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The present invention relaies to a printing machine, and more particularly to,
but not exclusively to, a sheet conveying unit in the printing machine.

An example of a conventional printing machine is as disclosed by Japanese
Patent Application (OPI) no. 257871/1987 (the term "OPI" as used herein means an
"unexamined published application"). A sheet conveying operation in the printing
‘a’ | machine will be described with reference to Fig. 10.

In the printing machine, a sheet conveying means comprising a platen 301
and a sheet conveying roller 303 operates to convey a printing sheet 100 in the
direction of the arrow into the gap between the platen 301 and a printing head 302
to a printing position (a), and the printing head operates to print data on the printing

sheet thus conveyed. The sheet 100 thus printed is conveyed and discharged by

sheet discharging means comprising sheet discharging rollers 307 and 308.
The sheet discharging means is so designed as to discharge the printing sheet
100 out of the printing machine when the rear edge of the printing sheet 100 has

passed through the contact line of the platen 301 and the sheet conveying roller 303.:
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That is to say, when the application of a sheet conveying force from the sheet
conveying means to the printing sheet 100 has been suspended.

Furthermore, the sheet conveying speed of the sheet discharging means is set
higher than that of the ;heet conveying means. Also the sheet conveying force of
the sheet discharging means is set smaller than that of the sheet conveying so that
the printing sheet 100 is allowed to slip with respect to the sheet discharging means.
Thus the printing sheet 100 is stretched tight when located between the sheet

conveying means and the sheet discharging means and so prevented from being

slack.
This Sheet Has Been Reilaced
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In some case it is desirable to provide a printing machine at low cost which
can perform a graphic printing operation using bit images and a character printing
- operation of printing characters including enlarged characters in combination.

However, in this case an ordinary printing method cannot be employed because the

capacity of a memory (buffer) in the printing machine, or soft control is limited. In
this case, the following method should be employed. First, a plurality of lines are
printed. Thereafter, the printing sheet is returned to the original position for
$ | another kind of printing operation. Thus, the printing of the sheet is accomplished
as a whole operation. However, it is essential to accurately convey the printing
sheet by about lcm or !4 inch in the opposite direction. .

The printing machine of Fig. 10 disclosed by the aforementioned Japanese
Patent Application (OPI) No. 257871/1987 has been proposed on the premise that
the printing sheet 100 is conveyed in the forward direction only (hereinafter referred
to as "a sheet forward-conveying operation”, when applicable). No consideration is
made for the case where a printing sheet is conveyed in the reverse direction

(hereinafter referred to as "a sheet reverse-conveying operation”, when applicable).

Fig. 11 shows the relationship between the amount of displacement of the

? printing sheet and the amount of rotation of the drive motor in the case where the
sheet forward-conveying operation and the s_heet reverse-conveying operation are
carried out by the printing machine disclosed in the aforementioned Japanese Patent
Application (OPI) NO. 257871/1987.

When the printing sheet 100 is conveyed as much as D1, as shown in the

first quadrant, the drive motor should be rotated as much as d1 in the sheet forward-
conveying direction. Since the sheet conveying speed of the sheet discharging

. means is set higher than that of the sheet conveying means, the sheet discharging
means tends to convey the printing sheet 100 by a greater amount and as indicated

by the broken line. However, since the sheet conveying force of the sheet




wet di scharging neans is so designed as to discharge the printing
00 out of the printing nmachine when the rear edge of the printing
00 has passed through the contact line of the platen 301 and the
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discharging means is less than that of the sheet conveying means, the printing sheet
100 is allowed to slip as much as S1 with respect to the sheet discharging means.
Hence, the printing sheet 10 is conveyed to the point P1 from the origin while being
stretched tight and so moved as much as D1.

When the printing sheet 100 is conveyed only in the forward direction, even
if there is an amount of play between the drive motor and the sheet conveying
means and the sheet discharging means due to the backlash of the gear train, the
amount of play is absorbed in one direction, and therefore the amount of
displacement of the printing sheet 100 are proportional to each other.

When the drive motor is turned as much as d1 in the reverse direction to
convey the 'printing sheet in the reverse direction, then the printing sheet is not
moved even when the drive motor is turned in the reverse direction as much as a
small amount of play (b). This is due to the backlash of the gear train between the
drive motor and the sheet conveying means and the sheet discharging means. In
other words, the amount of play between the drive motor and the sheet conveying

means is different in value from that between the drive motor and the sheet

' * discharging means. However, they are denoted by the same value (b) since they are
: generally designed to be small values.

In Fig. 11, for convenience of the description, (b) is about half of d1 but in
practice, it is much smaller. -

After the play has been absorbed, the sheet discharging means displaces the
printing sheet 100 at a speed higher than the sheet conveying means. As a result,
the sheet conveying means displaces the printing sheet as much as D2 in the reverse
direction; that is the sheet is moved through the origin and the point P2 to the point

P3. However the sheet discharging means displaces the printing sheet 100 in the
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reverse direction; that is, the sheet is moved through the origin and the point P2 to

the point P4. Thus, the printing sheet 100 is slackened by as much as the difference



Eheet di scharging neans is set smaller than that of the sheet conveying
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S2 between D2 and D3. In Fig. 11, D1 > D3 > D2, and so the displacement of
the printing sheet 100 is different with the amount of rotation (d1) of the drive
motor maintained constant.

Thereafter, when the drive motor is tumned as much as d1, the play (b)is
absorbed in the opposite direction and so the sheet is returned to the origin. That s,
the printing sheet 100 is moved from the point P3 through the point PS5 to the origin
by the sheet conveying means, whereas it is moved from the pbint P4 through the
c& point P6 to the origin by the sheet discharging means.

As is apparent from the above description, when the printing sheet is
conveyed in the reverse direction in the printing machine disclosed by the
aforementioned Japanese Patent Application (OPI) No. 257871/1987, it is
slackened, as a result of which the resultant print may be shifted in position, or the
printing sheet may be stained by ink, or caught in the machine (known as jamming).

In the case where the printing head 302 is of a wire dot type, the printing
sheet 100 caught in the printing machine pushes the ink ribbon (not shown) located

between the printing head 302 and the platen 301 through the ribbon mask (not

shown) positioned between the printing head 302 and the platen 301 against the .

,’ printing head 302. The wires of the printing head 302 are liable to be caught by the

ink ribbon and at worst, they may be broken. In addition, the printing wires strike

the printing sheet raised from the platen 301, thus making the printing noise louder.
Accordingly, an object of the present invention is to prpvide a printing

machine obviating the printing sheet being raised from the platen and so slackened

during conveyance resulting in the print being shifted in position, and the printing

sheet being stained by ink, or caught in the printing machine, and the wires of the

printing head being broken.
The foregoing object of the invention may be achieved by the provision of a

printing machine comprising: sheet conveying means provided upstream of a
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printing position in a sheet supplying direction; sheet discharging means provided
downstream of the printing position, and a drive motor for driving the sheet
conveying means and the sheet discharging means, with the sheet conveying speed
of the sheet discharging means set higher than that of the sheet conveying means, in
which, according to the invention, the amount of play b2 of the power transmission |
system between the drive motor and the sheet discharging means is larger than that
bl of the power transmission system between the drive motor and the sheet

q» convéying means.

| Further in the printing machine, according to the invention, Said amount of
play b2 is larger than the sum of the amount of play b1, plus the amount of rotation
Max d2 of the drive motor which, when no play is provided, is required for the
sheet conveying means to displace a printing sheet as much as a desired maximum
amount of reverse conveyance, plus an amount of additional rotation +.

Further in the printing machine, according to the invention, the drive motor
is rotated as much as the sum of b1, d2 (sic) and v in a sheet reverse-conveying
direction, and thereafter rotated as much as the sum of bl and v in a sheet forward-
conveying direction so that the printing sheet'is conveyed in the sheet reverse-

? conveying direction as much as a desired amount of sheet reverse conveyance.

In the printing machine, the amount of play b2 is due to the backlash of the
gear train.

In the printing machine, the amount of play b2 is due to a rotation
transmission gap corresponding to the difference in sectional configuration between
a hole formed in a gear and a shaft engaged with the hole.

In the printing machine, the amount of sheet reverse conveyance is 1.27cm
(%2 inch) or more at most.

Preferred embodiments of the present invention will be described with

reference to the accompanying drawings, of which: is Sheet Has Been Replaced
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pacity of a nmenory (buffer) in the printing machine, or soft control is
WEmted. In this case, the follow ng nmethod should be enployed. First, a
*urality of lines are printed. Thereafter, the printing sheet is returned
the original position for another kind of printing operation. Thus, the
inting of the sheet is acconplished as a whol e operation. However, it is
sential to accurately convey the prrﬁning sheet by about 1cmor [err]

ch in the opposite direction. The printing nmachine of Fig. 10 di scl osed
t he af orenenti oned Japanese

Fig. 1 is an explanatory diagram illustrating a sheet conveying section in a
first embodiment of the present invention;

Fig. 2 is a perspective view illustrating an external appearance of a printing
machine to which the technical concept of the invention may be applied;

Fig. 3 is an explanatory diagram illustrating the gear train of a sheet
conveying mechanism in the first embodiment of the present invention;

Fig. 4 is a diagram illustrating the relationship between the amount of

displacement of a printing sheet and amount of rotation of a drive motor in the first

Q embodiment;

Figs. 5(a) and 5(b) are explanatory diagrams for a description of the
backlash of the sheet conveying mechanism in the first embodiment;

Fig. 6 is an explanatory diagram illustrating a sheet conveying mechanism in
a second embodiment of the present invention;

Figs. 7 and 8 are explanatory diagrams for a description of the operation of
a third embodiment of the present invention;

Fig. 9 is a diagram outlining a sheet conveying section in a fourth

' embodiment of the present invention;

\# Fig. 10 is an explanatory diagram for a description of a conventional
printing machine; and

Fig. 11 is a diagram showing the relationship between the amount of
displacement of a printing sheet and the amount of rotation of a drive motor in the
conventional printing machine.

A printing machine to which the technical concept of the present invention
may be applied is §hown in figure 2. The prinﬁhg machiﬁe has a sheet path A in

which a printing sheet is inserted from above and behind, and a sheet path B in

which a printing sheet is inserted from below and in front.

" This Sheet Has Been Replaced
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“;Appllcatlon (OPl') No. 257871/ 1987 has been proposed on the prem se
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“1onshi p between the amount of di spl acenent of the printing sheet and

amount of rotation of the drive notor in the case where the

Fig. 1 is a diagram showing a sheet conveying section of a first embodiment
of the invention. As shown in Fig. 1, the printing center (or printing position (a))
of a printing head 102 is positioned with respect to the normal of a cylindrical
platen 101 made of rubber or the like. The printing head 102 and the platen 101 are
so positioned that they form a small gap therebetween. In the sheet path A
upstream of the printing position (2) on the sheet supplying side, first and second
sheet conveying rollers 103 and 104 are provided in such a manner that they are
pushed against the platen 101. Similarly, in the sheet path B upstream of the
W printing position (a) on the sheet supplying side, a sheet conveying drive roller 105
and a third sheet conveying roller 106 are provided in such a manner that they are
pushed against each other. In addition, in the sheet path A, a tractor 109 is
provided for conveying a continuous printing sheet (continuous form). The platen
101, the first sheet conveying roller 103, and the second sheet conveying roller 104
form first sheet conveying means; the sheet conveying drive roller 105 and the third
sheet conveying roller 106 form second sheet conveying means; and the tractor
forms third sheet conveying means.

A sheet discharging roller 107 is provided in the sheet path downstream of
‘# the printing position (a). The sheet discharging roller 107 thus provided pushes the
pﬁnﬁng sheet 100 so that a predetermined sheet discharging force is obtained with a
predetemined gap between the sheet discharging roller 107 and a sheet discharging
cover 108. The sheet discharging roller 107 and a sheet discharging cover 108 form
sheet discharging means. Thus, the sheet discharging means functions to discharge
the printing sheet downstream of it after the rear edge of the printing sheet has |
passed through the sheet conveying means.

In order to eliminate the difficulty that a printing sheet is slack between the
sheet conveying means and the sheet discharging means, the sheet conveying speed '

of the sheet discharging means is set higher than that of anyone of the first, second




I forward-conveying operation and the sheet reverse-conveying operation
scarried out by the printing nachi ne di-set-esed—i-A—the—aforenenti oned

nese Patent Application (OPI) NO 25787 Igﬁiéﬁ en t he pr|nt|ng sheet
is conveyed as much as D1, as shown in iﬁ, , the drive
r should be rotated as much as dl in the conveylng
ction. Since the sheet conveying $seed o char gi ng neans
set higher than that of the sheet conveying nmeans, the sheet di schar gi ng
and third sheet conveying means. Furthermore, in order to allow the printing sheet
100 to slip with respect to the sheet discharging means thereby to control the
amount of conveyance of the printing sheet, the sheet conveying force of the sheet
discharging means is set smaller than that of any one of the first, second and third
sheet conveying means.
A sheet guide 110 is provided so that a printing sheet is led to the printing
position (a) through any one of the sheet paths A and B. In the first sheet
conveying means, the first and second sheet conveying rollers 103 and 104 are
provided with a mechanism for spacing them from the platen 101 when necessary.
Similarly, in the second sheet conveying means, the third sheet conveﬁng roller 106
is provided with a mechanism for spacing it from the sheet conveying driver roller
105 when required. In conveying a continuous printing sheet, the mechanism is
operated so that the first and second sheet conveying rollers 103 and 104 are set
apart from the platen 101, and then the tractor 109 is operated.
Fig. 3 is a diagram illustrating a sheet conveying drive gear train in the first
embodiment. In the embodiment, drive gear trains are employed for a power
transmission system between the sheet conveying means and the drive motor, and
(‘ for a power transmission system between the sheet discharging means and the drive
motor. A drive motor 201 is provided for driving the sheet conveying means and
the sheet discharging means. A motor pinion 202 is fixedly mounted on the output
shaft of the drive motor 201. The motor pinion 202 is engaged with the large gear
of a reduction gear 203, the small gear of which is engaged with a platen gear 204
and a fourth transmission gear 210. The platen gear 204 is fixedly secured to the
platen 101 and engaged with a first transmission gear 205 and a third transmission
gear 208. A sheet conveying drive roller gear 207 is engaged through a second
transmission gear 206 with the first transmission gear 205. The sheet conveying

drive roller gear 207 and the sheet conveying drive roller 105 are fixedly mounted




gt 0 convey the printing sheet 100'by a greater anount and as
8/ the broken line. However, since the sheet conveying force of

¥ -3- discharging neans is Iess than that of the sheet conveying
rinting sheet 100
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on one and the same shaft. A tractor gear 211 is engaged with the fourth
rransmission gear 210, and is fixedly mounted on a shaft adapted to drive the tractor
109. A sheet discharging roller gear 209 in the sheet discharging means which is
provided downstream of the printing position (a) is engaged with the third
transmission gear 208. The sheet discharging roller gear 209 and the sheet
discharging roller 107 are fixedly mounted on one and the same shaft.
The motor pinion 202, the reduction gear 203, the platen gear 204, the first

‘transmission gear 205, the second transmission gear 206, the fourth transmission
gear 210, the sheet conveying drive roller gear 207, and the tractor gear 211 are
shifted in gear configuration in a positive direction, and are smaller in backlash than
standard ge:n's. Hence, an amount of play bl due to the Backlash of the power
transmission systems between the drive motor 201 and the first, second and third

sheet conveying means is small. Similarly in the case of the amount of play bl due

to the backlash between the drive motor and the sheet conveying means and the
sheet discharging means in the prior art described with reference to Fig. 11. Since
those gears are the ones shifted in a positive direction as was described above, the
distance between the axes of adjacent gears (hereinafter referred to as "an inter-axes
(i distance", when applicable) is set larger than the sum of the pitch diameters thereof.
On the other hand, the amount of play between the sheet conveying means
and the drive motor is set as follows (sic): The inter-axes distances of the platen
gear 204, the third transmission gear 208 and the sheet discharging roller gear 209
are increased, and the third transmission gear 208 and the sheet discharging roller
gear 209 are shifted in a negative direction, thus increasing the backlash. Thus, the
T; amount of play b2 is much larger than the amount of play bl of the power
'A transmission systém between the driver motor 201 and the sheet conveying means.

