Drawing Figures
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1

MINIATURIZED PRINTER CONTROL
ASSEMBLY

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue,

BACKGROUND OF THE INVENTION

This invention is directed to a miniaturized printer of
the type having a plurality of print rings with print
characters circumferentially disposed therearound, and
in particular to an improved detecting and control ar-
rangement for use with a miniaturized printer of the
type utilized in a desk calculator, for controlling the
length of each print cycle, the sequence of printing
operations performed during each print cycle, and the
duration of time between print cycles.

Miniaturized printers, of the type utilized to provide
a permanent record in a desk calculator or other com-
puting tnstrument, such as a cash register or the like, are
characterized by the use of a drive motor that is ener-
gized dunng printing, and is deenergized when the
printer 18 not in use. When the printer is in use, a supply
voltage 1s supplied to the drive motor to effect an ener-
gizafion of same for a complete printing cycle of the
printer, which printing cycle includes the positioning of
the print rings for printing, the printing operation, and
the return of the print rings to a stand-by position
wherein each of the print rings are aligned in a rest
position so that the next printing cycle can be com-
menced.

Due to the rapid speed with which information can
be processed by small-sized electronic instruments, such
as desk calculators and the like, it is preferred that the
entire printing cycle of the printer be completed at
higher speeds with greater accuracy and reliability.
Although detector arrangements have been provided
tfor producing signals representative of the operations
being performed during a print cycle, a second detec-
tion arrangement, comprised of a lead switch having
mechanical contacts, has provided printing control that
s less than completely satisfactory. Specifically, the use
of a mechanical detector results in the duration of the
print cycle being increased and, hence, the speed of the
printer being likewise decreased. Accordingly, a detec-
tion arrangement for a miniaturized printer that permits
a read switch and mechanical contacts associated there-
with to be eliminated from the printer assembly, is de-
sired.

SUMMARY OF THE INVENTION

Generally speaking, in accordance with the instant
invention, a miniaturized printer having an improved
detecting arrangement for controlling the duration of a
print cycle, the sequence of printing operations per-
formed during the print cycle and the duration of time
between print cycles, is provided. The printer includes
a plurality of print rings having print characters circum-
ferentially disposed therearound. The print characters
are sclectively positioned in a print position by rotation
cf each of the print rings in a first rotational direction
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from a stand-by position to a print position during a °

print cycle. A motor is provided for rotatably driving
the print rings at least from a stand-by position to a print
position during each print cycle in response to the
motor being energized. A detection arrangement Is

65
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provided for detecting the rotary position of the print
rings and for generating a character selection timing
pulse for each of the available rotational positions of
each of the print rings during each print cycle. The
rotational positions of each of the print rings corre-
spond to a print character circumferentially disposed
about the print ring. A print selection mechanism is
assoclated with each of the print rings for selectively
positioning each of the print rings at respective prede-
termined print positions during each print cycle in re-
sponse to the character selection timing pulses pro-
duced by the detection means being applied thereto.
The detection arrangement is constructed and arranged
to produce a stand-by signal representative of each of
the print rings being positioned in a stand-by position at
the end of each print cycle. The detection arrangement
i1s also provided with a shutter mechanism for prevent-
ing the detection arrangement from producing the
stand-by signal until a predetermined interval of time
after the last character selection pulse is generated in
each print cycle.

Accordingly, it is an object of the instant invention to
provide a faster, more accurate and less expensive
printer for use in a miniaturized electronic calculator
instrument, such as a desk calculator.

A further object of the instant invention is to provide
an improved detection arrangement for a miniaturized
printer that controls the duration of a print cycle, the
sequence of printing operations effected during each
print cycle, and the duration of time between each print
cycle.

Still a further object of the instant invention is to
provide a detection arrangement for a printer that elimi-
nates the delays between the completion of a print cycle
and the commencement of the next print cycle.

Still another object of the instant invention is to pro-
vide an improved detection arrangement for a miniatur-
1zed printer that eliminates the stand-by time between
consecutive printing cycles to thereby improve the
accuracy, reliability and printing speed of the printer.

Still a further object of the instant invention 1s to
control the sequence of operation of a miniaturized
printer utilizing a single detection arrangement.

