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(54) SHEET CONVEYOR AND PRINTING MACHINE

(57) To reduce noise by suppressing oscillation oc-
curring when an endless chain is rotated. In a chain grip-
per 12 thatincludes a sandwiching mechanism that sand-
wiches or releases a sheet, an endless chain 121 with
no ends that supports the sandwiching mechanism, and
achain guide 123 that guides the endless chain 121 along
a predetermined rotational orbit, the chain guide 123 in-
cludes a groove 124 that is provided to a fixed frame F

as a depression and forms a rotational orbit, an inner
guiding member 125a that is attached to the frame F
while housing part of the endless chain 121 in the groove
124, and supports the inner side of the rotational orbit of
the endless chain 121, and an outer guiding member
125b that is attached to the frame F while housing part
of the endless chain 121 in the groove 124, and supports
the outer side of the rotational orbit of the endless chain
121.
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Description
TECHNICAL FIELD

[0001] The present invention relates to a sheet con-
veying apparatus that conveys a sheet for example, and
a printer using the sheet conveying apparatus.

BACKGROUND ART

[0002] For example, a sheet-fed printer that prints im-
ages on sheets such as films, art paper sheets, and coat-
ed paper sheets as well as on ordinary paper includes a
paper-feeding unit that sends out and feeds printing
sheets one by one, a printing unit that prints images on
a sheet fed and conveyed, and a paper discharging unit
that discharges the sheet on which images are printed.
To convey a sheet, the paper-discharging unit of the
sheet-fed printer includes a sheet conveying apparatus
in which both ends of a sandwiching mechanism that
sandwiches a sheet are attached to left and right endless
chains with no ends that are arranged oppositely, and
the sandwiching mechanism is moved along the endless
orbits of the endless chains by rotating the endless chains
in synchronization. The sheet conveying apparatus in-
cludes a chain guide that guides the endless chains along
a predetermined orbit for conveying a sheet.

[0003] In a chain guide of a conventional sheet con-
veying apparatus, a clamp forming a depression is fixed
to a left frame and a right frame of a paper-discharging
unit, and a guiding member is attached above and below
an opening part of the depression of the clamp. The end-
less chains are supported by being housed in the depres-
sion at its one side, and sandwiched by the upper and
the lower guiding members (see for example Patent Doc-
ument 1).

[0004] [Patent Document 1] Japanese Patent Applica-
tion Laid-open No. 11-199085

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0005] Inthechainguideinthe conventional sheetcon-
veying apparatus explained above, the clamp is provided
protruding from the frame to form the depression that
houses one side of the endless chains, and the guiding
member that sandwiches and supports the endless
chains is attached to the clamp. Accordingly, noise oc-
curs when the endless chains are rotated along the chain
guide because the clamp amplifies oscillation of the end-
less chains.

[0006] The present invention has been made in view
of the above problem, and has an object to provide a
sheet conveying apparatus and a printer that can reduce
noise by suppressing oscillation occurring when an end-
less chain is rotated.
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MEANS FOR SOLVING PROBLEM

[0007] According to an aspect of the presentinvention,
a sheet conveying apparatus includes: a sandwiching
mechanism that sandwiches or releases a sheet; an end-
less chain with no ends that supports the sandwiching
mechanism; and a chain guide that guides the endless
chain along a predetermined rotational orbit. The chain
guide includes: a groove that is provided to a fixed frame
as a depression and forms the rotational orbit; an inner
guiding member that is attached to the frame while hous-
ing part of the endless chain in the groove, and supports
an inner side of the rotational orbit of the endless chain;
and an outer guiding member that is attached to the frame
while housing part of the endless chain in the groove,
and supports an outer side of the rotational orbit of the
endless chain.

[0008] Advantageously, the sheet conveying appara-
tus furtherincludes a sprocket that engages with the end-
less chain and drives rotation of the endless chain. An
overlapping part at which a tooth of the sprocket and an
edge of the inner guiding member overlap with each other
is provided, notches are provided to both the edge of the
inner guiding member and the tooth of the sprocket at
the overlapping part, and a thickness of the overlapping
part engaged with the endless chain and a thickness of
the inner guiding member engaged with the endless
chain are adjusted to be same by overlapping of the
notches.

[0009] Advantageously, in the sheet conveying appa-
ratus, the inner guiding member and the outer guiding
member each include a fixed part fixed to the frame, and
a moving part provided movably to the frame to expand
and shrink the rotational orbit, an overlapping part at
which an edge of the fixed part and an edge of the moving
part overlap with each other is provided, notches are pro-
vided to both the edge of the fixed part and the edge of
the moving part at the overlapping part, and a thickness
of the overlapping part engaged with the endless chain,
a thickness of the moving part engaged with the endless
chain, and a thickness of the fixed part engaged with the
endless chain are adjusted to be same by overlapping
of the notches.