An accurate method of setting the amount of play b2 will be described with

reference to Fig. 4 later.
his Sheet Has Been Replaced -
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§l owed to slip as much as S1 with respect to the sheet discharging

' Hence,—the—primnting sheet 100 is conveyed to the point P1 fromthe

XN while ' o ght and so noved as nuch as D1. Wen the
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In the first sheet conveying means, the rotation of the drive motor 201 which
is forward with respect to a sheet conveying direction when driven for conveyance
of printing sheets will be referred to as "forward rotation", or “clockwise rotation”
in the drawing, and the rcrtaﬁon of the drive motor which is reverse will be referred
to as "reverse rotation", or "counterclockwise rotation”.

The relationship between the rotation of the drive motor 201 and the
displacement of the printing sheet 100 will be described with reference to Figs. 1,
3,4 and 5. The torque produced when the drive motor 201 is rotated as much as d1
clockwise, is applied through the motor pinion 202 and the reduction gear 203 to
the platen gear 204 to turn the platen 101 clockwise. The torque is further applied
through the third transmission gear 208 to the sheet discharging roller gear 209 to
turn the sheet discharging roller 107 clockwise. In this operation, a cut printing

sheet inserted through the sheet path A is displaced as much as D1 in the forward

direction by the first sheet conveying means comprising the platen 101 and the first

and second sheet conveying rollers 103 and 104, thus being supplied along the sheet

guide 110. That is to say, the printing sheet is passed through the first and second

sheet conveying mliers 103 and 104 pushed against the platen 101, and through the
q gap between the platen 101 and the printing head 102 and the gap between the sheet
discharging roller 107 and the sheet discharging cover 108, thus being discharged
into the sheet path C.

In the case where the cut printing sheet is laid over both the sheet conveying

means and the sheet discharging means, the sheet discharging means tends to
convey the sheet as much as the amount of displacement indicated by the broken
line in the first quadrant of Fig. 4 because the sheet conveying speed of the sheet
discharging means is set higher than that of the sheet conveying means. However,
since the sheet conveying force of the sheet discharging means is smaller than that

of the sheet conveying means, the sheet is allowed to slip, as much as S1, with




rlacenent of the printing sheet 100 is proportional to the rotation rate
<ghe drive notor. When the drive notor is turned as nuch as dl1 in the
¥erse direction to convey the printing sheet in the reverse direction,

&N the printing sheet is not noved even when the drive notor is turned in
K reverse direction as nuch as a s | amount of play (b). This is due to
3 backl ash of the gear train betweéhthe drive notor and the sheet

B Vveyi ng neans and the sheet discharging neans. In

respect to the sheet discharging means. Thus, the sheet is moved from the original
to the point P1 along the solid line, while being stretched tight and is displaced as
much as D1.

In the case where the cut printing sheet is conveyed in the forward direction
as described above, the play due to the backlash of the gear trains between the drive
motor and the sheet discharging means is absorbed in one direction as shown in Fig.
5(a). Therefore the amount of rotation of the drive motor and the amount of
displacement of the printing sheet 100 are in proportion to each other.

When, with the cut printing sheet in contact with both of the first sheet
conveying means and the sheet discharging means, a signal for conveying a printing
sheet in the opposite direction (hereinafter referred to as "a sheet reverse-conveying
signal”, when applicable) is applied to the drive motor 201, the latter is turned
counterclockwise. The torque produced by the drive motor 201 is transmitted
through the motor pinion 202 and the reduction gear 203 to the platen gear 204 to
turn the latter 204 counterclockwise. The torque is further applied through the third

- transmission gear 208 to the sheet discharging roller gear 209 to turn the sheet
discharging roller 107 counterclockwise. _

When it is required to displace the cut printing sheet as much as a desired
amount of conveyance D4 in the opposite direction (hereinafter referred to as "an
amount of sheet reverse conveyance D4", when applicable) the following steps

occur.

—
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Per words, the anount of play between the drive notor and the sheet
sveying neans is different in value fromthat-between the drive notor and
e sheet discharging neans. However, they are denoted by the sane val ue
) Since they are generally designed to be small values. In Fig. 11, for
+-4enveni ence of the description, (b) is about half of dl1 but in practice, it

& nuch snaller. After the play has heggn absorbed, the sheet discharging
fans di spl aces the _

First the drive motor 201 is turned in the reverse direction as much as
[the amount of play bl due to the backlash or the like of the power
transmission system between the first sheet conveying means and the drive
motor 201]
+
[the amount of rotation d2 of the drive motor 201 with which, when no play
is provided, the sheet conveying means conveys the printing sheet as much
as the amount of sheet reverse conveyance D4]
+
{a small amount of additional rotation v].
As a tesult, the cut printing sheet is moved from the origin to the point P8
‘via P7 in Fig. 4. While the printing sheet is moved from the origin to the point P7,
the backlash of the gear train between the drive motor 201 and the first sheet
conveying means is changed from the state shown in Fig. 5(a) to that shown in Fig.
5(b). If, in this case, the amount of play b2 of the power transmission system

between the sheet discharging means and the drive motor is set larger than the

following amount then the sheet discharging means is not driven during the
operation, and therefore the cut printing sheet will not be slackened between the
first sheet conveying means and the sheet discharging means. That is to say, larger
than:

(b1]

+

[the amount of rotation Max (d2) of the drive motor with which, when no

play is provided, the sheet conveying means displaces the printing sheet as

much as a desired maximum amount of sheet reverse conveyance Max(D4)]

+

78
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Bt i ng sheet 100 at a speed higher than the sheet conveying neans. As a
§l't, the sheet conveying neans displaces the printing sheet as nmuch as
in the reverse direction; that is the sheet is noved through the origin
8 the point P2 to the point P3. However, the sheet dischargi ng neans

3

5pl aces the printing sheet 100 in the

In other words, when the sheet discharging means starts with the play b2 of the
power transmission system between the drive motor and the sheet discharging means
absorbed at the point P11 which is located on the left side of the point P8 in Fig. 4,
then the printing sheet will not be slackened while being conveyed in the reverse
direction. |

In the embodiment, the maximum amount of sheet reverse conveyance
Max(D4) is set to 1.27cm (% inch) in anticipation of the combination of graphic
printing operations using bit images and character printing operations of characters
including enlarged characters of, 32 points. Naturally, when it is required to print
characters larger than 32 points, the value b2 should be increased accordingly.

“Thereafter, the drive motor 201 is rotated as much as [bl + ] in the

forward direction, so that the sheet is moved from the point P8 through the point P9
to the point P10. That is to say, the sheet is moved as much as the desired a:.mount
of sheet reverse conveyance D4. When the drive motor 201 is further rotated as
much as d2, the sheet is moved from the point P10 to the origin and so set at the

initial position.

In the above-described operation, in the interval of P9 -- P10 -- Origin, the
sheet conveying means is driven in the forward direction, and the sheet discharging
means is not driven. In this connection, it should be noted that, in order to make
the sheet conveying force of the sheet discharging means smailer than that of the
sheet conveying means, the force of contact of the sheet conveying means with a
printing sheet is made relatively small,'and the sheet discharging roller 107 is
allowed to race. Hence, the cut printing sheet conveyed by the sheet conveying
means in the forward direction is passed through the gap between the sheet
discharging roller 107 and. the sheet discharging cover 108 without being sléckened

between the platen 101 and the sheet discharging means owing to its stiffness

This Sheet Has Been Replaced
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yeverse direction; that is, the sheet is_mved-threugh the origin and
BOOI Nt P2 to the point P4. Thus, the printing sheet GebSced! ackened by
Puch as the difference S2 betweenD2 and D3. higef Hyas > D3 > D2,
fiso the di splacenent of the printing sheet 1 |\ i“ with the
®int of rotation (dl) of the drive notor main ' . Thereafter,
i the drive notor is turned as nucilidas d1, the play (b) is

(against buckling), and finaliy the printing sheet is discharged out of the printing
machine.

In the case of conveying a cut printing sheet such as an air mail letter which
is extremely thin and relatively unstiff, a mechanism is provided which causes the
sheet discharging roller 107 to move away from the sheet discharging cover 108
when necessary. Hence, in the interval of P9 -- P10 -~ Origin, similarly as in the
case of the ordinary cut printing sheet, the extremely thin cut printing sheet can be
discharged without being slackened by operating the mechanism to move the sheet
discharging roller 107 away from the sheet discharging cover 108.

The second sheet conveying means provided for the sheet path B is different

from the above-described first sheet conveying means in that it comprises the sheet

conveying drive roller 105 and the third sheet conveying roller 106. The printing
sheet 100 is inserted in the different direction. Thus, the drive roller 105 is
opposite in the direction of rotation to the drive motor 201 (as the drive motor 201
rotates clockwise [in the forward direction], the sheet conveying drive roller 105 is
rotated counterclockwise). However, in the second sheet conveying means, as the
drive motor 201 is rotated in the forward direction, the printing sheet is conveyed
downstream of the sheet path. Thus, the function and control of the second sheet
conveying means are the same as those of the first sheet conveying means.

The third sheet conveying means provided for the sheet path A is
substantially equal in function to the above-described first sheet conveying means.
That is, in the third sheet conveying means, the tractor 109 is employed instead of
the platen 101, the first sheet conveying roller 103 and the second sheet conveying
roller 104 of the first sheet conveying means, and a continuous printing sheet
suitable for the tractor 109 is employed instead of the cut printing sheet. The
tractor 109 is different in the direction of rotation from the drive motor 201 (as the

drive motor 201 rotates clockwise in the forward direction, the tractor gear 211 is




bed in the opposite direction and so the sheet is returned to the

gn. That is, the printing sheet 100 is noved fromthe point P3 through
oint P5 to the origin by the sheet conveying neans, whereas it is

B from the point P4 through the point P6 to the origin by the sheet
Bhar gi ng neans. As is apparent fromthe above description, when the
;Ilng sheet is conveyed in the reypyse direction in the printing machine
i osed by the aforenentioned Japanese Patent Application (OPI) No.

071/ 1987, it is

rotated counterclockwise. However, as the drive motor 201 is rotated in the
forward direction, the printing sheet is conveyed downstream of the sheet path. The
function and control of the third sheet conveying means are the same as those of the
first sheet conveying means. It should be noted that, before the third sheet
conveying mean§ is operated, the first and second sheet conveying rollers 103 and
104 are spaced apart from the platen 101.

The above-described embodiment has three sheet conveying means and two
sheet paths but the present invention is not limited thereto or thereby. That is to
say, the printing machine merely needs to have at least one sheet conveying means
and one sheet path. The sheet conveying means can be provided at any position

upstream of the printing position (a).

Fig. 6 is a diagram showing a sheet conveying mechanism in a second
embodiment of the invention. In the second embodiment, a first endless belt 402
and a second endless belt 404 are employed instead of the first, second and fourth
transmission gears 205, 206 and 210 in the first embodiment. That is, the second
embodiment is equal in function and in control to the first embodiment. The

i employment of the endless belts greatly reduces the amount of play bl of the power
‘ transmission systems between the drive motor and the second and third sheet
conveying means, and decreases the fluctuation in the amount of play bl.

Figs. 7 and 8 are diagrams for a description of the operation of a third

embodiment of the present invention. In the embodiment, the sheet discharging
means has a sheet discharging roller gear 209 with a sector-shaped hole; and a sheet
discharging roller shaft 501 which is in the form of the character "D" in section |
which is formed by extending one of the sides of the sector. The sheet discharging
roller shaft 501 is engaged with the sector-shaped hole of the sheet discharging

roller gear 209. Since the sheet discharging roller shaft 501 is D-shaped in section
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fickened, as a result of which the resultant print may be shifted in
Bsi ti om,or—the printing—sheet may be stained by ink, or caught in the

fchi ne flnqun Ny ) In the case where the printing head 302 is of a
: e dot HiLOEl) |ng sheet 100 caught in the printing nmachi ne pushes
e i nk rl H ﬂmm | ocat ed between the printing head 302 and the
bat en 30 ri bbon mask (not shown) positioned between the

.1‘;jnting head 302 and the jpl aten 301-8rai nst the printing head 302. The
res of the printing head 302 are liable to be caught by the

as was described above, there is a gap corresponding to an angle of rotation 8
between the roller shaft 501 and the sector-shaped hole of the roller' gear 209.

In the first embodiment, the amount of play bl of the power transmission
system between the drive motor and the sheet conveying means is decreased, and
the backlash of the gear train between the sheet discharging means and the drive
motor 201 is increased, so that the following relation is established:

(b1l + [Max(d2)] + [v] < [b2]

On the other hand, in the third embodiment, the sector-shaped hole is
formed in the sheet discharging roller gear 209 while the sheet discharging roller
shaft 501 is made D-shaped in section so that the angle of rotation 8 is formed
therebetween‘: and the same relation is established.

In the third embodiment, the sheet discharging roller gear 209 has the sector-
shaped hole, and the sheet discharging roller shaft 501 i§ D-shaped in section but
the present invention is not limited thereto or thereby. That is, the hole of the roller
gear 209 and the section of the roller shaft 501 may be different in configuration
from those which have been described above, if the angle of rotation 8 is obtained
and the torque applied to the sheet discharging roller gear 209 is transmitted to the
sheet discharging roller shaft 501.

When the drive motor 201 is rotated clockwise (or in the forward direction,
the sheet discharging roller gear 209 is also rotated clockwise, and therefore the
sheet discharging roller gear 209 is engaged with the sheet discharging roller shaft
501 as shown in Fig. 7. When the sheet reverse-conveying signal is given, the
drive motor 201 is rotated counter clockwise, the roller of the sheet conveying
means is rotated with the amount of play bl absorbed immediately, so that the sheet
discharging roller gear 209 and the sheet discharging roller shaft 501 are engaged
with each other as shown in Fig. 8. As is apparent from the above description, the -

third embodiment is different from the first embodiment in the production of play.




ik ri bbon and at worst, they may be broken. In additio
ires strike the printing sheet raised fromthe platen 30 ,. \atdde
rinting noise |ouder. Accordingly, an object of the pres
0 provide a printing machi ne obviating the printing sheet \“
;rom the platen and so sl ackened during conveyance resul ti
pei ng shifted in position, and the pgynting sheet being stained by i n!< or
saught in the printing machine, and the wires of the printing head being
r oken.

However, the former is the same as the latter in function and in control. In the

third embodiment, in controlling the amount of play, it is unnecessary to perform

intricate component control as in controlling the amounts of shift of gears.

Fig. 9 is a diagram showing a sheet conveying section in a fourth

embodiment of the invention. In the fourth embodiment there is arranged linearly,

first sheet conveying means comprising a sheet conveying drive roller 701 and a
- sheet conveying roller 702; second sheet conveying means comprising a tractor 109;

and sheet discharging means comprising a sheet discharging drive roller 703 and a

sheet discharging roller 704. They are arranged linearly to improve the conveyance

of the printing sheet 100. The fourth embodiment is the same as the first
embodiment beth in function and in control.

In the printing machine according to the present invention, the amount of
play b2 of the power transmission system between the drive motor and the sheet

discharging means is set so as to meet the following relation:

{the amount of play bl of the power transmission system between. the sheet
conveying means and the drive motor]
+ 1
[the amount of rotations Max (d2) of the drive motor with which, when no 1
play is provided, the sheet conveying means displaces the printing sheet as |
much as a desired maximum é.mount of sheet reverse conveyance Max(D4)]
+
[the small amount of additional rotation ]
<
b2].

When it is required to displace the printing sheet as much as a desired

amount of sheet reverse conveyance D4 in the reverse direction, the drive motor is

rotated as much as [bl + b2 + v] in the reverse direction, and then rotated as much




':-oregoi ng object of the invention nmay be achi eved by the provision of
g8 Nt i ng machi ne conprising: sheet conveying neans provi ded upstream of
¥t i ng position; sheet dischargi ng neans provi ded downstream of the

-18-

as [bl + ] in the forward direction so that the printing sheet is prevented from
becoming slack between the sheet conveying means and sheet discharging means.
Accordingly, the printing machine is free from the difficulty encountered when the
printing sheet is raised between the sheet cohveying means and the sheet discharging
means, and accordingly obviates the resultant print being shifted in position, and the
printing sheet being stained by ink, or caught in the printing machine.