Still other objects and advantages of the invention
will in part be obvious and will in part be apparent from

the specification.
The invention accordingly comprises the features of

construction, combination of elements, and arrange-
ments of parts which will be exemplified in the con-
struction hereinafter set forth, and the scope of the
invention will be indicated in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a fuller understanding of the invention, reference
1s had to the following description taken in connection
with the accompanying drawings, in which:

FIG. 1 is an elevational view of a drive mechanism of
a miniaturized printer constructed in accordance with
the prior art;

FIG. 2 1s a wave diagram 1illustrating the operation of
the mimaturized printer depicted in FIG. 1;

FIGS. 3a through 3d respectively illustrate control
circuitry for controlling the operation of the miniatur-
1zed printer depicted in FIG. 1 during each print cycle
thereof;

FIG. 4a 1s a perspective view of a mimaturized
printer including a detection assembly constructed in
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accordance with the preferred embodiment of the in-
stant invention,

FIG. 4b 1s an elevational view of a print ring assem-
bly of the miniaturized printer depicted in FIG. 4a;

FIG. 4c 1s an elevational view of the detection plate 5
depicted in FIG. 4a;

FIG. § 1s a wave diagram illustrating the operation of
the control circuits depicted in FIGS. 6a and 6b;
FIG. 6a and FIG. 6b illustrate control circuits for use
with the mimaturized printer depicted in FIG. 4a; 10
FIG. 7a is a perspective view of a miniaturized
printer having a detection arrangement constructed in
accordance with a further embodiment of the instant
invention: and

FI1G. 7b 1s an elevational view of a print ring assem- 15
bly of the miniaturized printer depicted in FIG. 7a.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference 1s now made to FIG. 1, wherein a conven- 20
ttonal motor driven mimaturized printer, having two
distinct detectton arrangements, is depicted. A drive
motor 1 that 1s adapted to be rotated in a clockwise
direction, as viewed in FIG. 1, when energized, and
stopped when the drive motor is deenergized, includes 25
a driving gear 2. The driving gear 2 is disposed in mesh-
ing engagement with a reduction gear 3. Reduction gear
3 1s, 1n turn, adapted to rotate a single revolution for
each printing cycle and is coupled through power trans-
mission gears 4, 3 and 6 and power transmission gear 11 30
to intermittent driving gear 7 and printing gear 12.

Intermittent driving gear 7 includes a plurality of
gear teeth 7a, a non-toothed portion 7b and a notched
recess portion 7c¢ peripherally disposed therearound.
The gear teeth 7a and remaining portions of the inter- 35
mittent driving gear 7 are adapted to engage intermit-
tent driven gear 8, which gear also has a portion 8a that
1s free of gear teeth. Gear 8 is mounted on a shaft that
supports a plurality of print rings 9. Print rings 9 include
a plurality of print characters 9a, such as letters, numer- 40
als, symbols, and the like, that are circumferentially
disposed thereabout. A coil spring 10 is provided and
includes a first end secured to intermittent gear 8, with
the other end of the coil spring 10 being fixedly secured
to the frame (not shown) of the printer. 45

As noted above, printing gear 12 is driven by power
transmission gear 11 and has the same ratio of rotation
as the intermittent driving gear 7, in order to effect
synchronization therebetween. A crankshaft 13 is se-
cured to the printing gear and supports a print roller 14 50
that is adapted to be rotated into a web of paper 15 and
thereby sandwich the web of paper 15 and an ink ribbon
16 between the print roller and print characters formed
on the print wheel to effect printing in the usual manner.

By way of explanation of the operation of the minia- 55
turized printer depicted in FIG. 1, the printer is illus-
trated 1n 1ts stand-by position. Referring specifically to
FIG. 2, when a PRINT INSTRUCTION signal is ap-
plied to the printer, the drive motor 1 is energized to
thereby affect a rotation of the intermittent driving gear 60
7 1in the direction (counterclockwise) of the arrow 17.
The gear teeth 7a on the intermittent driving gear 7 are
immediately brought into meshing engagement with the
teeth 8a disposed on the intermittent driven gear 8 to
thereby affect a rotation of the intermittent driven gear 65
8 in the direction (clockwise) of the arrow 18. Rotation
of the intermittent driven gear 8, in the direction indi-
cated by the arrow 18, will effect a winding of the

4

portion of the coil 10 around the shaft supporting the
print rings. As the intermittent driven gear 8 is rotatably
driven by the intermittent driving gear 7, the print rings
9 will also be rotated. In response to the rotation of the
print rings, a detection arrangement described in
greater detail below will generate character selection
timing signals To through Tj2. The character selection
timing signals are applied to an appropriate character
selection mechanism, including a plurality of selection
pawls associated with each print ring to selectively
position the respective print rings at print positions 1o
effect printing in a well known manner.

As the intermittent driving gear 7 continues to be
rotated, and hence continues to rotate each of the print
rings, each of the print rings are positioned in a print
position whereby a character, or the absence of the
character, 1s selected until an entire line of print is se-
lected. Once each of the print characters are positioned,
the portion of the intermittent driving gear 7b, not hav-
ing any notches formed therein, is disposed in engage-
ment with the last tooth on the intermittent driving gear
8 and, hence, maintains the shaft upon which same is
disposed from being unwound by the coil 10 wrapped
therearound.