[0010] According to another aspect of the present in-
vention, a printer includes: a paper-feeding unit that
sends out and feeds sheets one by one; a printing unit
that prints images on the sheets fed from the paper-feed-
ing unit; and a paper-discharging unit that discharges the
sheets on which images are printed by the printing unit,
the paper-discharging unit including a sheet conveying
apparatus including a sandwiching mechanism that
sandwiches orreleases the sheets, an endless chain with
no ends that supports the sandwiching mechanism, and
a chain guide that guides the endless chain along a pre-
determined rotational orbit. The chain guide of the sheet
conveying apparatus includes: a groove that is provided
to a fixed frame as a depression and forms the rotational
orbit; an inner guiding member that is attached to the
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frame while housing part of the endless chain in the
groove, and supports an inner side of the rotational orbit
of the endless chain; and an outer guiding member that
is attached to the frame while housing part of the endless
chain in the groove, and supports an outer side of the
rotational orbit of the endless chain.

[0011] Advantageously, in the printer, the sheet con-
veying apparatus includes a sprocket that engages with
the endless chain and drives rotation of the endless
chain, an overlapping part at which a tooth of the sprocket
and an edge of the inner guiding member overlap with
each other is provided, notches are provided to both the
edge of the inner guiding member and the tooth of the
sprocket at the overlapping part, and a thickness of the
overlapping part engaged with the endless chain and a
thickness of the inner guiding member engaged with the
endless chain are adjusted to be same by overlapping
of the notches.

[0012] Advantageously,inthe printer, the innerguiding
member and the outer guiding member each include a
fixed part fixed to the frame, and a moving part provided
movably to the frame to expand and shrink the rotational
orbit, an overlapping part at which an edge of the fixed
part and an edge of the moving part overlap with each
other is provided, notches are provided to both the edge
of the fixed part and the edge of the moving part at the
overlapping part, and a thickness of the overlapping part
engaged with the endless chain, a thickness of the mov-
ing part engaged with the endless chain, and a thickness
of the fixed part engaged with the endless chain are ad-
justed to be same by overlapping of the notches.

EFFECT OF THE INVENTION

[0013] In the sheet conveying apparatus of claim 1,
because the endless chain is supported by the inner guid-
ing member and the outer guiding member attached di-
rectly on the side of the frame, oscillation occurring when
the endless chain is rotated is suppressed by the rigid
structure, and thus noise can be reduced.

[0014] In the sheet conveying apparatus of claim 2,
because contacts between the inner guiding member and
the sprocket are prevented, and the thickness of the over-
lapping part engaged with the endless chain and the
thickness of the inner guiding member engaged with the
endless chain are adjusted to be the same by the over-
lapping of the notches, the endless chain is delivered
smoothly between the inner guiding member and the
sprocket.

[0015] In the sheet conveying apparatus of claim 3,
because the entire length of the rotational orbit of the
endless chain changes by moving the moving part, the
tension of the endless chain supported by the inner guid-
ing member and the outer guiding member can be ad-
justed. Furthermore, because the thickness of the over-
lapping part engaged with the endless chain, the thick-
ness of the moving part engaged with the endless chain,
and the thickness of the fixed part engaged with the end-
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less chain are adjusted to be the same by the overlapping
of the notches of the fixed part and the moving part, the
endless chain can be rotated smoothly atthe partat which
the tension of the endless chain is adjusted.

[0016] In the printer of claim 4, because the endless
chain is supported by the inner guiding member and the
outer guiding member attached directly on the side of the
frame, oscillation occurring when the endless chain is
rotated is suppressed by the rigid structure, and thus
noise can be reduced.

[0017] In the printer of claim 5, because contacts be-
tween the inner guiding member and the sprocket are
prevented, and the thickness of the overlapping part en-
gaged with the endless chain and the thickness of the
inner guiding member engaged with the endless chain
are adjusted to be the same by the overlapping of the
notches, the endless chain is delivered smoothly be-
tween the inner guiding member and the sprocket, and
paper can be smoothly discharged by the paper-dis-
charging unit.

[0018] In the printer of claim 6, the tension of the end-
less chain supported by the inner guiding member and
the outer guiding member can be adjusted by moving the
moving part. Furthermore, because the thickness of the
overlapping part engaged with the endless chain, the
thickness of the moving part engaged with the endless
chain, and the thickness of the fixed part engaged with
the endless chain are adjusted to be the same by the
overlapping of the notches of the fixed part and the mov-
ing part, the endless chain can be rotated smoothly at
the part at which the tension of the endless chain is ad-
justed, and paper can be discharged smoothly by the
paper-discharging unit.

BRIEF DESCRIPTION OF DRAWINGS
[0019]

[Fig. 1] Fig. 1 is a schematic of a configuration of a
printer according to an embodiment of the present
invention.

[Fig. 2] Fig. 2 is a schematic perspective view of a
sheet conveying apparatus according to the embod-
iment of the present invention.

[Fig. 3] Fig. 3 is a schematic of a chain guide of the
sheet conveying apparatus shown in Fig. 2.

[Fig. 4] Fig. 4 is a sectional schematic of A-Ain Fig. 3.
[Fig. 5] Fig. 5is a sectional schematic of B-B in Fig. 3.
[Fig. 6] Fig. 6 is a sectional schematic of C-C in Fig. 3
[Fig. 7] Fig. 7 is a sectional schematic of D-D in Fig. 3.