Furthermore, in the case where the printing head is of a wire dot type, the
printing wire is prevented from being caught by the ink ribbon, and accordingly
from being broken. In addition, the printing machine of the present invention is
relatively quiet by obviating the large printing noise which is produced by the

printing wire striking on the printing sheet when raised from the platen.
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Kition; a drive notor for driving said sheet conveying means and said 5
eet di scharg_g__rreani,_ﬂ_m_t he sheet conveying speed of said sheet
ischar gi ng neans h| gher than t hat of said sheet conveyi ng neans,

J

far act er i sedhip nt of play of a f| rst povver transnissi on
St em f or t bet ween sai d dri “’“‘”"“"""ﬂ‘
'schar gi ng han t he.@aount of EPLd '

ansni ssi on systen1for transnitting power bet
i d sheet conveyi ng neans.

CLAIMS
1. A printing machine comprising:

sheet conveying means (101, 103, 104; 105, 106; 109) provided upstream of
a printing position (a);

sheet discharging means (107, 108) provided downstream of the printing
position;

a drive motor (201) for driving said sheet conveying means and said sheet
discharging means, with the sheet conveying speed-of said sheet discharging means
higher than that of said sheet conveying means, characterised in that

the amount of play b2 of a first power transmission system (202, 203, 204,
208, 209) between said drive motor and said sheet discharging means is larger than
the amount of play bl of a second power transmission system (202, 203, 204, 205;
202, 203, 204, 205, 206, 207; 202, 203, 210, 211; 202, 401, 402, 403; 202, 401,

404, 405) between said drive motor and said sheet conveying means.

2. A printing machine as claimed in claim 1 in which said amount of play b2 is
larger than the sum of said amount of play bl, plus an amount of rotation Maxd2 of
said drive motor which, when no play is provided, is required for said sheet

conveying means to displace a printing sheet as much as a desired maximum amount

of reverse conveyance, plus an amount of additional rotation ¥.

3. A printing machine as claimed in claim 1 or 2 in which said drive motor is
rotated as much as the sum of said amount of play b1, said d2 and said amount of
additional rotation v in a sheet reverse-conveying direction, and thereafter rotated as
much as the sum of said amount of play bl and said amouni of additional rotation v

in a sheet forward-conveying direction so that said printing sheet is conveyed in the

AR




'ferably, the amount of play of the first power transm ssion Systemis

en no play is provided, is required for said shefrnma

Spl ace a printing sheet as nuch as a desired maxi
nveyance, plus an amount of additiéﬂhl rotation.
ovided for rotating said drive notor by an anount

sheet reverse-conveying direction as much as a desired amount of sheet reverse

conveyance.

4. A printing machine as claimed in any one of claims 1 to 3, in which said

amount of play b2 is provided by the backlash of a gear train.

‘5. A printing machine as claimed in any one of claims 1 to 3, in which said

‘ amount of play b2 is provided by a rotation transmission gap (8) corresponding to
' the difference in sectional configuration between a hole formed in a gear (209) and

a shaft (501) engaged with said hole.

y é
@ A printing machine as claimed in claim 2, in which said amount of sheet

reverse conveyance is no greater than 1.27cm (% inch).
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2l to the sumof the amount of play of the second transm ssion system e;
Brount of rotation of said drive notor which, when no play is provided,

k equired for said sheet conveyance neans to displace a printing sheet by
jesi red anobunt of conveyance and the anpbunt of additional rotation in a
et reverse-conveying direction, and thereafter for rotating said drive
k0r by an amount equal to the sum of2li-he anpbunt of play of the second

ker transm ssion system and the anmount of additional rotation in a sheet
‘war d- conveying direction so that the printing sheet is

ABSTRACT

PR NG MACHINE

Known printing machines have been found to have poor printing quality if
the direction of the printing sheet is reversed through the sheet becoming slack.

The present invention overcomes this By ensuring that the amount of play b2
of a first power transmission system (202, 203, 204, 208, 209) between said drive
q motor and said sheet discharging means is larger than the amount of play bl of a
second power transmission system (202, 203, 204, 205; 202, 203, 204, 205, 206,
207; 202, 263, 210, 211; 202, 401, 402, 403; 202, 401, 404, 405) between said

drive motor and said sheet conveying means.
The difference in play may be achieved by dimensioning the backlash or the
gear train used or by a rotation transmission gap in one of the shafts in the

associated gear.

. Fig@

e
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leyed in the €et reversef conveyi ng di Ezgt.d.otﬁ’by a desired anount of g
et reverse congeyange. In7’£ he printi n‘g/ chine, the anount of play of
rfirst power t arls sionf{system nay be due to the backlash of the gear

A n. In the printing/machine, the anount of play of the first power

TZ8hsni ssion. system nmay be due to a rotation transm ssion gap correspondi ng

he difference in
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53 sectional configuration between a hole pzfd@ a gear and a shaft
efnigaged with the hole. In the printing nmachi hé,  the anount of sheet reverse
conveyance may be 1.27cm ([err] inch) or nore.
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f-erred enbodi ments of the present invention Wi || be described with

erence to the acconpanyi ng draw ngs, of whi ,{f' -6- Fig. 1 is an

i anatory diagramillustrating a sheet conv ng section in a

207 : Drive Hotor
| 202 Hotor Pnlon
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9 . 204 Platen Gear
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st embodi ment of the present invention; Fig/,2ns a perspective view

ustrating an external appearance of a priéfVégOmachi ne to which the

shni cal concept of the invention may be applied; Fig. 3 Tlés&nmtﬂxlﬁeammpﬁ
[

Eed

hgram i | lustrating the gear train of a sheet conveying Wem ﬂﬂ #H’Imm“
g

and

st enbodi rent of the present invention; Fig. 4 is a diag
e rel ati onship between the amount of displacenment of a printing sheet
unt of rotation of a drive notor in the first

Fig. d
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enbodi ment; Figs. 5(a) and 5(b) are explanatoryfﬁ?éﬁ&é%s for a description
of the backlash of the sheet conveying mechanismin the first enbodi nment;
Fig. 6 is an explanatory diagramillustrating a sheet conveying nechani sm
i n. a second enbodi nent of the present invention; Figs. 7 and 8 are

expl anatory diagrans for a description of the operatlon of a third,

enbodi nent of the present |nvent|on

Fig b (a)

Drivew _
C;ea+~ { Forward Astatiose

\\ Driving Gear
~__

v ReVevse Po‘fafrn‘w

Fig. 5(b)
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P o S

."9-is a diagramoutlining a sheet conveying ﬁr/;{@ ina fourth

odi nrent of the present invention; Fig. 10 is expl anat ory di agram for
escription of a conventional printing nmachine; and Fig. 11 is a diagram
wi ng the rel ati onship between the anount of displacenment of a printing

et and the anount of rotation of a drive notor in the conventional

nti ng nmachi ne.
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printing machine to which the technical conce "9{0he present invention
y be applied is shown in figure 2. The printin machi ne has a sheet path
Aiin which a printing sheet is inserted fromabove and behind, and a sheet
pa th Bin which a printing sheet is inserted frombelow and in front.

5017 SZeef' D/‘Scéa:y,’ry
Roller Sha £/
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% Fi g. 1 is a di agram shovm ng a sheet convey| nq%/e.étion of a firsf °

odi ment of the invention. As shown.in Fig. "1, the printing center (or
pr|nt|ng position (a)) of a printing heat 102 is p05|t|oned with respect to
the normgl of A cylindrical pfaten 101- ade of rubbér or the |ike. The.
printing head 102 and the platen 101 are so positioned that they forma
smal | gap therebetween. In the sheet path A upstream ef the printing

position (a) on the sheet supplying side, first and second
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“®Rfet conveying rollers 103 and 104 are prOV|ded [ ¢?| manner that they
at & 'pushed agai nst the platen 101. Simlarly, ||1t¢%ﬁg eet path B upstream
of the printing position (a) on the sheet supplying side, a sheet conveying
dr.ive roller 105 and a third sheet conveying roller 106 are provi ded in
such a manner that -they are pushed agai nst each other. In addition, in the
sheet path A, a tracter 109 is. provided.for conveying a continuous printing
sheet (contlnuous form. The plateh 101, the first. sheet conveying roIIer
103, and t he second sheet conveylng rolrer 104 .
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form first sheet conveying neans; the sheet conveﬂzdgé/a((6g7roller 105 and
the third sheet conveying roller 106 form second sheét conveyi ng neans; and
the tractor forns third sheet conveying neans. A sheet discharging roller
167 is provided in the sheet path downstream of the printing position (a).
The sheet dischar g roller 107 thus provided pushes the printing sheet
106--so-that- a p-re-ﬁfqrm«ne egt-. di-schar-gi ng -f orce-4-s-obt a-ned w-t h--a

pr edet em ned gap s eet dlscharglng roller 107 and a sheet

di schargi ng
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cover 108. The sheet di scharging roller 107 anw
108 f Fm sheer urschargirmg—eans—Fjus, the shpet RER CEMENY SRS .
functilons BEP&lAC(E&rSJ'éEETﬁS prig@i ng sheet downgi#&m riyftiont: pgéédar]w E‘g?
edge df e |nt| ng sheet has p d through [CREC4iers) co Y Jr&é‘% N
or der '%t%ag?%e quwﬂﬂg at a pri ntidae@g(bgs,ﬁ
the s tis) eyi magemre toamebet eet_jdi schgqrfl ABsHRENS, g !n pag.d e
conveyhg @QQ Ofagbde. ¢ hgpﬁiagas_ﬁﬁ_ ging neang is set hi ghgr“” anotﬂ%ﬁf’do#
anyond ok 11 3beq SRR cged om. DATE OF Recapr . 181136

Printing Machine

The present invention relates to a printing machine, and more particularly to,
but not exclusively to, a sheet conveying unit in the printing machine.

An example of a conventional printing machine is as disclosed by Japanese
Patent Application (OPI) no. 257871/1987 (the term "OPI" as used herein means an
“unexamined published application"). A sheet conveying operation in the printing |
machine will be deséribed with reference to Fig. 10. |

In the printing machine, a sheet conveying means comprising a platen 301

- and a sheet conveying roller 303 operates to convey a printing sheet 100 in the
direction of the arrow into the gap between the platen 301 and a printing head 302
to a printing position (a), and the pnntmg head operates to pnnt data on the pnntmg
sheet thus conveyed. The sheet 100 thus printed is conveyed and discharged by
sheet discharging means comprising sheet discharging rollers 307 and 308.

The sheet discharging means is so designed as to discharge the printing sheet
100 out of the printing machine when the rear edge of the printing sheet 100 has
passed through the contact line of the platen 301 and the sheet convéying roller 303.
Tha't.is to say, when the application of a sheet conveying force from the sheet
corweyiné means to the printing sheet 100 has been suspended.

Furthermore, the sheet conveying speed of the sheet discharging means is set
higher than that of the sheet conveying means.- Also the sheet conveying force of
the sheet discharging means is set srhaller than that of the sheet conveying so that
the printing sheet 100 is allowed to slip with respect to the sheet discharging means.
Thus the printing sheet 100 is stretched tight when located between the sheet
conveying means and the sheet discharging means and so prevented from being

slack. This is the replacement sheet
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--"8_-’;and third sheet conveying neans. Furthernore, in order to allow the

printing sheet 100 to slip with respect to the sheet di scharging nmeans
thereby to control the amount of conveyance of the printi mgisSheeias BbdiRepl

ced
Sheet Somiehi . {0r58-of the. shel T

In some case it is desirable td provide a printing machine at low cost which
can perform a graphic printing operation using bit images and a character printing
operation of printing characters including enl.arged ché.racters in coxﬁbination.
However, in this case an ordinary printing method cannot be employed because the
capacity of a memory (buffer) in the printing machine, or soft control is limited. In
this case, the following method should be employed. First, a plurality of lines are
printed. Thereafter, the printing sheet is returned to the original position for

. another kind of printing operation. Thus, the printing of the sheet is accomplished
as a whole operation. However, it is essential to accurately convey the printing
sheet by about 1cm or Y4 inch in the opposite direction.

The printing machine of Fig. 10 disclosed by the aforementioned Japanese
Patent Application (OPI) No. 257871/1987 has been proposed on the premise that
the pﬁnting sheet 100 is conveyed in the forward direction only (hereinafter réferred
to as "a sheet forward-conveying operation”, when applicable). No consideration is
made for the case where a printing sheet is conveyed in the reverse direction
(hereinafter referred to as "a sheet reverse-conveying operation", when applicable).

Fig. 11 shows the relationship between the amount of displacement of the
printing sheet and the amount of rotation of the drive motor in the case where the
sheet forward-conveying operation and the sheet reverse-conveying operation are
carried out by the printing machine disclosed in the aforementioned Japanese Patent
Application (OPI) NO. 257871/ 1987.

When the printing sheet 100 is conveyed as much as D1, as shown in the
first quadrant, the drive motor should be rotated as much as d1 in the sheet forward-
conveying direction. Since the sheet conveying speed of the sheet discharging
means is set higher than that of the sheet convéyiﬁg means, the sheet discharging
means tends to convey the printing sheet 100 by a greater amount and as indicated
by the broken line. However, since the sheet conveying force of the sheet

This is the replacement sheet
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di s’f:ha_rgi ng nmeans is set smaller than that of any one of the first, second
and third sheet conveying neans. A sheet guide 110 is provided so that a

printing sheet is led to the printing posi%@a}—t—hmghﬂV one of the

sheet paths A and B. In the first sheet convey| Rebld@dfirst and
second sheet conveying rollers 103 and 104 anm e h a mechani sm
for spacing themfromthe platen 101 when nec rIy in the
second sheet conveying neans, the thi r-a-sheet | er 106

discharging means is less than that of the sheet convéying means, the printing shéet
100 is allowed to slip as much as S1 with respect to the sheet discharging means.
Hence, the printihg sheet 10 is conveyed to the point P1 from the origin while being
stretched tight and so moved as much as D1.

When the printing sheet 100 is conveyed only in the forward direction, even
if there is an amount of play between the drive motor and the sheet conveying
means and the sheet discharging means due to the backlash of the gear train, the
amount of play is absorbed in one direction, and therefore the amount of
displacement of the printing sheet 100.are proportional to each other.

| When the drive motor is turned as much as d1 in the reverse direction to

convey the printing sheet in the reverse direction, then the printing sheet is not
moved even when the dnve motor is turned in the reverse direction as much as a
small amount of play (b) This is due to the backlash of the gear train between the
drive motor and the sheet conveying means and the sheet discharging means. In
other words, the amount of play between the drive motor and the sheet conveying
means is different in value from that between the drive motor and the sheet

* discharging means. However, they are denoted by the same value (b) since they are
generally designed to be small values.

In Fig. 11, for convenience of thé: description, (b) is about half of d1 but in
practice, it is much smaller.

After the play has been absorbed, the sheet discharging means displaces the
printing sheet 100 at a speed higher than the sheet conveying means. As a result,
the sheet conveying means displaces the printing sheet as much as D2 in the reverse |
direction; that is the sheet is moved through the origin and the point P2 to the point
P3. However, the sheet discharging means disbléces the printing sheet 100 in the
reverse direction; that is, the sheet is moved thréugh the origin and the point P2 to
the point P4. Thus, the printing sheet 100 is slackened by as much as the difference
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is provided with a nmechanismfor spacing it fromthe sheet conveying driver
roll er 165-when—+reguree—tn conveying a continuous printing sheet, the

mechani sm i s _operate o _that the first and second sheet conveying rollers
103 and Sheehft Al te alcfe‘}'fromthe platen 101, and then the tractor 109 is
oper at ed. agramillustrating a sheet conveying drive gear
train int i iment. In the enbodinent, drive gear trains are

enpl oyed for a power transm ssion systém between the sheet conveyi ng neans
and the drive notor, and

S2 between D2 and: b3. In Fig. 11, D1 > D3 > D2, and so the displacement of
the printing sheet 100 is different with the amount of rotation (d1) of the drive
motor maintained constant.

~ Thereafter, wheri the drive motor is turned as much as d1, the play (b) is
absorbed in the opposite direction and so the sheet is retumed to the origin. That is,
the printing sheet 100 is moved from the point P3 through the point P5 to the origin
by the sheet conveying means, whereas it is moved from the point P4 through the
point P6 to the origin by the s;heet discharging means.

As is apparent from the above description, when the printing sl}eet is
conveyed in the reverse direction.in the printing machine disclosed by the
aforementioned Japanese Patent Application (OPI) No. 257871/1987, it is
slackened, as a result of which the resultant print may be shifted in position, or the
printing sheet may be stained by ink, or caught in thé machine (kﬁown as jamming).