As aforenoted, the rotation of the print roller 14 is
synchronized with the rotation of the intermittent gear
7. Accordingly, once each of the print rings 9 are selec-
tively positioned in a print position, and further rotation
of the intermittent driven gear 8 is prevented by the
portion 7b of the intermittent driven gear 7, the print
roller 14 will sandwich the paper web 16 and ink ribbon
16 between same and the print characters to thereby
effect a printing of the line of characters on the paper
web. Once printing 1s completed, the increased diame-
ter portion 7b of the intermittent driven gear 7 clears
the teeth 8a on the intermittent driven gear 8, leaving
the recessed notch 8b in the path of the teeth of the
intermittent driven gear 8 and, hence, provides a clear-
ance between the intermittent driven gear 8 and the
intermittent driving gear 7. The clearance between
gears 7 and 8 permits the intermittent driven gear 8 to
be rotated in a counter-clockwise direction (as viewed
in FIG. 1), and the uncoiling of the spring 10 to thereby
return each of the print rings to a stand-by position. The
return of the intermittent driven gear 8 to a stand-by
posttion will result in each of the print rings being
aligned in a rest position until the next print cycle is
commenced. As detailed below, the timing signal uti-
lized to control the operation of the printer is produced
independently of the selection of the print characters,
thereby causing a return signal R, that has an unstable

frequency, to be produced and detected.
The paper web 15 is advanced, after printing thereon

has been completed. Accordingly, the mechanical load
of the printer and the inertia of the motor must be taken
into consideration in controlling the paper feeding
mechanism. To this end, a mechanical detection ar-
rangement, including a magnet 20 disposed on a reduc-
tion gear 3 and a lead switch 21 secured to the printer
frame (not shown), provide a STOP INSTRUCTION
signal to the printer just prior to, or immediately after,

the paper feeding 1s completed. The STOP INSTRUC-

TION signal 1s utilized to interrupt the current applied
to the drive motor 1 and electrically break same. By

interrupting the current apphed to the drive motor and
electrically braking same, the intermittent driving gear
7 is no longer rotated and is maintained at a stand-by
position. When the drive motor 1 is deenergized, and
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hence stops rotating, the paper feeding operation is
completed. Also, the intermittent driven gear 8 and
print rings 9 are returned to the stand-by position to
prepare the printer to receive the next PRINT IN-
STRUCTION signal and complete the print cycle.

The STOP INSTRUCTION signal, produced by the
magnetic detector arrangement, illustrated in FIG. 1, 1s
utilized with control circuits, illustrated in FIGS. 3a
through 3d, to effect control of the printing operation
during each print cycle. As is illustrated in FIG. 3a, a
PRINT INSTRUCTION signal is applied to set termi-
nal S of a flip-flop FF| and thereby permits a LOW
level output Q; to be appplied to the motor control
drive circuit and thereby energize the drive motor.
However, when a STOP INSTRUCTION signal 1s
applied to the reset terminal R of the flip-flop FF), the
flip-flop is reset so that a HIGH level signal Q) is ap-
plied to the drive control circuitry to thereby deener-
gize the drive motor and brake same.

Turning to FIG. 3b, the drive motor control circuit,
including a Darlington connection comprised of transis-
tors 43 and 44, are depicted. The transistors 43 and 44
are coupled in series with the parallel connection of
drive motor 1 and shunt transistor 48 in order to control
the amount of current applied to the drive motor 1
when same is energized and to shunt current across the
shunt transistor 48, when it is desired to deenergize the
drive motor. The output Q,, of flip-flop FF), is applied
to a control terminal 41 of the control circuit, to thereby
control the conduction characteristic of transistor 42,
When an energizing signal is applied to the control
terminal 41 of the transistor 42, the shunt transistor 48 is
turned OFF, thereby permitting the Darlington connec-
tion to control the speed of the drive motor 1. Alterna-
tively, when a deenergizing signal is applied to the
control terminal 41, of the control transistor 42, a shunt
transistor 48 is turned ON, thereby shunting all of the
current applied to the drive transistor and, at the same
time, turning OFF the transistor comprising the Dar-
lington connection, to thereby effect a breaking of the
drive motor 1. Accordingly, the STOP INSTRUC-
TION signal, produced by the magnetic detection
switch disposed on the reduction gear 3, is utilized to
deenergize and brake the DC motor 1.