EXPLANATIONS OF LETTERS OR NUMERALS

[0020]

1 sheet-fed printer (printer)
2 paper-feeding unit

3 printing unit
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4 paper-discharging unit
12 chain gripper
13 discharged paper pile

121 endless chain

121a  link

121b  pin

121c  roller

122 gripper

122a  gripper bar

122b  gripper nail

123 chain guide

124 groove

125a  inner guiding member
125b  outer guiding member
125¢  notch

125d seam

125e  long hole

126 sprocket

126a tooth

126b  notch

127 pin

128 sliding member
128a long hole

128b  screw

F frame

F1 depression

P sheet

W1 first turning part
w2 second turning part
W3 arc part

w4 arc part

W5 tilting part

0 tilting angle

BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0021] Embodiments of a sheet conveying apparatus
and a printer according to the present invention are ex-
plained in detail with reference to the drawings. The
present invention is not limited by the embodiments. The
components in the embodiments include those that can
be easily replaced by a person skilled in the art, and those
that are substantially the same.

[0022] Fig. 1is aschematic of a configuration of a print-
er according to an embodiment of the present invention.
Fig. 2 is a schematic perspective view of a sheet con-
veying apparatus according to the embodiment of the
present invention. Fig. 3 is a schematic of a chain guide
of the sheet conveying apparatus shown in Fig. 2. Fig. 4
is a sectional schematic of A-A in Fig. 3. Fig. 5 is a sec-
tional schematic of B-B in Fig. 3. Fig. 6 is a sectional
schematic of C-C in Fig. 3. Fig. 7 is a sectional schematic
of D-D in Fig. 3.

[Printer]

[0023] The printer according to an embodiment of the
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presentinvention is, as shown in Fig. 1, a sheet-fed print-
er 1 that prints images on sheets P such as films, art
paper sheets, and coated paper sheets as well as on
ordinary paper, and is a so-called offset sheet-fed printer
including a plate cylinder 8, a blanket cylinder 9, and an
impression cylinder 10.

[0024] The sheet-fed printer 1 includes a paper-feed-
ing unit 2 that sends out and feeds the printing sheets P
one by one, a printing unit 3 that prints images on the
sheets P conveyed in an advance direction R, and a pa-
per-discharging unit 4 that discharges the sheets P on
which images are printed.

[0025] The paper-feeding unit 2 includes a feed paper
cassette 5, and a paper-feeding mechanism 6. The
sheets P are stacked and placed on the feed paper cas-
sette 5. The paper-feeding mechanism 6 takes up the
sheets P stacked on the feed paper cassette 5 from the
top, and supplies the sheets one by one, and is config-
ured by a separator (a paper suction), a cam, a swing
gripper and the like that are not shown in the figures. The
feed paper cassette 5 is controlled to move vertically up-
ward corresponding to the supply of the sheets P to main-
tain a substantially constant positional relationship be-
tween the paper-feeding mechanism 6 and the sheets P.
[0026] The printing unit 3 includes a plurality of printing
units 7 that realizes color printing by printing various
colors. The printing units 7 of colors to be printed are
aligned in the advance direction R of the sheets P. In the
sheet-fed printer 1, for example, the four printing units 7
corresponding to four different colors of cyan (C), ma-
genta (M), yellow (Y), and black (BL) are aligned.
[0027] The printer unit 7 includes the plate cylinder 8,
the blanket cylinder 9, and the impression cylinder 10.
The plate cylinder 8, the blanket cylinder 9, and the im-
pression cylinder 10 are formed cylindrically, and their
central axes are horizontal, and cross the advance direc-
tion R. The plate cylinder 8, the blanket cylinder 9, and
the impression cylinder 10 are arranged in this order from
the vertically upper side to the bottom side. The circum-
ferential surface of the plate cylinder 8 contacts with that
of the blanket cylinder 9, and the circumferential surface
of the blanket cylinder 9 contacts with that of the impres-
sion cylinder 10. The plate cylinder 8, the blanket cylinder
9, and the impression cylinder 10 are rotatable about
their central axes.

[0028] A press plate to form a printing image on the
peripheral surface of the plate cylinder 8 is mounted on
the plate cylinder 8. Each of the printing units 7 includes,
in the periphery of the plate cylinder 8, an ink supply
device (not shown) including a group of rollers for sup-
plying ink to an image-making part of the press plate, and
a dampening device (not shown) including a group of
water rollers for supplying dampening water to a non-
image making part of the press plate. A blanket formed
with an elastic material is mounted on the peripheral sur-
face of the blanket cylinder 9. Ink supplied to an image-
making part of the plate cylinder 8 is transcribed to the
blanket. The blanket cylinder 9 transcribes the ink to the
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sheets P with a printing image of the press plate as the
pattern. The impression cylinder 10 applies a predeter-
mined printing pressure to the sheets P in cooperation
with the blanket cylinder 9. The impression cylinder 10
is a so-called double cylinder having a diameter twice
that of the plate cylinder 8 and that of the blanket cylinder
9, and a sandwiching mechanism (not shown) that holds
the leading end of each sheet P is provided on its periph-
ery at two parts of the peripheral surface at symmetrical
positions with the central axis of the impression cylinder
10 as the reference.