In the case where the printing head 302 is of a wire dot type, the printing
sheet 100 caught in the printing machine pushes the ink ribbon (not shown) located
between the printing head 302 and the plateﬁ 301 through' the ribbon mask (not
shown) positioned between the printing head 302 and the platen 301 against the
printing head 302. The wires of the printing head 302 are liable to be caught by the
ink ribbon and at worst, they may be broken. In addition, the printing wires strike
the printing sheet raised from the platen 301, thus making the printing noise louder.

Accordingly, an object of the present invention is to provide a printing
machine obviating the printing sheet being raised from the platen and so slackened
during conveyance resulting in the print being shifted in position, and the printing
sheet being stained by ink, or calight in the printing machine, and the wires of the
printing head being broken. |

The foregoing object of the invention may be achieved by the provision of a

printing machine comprising: sheet conveying means provided upstream of a
' This is the replacement sheet
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for a power transm ssion system between the sheet di scharging neans and the

drive notor. A dri ve—rmﬁ)ﬁe—iﬂ—s—ﬁmw—ded for driving the sheet conveying

means and the sheet d g‘asra a s., A notor pinion 202 is fixedly _
nmount ed on the out put Pacelye notor 201. The notor pinion 202 is
engaged with the large B Ulﬂu" Hflucti on gear 203, the small gear of
which is engaged with 204 ahd a fourth transm ssion gear 210.

The platen gear 204 is fixedly secured to the platen 101 and engaged with a
first transm ssion gear 205 and a third transm ssion

printing position in a sheet supplying direction; sheet discharging means provided
downstream of the printing position, and a drive motor for driving the sheet conveying
means and the sheet discharging means, with the sheet conveying speed of the sheet
discharging means set higher than that of the sheet conveying means, in which,
according to the invention, the amount of play b2 of the power transmission

system between the drive motor and the sheet discharging ﬁleans is larger than that bl of
the power transmission system between the drive motor and the sheet conveying means.

Further in the printing machine, according to the invention, said amount of play
b2 is larger than the sum of the amount of play b1, plus the amount of rotation Max d2
of the drive motor which, when no play is provided, is required for the sheet conveying
means to displace a printing sheet as much as a desired maximum amount of reverse
conveyance, plus an amount of additional rotation ¥.

Further in the printing machine, according to the invention, the drive motor is
rotated as much as the sum of bl, d2 (sic) and y in a sheet reverse-conveying direction,
and thereafter rotated as much as the sum of b1 and v in a sheet forward-conveying
direction so that the printing sheet is conveyed in the sheet reverse-conveying direction
as much as a desired amount of sheet reverse conveyance.

In the printing machine, the amount of play b2 is due to the backlash of the gear
train.

In the printing machine, the amount of play b2 is due to a rotation transmission
gap corresponding to the difference in sectional configuration between a hole formed in a
gear and a shaft engaged with the hole. |

In the pﬁnﬁng machine, the amount of sheet reverse conveyance is 1.,27cm (%2
inch) or more at most.

Preferred embodiments of the present invention will be described with reference

to the accompanying drawings, of which:
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gear* 208. A sheet conveying drive roller gear 207 is engaged through a
second transm ssion gear 206 with the first EEEMMZ%- The
sheet conveying drive roller gear 207 and the sheet conveying drive roller
105 are fixedly nmounted -O- . This Sheet Has Been Replaced

ML

Fig. 1 is an explanatory diagram illustrating a sheet conveying section in a

o |

first embodiment of the present invention;

Fig. 2 is a perspective view illustrating an external appearance of a printing
‘machine to which the technical concept of the invention may be applied;

Fig. 3 is an explanatory diagram illustrating the gear train of a sheet
conveying mechanism in the first embodiment of the présent invention;

Fig. 4 is a diagram illustrating the relationship between the amount of
displacement of a printing sheet and amount of rotation of a drive motor in the first
embodiment;

Figs. 5(a) and 5(b) are explanatory diagrams for a description of the

. backlash of the sheet conveying mechanism in the first embodiment;

Fig. 6 is an explanatory diagram illustrating a sheet conveying mechanism in
é. second émbddimeht of the present invention; -

Figs. 7 and 8 are explanatory diagrams for a description of the operation of
a third embodiment of the present invention;

Fig. 9 is a diagram outlining a sheet conveying section in a fourth
embodiment of the present invention;

Fig. 10 isan explanatory diagram for a description of a conventional
printing machine; and

Fig. 11 is a diagram showing the relatfonship between the amount of
displacement of a printing sheet and the amount of rotation of a drive motor in the
conventional printing machine. |

A printing machine to which the technical concept of the present invention

-may be applied is shown in figure 2. The p.rinting machine has a sheet path A in
which a printing sheet is inserted from above a'nd.behind, and a sheet path B in

which a printing sheet is inserted from below and in front. |
This is the replacement sheet
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on one and the sane shaft. A tractor gear 211 is engaged with the fourth
transm ssion gear 210, and is fixedly nounted on a shaft adapted to drive

the tractor 109. A sheet discharging roller gear 209 in the sheet
di schar gi ng nmeans which is provi ded downstream of the print imBSB&ﬂiﬂsiB@é?l}(eﬁﬂced

I's engaged with the third transm ssion gear 208. The sheet di I
roll er gear 209 and the sheet discharging roller 107 are flerMﬂﬂmmH’Um
one and the sane shaft. The notor pinioh 202, the reduction g ,

pl aten gear 204, the first :

Fig. 1 is a diagram showing a sheet conveying section of a first embodiment
of the invention. As shown in Fig. 1; the printing center (or printing posi_tion (@)
of a printing head 102 is positioned with respeét to the normal of a cylindrical '
platen 101 made of rubber or the like. The printing head 102 and the platen 101 are
so positioned that they form a small gap therebetween. In the sheet path A
upstream of the printing position (a) on the sheet supplying side, first and second
sheet conveying rollers 103 and 104 are provided in such a manner that they are

. pushed against the platen 101. Similarly, in the sheet path B upstream of the
printing position (a) on the sheet supplying side, a sheet conveying drive roller 105
and a third sheet conveying roller 106 are provided in such a manner that they are
pushed against each other. In addition, in the sﬁeet path A, a tractor 109 is
provided for conveying a continuous printing sheet (continuous form). The platen
101, the first shee't coﬁveying roller 103, and the second sheet conveying-rdller' 104
form first sheet conveying means; the sheet conveying drive roller 105 and the third
sheet conveying roller 106 form second sheet conveying means; and the tractor
forms third sheet convé}ing means.

A sheet discharging roller 107 is provided in the sheet path downstream of
the printing position (a). The sheet discharging roller 107 thus provided pushes the
printing sheet 100 so that a predetermined sheet discharging force is obtained with a
predetefnined gap between the sheet discharging roller 107 and a sheet discharging
cover 108. The sheet discharging roller 107 and a sheet discharging covér 108 form
sheet discharging means. Thus, the sheet discharging means functions to discharge
the printing sheet downstream of it after the rear edge of the printing sheet has
passed through the sheet conveying means. |

In order to eliminate the difficulty that é printing sheet is slack between the
sheet conveyihg means and the sheet discharging means, the sheet conveying speed

of the sheet discharging means is set higher than that of anyone of the first, second
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transni ssion gear 205, the second transm ssion gear 206, the fourth

transm ssion gear 210, the sheet conveying drive roller gear 207, and the

trac?’j ’E Qe};rlRGnlaeedshl fted in gear configuration in a positive direction,
ar

and acklash t han standard gears. Hence, an anpunt of play
bl du sh of the power transm ssion systens between the drive
not or 201 and the flrst second and thi gd sheet conveying neans is snal
Simlarly in the case of the amount of Play bl due to the backl ash bet ween
the drive notor and the sheet conveying neans and the

and third sheet conveying means. Furthermore, in order to allow the printing sheet
100 to slip with respect to the sheet discharging means thereby to control the
amount of conveyance of the printing sheet, the sheet conveying force of the shéet
discharging means is set smaller than that of any one of the first, second and third
sheet conveying means.

A sheet guide 110 is provided so that a printing sheet is led to the printing
position (a) through any one of the sheet paths A and B. In the first sheet
conveying means, the first and second sheet conveying rollers 103 and 104 are --
provided with a mechanism for spacing them from the platen 101 when necessary.
Similarly, in the second sheet conveying means, the third sheet conveying roller 106
is provided with a mechanism for spacing it from the sheet conveying driver roller

105 when requlred In conveying a continuous prmtmg sheet, the mechamsm is
operated so that the first and second sheet conveying rollers 103 and 104 are set
apart from the platen 101, and then the tractor 109 is operated.

Fig. 3 is a diagram illustrating a sheet conveying drive gear train in the first
embodiment. In the embodiment, drive gear trains are employed for a power
transmission system between the sheet conveying means and the drive motor, and
for a power transmission system between the sheet discharging means and the drive
motor. A drive motor 201 is provided for driving the sheet conveying means and
the sheet discharging means. A motor pinion 202 is fixedly mounted on the output
shaft of the drive motor 201. The motor pinion 202 is engaged with the large gear
of a reduction gear 203, the small gear of which is engaged with a platen gear 204
and a fourth transmission gear 210. ’I_‘he platen gear 204 is fixedly secured to the
platen 101 and engaged with a first transmission gear 205 and a third transmission
gear 208. A sheet conveying drive roller gear .20'.7-is engaged through a second
transmission gear 206 with the first transmission gear 205. The sheet conveying

drive roller gear 207 and the sheet conveying dnve roller 105 are fixedly mounted
This is the .epldcement sheet
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sheet’ di scharging means in the prior art described with reference to Fig.
11. Since those gea.r_s_a,r_e_t he ones shifted in a positive direction as was
descri bed above, d| stance between the axes of adjacent gears _
(herei nafter referr Shest 1 eplegebr - axes di stance", when applicable) is
set larger than the ﬁ MEI ch dianmeters thereof. On the ot her hand,
t he anobunt of play b et di chargl ng neans and the drive notor
is set as follows (sic): The |nter-axes d| stances of the platen gear 204,
the third transmi ssion gear 208 ard the sheet di schargl ng roller gear 209
are

on one and the same shaft. A tractor gear 211 is engaged with the fourth
transmission gear 210, and is fixedly mounted on a shaft adapted to drive the tractor
109. A sheet discharging roller gear 200 in the sheet discharging means which is
provided downstream of the printing position (a) is engaged with the“third
transmission gear 208. The Shéet discharging roller gear 209 and the sheet
discharging roller 107 are fixedly mounted on one and the same shaft.

The motor pinion 202, the reduction gear 203, the platen gear 204, the first
transmission gear 203, the second transmiséion gear 206, the fourth transmission
gear 210, the sheet conveying drive roller gear 207, and the tractor gear 211 are
shifted in gear configuration in a positive direction, and are smaller in backlash than
standard gears. Hence, an amount of play bl due to the backlash of the power
transmission systems between the dnve motor 201 and the first, second and third
sheet conveymg means is small. Slmﬂarly in the case of the amount of play bl due
to the backlash between the drive motor and the sheet conveying means and the |
sheet discharging means in the prior art described with reference to Fig. 11. Since
those gears are the ones shifted in a positive direction as was described above, the
distance between the axes of adjacent gears (hereinafter referred to as "an inter-axes
distance", when applicable) is set larger than the sum of the pitch diameters thereof.

On the other hand, the amount of play between the sheet conveying means
and the drive motor is set as follows (sié): The inter-axes distances of the platen
gear 204, the third tfansmission gear 208 and the sheet discharging roller gear 209
are increased, and the third transmission gear 208 and the sheet discharging roller
gear 209 are shifted in a negative direction, thus increasing the backlash. Thus, the
amount of play b2 is much larger than the amount of play bl of the power
transmission system between the driver motor 201 and the sheet conveying means.
An accurate method of setting the amount of play b2 will be described with

reference to Fig. 4 later. Thié is the replacement stieet
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i ncreased, and the third transnission gear 208 and the sheet di schar gi ng
roller gear 209 are shifted in a negative Wream ng the
backl ash. Thus, the anmount of play b2 is nmuch Iar er than th anount of

play bl of the power transm ssion system bethisgh < I notor 201 and
t he sheet conveying neans. An accurate net ho “ e amount of play
b2 will be described with reference .10- i

In the first sheet conveying means, the rotation of the drive motor 201 which
is_ forward with respect to a sheet conveying direction when driven for conveyance
of printing sheets will be referred t6 as "forward rotation", or "clockwise rotation"
in the drawing, and the rotation of the drive motor which is reverse will be referred

" to as “"reverse rotation", or "counterclockwise rotation”. |
The relationship between the rotation of the drive motor 201 and the
displacement of the printing sheet 100 will be described with reference to Figs. 1,
.3, 4 and 5. The torque produced when the drive motor 201 is rotated as much ‘as di
- clockwise, is applied through the motor pinion 202 and. the reduction gear 203 to
the platen gear 204 to turn the platen 101 clockwise. The torque is further applied
through the third transmission gear 208 to the sheet discharging roller gear 209 to

~ turn the sheet d1schar°mg roller 107 clockwise. In this operatlon acut pnntmg
sheet inserted through the sheet path Ais d1splaced as much as D1 in the forward
direction by the first sheet conveying means comprising the platen 101 and the first
and secon'd sheet conveying rollers 103 and 104, thus being supplied along the sheet
guide 110. That is to say, the printing shéet is passed through the first and second
sheet conveying rollers 103 and 104 pushed against the platen 101, and through the
gap between the platen 101 and the printing head 102 and the gap between the sheet
discharging roller 107 and the sheet discharging cover 108, thus being discharged

into the sheet path C. |

In the case where the cut printing sheet is laid over both the sheet conveying
means and the sheet discharging means, the sheet discharging means tends to
convey the sheet as much as the amount of displacement indicated by the broken
line in the first quadrant of Fig. 4 because the sheet conveying speed of the sheet
discharging means is set higher than that of the sheet conveying means. However,
since the sheet conveying force of the sheet discharging means is smaller than that
of the sheet conveying means, the sheet is allowed to slip, as much as S1, with
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-10- 'In the first sheet conveying neans, the rotation of the drive notor
201 which is forward with respect to a sheet conveying direction when
driven for conveyance of printing sheets will be referred to as forvvard

rotation”, or "clockw se rotation” in the draw ng, and theTth '
drive nmotor which is reverse will be referred to as "revers
"countercl ockwi se rotation". -11-

respect to the sheet discharging means. Thus, the sheet is moved from the original

to the point P1 along the solid line, while being stretched tight and is displaced as
much as D1. ' ' '

In the case where the cut printing sheet is conveyed in the forward direction
as descﬁbed above, the play due to the backlash of the gear trains between the drive
motor and the sheet discharging means is absorbed in one direction as shown in Fig.
5(a). Therefore the amount of rotation of the drive motor and the amount of
displacement of the printing sheet 100 are in proportion to each other.

When, with the cut printing sheet in contact with both of the first sheet
conveying means and the sheet discharging means, a signal for conveying a printing
sheet in the opposite direction (hereinafter referred to as "a sheet reverse-conveying
signal”, when app_licable) is applied to the drive motor 201, the latter is turned
counterclockwise. The torque prbducéd by the drive motor 201 is tfaﬂsmitted :
through the motor pinion 202 and the reduction gear 203 to the platen gear 204 to
turn the latter 204 counterclockwise. The torque is further applied through the third
transmission gear 208 to the sheet discharging roller gear 209 to turn the sheet
discharging roller ;07 counterclockwise.

When it is required to displace the cut printing sheet as much as a desired
amount of conveyance D4 in the opposite direction (hereinafter referred to as "an
amount of sheet reverse conveyance D4", when applicable) the following steps

OCCur.
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The rel ationship between the rotation of the drive motor 201 and the

displacenent of the printing sheet 100 will be described with reference to
[ 4 and 5. The torque produced when the drive notor 201 is

Figs.,. 1, 3

r ot gfis §hest acgl | ockwi se, is applied through the notor pinion 202
and t H Hear 203 to the platen gear 204 to turn the platen 101
cl ock : ue is further appliegdy,through the third transm ssion

gear 208 to the sheet discharging rollef“gear 209 to turn the sheet
di scharging roller 107 clockwise. In this operation, a cut printing

First the drive motor 201 is turned in the reverse direction as much as
[the amount of play bl due to the backlash or the like of the power
" transmission system between the first sheet conveying means and the drive
motor 201]
+

[the amount of rotation d2 of the drive motor 201 with which, when no play

is provided, the sheet conveying means conveys the printing sheet as much

as the amount of sheet reverse conveyance D4]
+

[a small amount of additional rotation -].