Reference is now made to FIG. 3¢, wherein the con-
trol circuit for detecting the end of a print cycle is de-
picted. As is illustrated in FIG. 2, the print cycle is
terminated at an interval of time a a after the trailing
edge of the signal R, generated by the print rings 9, or
after a predetermined interval of time 8, determined by
the leading edge of the STOP INSTRUCTION signal,
by utilizing a B-time counter. $6 to measure a G-time
interval after the generation of the STOP INSTRUC-
TION signal. By applying the STOP INSTRUCTION
signal to the reset terminal R of the flip-flop FFj, the
flip-flop is reset, thereby producing a HIGH level signal
at the output Qi, which output is applied as a gating
signal to NAND gate 55. When a HIGH level gating
signal 1s applied to the NAND gate §§, the clock signal
applied to the other input of the NAND gate 55 is trans-
mitted thereby to the (-time counter 56 to thereby
index the B-time counter 56 through a counting cycle.
At the end of the counting cycle, the 8-time counter 36
will apply a reset pulse to the flip-flop FF; to thereby
produce an end of cycle control signal.

In FIG. 3d, a circuit for synchronizing the selection
of print characters with the character selection signals is

depicted. The flip-flop FF is utilized to control NAND
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gate 58 and thereby affect gating of the timing signal
until the STOP INSTRUCTION signal resets the flip-
flop FF;. It is noted that the control circuit, depicted in
FIG. 3d, permits the printer to be stopped when the
printer is in other than a stand-by condition, if the cur-
rent is interrupted during the operation of the printer,
by assuring proper synchronization between the print
characters on the print rings and the character selection
signal To through Tja.

It is noted that the use of a STOP INSTRUCTION
signal, of the type produced by the magnetic detector
arrangement and control circuitry therefor, depicted in
FIGS. 3a through 3d, is disadvantageous for several
reasons. In addition to not being compatible with the
physical design and layout of a printer, there is a consid-
erable reduction in reliability due, in part, to the me-
chanical contact of the lead switch and the greater
number of elements including the lead switch, perma-
nent magnets, etc. The greater number of elements also
raise the cost of assembly, repair and installation of the
printer. Moreover, the use of a mechanical detector

- results in the duration of the print cycle being increased,
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and hence a decrease in the speed with which the
printer can be operated. For example, when an astable
multivibrator is utilized to produce a clock signal, the
thermal characteristics thereof must be accounted for
and, accordingly, the B-time interval must take into
account all possible thermal deviations. Thus, the -
time interval must be maximized to avoid any deviation
that may occur in the clock signal.

Accordingly, reference is now made to FIG. 4,
wherein a miniaturized printer detection and control
arrangement, constructed in accordance with a pre-
ferred embodiment of the instant invention, is depicted,
like reference numerals being utilized to denote like
elements described above. As in the conventional em-
bodiment discussed above, the intermittent driving gear
7 engages the intermittent driven gear 8 and affects
rotation of the shaft 31 in the direction A indicated by
the arrow 18. The rotation of the shaft 31, in the direc-
tion A of the arrow 18, results in a likewise rotation of
the print rings 9 and a detection plate 35 affixed to one
end of the rotary shaft 31.

The detection plate 3§ is part of the detection assem-
bly, generally indicated as 32. The detection plate in-
cludes a plurality of slit openings 36 for permitting
synchronization of the position of the print characters
on each print ring so that the position of each of the
print characters on the print ring will be detected by a
photo diode 33, such as a luminescent diode, and a
suitable photo detector 34, such as a photo transistor, or
the like. In response to the character selection timing
signal, produced by the slit openings 36, a print select
mechanism of the type well known in the art (not
shown) will receive the character selection signals Ty
through T2 and trigger electromagnets associated with
each print ring to thereby selectively position selection
pawls 37 into engagement with the ratchet teeth on the
ratchet gear 38, associated with each print ring, to
thereby position the print ring at a print position.

As is explained in greater detail below with respect to
the operation of the instant invention, the detection
assembly 32 also includes a shutter unit S0 rotatably
secured to shaft 31 in order to permit same to be rotated
with respect thereto. Also, the detection assembly 32
includes a wide slit opening 36-S formed in the detec-
tion plate 35, the wide slit opening 36-S being unrelated
to the position of the print character disposed on the
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print ring and, instead, being representative of a stand-
by position of the print rings. Specifically, once each of
the print rings is selectively positioned at a print posi-
tion, the intermittent driven gear is locked with the coil
spring 10 in a wound position. The last slit 36-S is con-
siderably wider than the remaining slits 36 in the detec-
tion plate to provide a pulse S having a much larger
pulse width than the character selection timing signal
produced when the print rings are being selectively
positioned at different print positions.