[0029] The printer unit 7 further includes an interme-
diate cylinder 11. The intermediate cylinder 11 is formed
cylindrically similarly to the plate cylinder 8, the blanket
cylinder 9, and the impression cylinder 10, and the central
axis is horizontal, and crosses the advance direction R.
The intermediate cylinder 11 is rotatable aboutthe central
axis. The intermediate cylinder 11 is arranged upstream
of the impression cylinder 10 in the advance direction R
of the sheets P, and contacts the circumferential surface
of the impression cylinder 10. The intermediate cylinder
11 is a double cylinder having a diameter twice that of
the plate cylinder 8 and that of the blanket cylinder 9
similarly to the impression cylinder 10, and a sandwiching
mechanism (not shown) that holds the leading end of
each sheet P is provided on its periphery at two parts of
the peripheral surface at symmetrical positions with the
central axis of the intermediate cylinder 11 as the refer-
ence.

[0030] In each of the printing units 7, the intermediate
cylinder 11 is arranged to contact the impression cylinder
10 of the printer unit 7 that is adjacent thereto and pro-
vided upstream in the advance direction R of the sheets
P. In the present embodiment, as shown in Fig. 1, only
the printer unit 7 positioned most upstream in the ad-
vance direction Rdoes nothave the intermediate cylinder
11 of a double-cylinder size on the side of the upstream
of paper conveyance, and paper is conveyed to the im-
pression cylinder 10 from the paper-feeding unit 2
through anintermediate cylinder of a single-cylinder type.
The sheets P supplied from the paper-feeding unit 2 are
first supplied to between the blanket 9 and the impression
cylinder 10 of the printer unit 7 positioned most upstream,
and thereafter gripped one after another by the sand-
wiching mechanism of the intermediate cylinder 11 and
then of the impression cylinder 10 of the downstream
printer unit 7. The sheets P are conveyed through each
ofthe printing units 7 in this manner, and ink is transcribed
thereon one after another on their way. The type and the
arrangement of the impression cylinder 10 and the inter-
mediate cylinder 11 are not limited to those explained
above, but may be modified appropriately in accordance
with a demanded conveyance path design.

[0031] The paper-discharging unit 4 conveys the
sheets P on which the printing unit 3 prints images, and
line up and stack the sheets P. The paper-discharging
unit4 includes a chain gripper 12 that conveys the sheets
P, a discharged paper pile 13 on which the sheets P with
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images printed thereon are stacked, a fan device 14 that
forms downdraft near the discharged paper pile 13, a
paper pad 16, a vacuum suction vehicle device 17, arear
paper aligning device 18, and a width direction paper
aligning device 19.

[0032] The chain gripper 12 configures the sheet con-
veying apparatus of the present invention that receives
the sheets P from the impression cylinder 10 of the most
downstream printer unit 7 and conveys the sheets to a
predetermined position above the discharged paper pile
13. The chain gripper 12 includes endless chains 121
with no ends that are arranged oppositely and move be-
tween an adjacent position of the impression cylinder 10
of the most downstream printer unit 7 and the upper po-
sition of the discharged paper pile 13 in an rotational orbit,
and supports a gripper (sandwiching mechanism) 122
including a gripper bar 122a (see Fig. 2), and a gripper
nail 122b that sandwiches and releases the sheets P with
the gripper bar 122a (see Fig. 2) between each of the
endless chains 121.

[0033] The discharged paper pile 13 is suspended by
a chain, and is movable vertically. The sheets P dis-
charged from the chain gripper 12 are stacked and placed
on the discharged paper pile 13. When the top surface
height of the top stage of the discharged paper pile 13
rises by the sheets P being stacked, the discharged paper
pile 13 is controlled to move vertically downward gradu-
ally continuously or at steps so that the fall distance of
the sheets P is substantially constant.

[0034] The fan device 14 includes a plurality of fans
arranged substantially rectangularly, and moves the
sheets P discharged from the chain gripper 12 vertically
downward by flow control above the discharged paper
pile 13. The vacuum suction vehicle device 17 is for de-
creasing the advance speed of the falling sheets P and
at the same time controlling the falling position. The vac-
uum suction vehicle device 17 brakes the sheets P by
applying suction on the edge of each sheet P upstream
(posterior) in the advance direction R.

[0035] The paper pad 16, the rear paper aligning de-
vice 18, and the width direction paper aligning device 19
are provided at positions below the chain gripper 12 and
above the discharged paper pile 13, that is, between the
chain gripper 12 and the discharged paper pile 13. The
paper pad 16 is for regulating the position of the sheets
P downstream (anterior) in the advance direction R, and
the paper pad 16 is provided in plurality in the width di-
rection of the sheets P. The rear paper aligning device
18 is for regulating the position of the sheets P upstream
(posterior) in the advance direction R, is configured by a
plurality of plates extending vertically, and is attached to
the vacuum suction vehicle device 17. The width direction
paper aligning device 19 is for aligning the position of the
sheets P in the width direction.