As a result, the cut printing sheet is moved from the origin to the point P8
via P7 in Fig. 4. Whil_e the printing sheet is moved from the origin to the point P7, |
the backlash of the gear tram between the drive motor 201 and the first sheet

' conveying means is changed from the state shown in Fig. 5(a) to that shown in Fig.
5(b). If, in this case, the amount of play b2 of the power transmission system
between the sheet discharging means and the drive motor is set larger than the
following amoﬁnt then the sheet discharging means is not driven during the
operation, and therefore the cut printing sheet will not be slackened between the
first sheet conveying means and the sheet discharging means. That is to say, larger
than: |

[b1]

+

[the amount of rotation Max (d2) of the drive motor with which, when no

play is provided, the sheet conveying means displaces the printing sheet as

much as a desired maximum amount of- shéet reverse conveyance Max(D4)]

+
(vl
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sheet” inserted through the sheet path Ais displaced as nmuch as D1 in the
forward direction by the first sheet conveying neans conprising the platen
101 and the first and—secoend—sheet—coenveying rollers 103 and 104, thus

bei ng supplled alongmg e:%ﬁs-m U|de 110. That is to say, the printing
sheet is passed thro &ﬁf second sheet conveying rollers 103
and 104 pushed agaln 01 and t hrough the gap between the

pl aten 101 and the prli 2 and the gap between the sheet

di scharging roller 107 and the sheet dijgchargi ng cover 108, thus being

di schar ged

In other words, when the sheet discharging means starts with the play b2 of the
poWer transmission system between the drive motor and the sheet discharging means
absorbed at the point P11 which is located on the left side of the poiht P8 in Fig. 4,
then the printing sheet will not be slackened while being conveyed in the reverse
direction.

In the embodiment, the maximum amount of sheet reverse conveyance
Max(D4) is set to 1.27cm (% inch) in anticipation of the combination of graphic
printing operations using bit images and character printing operations of characters
including enlarged characters of, 32 points. Naturally, when it is required to print
characters larger than 32 points, the value b2 should be increésed accordingly.

Thereafter, the drive motor 201 is rotated as much as [bl + 4] in the
forwafd directioﬁ, so that the sheet is move& frbm the point P8 through the point PQ
to the point P10. That is to say, the sheet is moved as much as the desired amount
of sheet reverse conveyance D4. When the drive motor 201 is further rotated as
much as d2, the sheet is moved from the point P10 to the origin and so set at the
initial position. |

In the above-described operation, in the interval of P9 -- P10 -- Origin, the
sheet conveying means is driven in the forward direction, and the sheet discharging
means is not driven. In this conﬁection, it should be noted that, in order to make
the sheet conveying force of the sheet discharging means smaller than that of the
sheet conveying means, the force of contact of the sheet coriveying means with a
printing sheet is made relatively small, and the sheet discharging roller 107 is
allowed to race. Hence, the cut printing sheet conveyed by the sheet conveying
means in the forward direction is passed through the gap between the sheet
discharging roller 107 and the sheet discharging cover 108 without being slackened
between the platen 101 and the sheet dischafging means owing to its stiffness
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into-the sheet path C. In the case where the cut printing sheet is laid
over both the sheet conveying neans and the—sheet—discharging neans, the
sheet discharging neans tends to convey then"sTIet ;as: much as the anmount of

di spl acenent indicated by the broken line in m@hﬁfﬁ e¢lant of Fig. 4
because the sheet conveying speed-of the she means i s set
hi gher than that of the sheet conveyi rlg4mean nce t he sheet
conveying force of the sheet discharging neans is snaller than that

(against buckling), and finally the printing sheet is discharged out of the printing

machine.

In the case of conveying a cut printing sheet such as an air mail letter thch
is extremely thin and relatively unstiff, a mechanism is provided which causes the
sheet discharging roller 107 to move away from the shéet discharging cover 108
when necessary. Hence, in the interval of P9 -- P10 -- Origin, similarly as in the
case of the ordinary cut printing sheet, the extremely thin cut printing sheet can be
discharged without being slackened by operating the mechanism to move the sheet
discharging roller 107 away from the sheet discharging cover 108.

The second sheet conveying means provided for the sheet path B is different
from the above-described first sheet conveying means in that it comprises the sheet
conveying drive roller 105 and the third sheet Convey_ing roller 106. The printing
sheet 100 is inserted in the different direction.” Thus, the drive roller 105 is
opposite in the direction of rotation to the drive motor 201 (as the drive motor 201
rotates clockwise [in the forward direction], the sheet conveying drive roller 105 is
rotated counterclockwise_). However, in the second sheet conveying means, as the
drive motor 201 is rotated in the forward direction, the printing sheet is conveyed
downstream of the sheet path. Thus, the function and control of the second sheet
conveying means are the same as those of the first sheet conveying means.

The third sheet conveying means provided for the sheet path A is
substantially equal in function to the above-described first sheet conveying means.

That is, in the third sheet conveying means, the tractor 109 is employed instead of
the platen 101, the first sheet conveying roller 103 and the second sheet conveying
roller 104 of the first sheet c;onveying means, and a continuous printing sheet

suitable for the tractor 109 is employed instead of the cut printing sheet. The

tractor 109 is different in the direction of rotation from the drive motor 201 (as the

* drive motor 201 rotates clockwise in the forward direction, the tractor gear 211 is
This is the ,e.pkécement sheet
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of the sheet conveyi ng neans, the sheet is allowed to slip, 'as nuch as S1,
wth respect to the sheet dischargi ng neans. Thus, the sheet is ppved

fromthe original to the point Pl along the solid |line, vvhlle bei n I_lg d
stretched tight and is displaced as nuch as DI. This Sheet Has Been Replaced.

rotated counterclockwise. However, as the drive motor 201 is rotated in the

-15-

forward direction, the printing sheet is conveyed downstream of the sheet path. The
function and control of the third sheet conveying means are the sanhe as those of the
first sheet conveying means. It should be noted that, before the third sheet
conveying means is operated, the first and second sheet conveying rollers 103 and
104 are spaced apart from the platen 101.

The above-described embodiment has three sheet conveying means and two
sheet paths But the present invention is not limited thereto or thereby. That is to
say; the printing machine merely needs to have at least one sheet conveying means
and one sheet path. The sheet conveying means can be provided at any position
upstream of the printing position (a).

Fig. 6 is a diagram showing a sheet conveying mechanism in a second
embodiment of the invention. In thé secbnd embodiment, a ﬁréf endless iaelt 402
and a second endless belt 404 are employed instead of the first, second and fourth
transmission gears 205, 206 and 210 in the first embodiment. That is, the second

 embodiment is equal in function and in control to the first embodiment. The
employment of the endless belts greatly reduces the amount of play bl of the power
transmission systems between the drive motor and the second and third sheet
conveying means, and decreases the fluctuation in the amount of play bl.

Figs. 7 and 8 are diagrams for a descnptlon of the operat1on of a third
embodiment of the present invention. In the embodiment, the sheet discharging
means has a sheet discharging roller gear 209 with a sector-shaped hole; and a sheet
discharging roller shaft 501 which is in the form of the character "D" in section
which is formed by extending one of the sides of the sector. The sheet diécharging
roller shaft 501 is engaged with the sector—shaped hole of ihe sheet discharging

roller gear 209. Since the sheet discharging roller shaft 501 is D-shaped in section
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In the case where the cut printing sheet is conveyed in the forward

direction as descri bed above, the play due to the backlash of the gear
trains between the drive notor and the sheet discharging neans i s absorbed
in one direction as shown in Fig. 5(a). Therefore the ampunt 18§ ShestHasi

the drive notor and the amount of displacenent of the printing I
are in proportion to each other. Wen, -y6th the cut printing s

ii“ﬁ
contact with both of the first sheet conveying neans and the sheet
di schargi ng neans, a signal for conveying a printing

as was described above, there is a gap corresponding to an angle of rotation 8
between the roller shaft 501 and the sector-shaped hole of the roller gear 209. |

In the first embodirﬁent, the amount of play b1 of the power transmission o
system between the drive motor and the sheet conveying means is decreased, and
the backlash of the gear train between the sheet discharging means and the drive
motor 201 is increased, so that the following relation is established:

[bl] + [Max(d2)] + [v] < [b2]

On the other hand, in the third embodiment, the sector-shaped hole is
formed in the sheet discharging roller gear 209 while the sheet discharging roller
shaft 501 is made D-shaped in section so that the angle of rotation @ is formed
therebetween, and the same rélation is established.

In the third embodiment, the sheet discharging roller gear 209 has the sector-
shaped hole, and the sheet discharging roller shaft 501 is D-shaped in section but
the present invention is not limited thereto or thereby. That is, the hole of the roller
gear 209 and the section of the roller shaft 501 may be different in configuration
from those which have been described above, if the anéle of rotation £ is obtained
and the torque applied to the sheet discharging roller gear 209 is transmitted to the
sheet discharging roller shaft 501.

When the drive motor 201 is rotated clockwise (or in the fbrward direction,
the sheet discharging roller gear 209 is also rotated cioqkwise, and therefore the
sheet discharging roller gear 209 is engaged with the sheet discharging roller shaft
501 as shown in Fig. 7. When the sheet reverse-conveying signal is given, the

~ drive motor 201 is rotated counter clockwise, the roller of the sheet conveying
means is rotated with the amount of play bl absorbed immediately, so that the sheet
discharging roller gear 209 and the sheet dischérging roller shaft 501 are engaged |
with each other as shown in Fig. 8. As is apparent from the above description, the
third embodiment is different from the first embodiment in the production of play.
This is the replacement sheet
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sheet' in the opposite direction (hereinafter referred to as "a sheet

reversE c;)nveyi ng signal”, when applicabl e)y—is—apptied to the drive notor
201, the latter is turned counterclockw se. gyﬁ ed by the
drive nptor 201 is transmtted through the rr?)- SeShL'm[ erPﬁ glljlagl{nd t he
reduction gear 203 to the platen gear 204 to t ' 204

count ercl ockwi se. The torque is further;applie thi rd

transm ssion gear 208 to the sheet discharging roI I er gear 209 to-turn the
sheet discharging roller 107 countercl ockw se. '

However, the former is the same as the latter in function and in control. In the
third embodxment in controlling the amount of play, it is unnecessary to perform
intricate component control as in controlling the amounts of shift of gears.

Fig. 9 is a diagram showing a sheet conveying section in a fourth
embodiment of the invention. In the fourth embodiment there is arranged linearly,
first sheet conveying means comprising a sheet conveying drive roller 701 and a
sheet conveying roller 702; second sheet conveying means comprising a tractor 109;
and sheet discharging means comprising a sheet discharging drive roller 703 and a-
sheet discharging roller 704. They are arranged linearly to improve the conveyance
of the printing sheet 100. | The fourth embodiment is the same as the first
embodiment both in function and in control.

In the printing machine according to the present inventi_on, the amount of
play b2 of the power transmission syétém between the drive motér and the sheet
discharging means is set so as to meet the following relation:

[the amount of play b1 of the power transmission system between the sheet

conveying means and the drive motor]

. +

[the amount of rotations Méx (d2) of the drive motor with which, when no

play is provided, the sheet conveying means displaces the printing sheet as

much as a desired maximum amount of sheet reverse conveyance Max(D4)]
+

[the small amount of additidnal rotation 7]
<

[b2].

When it is required to displace the prinﬁng sheet as much as a desired
amount of sheet reverse conveyance D4 in the reverse direction, the drive motor is

rotated as much as [bl + ¥2 + v] in the reverse d1rect1on and then rotated as much
This is the rep!acemem sheet
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When'it is required to displace the cut printing sheet as nmuch as a desired
amount of conveyance D4 in the opposite direction (hereinafter referred to
as "an anount of sheet reverse conveyance D4", when applicable) the
foll ow ng steps occur. :

-18-

as [bl + v] in the forward direction so that the printing sheet is prevented from
becoming slack between the sheet conveying means and_ sheet discharging means.
Accordingly, the printing machine is free frorﬁ the diffiéulty encountered when the
printing sheet is raised between the sheet conveying means and the sheet discharging
means, and accordingly obviates the resultant print being shifted in position, and the
printing sheet being stained by ink, or caught in the printing machine.

Furthermore, in the case where the printing head is of a wire dot type, the
printing wire is prevented from being caught by the ink ribbon, and accordingly
from being broken. In addition, the printing machine of the present invention is
relatively quiet by obviating the large printing noise which is'produced by the

printing wire striking on the printing sheet when raised from the platen.

. This Sheet Has Been Replaced

AT

This is the replacement stieet
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-12‘ First the drive notor 201 is turned in the reverse direction as nuch

as [the ampbunt of play bl due to the backl ash or the |like of the power

transm ssi on system between the flrst onvesAg=rapns and the drive
0 Ve

notor 201] [the ampunt of rotation d2 201 with which,
when no play is provided, the sheet cfa eys the printing

sheet as nuch -19- -
cet Has Been Replaced

cran - i

1. A printing machine compnsmg

sheet conveying means (101 103, 104; 105, 106; 109) prov1ded upstream of
a printing position (a);

sheet discharging means (107, 108) provided downstream of the printing
position;

a drive motor (201) for driving said sheet conveying means and said sheet
discharging means, with the sheet conveying speed of said sheet discharging means
higher than that of said sheei conveying means, characterised in that

the amount of play b2 of a first power transmission system (202, 203, 204,
208, 209) between said drive motor and said sheet discharging means 1s larger than
the amount of play bl of a second power &ansmission system (202, 203, 204, 205;
202, 203, 204, 205, 206, 207; 202, 203, 210, 211; 202, 401, 402, 403; 202, 401,

404, 405) between said drive motor and said sheet conveying means.

2. A printing machine as claimed in claim 1 in which said amount of play b2 is
larger than the sum of said amount of play b1, plus an amount of rotation Maxd2 of
said drive motor which, when no play is provided, is required for said sheet

conveying means to displace a printing sheet as much as a desired maximum amount

of reverse conveyance, plus an amount of additional rotation ¥.

3. A printing machine as claimed in claim 1 or 2 in which said drive motor is

rotated as much as the sum of sa.i.d amount of play bl, said d2 and said amount of

additional rotation v in a sheet reverse-conveying direbtion, and thereafter rotated as
- much as the sum of said amount of play bl and said amount of additional rotation ¥

in a sheet forward-conveying direction so that said printing sheet i Is conveyed in the

. This is the replacement sheet
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as'the anmobunt of sheet reverse conveyance D4] + [a small anount of
~additional rotation [err]]. As a result, the cut prlntlng sheet is noveg
fromthe origin to the point P8 via P7 in Fig. A :

is noved fromthe origin to the point PfFSFR.dac

between the drive notor 201 and the fir§it"8ASa=
fromthe state shown in Fig. 5(a) tog.h§

sheet reverse-conveying direction as much as a desired amount of sheet reverse

conveyance.

4. A printing machine as claimed in any one of claims 1 to 3, in which said

amount of play b2 is provided by the backlash of a gear train.

3. A printing machine as claimed in any one of claims 1 to 3, in which said
amount of play b2 is provided by a rotation transmission gap (8) corresponding to
the difference in sectional configuration between a hole formed in a gear (209) and

a shaft (501) engaged with said hole.

6. A printing machine as claimed in claim 2, in which said amount of sheet

reverse conveyance is no greater than 1.27cm (% inch). -

[
eet Has Been Replaced

HII\l\\ M

-

A L A .

This is the replacement sheet
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5(b). If, in this case, the amobunt of play b2 of the power transm ssion
sSystem bet ween the sheet discharging neans and the drive notor is set

| arger than the follow ng anount then the sheet discharging nmeans i s not
driven during the operation, and therefore the cut printing sheet will not
be sl ackened between the first sheet conveying neans and the sheet

di scharging neans. That is to say, |arer than: [bl]

ABSTRACT
PRINTING MACHINE

Known printing machines have been found to have poor printing quality if
the direction of the printing sheet is reversed through the sheet becoming slack.

The present invention overcomes this.by ensuring that the amount of play b2
of a first power transmission system (202, 203, 204, 208, 209) between said drive
motor and said sheet dischargiﬁg means is larger than the amount of play bl of a
second power transmission system (202, 203, 204, 205; 202, 203, 204, 205, 206,
207; 202, 203, 210, 211; 202, 401, 402, 403; 202, 401, 404, 405) between said
drive motor and said sheet conveying means. .