Accordingly, once each of the print rings has been
selectively positioned in a print position, the rotation of
the print rollers, is synchronized with the rotation of the
intermittent driving gear 7 in order to effect an engage-
ment of the web and ribbon against the print characters
by the print roller 14. When the printing operation 1is
completed, the intermittent driven gear 8 and intermit-
tent driving gear 7 will be in a clearance position with
respect to each other, to thereby permit the intermittent
driven gear 8 to effect a return of the shaft 31 in the
rotational direction B indicated by the arrows 18, and
hence a return of the print rings 9 and detection plate 35
to therr rest or stand-by position. Upon completion of
the printing operation, and during the return of the print
rings to a rest position, the paper web is advanced. With
particular reference to FIG. 4b, when shaft 31 is rotated
by the rotation of the intermittent driven gear 8, the
rotation of the print rings is assured by the use of a flat
resilient spring 39, disposed in a notch formed in the
shaft 31.

As noted above, the detection plate 35 is synchro-
nized with the operation of the print rings 9 and in-

cludes shit openings 36 corresponding to the position of

each of the print characters disposed therearound with
the wider slit 36-S being positioned to define a stand-by
position, The detection plate includes an elongated
projection 36-1 (best illustrated in FIG. 4¢) for engaging
a shutter element 51 secured to a projection 53a of the
shutter unit 50 to effect a rotation of the shutter unit, in
the direction A, illustrated by the arrow 55’ in FIG. 4a.
Additionally, a bistable spring 54 is coupled to the shut-
ter unit S0 and applies an additional rotary force thereto
when the shutter element 51 is rotated in the direction A
by the projection 36-1 formed on the detection plate 35.
The shutter unit S0 further includes a stopper 52 for
positioning the shutter unit when same is rotated by the
bistable spring 54 and projection 36-1 of the detection
plate. Specifically, an abutment (not shown) is formed
on the frame of the printer in order to engage the stop-
per 52 when the shutter unit 50 is rotated in the direc-
tion A and thereby defines a predetermined position
wherein the shutter element 51 is disposed in optical
alignment between the photo diode 33 and photo detec-
tor 34 in order to assure that no light is communicated
therebetween.

Accordingly, once the notched portion 7c of the
intermittent driving gear 7 clears the toothed portion of
the driven gear 8, the driven gear 8 is released, and the
shaft 32 is rotated in the direction B, illustrated by ar-
rows 18, to thereby return the print rings to a stand-by
position. At the same time, the projection 36-1 is then
brought into contact with a second shutter element (not
shown) extending from portion 53-b of the shutter unit,
whereafter the shutter unit is rotated in the direction B,
illustrated by the arrows 55. An additional rotational
force, in the direction B, is provided by the bistable
spring 34, thereby rendering it necessary to provide a
further abutment (not shown) on the frame of the
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printer for engaging the projection 52 to prevent same
from rotating past the position of the abutment. More-
over, the projecting portion 53-b, supporting the second
shutter element 51, is positioned so that the shutter
element 31 is not rotated out of optical alignment with
the photo detector and photo diode until the stand-by
slit 36-S 1s substantially positioned in the stand-by posi-
tion in order to assure that no pulses are produced by
the detection arrangement until the detection plate 35 is
returned to its sand-by position. Accordingly, if the
paper feeding mechanism effects an advancement of the
paper during the interval that the print rings are re-
turned to a rest position, the printer is ready for the next
print cycle when the slit opening 36-S is returned to the
stand-by position.

Finally, 1t is noted that when the springs 39, utilized
to postion each of the character rings 9, effect a return
of same to a stand-by position, as the projection 56 on
the shaft is brought into engagement with a stopper 57,
secured to the frame of the printer, the print rings will
bounce. Accordingly, the slit 36-S, formed in the detec-
tion plate 35, must be sufficiently wide to prevent a
character selection timing signal T from inadvertently
being detected as a result of the bouncing phenomenon
experienced by the return of the print rings to a stand-
by position. By the arrangement described in detail
above, the permanent magnet and lead switch detection
arrangement can be eliminated and the timing signals
and stand-by signal, utilized in lieu of a STOP IN-
STRUCTION signal. As illustrated in the wave dia-
gram, depicted in FIG. §, and the control circuit, de-
picted in FIG. 6, the character selection timing signals
are comprised of pulses Ty through T3, which signals
are produced by the slit openings 36 in the detection
plate 35, and represent the positions of the print charac-
ters disposed on the print rings. Additionally, a refer-
ence signal S, representative of a stand-by position, is
produced by sht 36-§, and is generated during the re-
turn portion of the print cycle, after printing has been
completed.