[0036] In the sheet-fed printer 1, the sheets P loaded
on the feed paper cassette 5 of the paper-feeding unit 2
are taken out from the top one by one by the paper-feed-
ing mechanism 6, and are supplied to the printer unit 7
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of the printing unit 3. The sheets P supplied to the printer
unit 7 are gripped sequentially by the sandwiching mech-
anism of the impression cylinder 10 and the intermediate
cylinder 11 of each of the downstream printing units 7.
The sheets P are conveyed through each of the printing
units 7, and ink is transcribed thereon one after another
on its way. In the printer unit 7, water is supplied from
the dampening device to a non-image making part of a
press plate attached to the peripheral surface of the plate
cylinder 8, and then ink is supplied from the ink supplying
device to animage-making part of the press plate. A print-
ing image on the press plate thus obtained is transcribed
onto the blanket cylinder 9. The printing image tran-
scribed onto the blanket cylinder 9 is transcribed onto
the sheets P carried by the impression cylinder 10, and
an image of a single color is printed. This process is re-
peated with each of the printing units 7, and thereby a
color image is printed. The sheets P on which the color
image is printed are gripped by the impression cylinder
10 of the last printer unit 7 (most downstream) and then
by the gripper 122 of the chain gripper 12. The gripping
of the sheets P conveyed by the chain gripper 12 is re-
leased above the discharged paper pile 13, and the
sheets P fall and are stacked on the discharged paper
pile 13. At this time, powder is sprayed in advance on
the sheets P while conveyed by the chain gripper 12 to
prevent undried ink from being transferred on the back
of the sheets P above. The sheets P to be stacked on
the discharged paper pile 13 are lined up by the fan device
14, the vacuum suction vehicle device 17, the paper pad
16, the rear paper aligning device 18, and the width di-
rection paper aligning device 19, and then is stacked on
the discharged paper pile 13.

[Sheet conveying apparatus]

[0037] The sheet conveying apparatus is configured
as the chain gripper 12 of the paper-discharging unit 4.
The sheet conveying apparatus includes a chain guide
123 as shown in Figs. 2 to 7. The chain guide 123 forms
a rotational orbit of the endless chain 121 shown in Fig.
1, and is arranged to be opposite to guide the endless
chain 121 arranged oppositely. The chain guide 123 in-
cludes a groove 124, an inner guiding member 125a and
an outer guiding member 125b.

[0038] The groove 124 is provided as a depression on
the opposing surface of the fixed frame F (see Fig. 4)
arranged oppositely to follow the rotational orbit of the
endless chain 121 shown in Fig. 3. The groove 124 has
opening and groove depth that can house one side of
the endless chain 121.

[0039] The inner guiding member 125a is formed into
a plate as shown in Fig. 3, and is attached to the frame
F with a bolt orthe like along the inner side of the rotational
orbit of the endless chain 121 and partially along the inner
side of the rotational orbit of the opening of the groove
124 as shown in Fig. 4. The outer guiding member 125b
is formed into a plate as shown in Fig. 3, and is attached
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to the frame F with a bolt or the like along the outer side
of the rotational orbit of the endless chain 121 and par-
tially along the inner side of the rotational orbit of the
opening of the groove 124 as shown in Fig. 4. The inner
guiding member 125a and the outer guiding member
125b are provided with the opening part of the groove
124 therebetween as a gap. A roller 121c of the endless
chain 121 is fit and inserted to the gap between inner
guiding member 125a and the outer guiding member
125b. The endless chain 121 fit and inserted to the gap
between the inner guiding member 125a and the outer
guiding member 125b is housed in the groove 124 at its
one end and arranged on the frame F, and is guided
along a predetermined rotational orbit.

[0040] Steel SS400 is used for the inner guiding mem-
ber 125a and the outer guiding member 125b, and its
hardness is enhanced by surface polishing followed by
tufftriding. Steel S45C may be used for the inner guiding
member 125a and the outer guiding member 125b.
[0041] The roller 121c of the endless chain 121 in-
cludes in its inside a pin 121b that connects a link 121a
of the endless chain 121, and is rotatable about the shaft
of the pin 121b. The roller 121c fits with a tooth 126a of
the sprocket 126 (see Figs. 2 and 3) that drives rotation
of the endless chain 121 at a first turning part W1 (the
part at which the gripping is switched from the impression
cylinder 10 of the most downstream printer unit 7 to the
gripper 122) of the rotational orbit shown in Fig. 3.
[0042] The inner guiding member 125a passes the
endless chain 121 to the tooth 126a of the sprocket 126
at the first turning part W1 of the rotational orbit, and
receives the endless chain 121 from the tooth 126a of
the sprocket 126. The inner guiding member 125a is cut
at a position of the sprocket 126, and is continuous along
the rotational orbit at other parts. As shown in Figs. 3 and
5, there is a part at which one end and the other end
formed by cutting the inner guiding member 125a, and
the tooth 126a of the sprocket 126 overlap with each
other. At the overlapping part, a notch 125c and a notch
126b are provided at the both ends parts of the inner
guiding member 125a, and the tooth 126a of the sprocket
126 as shown in Fig. 5, and the notches 125c, 126b are
overlapped over one another with no contact so that a
thickness T1 of the inner guiding member 125a engaged
with the endless chain 121 and a thickness T2 of the
overlapping part engaged with the endless chain 121 are
adjusted to be the same and continuous.