The difference in piay mﬁy be achieved by dimensioning the backlash or the
gear train used or by a rotation transmission gap in one of the shafts in the

associated gear.

Fig. 3.

-

Sheet Has Been Re 1aced

"

This is the replacement sheet-
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[the ampunt of rotation Max (d2) of the drive notor w th which, when no

play is provided, the sheet conveying neans di spl aces thew.
much as a desired maxi mum amount of sheet reverse conveyanc{?h l%% :

-13-

ee Has een Rep

1 I
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Gaer 1B NOV '9%



In ‘ot her words, when the sheet discharging neans starts with the play b2 of
the power transm ssion system between the drive notor and The sheet
di schargi ng neans absorbed at the point P11l which is |ocategy9thettifis B&hReplaced

side of the point P8 in Fig. 4,
sl ackened whil e being conveyed in the reverse direction.

t he nmaxi num anount of sheet

then the printing sheet wll

reversezconveyance Max( D4)
conbi nati on of graphic

I'n t
is set

L

([err] inch) in anticipation of the
/
Amount of 4 y
displacement /
of the printing /181,
T NN
Y
g // ;/P1
/
/
//
¥ d2 b1 / 01
PT 0 i
o t of
/ 2N ofthe
// Drive Motor
D4 - / |
/
/
/
P
P8 4 // :
7/
P 7 FIG.4
7/ ’
// I £
Ry b1 4
/s 7/
/ / //
Déiyen Driven '
Gear bear Forward
Forward
Rotation R°*3",'°_“
Driving Gear
Gear Rev;r:e- '
R e ;
Rgfvae'l"‘iscn Rofation
FlG.5a F1G.5b,
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printing operations using bit inmages and character printing operations of
«characters including enlarged characters of, 32 points. Naturally, when it
is required to print characters larger than 32 points, the value b2 should
be increased accordingly. Thereafter, the drive notor 201 is rotated as
much as [bl + [err]] in the forward direction, so that the sheet is noved
fromthe point P8 through the point P9 Bo the point P10. That is to say,
the sheet is noved as nuch as the desired anount of sheet reverse
conveyance D4. When the drive notor 201 is further rotated as

102 702

704 / ‘
703 701 (O O . )

R

i
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nuch as d2, the sheet is noved fromthe point P10 to the origin and so set
sat the initial position. In the above-described operatiom—Tmm the Tntervat

of P9 - P10 - Oigin, the sheet conveying neans is dri Ve[‘ﬂisisﬂee{ﬁaﬁBfeé?nr%B&d

direction, and the sheet discharging neans is not driven. IHHH[“&H“IH“
ng

connection, it should be noted that, in order to nmake the
conveyi ng neans, the force of contact of" the sheet conveying nmeans with a

force of the sheet discharging neans snwller than that of

100

13027

'PRIOR ART
; //
Amount of /
,rl]lhlispla!:‘.'?menit'I Ofi'l //
e printing shee /st
/ 7
d1 d1 )/ v
/’ . ( P1
/
/
/
/ D1
/
b /
/
P2 o}/ i
- Ji—
] Amount of Rotation
02 of the Drive Motor
03 y P3 P3
52 /
7 ZP6
7 7—
Ve d ///’Pl}/ //
R FIG.11
’ This is the replacement sheet
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printing sheet is nade relatively small-, and the sheet discharging rol | er
107 is<all owed to race. Hence, the cut printing sheet conveyed by the sheet
conveying neans in the forward directign is passed through t he gap betmeen

the sheet discharging roller 107 —:- sheet disc

w t hout bei ng sl ackened bet per cehaien 101 and [RErisildey

means owng to its sti .
CLAIMS R {17 MAR 1997
1. A printing machme cornpnsmg

sheet conveying means (101, 103, 104; 105, 106; 109) provxded upstream of
a printing position (a); |

sheet discharging means (107, 108) provided downstream of the printing
position; |

a drive motor (201) for driving said sheet conveying means and said sheet
discharging means, with the sheet conveying epeed of said sheet discharging means
higher than that of said sheet conveying means, characterised in that

| the amount of play b2 of a first power transmission system (202, 203, 204,

208, 209) between said drive motor and said sheet discha.rging_ means is_ larger than
the amount of ple.y bl of a second pdwer transmission system (202, 203, 204, 205;
202, 203, 204, 205, 206, 207; 202, 203, 210, 211; 202, 401, 402, 403; 202, 401,

- 404, 405) bet\#een said drive motor and said sheet conveying means.

2. A printing machine as claimed in claim 1 in which said amount of play b2 is

larger than the sum of said amount of play b1, plus an amount of rotation Maxd2 of
N said drive motor which, when no play is provided, is required for said sheet

conveying means to displace a printing sheet as much as a desired maximum amount

of reverse conveyance, plus an amount of additional rotation .

3. A printing machine as claimed 'in claim 1 or 2 in which said drive motor is
rotated as much as the sum of said amount of play bl, said d2-and said amount of
additional rotation v in a sheet reverse-conveying direbtion, and thereafter rotated as
much as the sum of said amount of play bl and satd amount of additional rotation

‘ina sheet forward—conveym,, direction so that said printing sheet is conveyed in the
-_

I



_«\ -.-;r;’f,;::l g

N

(agai nst buckling), and f| nally the pr1 tiagasheet is discharged out of the
printisag machine. In the case g

- : STV C) cut prj T as an
air mail letter which is e - Y Dandrlativ Lm]ﬁ FchHani sm

i's provided which causes t f g roll ¢r{107 to nove ajaly from
t he sheet di schargi ng cover\\198=#fen necessary Hengel in7tMARI98%rya) of
P9 - P10 - Oigin, sim'larly as in the

sheet reverse-conveying direction as much as a desired amount of sheet reverse

conveyance.

4. A printing machine as claimed in any one of claims 1 to 3, in which said

amount of play b2 is provided by.the'backlash of a gear train.

5. A printing machine as claimed in any one of claims 1 to 3, in which said
amount of play b2 is provided by a rotation transmission gap (8) corresponding to

the difference in sectional configuration between a hole formed in a gear (209) and

a shaft (501) engaged with said hole.
_6. A printing machme as claimed in claim 2, in whxch sa1d amount of sheet
reverse conveyance is no greater than 1.27cm ('A inch). -

N
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case of the ordinary cut printing sheet, the extrenely thin cut printing
sheet can be di scharged w thout being slackened by operating the nechani sm
to novezthe sheet discharging roller 107 away from-the-sheet—disciargi Qg
cover 108. The second sheet conveying means pr W&ﬁﬁ}tﬁﬁ‘gl‘ ¢ n’p%gd\lﬁ_&’
is different fromthe above-described first shiell ResaipiedPa%ehng P rFPhat

it conprises the sheet conveying drive bl er <Le8 Gnintthe tPASFE- TR eR?8 )
conveying roller 106. The printing sheet 100 i Tl ing(s) hpaged -; -tpfgt}gg [
direction. Thus, the drive roller 105 is Abstract  : paged 7 t0 paged ...

Printing Machine| .- ¢ RECEIPT 1311]98

The present invention rélates to a printing machine, and more particularly to,

but not éxclusively.to, a sheet conveying unit in the printing machine.

~An exampie of a conventional printﬁg machine is as disclosed by Japanese
Patent Application (OPI) no. 257871/1987 (the term "OPI" as ﬁsed herein means an
"unexamined published application"). A sheet conveying operation in the printing
machine will be described with reference to Fig. 10. |

In the printing machine, a sheet conveying means comprisihg a platen 301
and a sheet conveying roller 303 operates to convey a pﬁnting sheet 100 in the
direction of the arrow into the gap between the platen 301 and a printing head 302

“to a printing position (a), and the printing he_ad operates to print data on the printing
sheet thus conveyed. The sheet 100 thus printed is conveyed and discharged by
sheet discharging means comprising sheet discharging rollers 307 and 308.

The sheet discharging means is so designed as to discharge the printing sheet
100 out of the printing machine when the rear edge of the printing sheet 100 has
passed through the contact line of the platen 301 and the sheet ;:onveying roller 303.
That is to say, when the application of a sheet conveying force from the sheet
conveying means to the printing sheet 100 has been suspended.

Furthermore, the sheet convéyirlg speed of the sheet discharging means is set
higher than that of the sheet conveying means. Also the sheet conveying force of
the sheet discharging means is set smaller than that of the sheet conveying so that |
the printing sheet 100 is allowed to slip with respect to the sheet discharging means.
Thus the prin__ting sheet 100 is stretched tight when located between the sheet
conveying means and the sheet discharging means and so prevented from being

slack. Such an arrangement is also disclosed in EP-A- 0 297 486.

This is the replacement shedt
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opposite in the direction of rotation to the drive notor 201 (as the drive
notor 201 rotates clockwise [in the forward direction], the sheet conveying
drive reller 105 is rotated countercl ockwi se). However, in the second sheet
conveyi ng neans, as the drive notor 201 is rotated in the forward
direction, the printing sheet is conveyed downstream of the sheet path.
Thus, the function and control of the se2ond sheet conveying neans are the
sanme as those of the first sheet conveying neans. The third sheet conveying
means provided for the sheet path Ais '
In some case it is desirable to provide a printing machine at low cost which
can perform a graphic printing operation using bit images and a character printing
operatidn of printing characters including eniarged ché.racters in combination.
Howevér, in this case an ordinary printing method cannot be employed because the
capacity of a memory (buffer) in the printing machine, or soft control is limited. In
this case, the following method should be employed. First, a plurality of lines are
printed. Thereafter, the printing sheet is returned to the original position for
. another kind of printing operation. Thus, the printing of the sheet is accomplished
as a whole operation. However, it is essential to accurately convey the printing
sheet by about lem or % inch in the opposite direction. '
The printing machine of Fig. 10 disclosed by the aforementioned Japanese
Patent Application (OPI) No. 257871/1987 has been proposed on the premise that
the printing sheet 100 is conveyed in the forward direction only (hereinafter feferred
to as "a sheet forward-conveying operation", when applicable). No consideration is
made for the case where a printing sheet is conveyed in the reverse direction
(hereinafter referred to as "a sheet reverse-conveying operation”, when applicable). -
Fig. 11 shows the relationship between the amount of displacement of the
printing sheet and the amount of rotation of the drive motor in the case where the
sheet forward-conveying operation and the sheet reverse-conveying operation are
carried out by the printing machine disclosed in the aforementioned Japanese Patent
Application (OPI) NO. 257871/ 1987.
When the printing sheet 100 is conveyed as much as D1, as shown in the
first quadrant, the drive motor should be rotated as much as d1 in the sheet forward-
conveying direction. Since the sheet conveying speed of the sheet discharging
means is set higher than that of the sheet conveying means, the sheet discharging

means tends to convey the printing sheet 100 by a greater amount and as indicated

by the broken line. However, since the sheet conveying force of the sheet

This is the replacement sheet
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substantially equal in function to the above-described first sheet
conveying neans. That is, in the third sheet conveying neans, the tractor
109 is enpl oyed instead of the platen 101, the first sheet conveying roller
103 -and the second sheet conveying roller 104 of the first sheet conveying
means, and.a continuous printing sheet suitable for the tractor 109 is

enpl oyed instead of the cut printing she¥t. The tractor 109 is different in
the direction of rotation fromthe drive notor 201 (as the drive notor 201
rotates clockwise in the forward direction, the tractor gear 211 is

discharging means is less than that of the sheet conveying means, the printing sheet 100
is allowed to slip as much as S1 with respect to the sheet discharging means. Hence,
the printing sheet 100 is conveyed to the point P1 from the origin while being stretched
tight and so moved as much as D1. |

When the printing sheet 100 is conveyed only in the forward direction, even
if there is an amount of play between the drive motor and the sheet conveying
means and the sheet discharging means due to the backlash of the gear train, the
amount of play is absorbed in one direction, and therefore the amount of
displacement of the printing sheet 100 is proportional to the rotation rate of the
drive motor.

When the drive motor is turned as much as d1 in the reverse direction to
convey the printing sheet in the reverse direction, then the printing sheet is not
moved even when the drive motor is tufned in the reverse direction as much as a
small amount of play (b). This is due to the backlash of the gear train between the
drive motor and the sheet conveying means and the sheet discharging means. In
other words, the amount of play between the drive motor and the sheet conveying
means is different in value from that between the drive motor and the sheet
discharging means. However, they are denoted by the same value (b) since they are
generally designed to be smali values.

In Fig. 11, for convenience of the description, (b) is about half of d1 but in
practice, it is much smaller.

After the play has been absorbed, the sheet discharging means displaceﬁ the
printing sheet 100 at a speed higher than the sheet conveying means. As a result,
the sheet conveying means displaces the printing sheet as much as D2 in the reverse
direction; that is the sheet is moved through the origin and the point P2 to the point

P3. However, the sheet discharging means displaces the printing sheet 100 in the

s the replacement sheet

13 JAN 1998

This

Date:



-15- rotated countercl ockw se. However, as the drive notor 201 is rotated
in the forward direction, the printing sheet is conveyed downstream of the
sheet path. The function and control of the third sheet conveying neans are
t he sanme as those of the '

-4-
réverse direction; that is, the sheet is moved through the origin and the point P2 to
- the point P4. Thus, the printing sheet 100 is slackened by as much as the difference
| S2 between, D2 and D3. In Fig. 11, D1 > D3 > D2, and so the displacement of
the print_ing sheet 100 is different with the amount of rotation (dl) of the drive
motor maintained constant.

Thereafter, when the drive motor is turned as much as d1, the play (b) is
absorbed in the opposite direction and so the sheet is returned to the origin. That is,
the printihg sheet 100 is moved from the point P3 through the point PS5 to the origin
by the sheet conveying means, whereas it is moved from the point P4 through the
point P6 to the origin by the sheet discharging means.

As is apparent from the above description, when the printing sheet is
conveyed in the reverse direction in the printing machine disclosed by the
aforementioned Japanese Patent Application (OPI) No. 257871/1987, it is
slackened, as a result of which the resultant print may be shifted in position, or the
printing sheet may be stained by ink, or caught in the machine (known as jamming).

In the case where the printing head 302 is of a wire dot type, the printing
sheet 100 caught in the printing machine pushes the ink ribbon (not shown) located
between the printing head 302 and the platen 301 through the ribbon mask (not
shown) positioned between the printing head 302 and the platen 301 against the
printing head 302. The wires of the printing head 302 are liable to be caught by the
ink ribbon and at worst, they may be broken. In addition, the printing wires strike
the printing sheet raiseci from the platen 301, thus making the printing noise louder.

Accordingly, an object of the present invention is to provide a printing
machine obviating the printing sheet being'raised from the platen and so slackened
during conveyance resulting in the print being shifted in position, and the printing
sheet being stained by ink, or caught in the printing machine, and the wires of the

printing head being broken.

This is the replacement sheet

Date: 43 JAN 1998



first sheet conveying neans. It should be noted that, before the third
sheet conveying neans is operated, the first and second sheet conveying
roll ersi 103 and 104 are spaced apart fromthe platen 101. The
above-descri bed enbodi nent has three sheet conveying nmeans and two sheet
pat hs but the present invention is not limted thereto or thereby. That is
to say, the printing machine nerely nekds to have at |east one sheet
conveyi ng neans and one sheet path. The sheet conveyi ng neans can be

provided at any ThesSbiegig object of the invention may be achieved by the provision of a
a printing machine comprising: sheet conveying means provided upstream of a
printing position; sheet discharging means provided downstream of the printing
position; a drive motor for driving said sheet conveying means and said sheet
discharging means, with the sheet conveying speed of said sheet discharging means
higher than that of said sheet conveying means, characterised in that the amount of
play of a first power transmission system for transmitting power between said drive
motor and said sheet discharging means is larger than the amount of play of a

~ second power transmission system for transmitting power between said drive motor
and said sheet conveying means.

Preferably, the amount of play of the first power transmission system is
larger than the sum of said amount of play of said second power transmission
system, plus an amount of rotation of said drive motor which, when no play is
provided, is required for said sheet conveying means to displace a printing sheet as
much as a desired maximum amount of reverse conveyance, plus an amount of
additional rotation.