The detection and control arrangement, illustrated in
FIG. 6a, eliminates the return signals R, generated by
the photo detection arrangement, illustrated in FIG. 1,
when the character rings are returned from a print
position to a rest position by the shutter unit 50. Specifi-
cally, the control circuit, illustrated in FIG. 6a, detects
the end of each printing cycle and controls the deener-
gization of the DC drive motor. The slit 36-S is disposed
on the detecting plate 35 at a distance from the slit that
produces the pulse Tj2. Accordingly, a y-time counter
91, having a time interval larger than the time interval
a, the time interval between each of the respective
character selection pulses Tg, T, T, etc. is provided.
The 7y-time counter 91 receives a clock signal, produced
by an astable multi-vibrator and, in the absence of any
character selection timing signals being applied to the
reset terminal thereof, produces a y-time interval signal
Cour at a yttime interval after the last character selection
timing signal T3 is produced. The signal C,,, is applied
to the set terminal S of a flip-flop FF4 and thereby sets
the output Q4 of flip-flop FF4 to a HIGH level. When
the output of the flip-flop FF4is referenced to a HIGH
level, the respectiva inputs of the JK flip-flop FFs,
which inputs are respectively coupled to the cutput
terminal Qg and Qg of flip-flop FF4 are referenced to a
HIGH and LOW level, respectively. Accordingly,
upon the application of a leading edge of the next char-
acter selection signal S, which is the stand-by reference
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signal produced by the wider slit opening 36-S formed
in the detection plate 36, flip-flop FFs applies a deener-
zization signal to the DC motor 1 to deenergize same in
Lhe same manner detailed above.

Moreover, 1f the next PRINT INSTRUCTION sig-
nal 1s applied after the leading edge of the stand-by
reterence signal S is detected, the PRINT INSTRUC-
TION signal will reset the JK flip-flop FF5 and, hence,
immediately energize the DC motor to begin the next
print cycle. This condition s illustrated in FIG. 5, by
the dotted hnes illustrating the production of timing
signals in the event that a PRINT INSTRUCTION
signal 1s applied to the control circuitry once the print-
ing cycle is completed. Alternatively, the stand-by ref-
erence signal S will maintain the printer in a deener-
gized condition until the next PRINT INSTRUCTION
signal 1s applied thereto.

Reference 15 also made to FIG. 6b, wherein a control
circuit for synchronizing the print characters circum-
ferentially disposed on the character rings with the
character selection timing signals, produced by the
detection plate 335, 1s illustrated. Specifically, the signal
Cour, produced by the y-time counter 91, is applied to
the reset terminal of flip-flop FFg to thereby reset same
and apply an inhibit signal to the NAND gate 92.
Thereafter, character selection timing signals will not
be applied to the letter counter 93 until the next PRINT
INSTRUCTION signal 1s applied to the reset terminal
R of the letter counter 93, to thereby reset same. Addi-
ttonally, the PRINT INSTRUCTION signal is applied
to the set terminal S of the flip-flop FFg, to thereby
apply a gating signal to the NAND gate 92 and permit
the character selection timing signals, representative of
the character position of the print rings, to be applied to
the letter counter 93. Accordingly, the y-time counter
91 is utilized to measure a y-time interval after which
the character selection signals are prevented from being
applied to the letter counter 93 until the next PRINT
INSTRUCTION signal 1s applied thereto. If for any
reason, the printer should be stopped at an arbitrary
position, the circuitry depicted in FIG. 6b insures that
the print characters will be synchronized with the char-
acter selection signals produced thereby, and the con-
trol circuitry, depicted in FIG. 6a, insures that the
motor will not be energized until the stand-by signal S
1s applied thereto. Accordingly, by utilizing the shutter

element to prevent any character selection timing sig-

nals from being produced during the interval between
the last print character selection timing signal and the
occurrence of the stand-by signal S at the end of the
printing cycle, a more reliable detection arrangement is
provided by a single detection assembly secured to the
shaft, thereby permitting the second detection arrange-
ment to be eliminated.

Reference 1s now made to FIG. 7, wherein a minia-
turized printer, utilizing a shutter arrangement of the
type detailed above, in a mintaturized printer wherein
the shaft supporting each of the character rings is ro-
tated two revolutions in each print cycle, is depicted,
like reference numerals being utilized to denote like
clements depicted above. Additionally, as illustrated in
FI1G. 7b, the spring 39 is disposed in friction engage-
ment with the shaft 31, instead of riding in a notch in the
manner tllustrated in FIG. 4b, so that rotational force of
the shaft 31 is directed to the character rings 9 by the
frictional engagement of the spring 39 with the shaft 31.
By rotating the shaft in the same direction through two
revolutions during each print cycle, the spring 39 can be
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formed from a simple plate spring and, additionally, the
coil spring 10 can be eliminated. Also, a shutter element
31 is required to prevent the return signal from being
produced during the interval that the last character
selection signal Tz is produced and the occurrence of
the stand-by signal S produced by the wide opening slit
36-S.