[0043] The outer guiding member 125b is endlessly
continuous along the rotational orbit regardless of the
position of the sprocket 126. In other words, the outer
guiding member 125b is an arc disposed along the cir-
cumference of the tooth 126a of the sprocket 126 at the
first turning part W1 of the rotational orbit.

[0044] The inner guiding member 125a and the outer
guiding member 125b are disposed in U-shapes at a sec-
ond turning part W2 (the part above the discharged paper
pile 13 at which the gripper 122 releases its gripping) of
the rotational orbit shown in Fig. 3, and the U-shaped
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part is divided from the inner guiding member 125a and
the outer guiding member 125b of the other rotational
orbit. The inner guiding member 125a and the outer guid-
ing member 125b at the second turning part W2 of the
rotational orbit are formed arcuate at their closing parts
of the U-shapes, and the open ends of the U-shapes are
linear and parallel with each other. Long holes 125e are
provided at the open ends of the U-shapes as shown in
Figs. 3 and 6. The long hole 125e is provided parallel
with the guiding members 125a, 125b along the parallel
directions of extension of the inner guiding member 125a
and the outer guiding member 125b. The linear edges of
the guiding members 125a, 125b of the other rotational
orbit are provided at the open ends of the U-shapes, and
the ends are connected with each other.

[0045] Specifically, the ends of the guiding members
125a, 125b of the other rotational orbit form a fixed part
attached to the frame F with a pin 127 fixed to the frame
F as shown in Fig. 6. On the other hand, in the U-shaped,
open-ended guiding members 125a, 125b, the pin 127
is inserted through the long holes 125e, and moving parts
supported movably in the direction of extension of the
long holes 125¢ are formed. The U-shaped, open-ended
guiding members 125a, 125b, and the ends of guiding
members 125a, 125b of the other rotational orbit overlap
with each other. The notch 125c is provided at the ends
of the overlapping parts, and by overlapping the notches
125¢c, 125c, the thickness of the overlapping part en-
gaged with the endless chain 121, and the thickness T1
of the guiding members 125a, 125b engaged with the
endless chain 121 are adjusted to be the same and con-
tinuous.

[0046] Furthermore, the U-shaped guiding members
125a, 125b at the second turning part W2 of the rotational
orbit are attached to a sliding member 128 as shown in
Figs. 3and 6. The grooves 124 that configure the chafing
guide 123 together with the U-shaped guiding members
125a, 125b at the second turning part W2 of the rotational
orbit is provided as a depression in the sliding member
128, and long holes 128a are provided on the sliding
member 128 along the direction of extension of the long
holes 125e. The sliding member 128 is housed in a de-
pression F1 formed on the frame F, and is attached to
the frame F with a screw 128b inserted to the long hole
128a. The frame F is slidable in the direction of extension
of the holes 128a (the arrow S direction in Figs. 3 and 6)
by loosening the screw 128b. That s, the U-shaped guid-
ing members 125a, 125b at the second turning part W2
of the rotational orbit slide in the direction of extension
of the long holes 125e (the arrow S direction in Figs. 3
and 6) such that part of the rotational orbit expands and
shrinks while being supported by the pin 127 in relation
to the guiding members 125a, 125b of the other rotational
orbit, along with sliding of the sliding member 128.
[0047] The inner guiding member 125a and the outer
guiding member 125b form the rotational orbit with a plu-
rality of parts through seams 125d as shown in Fig. 3.
As shown in Fig. 7, overlapping parts at which the edges
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of the inner guiding member 125a and the edges of the
outer guiding members 125b overlap are provided at the
seams 125d. The notches 125c are provided to the edges
at the overlapping parts, and the thickness of the over-
lapping parts engaged with the endless chain 121 and
the thickness T1 of the guiding members 125a, 125b en-
gaged with the endless chain 121 are adjusted to be the
same and continuous by overlapping the notches 125c,
125c. The inner guiding member 125a and the outer guid-
ing member 125b are attached to the frame F with a bolt
or the like at the parts where the notches 125c, 125c are
overlapped. With this configuration, manufacturing and
assembling of the rotational orbit become easy, the inner
guiding member 125a and the outer guiding member
125b are surely attached to the frame F, and rotation of
the endless chain 121 can be smoothly guided at the
overlapping parts of the seams 125d.

[0048] In the sheet conveying apparatus (the chain
gripper 12) applied to the sheet-fed printer 1, when the
sheets P are conveyed, rotation of the sprocket 126 is
driven clockwise in Fig. 3 (the arrow K direction in Fig.
3), and the endless chain 121 is rotated in the arrow J
direction in Fig. 3 along the rotational orbit formed by the
inner guiding member 125a and the outer guiding mem-
ber 125b. The gripper 122 that moves along the rotational
orbit along with the rotation of the endless chain 121 grips
the leading end of each sheet P at the first turning part
W1, passes through the lower range of the rotational or-
bit, and release the gripping at the second turning part
W?2. After releasing the gripping, the gripper 122 passes
through the upper range of the rotational orbit, and re-
turns from the second turning part W2 to the first turning
part W1.