Conveniently, means is provided for rotating said drive motor by an amount
equal to the sum of the amount of play of the second transmission system, an amount
of rotation of said drive motor which, when no play is provided, is required for said
sheet conveyance means to displace a printing sheet by a desired amount of
conveyance and the amount of additional rotation in a sheet reverse-conveying
direction, and thereafter for rotating said drive motor by an amount equal to the sum
of the amount of play of the second power transmission system and the amount of
additional rotation in a sheet forward-conveying direction so that the printing sheet is
conveyed in the sheet reverse-conveying direction by a desired amount of sheet reverse
conveyance.

~ In the printing machine, the amount of play of the first power transmission
system may be due to the backlash of the gear train.

In the printing machine, the amount of play of the first power transmission

system may be due to a rotation transmission gap corresponding to the difference in
This is the replacement sheet
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upstream of the printing position (a). Fig. 6 is a diagramshow ng a sheet
conveyi ng nechanismin a second enbodi nent of the invention. In the second
enbodi ment, a first endl ess belt 402 and a second endl ess belt 404 are

enpl oyed instead of the first, second and fourth transm ssion gears 205,
206 and 210 in the first enbodinent. That is, the second enbodi ment is
equal in function and-in control to the first enbodi nent. The enpl oynent of

the endl-ess belts greatly reduces the agmunt of play bl of the power
- a—

sectional configuration between a hole formed in a gear and a shaft engaged with

the hole.

In the printing machine, the amount of sheet reverse conveyance may be

1.27cm (% inch) or more.

Preferred embodiments of the present invention will be described with

reference to the accompanying drawings, of which:

This is the replacement sheet
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transmi ssion systens between the drive notor and the second and third sheet
conveyi ng neans, and decreases the fluctuation in the amount of play bl.
Figs. 7 and 8 are diagrans for a description of the operation of a third
enbodi mrent of the present invention. In the enbodi nent, the sheet

di schargi ng neans has a sheet discharging roller gear 209 with a o
sector-shaped hol e; and a sheet discharging roller shaft 501 which is in
the formof the character "D' in section which is formed by extendi ng one
of the sides of the sector. The sheet discharging :

Fig. 1 is an explanatory diagram illustrating a sheet conveying section in a
first embodimient of the present invention;

Fig. 2 is a perspective view illustrating an external appearance of a printing
.machine to which the technical concept of the invention may be applied;

Fig. 3 is an explanatory diagram illustrating the gear train of a sheet
conveying mechanism in the first embodiment of the present invention;

Fig. 4 is a diagram illustrating the relationship between the amount of
displacement of a printing sheet and amount of rotation of a drive motor in the first
embodiment;

Figs. 5(a) and 5(b) are explanatory diagrams for a description of the
backlash of the sheet conveying mechanism in the first embodiment;

Fig. 6 is an explanatory diagram illustrating a sheet conveying mechanism in
é second embodiment of the present invention; |

Figs. 7 and 8 are explanatory diagrams for a description of the operation of
a third embodiment of the present invention;

Fig. 9 is a diagram outlining a sheet conveying section in a fourth
embodiment of the present invention;

Fig. 10 is an explanatory diagram for a description of a conventional
printing machine; and

Fig. 11 is a diagram showing the relatibnship between the amount of
displacement of a printing sheet and the amount of rotation of a drivé motor in the
conventional printing machine.

A printing machine to which the technical concept of the présent invention
may be appliéd is shown in figure 2. The printing machine has a sheet path A in
which a printing sheet is inserted from above and behind, and a sheet path B in

which a printing sheet is inserted from below and in front.

Th..isl’ is the replacement sheet
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roller shaft 501 is engaged with the sector-shaped hol e of the sheet

di scharging roller gear 209. Since the sheet discharging roller shaft 501
is D-shaped in section -16- as was descri bed above, there is a gap
corresponding to an angle of rotation [err]

-7-

Fig. 1 is a diagram showing a sheet conveying section of a first embodiment
of the invention. As shown in Fig. 1, the printing center (or printing position (a))
of a printing head 102 is positioned with respect to tﬁe normal of a cylindrical |
platen 101 made of rubber or the like. The printing head 102 and the platen 101 are
so positioned that they form a small gap therebetween. In the sheet path A
upstream of the printing position (a) on the sheet supplying side, first and second
sheet conveying rollers 103 and 104 are provided in such a manner that they are
pushed against the platen 101. Similarly, in the sheet path B upstream of the
printing position (a) on the sheet supplying side, a sheet conveying drive roller 105
and a third sheet conveying roller 106 are provided in such a manner that they are
pushed against each other. In addition, in the sheet path A, a tractor 109 is
provided for conveying a continqdus_ printing sheet (continuous form). The platen
101, the first sheet co;nveying roller 103, and the second sheet conveying roller 104
form first sheet conveying means; the sheet conveying drive roller 105 and the third
sheet conveying roller 106 form second sheet conveying means; and the tractor
forms third sheet conveying means.

A sheet discharging roller 107 is provided in the sheet path downstream of
the printing position (a). The sheet discharging roller 107 thus provided pushes the
printing sheet 100 so that a predetermined sheet discharging force is obtained with a
predetefnined gap between the sheet discharging roller 107 and a sheet discharging
cover 108. The sheet discharging roller 107 and a sheet discharging cover 108 form
sheet discharging means. Thus, the sheet discharging means functions to discharge
the printing sheet downstream of it after the rear edge of the printing sheet has
passed through the sheet conveying means. |

In order to eliminate the difficulty that a printing sheet is slack between the
sheet conveying means and the sheet discharging means, the sheet conveying speed

of the sheet discharging means is set higher than that of anyone of the first, second
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between the roller shaft 501 and the sector-shaped hole of the roller gear
209. In the first enbodinent, the anount of play bl of the power
transm ssi on system between the drive notor and the sheet conveyi ng neans
i s decreased, and the backlash of the gear train between the sheet

di schargi ng neans and the drive notor 201 is increased, so that the.
followng relation is established: [err]Jg-On the other hand, in the third
enbodi ment, the sector-shaped hole is: :

~and third sheet conveying means. Furthermore, in order to allov? the printing sheet
100 to slip with respect to the sheet discharging means thereby to control the
amount of conveyance of the pﬁnﬁng sheet, the sheet conveying force of the sheet
discharging means is set smaller than that of any one of the first, second and third
sheet conveying means.

A sheet guide 110 is provided so that a printing sheet is led to the printing
position (a) through any one of the sheet paths A and B. In the first sheet
conveying means, the first and second sheet conveying rollers 103 and 104 are -
provided with a mechanism for spacing them from the platen 101 when necessary.
Similarly, in the second sheet conveying means, the third sheet conveying roller 106
is provided with a mechanism for spacing it from the sheet conveying driver roller
105 when required. In conveying a continuous printing sheet, the mechanism is
.opera-ted 'so that the'ﬁrst and second sheet conveying rollers 103 and 104 are set
apart from the platen 101, and then the tractor 109 is operated.

Fig. 3 is a diagram illustrating a sheet conveying drive gear train in the first
embodiment. In the embodiment, drive gear trains are employed for a power
transmission system between the sheet conveying means and the drive motor, and

fora power transmission system between the sheet discharging means and the drive
motor. A drive motor 201 is provided for driving the sheet conveying means and
the sheet discharging means. A motor pinion 202 is fixedly mounted on the output
shaft of the drive motor 201. The motor pinion 202 is engaged with the large gear
of a reduction gear 203, the small gear of which is engaged with a plateﬁ gear 204
and a fourth transmission gear 210. The platen gear 204 is fixedly secured to the
platen 101 and engaged with a first transmission gear 205 and a third transmission
gear 208. A sheet conveying drive roller gear l207.is engaged through a second
transmission gear 206 with the first transmission gear 205. The sheet conveying
drive roller gear 207 and the sheet conveying drive roller 105 are fixedly mounted
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formed in the sheet discharging roller gear 209 while the sheet discharging
roller shaft 501 is made D-shaped in section so that the angle of rotation
[err] is'formed therebetween, and the sane relation is established. In the
third enbodi ment, the sheet discharging roller gear 209 has the sector-
shaped hol e, and the sheet discharging roller shaft 501 is D-shaped in
section but the present invention is not94imted thereto or thereby. That
is, the hole of the roller gear 209 and the section of the roller-shaft 501
may be different in configuration '

on one and the same shaft. A tractor gear 211 is engaged with the fourth
transmission:gear 210, and is fixedly mounted on a shaft adapted to drive the tractor
109. A sheet discharging roller gear 209 in the sheet discharging means which is
provided downstream of the printing position (a) is engaged with the third
transmission gear 208. The sheet discharging roller gear 209 and the sheet
discharging roller 107 are fixedly mounted on one and the same shaft.

The motor pinion 202, the reduction gear 203, the platen gear 204, the first
transmission gear 205, the second transmission gear 206, fhe fourth transmission
gear 210, the sheet conveying drive roller gear 207, and the tractor gear 211 are
shifted in gear configuration in a positive direction, and are smaller in backlash than
standard gears. Hence, an amount of play bl due to the backlash of the power
transmission systems between the drive motor 201 and the first, second and third
sheet conveying means is small. Similarly in the case of the ambunt of play bl due
to the backlash between the drive motor and the sheet conveying means and the
sheet discharging means in the prior art described with reference to Fig. 11. Since
those gears are the ones shifted in a positive direction as was described above, the
distance between the axes of adjacent gears (hereinafter referred to as "an inter-axes
distance”, when applicable) is set larger than the sum of the pitch diameters thereof.

| On the other hand, the amount of play between the sheet discharging means
and the drive motor is set as follows (sic): The inter-axes distances of the platen gear
204, the third transmission gear 208 and the sheet discharging roller gear 209 are
increased, and the third transmission gear 208 and the sheet discharging roller gear
209 are shifted in a negative direction, thus increasing the backlash. Thus, the
amount of play b2 is much larger than the amount of play bl of the power
transmission system between the driver motor 201 and the sheet conveying means.

An accurate method of setting the amount of piay b2 will be described with reference

to Fig. 4 later. ' This is the replacement sheet
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fromthose which have been described above, if the angle of rotation [err]
I s obtained and the torque applied to the sheet discharging roller gear 209
is transmtted to the sheet discharging roller shaft 501. When the drive
notor 201 is rotated clockwise (or in the forward direction, the sheet
di scharging roller gear 209 is also rotated cl ockwi se, and therefore the
sheet discharging roller gear 209 is endBged with the sheet discharging
roller shaft 501 as shown in Fig. 7. Wien the sheet reverse-conveying
signal is given, the
| In the first sheet conveying means, the rotation of the drive motor 201 which
is forward with respect to a sheet conveying direction when driven for conveyance
of printin‘_g sheets will be refefred to' as "forward rotation”, or “clockwise rotation"
in the drawing, and the rotation of the drive motor which is reverse will be referred
to as "reverse rotation”, or "counterclockwise rotation".
The relationship between the rotation of the drive motor 201 and the
displacement of the printing sheet 100 will be described with reference to Figs. 1,
.3, 4 and 5. The torque produced when the drive motor 201 is rotated as much as d1
- clockwise, is applied through the motor pinion 202 and the reduction gem; 203 to
the platen gear 204 to turn the platen 101 clockwise. The torque is further applied
through the third transmission gear 208 to the sheet discharging roller gear 209 to
~ turn the sheet discharging roller 107 clockwise. In this operation, a cut printing
sheet inserted through the sheet path A is displaced as mﬁch as D1 in the forﬁrard
direction by the first sheet conveying means comprising the platen 101 and the first
and second sheet conveying rollers 103 and 104, thus being supplied along the sheet
guide 110. T.hat is to say, the printing sheet is paSsed through the first and second
sheet conveying rollers 103 and 104 pushed against the platen 101, and through the
gap between the platen 101 and the printing head 102 and the gap between the sheet
discharging roller 107 and the sheet discharging cover 108, thus being discharged
into the sheet path C.
In the case where the cut printing sheet is laid over both the sheet conveying
means and the sheet discharging means, the sheet discharging means tends to
convey the sheet as much as the amount of displacement indicated by the broken
line in the first quadrant of Fig. 4 because the sheet conveying speed of the sheet
discharging means is set higher than that of the sheet conveying ineans. However,

since the sheet conveying force of the sheet discharging means is smaller than that

of the sheet conveying means, the sheet is allowed to slip, as much as S1, with
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drive notor 201 is rotated counter clockw se, the roller of the sheet
conveying neans is rotated with the amount of play bl absorbed i medi ately,
so that the sheet discharging roller gear 209 and the sheet di scharging
roller shaft 501 are engaged with each other as shown in Fig. 8. As is
apparent fromthe above description, the third enbodinent is different from
the first enbodi ment in the production-gf- pl ay.

~ respect to the sheet discharging means. Thus, the sheet is moved from the original
 to the point P1 along the solid line, while being stretched tight and is displaced as
much as D1. ' -

In the case where the cut printing sheet is conveyed in the forward direction
as deﬁcribed above, the play due to the backlash of the gear trains between the drive
motor and the sheet discharging means is absorbed in one direction as shown in Fig.
5(a). Therefore the amount of rotation of thc drive motor and the amount of
displacement of the printing sheet 100 are in proportion to each other.

When, with the cut printing sheet in contact with both of the first sheet
conveying means and the sheet discharging means, a signal for conveying a printing
sheet in the opposite direction (hereinafter referred to as "a sheet reverse-conveying
signal”, when applicable) is applied to the drive motor 201, the latter is turned
counterclockwise. The torque producéd by the drive motor 201 is transmitted
through the motor pinion 202 and the reduction gear 203 to the platen gear 204 to
turn the latter 204 counterclockwise. The torque is further appliéd through the third
transmission gear 208 to the sheet discharging roller gear 209 to turn the sheet
discharging roller 107 counterclockwise.

When it is required to displace the cut printing sheet as much as a desired
amount of conveyance D4 in the opposite direction (hereinafter referred to as "an
amount of sheet reverse conveyance D4", when applicable) the following steps

occCur.
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-17- However, the forner is the sane as the latter in function and in
control. In the third enbodinent, in controlling the anmount of play, it is
unnecessary to performintricate conponent control as in controlling the
amounts of shift of gears. Fig. 9 is a diagram showi ng a sheet conveying
section in a fourth enbodi ment of the invention. In the fourth enbodi nent
there is arranged linearly, -12-

First the drive motor 201 is turned in the reverse direction as much as

[the amount of play bl due to the backlash or the like o_f the power

njénsnﬁésion system between the first sheet conveying means and the drive

motor 201]

+

[the amount of rotation d2 of the drive motor 201 with which, when no play

is provided, the sheet ?:on_veying means conveys the printing sheet as much

as the amount of sheet reverse conveyance D4] |
+

[a small amount of additional rotation v].

As a result, the cut printing sheet is moved from the origin to the point P8
via P7 in Fig. 4. While the printing sheet is moved from the origin to the point P7,
the backlash of the gear tram between the drive motor 201 and the first sheet

_ conveying means is changed from the state shown in Fig. 5(a) to that shown in f-‘ig.
5(b). If, in this case, the amount of play b2 of the power transmission system
between the sheet discharging means and the drive motor is set larger than the
following amount then the sheet discharging means is not driven during the
operation, and therefore the cut printing sheet will not be slackened between the
first sheet conveying ineans and the sheet discharging means. That is to say, larger
than: |

[bl]

+

[the amount of rbtati_on Max (d2) of the drive motor with which, when no

play is provided, the sheet conveying means displaces the printing sheet as

much as a desired maximum amount of sheet reverse conveyance Max(D4)]

+
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first- sheet conveying neans conprising a sheet conveying drive roller 701
and a sheet conveying roller 702; second sheet conveying neans conprising a
tractor 109; and sheet dischargi ng means conprising a sheet discharging
drive roller 703 and a sheet discharging roller 704. They are arranged
linearly to inprove the conveyance of the printing sheet 100. The fourth
enbodi nent is the same as the first enbodi ment both in function and in
control. In the printing machine according to the present invention, the
amount of -13-

In other words, when the sheet discharging means starts with the play b2 of the
power trz_msmission system between the drive motor and the sheet discharging means
absorbed at the point P11 which is located on the left side of the point P8 in Fig. 4,
then the printing sheet will not be slackened while being conveyed in the reverse
direction.

In the embodiment, the maximum amount of sheet reverse conveyance
Max(D4) is set to 1.27cm (% inch) in anticipation of the combination of graphic
printing operations using bit images and character printing operations of characters
including enlarged characters of, 32 points. Naturally, when it is required to print
characters larger than 32 points, the value b2 should be increased accordingly.