Rotation of the shaft 31, through two revolutions in
each print cycle, is effected by defining a one-to-two
(1:2) gear ratio between the intermittent driving gear 7
and intermittent driven gear 8. By this relationship,
intermittent driving gear 7 is rotated through one revo-
lution for each print cycle in order to effect two revolu-
tions of intermittent driven gear 8 in each print cycle.
The intermittent driving gear 7 is supported on a shaft
36, which shaft also supports shutter element 51, and
permits the rotation of the shutter element to be syn-
chronized with respect to the revolution of the charac-
ter rings and thereby prevent the return signals from
being produced in a manner to be discussed in greater
detail below. It is noted that the printer, illustrated in
FIG. 7a, 1s depicted in a stand-by position. |

In operation, when the print cycle begins, the shutter
element 51 s disposed out of alignment with the photo
diode 33 and photo detector 34 at the beginning of a
print cycle. Specifically, in response to the rotation of
the intermittent driven gear 8, the detection plate 35 is
rotated in the direction indicated by the arrow A, and
the shutter element 51 is rotated in the opposite rota-
tional direction, indicated by the arrow B. The slit
openings 36, formed in the detection plate 35, thereby
produce character selection timing signals representa-
tive of the position of each of the print characters
formed on each character ring 9, to thereby effect posi-
tioning of the character rings by the pawls 37 in the
same manner discussed in detail above. Once each of the
print rings has been positioned, the print roller 14 sand-
wiches the web of paper 15 between same and the print
character and a ribbon to thereby effect a printing oper-
ation.

It 1s noted that during the printing operation, the
intermittent driving gear 7 continues to rotate. How-
ever, the recessed portion thereof clears the intermittent
driven gear 8, and hence prevents rotation of the shaft
31 supporting each of the character rings. The shutter
element is, therefore, rotated during this period and,
hence, by the time the printing operation is completed,
the shutter element 51 is disposed in optical alignment
between the light emitting element 33 and the photo
detector 34, to thereby prevent the stand-by signal S
from being produced thereby. Accordingly, from the
time that the leading surface 51a of the shutter element
is disposed in optical alignment with the photo detector
34, no character selection timing signals or return pulses

55 are produced by the positioning of the detector plate.

635

During this interval, the intermittent driving gear ef-
tects a further rotation of the intermittent driven gear
through a second revolution, with shutter element 51
preventing further character selection timing signals
from being produced as the detection plate is rotated
through a further revolution. The shutter element 51 is
constructed and arranged, and the rotation of the shut-
ter element synchromzed, so that the trailing surface
S1b clears optical alignment with the photo detector 34
after all of the narrow opening slits 36 pass the optical
path of the photo detector 34 during the second revolu-
tion, to thereby assure that the first pulse produced at
the end of the second revolution 1s a stand-by pulse §
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produced by the wider opening slit 36-S. Accordingly,

stand-by pulse S signals the end of the printing cycle
and the readiness of the printer to perform a further
printing cycle once the occurrence of the signal § is
detected.

The instant invention is particularly directed to pre-
venting any character selection timing signals or return
signals from being produced during the interval be-
tween which the last character selection timing signal 15
produced and a signal, representative of the end of the
print cycle, namely, the stand-by signal S, ts produced.
Specifically, a shutter element can be utilized to prevent
signals from being produced during this interval,
thereby eliminating electronic circuitry that was hereto-
fore needed in order to prevent the next print cycle
from being madvertently commenced before the pre-
ceding print cycle had been completed. These benefits
simplify the construction of the miniaturized printer,
reduce the price of same, and render same a more reli-
able and improved printer.

It will thus be seen that the objects set forth above,
among those made apparent from the preceding de-
scription, are efficiently attained and, since certain
changes may be made in the above construction without
departing from the spirit and scope of the invention, 1t 1s
intended that all matter contained in the above descrip-
tion or shown in the accompanying drawings shall be
interpreted as illustrative and not in a limiting sense.

It is also to be understood that the following claims
are intended to cover all of the generic and specific
features of the invention herein described and all state-
ments of the scope of the invention which, as a matter of
language, might be said to fall therebetween.