[0049] In the sheet conveying apparatus thus config-
ured, the chain guide 123 that supports endless chain
121 at the rotational orbit is configured by the groove 124
formed on the side of the fixed frame F forming a rota-
tional orbit, and the guiding members 125a, 125b that
are attached on the side of the frame F with part of the
endless chain 121 being housed in the groove 124, and
support the inner side and the outer side of the rotational
orbit of the endless chain 121. Accordingly, because the
endless chain 121 is supported by the frame F with the
guiding members 125a, 125b attached directly on the
side of the frame F, oscillation occurring due to the rota-
tion of the endless chain 121 is suppressed by the rigid
structure, and noise can be reduced. In the sheet-fed
printer 1 to which the sheet conveying apparatus is ap-
plied to the paper-discharging unit 4, noise at the paper-
discharging unit 4 can be reduced.

[0050] Some chain guides of existing sheet conveying
apparatuses have a guide rail that is configured by cast-
ing to have a substantially C-shaped section. Because
the guide rail configured by casting requires a longer time
for processing accurately a C-shaped opening that sup-
ports the endless chain, manufacturing cost of the guide
rail increases, the C-shaped opening end may break
down due to fatigue caused by load or oscillation made
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due to the centrifugal force of the rotating endless chain.
In this regard, because the guiding members 125a, 125b
formed into plates are attached to the opening of the
groove 124 in the chain guide 123 of the present embod-
iment, the manufacturing cost of the guiding members
can be reduced as compared with casting, oscillation can
be suppressed as explained above, and accordingly oc-
currence of fatigue breakdown can be reduced. Because
the steel SS4400 subjected to tufftriding, or the steel
S45c are used as the material of the guiding members
125a, 125b, strength can be improved.

[0051] The inner guiding member 125a that supports
the inner side of the rotational orbit of the endless chain
121 is cut at the position of the sprocket 126, and the
notches 125¢, 126b are provided at the overlapping part
of the edge, and the tooth 126a of the sprocket 126. By
overlapping the notches 125c¢, 126b with no contact, the
thickness T1 of the inner guiding member 125a engaged
with the endless chain 121 and the thickness T2 of the
overlapping part engaged with the endless chain 121 are
adjusted to be the same and continuous. Accordingly,
contact between the inner guiding member 125a and the
sprocket 126 is prevented, and the endless chain 121
can be delivered smoothly between the inner guiding
member 125a and the sprocket 126. Because the outer
guiding member 125b is an arc disposed along the cir-
cumference of the tooth 126a of the sprocket 126, the
fitting of the sprocket 126 and endless chain 121 can be
held at the circumference part of the sprocket 126. In the
sheet-fed printer 1 in which the sheet conveying appa-
ratus is applied to the paper-discharging unit 4, paper
can be smoothly discharged by the paper-discharging
unit 4.

[0052] The guiding members 125a, 125b of the chain
guide 123 include, at the second turning part W2 of the
rotational orbit, fixed parts fixed to the frame F and mov-
ing parts provided movably to the frame F so as to expand
and shrink part of the rotational orbit of the endless chain
121. Accordingly, by moving the moving part along the
direction of extension of the long hole 125e, the entire
length of the rotational orbit changes, and thereby tension
of the endless chain 121 supported by the guiding mem-
bers 125a, 125b can be adjusted. Because the notches
125c, 125c are provided at the overlapping parts of the
edges of the fixed part and the moving part, and the thick-
ness of the overlapping part engaged with the endless
chain 121 and the thickness T1 of the guiding members
125a, 125b engaged with the endless chain 121 are ad-
justed to be the same and continuous by overlapping the
notches 125c¢, 125c, the endless chain 121 can be
smoothly rotated at the part where the tension of the end-
less chain 121 is adjusted. In the sheet-fed printer 1 in
which the sheet conveying apparatus is applied to the
paper-discharging unit 4, paper can be smoothly dis-
charged by the paper-discharging unit 4.

[0053] Inthe presentembodiment, the sliding member
128 to which the U-shaped guiding members 125a, 125b
provided with the groove 124 as depressions are at-
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tached is applied as a configuration of sliding the moving
part. Other than this, as a configuration of sliding the mov-
ing part, although not shown, the U-shaped guiding mem-
bers 125a, 125b may be provided slidably to the frame
F without using the sliding member 128, and the groove
124 that houses one side of the endless chain 121 may
be attached corresponding to the position to which the
guiding members 125a, 125b slide.

[0054] In the rotational orbit of the endless chain 121
in the sheet conveying apparatus (the chain gripper 12)
applied to the sheet-fed printer 1, as shown in Figs. 1
and 3, the second turning part W2 of the rotational orbit
(the part at which the gripper 122 releases the gripping
above the discharged paper pile 13) is positioned above
the first turning part W1 of the rotational orbit to which
the sprocket 126 is provided (the part at which the grip-
ping is switched from the impression cylinder 10 of the
most downstream printer unit 7 to the gripper 122).
[0055] The sheets P whose leading ends are gripped
by the gripper 122 at a lower range of the rotational orbit
are conveyed to the upper left of Fig. 3 while being ac-
celerated by the rotational drive of the sprocket 126. In
the chain gripper 12in the presentembodiment, the chain
guide 123 (the groove 124, the inner guiding member
125a, and the outer guiding member 125b) is arranged
forming an arc part W3 with the largest curvature in ac-
cordance with the arrangement of the impression cylinder
10 of the most downstream printer unit 7, the discharged
paper pile 13, and other configurations involved in the
conveyance of the sheets P so that the first turning part
W1 continues smoothly to the second turning part W2 in
the lower range of the rotational orbit.