Thereafter, the drive motor 201 is rotated as much as [bl + 4] in the
forward direction, so that the sheet is moveﬁ from the point P8 through the point P9

- to the point P10. That is to say, the sheet is moved as much as the desired amount
of sheet reverse conveyance D4. When the drive motor 201 is further rotated as
much as d2, the sheet is moved from the point P10 to the origin and so set at the
initial position.

In the above-described operation, in the interval of P9 — P10 — Origin, the
sheet conveying means is driven in the forward direction, and the sheet discharging
means is not driven. In this conﬁection, it should be noted that, in order to make
the sheet conveying force of the sheet discharging means smaller than that of the
sheet conveying means, the force of contact of the sheet conveying means with a
printing sheet is made relatively small, and the sheet discharging roller 107 is
allowed to race. Hence, the cut printing sheet conveyed by the sheet conveying
means in the forward direction is passed through the gap between the sheet
discharging roller 107 and the sheet discharging cover 108 without being slackened
between the platen 101 and the sheet discharging means owing to its stiffness
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play ‘b2 of the power transm ssion system between the drive notor and the
sheet discharging neans is set so as to neet the following relation: [the
anount of play b I of the power transm ssion system between the sheet
conveying neans and the drive notor] [the anpbunt of rotations Max (d2) of
~the drive notor with which, when no plﬁébis provi ded, the sheet conveying
means di spl aces the printing sheet as- h as a desired nmaxi mum anount of
sheet reverse conveyance Max(D4)] :

(against buckling), and finally the printing sheet is discharged out of the printing
';nadﬁne.

In the case of conveying a cut printing sheet such as an air mail letter virhich
is extremély thin and relatively unstiff, a mechanism is provided which causes the
sheet discharging roller 107 to move away from the sheet discharging cover 108
when necessary. Hence, in the interval of P9 -- P10 -- Origin, similarly as in the
case of the ordinary cut printing sheet, the extremely thin cut printing sheet can be
discharged without being slackened by operating the mechanism to move the sheet
discharging roller 107 away from the sheét discharging cover 108.

The second sheet conveying means provided for the sheet path B is different
from the above-described first sheet conveying means in that it comprises the sheet
conveying drive roller 105 and the third sheet conveying roller 106. The printing
sheet 100 is inserted in the different direction.” Thus, the drive roller 105 is
opposite in the direction of rotation to the drive motor 201 (as the drive motor 201
rotates clockwise [in the fdrward direction], the sheet conveying drive roller 105 is
rotated counterclockwise). However, in tﬁe second sheet conveying means, as the
drive motor 201 is rotated in the forward direction, the printing sheet is conveyed
downstream of the sheet path. Thus, the function and control of the second sheet
conveying means are the same as those of the first sheet conveying means.

The third sheet conveying means provided for the sheet path A is '
substantially equal in function to the above-described first sheet conveying means.
That is, in the third sheet conveying means, the tractor 109 is employed instead of
the platen 101, the first sheet conveying roller 103 and the second sheet conveying
roller 104 of the first sheet c'onveying means, and a continuous printing sheet
suitable for the tractor 109 is employed instead of the cut printing sheet. The
tractor 109 is different in the direction of rotation from the drive motor 201 (as the
drive motor 201 rotates clockwise in the forward direction, the tractor gear 211 is
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[the small anmount of additional rotation [err]] [b2]. Wien it is required
to displace the printing sheet as nmuch as a desired anpbunt of sheet reverse
conveyance D4 in the reverse direction, the drive notor is rotated as mnuch
as [bl + d2 + [err]] in the reverse direction, and then rotated as nuch

-15-

rotated counterclockwise. However, as the drive motor 201 is rotated in the

forward direction, the printing sheet is conveyed downstream of the sheet path. The |
function and control of the third sheet conveying means are the saﬁle as those of the
first sheet conveying means. It should be noted that, before the third sheet .
conveying means is operated, the first and second sheet conveying rollers 103 and

104 are spaced apart from the platen 101.

The above-described embodiment has three sheet conveying means and two
sheet paths but the present invention is not limited thereto or thereby. That is to
say; the printing machine merely needs to have at least one sheet conveying means
and one sheet path. The sheet conveying means can be provided at any position
upstream of the printing position (a).

_ Fig. 6 is a diagram showing a sheet conveying mechanism in a second
embodiment of the invention. In the secbnd embodiment, a ﬁrSt endless Belt 402 _
and a second endless belt 404 are employed instead of the first, second and fourth

" transmission gears 205, 206 and 210 in the first embodiment. That is, the second
embodiment is equal in function and in control to the first embodiment. The
employment of the endless belts greatly reduces the amount of play bl of the power
transmission systems between the drive motor and the second and third sheet
conveying means, and decreases the fluctuation in the amount of play bl.

Figs. 7 and 8 are diagrams for a description of the operation of a third
embodiment of the present invention. In the efnbodiment, the sheet discharging
means has a sheet discharging roller gear 209 with a sector-shaped hole; and a sheet
discharging roller shaft 501 which is in the form of the character "D" in section
which is formed by extending one of the sides of the sector. The sheet diSchmging
roller shaft 501 is engaged with the sector-shaped hole of the sheet discharging

roller gear 209. Since the sheet discharging roller shaft 501 is D-shaped in section
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as [bl + [err]] in the forward direction so that the printing sheet is
prevented from becom ng sl ack between the sheet conveyi ng neans and sheet
di scharging neans. Accordingly, the printing nmachine is free fromthe
difficulty encountered when the printing sheet is raised between the sheet
conveyi ng neans and the sheet discharging neans, and accordingly obviates
the resultant print being shifted in pod6tion, and the printing sheet being
stai ned by ink, or caught in the printing machine.
as was described above, there is a gap corresponding to an angle of rotation 8
| between the roller shaft 501 and the sector-shaped hole of the roller gear 209.
In the first embodirﬁent, the amount of play b1 of the power transmission
system bétween the drive motor and the sheet conveying means is decreased, and
the backlash of the gear train between the sheet discharging means and the drive
motor 201 is increased, so that the following relation is established:
b1} + [Max(d2)] + [7] < [b2]
On the other hand, in the third embodiment, the sector-shaped hole is
formed in the sheet discharging roller gear 209 while.the sheet dischargiﬁg roller
shaft 501 is made D-shaped in section so that the angle of rotation 8 is formed
therebetween, and the same relation is established.
In the third embodiment, the sheet discharging roller gear 209 has the sector-
shaped hole, and the sheet discharging roller shaft 501 is D-Shaped in section-but
the present invention is not limited thereto or thereby. That is, the hole of the roller
gear 209 and the section of the roller shaft 501 may be different in configuration
from those which have been described above, if the angle of rotation 8 is obtained
and the torque applied to the sheet discharging roller gear 209 is transmitted to the
sheet discharging roller shaft 501.
When the drive motor 201 is rotated clockwise (or in the fbrward direction,
the sheet discharging roller gear 209 is also rotated clockwise, and therefore the
sheet discharging roller gear 209 is engaged with the sheet discharging roller shaft
501 as shown in Fig. 7. When the sheet reverse-conveying signal is given, the
drive motor 201 is rotated counter clockwise, the roller of the sheet conveying
means is rotated with the amount of play b1 absorbed immediately, so that the sheet
discharging roller gear 209 and the sheet discharging roller shaft 501 are engaged

with each other as shown in Fig. 8. As is apparent from the above description, the

third embodiment is different from the first embodiment in the production of play.
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"Furthernore, in the case where the printing head is of a wire dot type, the
printing wwre is prevented from bei ng caught by the ink ribbon, and
accordingly from being broken. In addition, the printing machi ne of the
present invention is relatively quiet by obviating the large printing noise
which is produced by the printing wire striking on the prlntlng sheet when
rai sed fromthe platen. -17-

Howeyver, .thé former is the same as the latter in function and in control. In the
| third embodiment, in controlling the amount of play, it is unnecessary to perform
intricate component control as in controlling the amounts of shift of gears.

Fig. 9 is a diagram showing a sheet conveying section in a fourth
embodiment of the invention. In the fourth embodiment there is arranged linearly,
first sheet conveying means comprising a sheet conveying drive roller 701 and a
sheet conveying roller 702; second sheet conveying means comprising a tractor 109;
and sheet discharging means comprising a sheet discharging drive roller 703 and a
sheet discharging roller 704. They are arranged linearly to improve the conveyance
of the printing sheet 100. The fourth-embodiment is the same as the first
embodiment both in function and in control.

In the printing machine according to the present invention, the amount of
play b2 of the power transmission system between the drive motor and the sheet
discharging means is set so as to meet the following relation:

[the amount of play bl of the power transmission system between the sheet

conveying means and the drive motor]

+

[the amount of rotations Max (d2) of the drive motor with which, when no

play is provided, the sheet conveying means displaces the printing sheet as

much as a desired maximum amount of sheet reverse conveyance Max(D4)]
+

[the small amount of additional rotation ¥]
<

[b2]. |

When it is required to displace the printing sheet as much as a desired
amount of sheet reverse conveyance D4 in the reverse direction, the drive motor is

rotated as much as [bl + d2 + ¥] in the reverse direction, and then rotated as much
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-19- CLAI M 1. A printing machine conprising: sheet conveying neans
(101, 103, 104; 105, 106; 109) provided upstreamof a printing position
(a); sheet discharging neans (107, 108) provi ded downstream of the printing

-18-

as [bl + <] inthe forward direction so that the printing sheet is prevented from
becoming slaick between the sheet conveying means and sheet discharging means.
Accordingly, the printing machine is free froxﬁ the difﬁchlty encountered when the
printing sheet is raised between the sheet conveying means and the sheet discharging
means, and accordingly obviates the resultant print being shifted in position, and the
printing sheet being stained by ink, or caught in the printing machine.

Furthermore, in the case where the printing head is of a wire dot type, the
printing wire is prevented from being caught by the ink ribbon, and accordingly
from being broken. In addition, the printing machine of the present invention is
relatively quiet by obviating the large printing noise which is produced by the

printing wire striking on the printing sheet when raised from the platen.

*
E
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‘position; a drive notor (201) for driving said sheet conveying neans and
sai d sheet discharging neans, with the sheet conveying speed of said sheet
di schar gt ng neans hi gher than that of said sheet conveyi ng neans,
characterised in that the anbunt of play (b2) of a first power transm ssion
system (202, 203, 204, 208, 209) for transmtting power between said drive
motor and said sheet discharging neans r¥-larger than the anount of play (b
1) of a second power

CLAIMS
1. A printing machine comprising:
sheet convéying means (101, 103, 104; 105, 106; 109) provided upstream of
a printin.,c,r position (a);
sheet discharging means (107; 108) provided downstream of the printing
position; |
a drive motor (201) for driving said sheet conveying means and said sheet
discharging means, with the sheet conveying speed of said sheet discharging means
" higher than that of said sheet conveying means, characterised in that
the amount of play (b2) of a first power transmission system (202, 203, 204,
208, 209) for transmitting power between said drive motor and said sheet
| discharging means is 1arger than the amount of play (b1) of a second power
transmission system (202, 203, 204, 205; 202, 203, 204, 205, 206, 207; 202, 203,
210, 211; 202, 401, 402, 403; 202, 401, 404, 405) for transmitting power between

said drive motor and said sheet conveying means.

2. A printing machine as claimed in claim 1, in which said amount of play (b2)
of the first power transmission system is larger than the sum of said amount of play
(b1) of said second power transmission system, plus an amount of rotation (Maxd2)
of said drive motor which, when no play is provided, is required for said shéet
conveying means to displace a printing sheet as much as a desired maximum amount

of reverse conveyance, plus an amount of additional rotation (y).

3. A printing machine as claimed in claim 1 or 2, in which means is provided
for rotating said drive motor by an amount equal to the sum of the amount of play
(b1) of said second transmission system, an amount of rotation (d2) of said drive

motor which, when no play is provided, is required for said sheet conveying means

O A P
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‘transm ssion system (202, 203, 204, 205; 202, 203, 204, 205, 206, 207; 202,
203, 210, 211; 202, 401, 402, 403; 202, 401, 404, 405) for transm'tting
power between said drive notor and said sheet conveying neans. 2. A
printing machine as claimed in claim1, in which said anount of play (b2)
of the first power transm ssion systemis |larger than the sumof said
amount of play (bl) of said second powef2@-r ansm ssi on system plus an

amount of rotation (Maxd2) of said drive notor which, when no play is
provi ded, i do displace adrinsing sheed bytacdesired amount of conveyance (D4) and said

. amount of addtional rotation (y) in a sheet reverse-conveying direction, and
thereafter for rotating said drive motor by an amount equal to the sum of said
amount pf play (bl1) of said second power transmission system and said amount of
additional rotation (y) in a sheet forward-conveying direction so that said printing
sheet is conveyed in the sheet reverse-conveying direction by a desired amount of

sheet reverse conveyance.

4, A printing machine as claimed in any one of claims 1 to 3, in which said
amount of play (b2) of said first power transmission system is provided by the

backlash of a gear train.

3. A printing machine as claimed in any one of claims 1 to 3, in which said
amount of play (b2) of said ﬁrst.power transmission system is provided by a
rotation transmission gap () corresponding to the difference in sectional
configuration between a hole formed in a gear (209) and a shaft (501) engaged with

said hole.

6. A printing machine as claimed in claim 2, in which said amount of sheet |

reverse conveyance is 1.27cm (% inch) or more.
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conveying neans to displace a printing sheet as nuch as a desired maxi num

anount of reverse conveyance, plus an ampunt of additional rotation [err].

3. A printing machine as clained in claiml or 2, in which neans is
provided for rotating said drive notor by an anmobunt equal to the sum of the
anount of play (bl) of said second transm ssion system an anmount of
rotation (d2) of said drive notor which2lsahen no play is prOV|ded S
required for said sheet conveyi ng neans

ABSTRACT
PRINTING MACHINE

Known printing machines have been found to have poor printing quality if
the direction of the printing sheet is reversed through the sheet becoming slack.

The present invention overcomes this by ensuring that the amount of play b2
of a first power transmission system (202, 203, 204, 208, 209) between said drive
motor and said sheet dischargixig means is larger than the amount of play bl of a
second power transmission system (202, 203, 204, 205; 202, 203, 204, 205, 206,
207§202,203,210,211;202,401,402,403;202,401,404,405)benwam1$ﬁd
drive motor and said sheet conveying means.

The d1fference in play may be achieved by dlmensmmng the backlash orthe
gear train used or by a rotation transmission gap in one of the shafts in the

associated gear.

~Fig. 3.
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-20- to displace a printing sheet by a desired anount of conveyance (D4)
and said anount of addtional rotation (y) in a sheet reverse-conveying
direction, and thereafter for rotating said drive notor by an amount equal
to the sum of said anmount of play (bl) of said second power transmn ssion
system and sai d anmount of
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addi tional rotation (y) in a sheet forward-conveying direction so that said
printing sheet is conveyed in the sheet reverse-conveying direction by a
desired amobunt of sheet reverse conveyance. 4. A printing machi ne as
clained in any one of clainms 1 to 3, in which said anount of play (b2) of
said first power transm ssion systemis provided by the backlash of a gear

train. 5. A printing machine as ¢ aimed in any one of claims 1 to 3, in
whi ch sai d
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d'fs‘ﬁlxaece'"prinﬁnge"f /st
0
" sheet = , / //
' d Y
= 7 ‘;/P1
/
/
//
¥ 42 b1 / ol
' /
/,
P7 1% Y
[ t of
/ mg%n gif:fhe
o/ Drive Motor
D4 /
/
/
/
| po”
A Ry
P17
h 7 FI1G.4
//7
7 // b1 A
s 7 ’y
/ //// //
Driven Briven
Gear Forward Gear F°""’$"d
Rotation lon
Driving Q%lg
Gear Reverse
Reverse everse
Rotation Rofation
F1G.ba FI1G.5b

This is the replacement sheet



anmount of play (b2) of said first power transm ssion systemis provided by
a rotation transm ssion gap [err] corresponding to the difference in
sectional configuration between a hole formed in a gear (209) and a shaft
(501y engaged with said hole. 6. A printing machine as clained in claim

2, in which said anount of sheet reverse\3 conveyance is 1.27cm[err] inch)
or nore.
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