What 1s claimed 1s:

1. In a printer including a plurality of print rings
having print characters circumferentially disposed
therearound, said print characters being selectively
positioned 1n a print position by rotation of each of said
print rings in a first rotational direction from a stand-by
position to a print position during a print cycle and
rotational drive means including motor means adapted,
in response to being energized, to rotatably drive said
print rings at least from said stand-by position to a print
position during each print cycle, the improvement com-
prising a detection means for detecting the rotary post-
tion of said print rings and for generating a character
selection timing pulse for each of the available rota-
tional positions of each said print ring during each print
cycle, said rotational positions of each of said print rings
corresponding to a print character circumferentially
disposed about said print rings, print selection means
assoclated with each of said print rings for selectively
positioning each of said print rings at respective prede-
termined print positions during each print cycle, in
response to said character selection timing pulses pro-
duced by said detection means being applied thereto,
said detection means being constructed and arranged to
produce a stand-by signal representative of each print
ring being returned to a stand-by position at the end of
each print cycle, said detection means further including
shutter means for preventing said detection means from
producing said stand-by signal until a first predeter-
mined interval of time after the last of said character
selection timing pulses is generated in each print cycle.

2. The printer as claimed in claim 1, wherein said
character selection timing signal i1s a pulse signal, said
detection means including control circuit means
adapted to measure a second predetermined time inter-
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val greater than the time interval between each of said
character selection timing pulses in said character selec-
tion time signal and in response to detecting said second
predetermined time interval and receiving said stand-by
signal after said first predetermined time interval, being
adapted to apply a deenergizing signal to said motor
means to effect a braking of same.

3. The printer as claimed in claim 2, wherein said
detection means 1s mechanically coupled to said print
rings and is adapted to produce said character selection
timing signals in response to said print rings bemng ro-
tated from a stand-by position to a print position, said
control circuit means including letter counter means for
detecting each pulse of said character selection timing
signal to thereby effect synchronization between the
rotary position of said print rings and the pulses of said
character selection timing signals produced by said
detection means.

4. The printer as claimed 1n claim 2, wherein said
detection means includes a detection plate having a first
plurality of equally sized openings formed at predeter-
mined distances with respect to each other, and a fur-
ther opening that is wider than said first plurality of
openings, and photo detection means for producing
pulses of said character selection timing signals in re-
sponse to said first plurality of openings being detected
thereby, and for producing said stand-by signal in re-
sponse to said wider opening being detected thereby.

5. The printer as claimed in claim 4, wherein said
wider opening 1s representative of a stand-by position,
said shutter means being adapted to be displaced out of
optical alignment with said photo detection means and
said openings in said detection plate, to thereby permit
said stand-by reference timing signal to be detected by
said photo detection means when said wider opening 1s
aligned with said photo detection means, said control
circuit means in response to said stand-by signal being
applied thereof, applying said deenergization signal to
said motor to effect the braking of same.

6. The printer as claimed in claim 4, wherein said
wider opening in said detection plate 1s positioned to be
in alignment with said photo detection means after each
of said print rings are selectively positioned 1n a print
position.

7. The printer as claimed in claim 6, wherein said
shutter means includes a shutter element adapted to be
disposed in optical alignment between said detection
plate and said photo detection means for said first pre-
determined interval of time after said last character
selection timing pulse 1s produced, to thereby prevent
said stand-by signal from being produced until said
shutter element is displaced out of optical alignment
with said photo detection means.

8. The printer as claimed in claim 7, wherein said
detection plate and print rings are supported on the
same shaft, and are adapted to be synchronously rotated
in response thereto, so that each of said openings in said
detection plate are synchronized with the positioning of
said print rings.

9. The printer as claimed in claim B, wherein said
control circuit means includes a first time interval
means for detecting a second predetermined interval of
time after the last pulse of said character selection signal
1s applied, said interval of time being greater than the
iterval of time between any of the pulses of said char-
acter selection timing signal, and in response thereto,
nroducing a control signal, and switching means for
receiving said control signal and said stand-by signal,
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said switching means in response to said reference tim-
ing signal being received thereby following said control
signal being received thereby, being adapted to apply a
deenergization signal to said drive motor means.

10. The printer as claimed in claim 8, wherein said
shutter element is rotatably positioned on the rotary
shaft supporting said detection plate and said character
rings, said detection plate including means for engaging
said shutter element when said print rings are returned
from a print position to a stand-by position, to thereby
displace said shutter element into optical alignment
with said photo detection means.

11. The printer as claimed in claim 10, wherein said
shutter element is further adapted to be engaged by said
projection extending from said detection plate and dis-

10

15

20

25

30

35

45

30

33

65

14

placed out of optical alignment with said photo detec-
tion means when each of the print rings is returned to a
stand-by position.

12. The printer as claimed in claim 8, and including
driving means rotating the shaft supporting said detec-
tion plate and said print rings, said shutter element being
coupled to said driving means and being rotated
thereby, said driving means being adapted to rotate said
shutter element into optical alignment with said photo
detection means during said first predetermined interval
that said print rings are returned from a print position to
a stand-by position, to thereby prevent character selec-

tion pulses from being produced during said interval.
$ % =% = &
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