[0056] Accordingly, even when the gripper 12 gripping
the leading end of each sheet P moves from the first
turning part W1 to the second turning part W2 and chang-
es its direction to the upper left, the gripper 122 is guided
along a smooth locus of the arc part W3; thus, the rear
end of each sheet P that is not gripped and free does not
flip-flop, and the conveyance position of the sheets P can
be stabilized. Furthermore, because the gripper 122 is
guided along a smooth locus of the arc part W3, the cen-
trifugal force that the endless chain 121 receives can be
reduced, and the abrasion resistance between the end-
less chain 121 and the guiding members 125a, 125b can
be improved.

[0057] In the upper range of the rotational orbit, the
gripper 122 moves to the lower right of the Fig. 3 while
being accelerated by the rotational drive of the sprocket
126. In the chain gripper 12 of the present embodiment,
in the upper range of the rotational orbit, the chain guide
123 (the groove 124, the inner guiding member 125a,
and the outer guiding member 125b) is arranged forming
an arc part W4 so that the second turning part W2 con-
tinues smoothly to the first turning part W1. In the rota-
tional orbit of the present embodiment, the arc part W3
is formed to have the largest curvature, and the curvature
of the arc part W4, the first turning part W1, and the sec-
ond turning part W2 (the closing part of the U-shape) are



15 EP 2 189 406 A1 16

set in this order.

[0058] Inthe lower range of the U-shape of the second
turning part W2, the open ends of the guiding members
125a, 125b that continue from the arc part W3 are formed
substantially horizontally. From the open ends to the left
part of Fig. 3 up to the arc of the blocking part of the U-
shape, the chain guide 123 (the groove 124, the inner
guiding member 125a, and the outer guiding member
125b) is arranged forming a tilting part W5 tilting to the
lower left. The tilting angle 6 of the tilting part W5 is set
to be equal to or more than 2° and equal to or less than
5°, and preferably 3.5°.

[0059] Accordingly, because the gripper 122 gripping
the leading end of each sheet P moves along the tilting
part W5 tilting to the lower left, each sheet P takes a
position with its leading end directed slightly to the lower
left, and the gripping of the gripper 122 is released; as a
result, the fall position of the sheets P to the discharged
paper pile 13 can be stabilized.

INDUSTRIAL APPLICABILITY

[0060] As canbe seen, the sheetconveying apparatus
and the printer according to the present invention are
useful for a configurationincluding, for conveying asheet,
an endless chain with no ends that supports a sandwich-
ing mechanism that sandwiches the sheet, and a chain
guide that guides the endless chain along a predeter-
mined rotational orbit, and especially is suited for reduc-
ing noise by suppressing oscillation occurring when the
endless chain is rotated.

Claims
1. A sheet conveying apparatus comprising:

a sandwiching mechanism that sandwiches or
releases a sheet;

an endless chain with no ends that supports the
sandwiching mechanism; and

a chain guide that guides the endless chain
along a predetermined rotational orbit, wherein
the chain guide includes:

a groove that is provided to a fixed frame
as a depression and forms the rotational or-
bit;

an inner guiding member that is attached to
the frame while housing part of the endless
chain in the groove, and supports an inner
side of the rotational orbit of the endless
chain; and

an outer guiding member that is attached to
the frame while housing part of the endless
chain in the groove, and supports an outer
side of the rotational orbit of the endless
chain.
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2

The sheet conveying apparatus according to claim
1, further comprising a sprocket that engages with
the endless chain and drives rotation of the endless
chain, wherein

an overlapping part at which a tooth of the sprocket
and an edge of the inner guiding member overlap
with each other is provided,

notches are provided to both the edge of the inner
guiding member and the tooth of the sprocket at the
overlapping part, and

a thickness of the overlapping part engaged with the
endless chain and a thickness of the inner guiding
member engaged with the endless chain are adjust-
ed to be same by overlapping of the notches.

The sheet conveying apparatus according to claim
1, wherein

the inner guiding member and the outer guiding
member each include a fixed part fixed to the frame,
and a moving part provided movably to the frame to
expand and shrink the rotational orbit,

an overlapping part at which an edge of the fixed
part and an edge of the moving part overlap with
each other is provided,

notches are provided to both the edge of the fixed
part and the edge of the moving part at the overlap-
ping part, and

a thickness of the overlapping part engaged with the
endless chain, a thickness of the moving part en-
gaged with the endless chain, and a thickness of the
fixed part engaged with the endless chain are ad-
justed to be same by overlapping of the notches.

A printer comprising:

a paper-feeding unit that sends out and feeds
sheets one by one;

a printing unit that prints images on the sheets
fed from the paper-feeding unit; and

a paper-discharging unit that discharges the
sheets on which images are printed by the print-
ing unit, the paper-discharging unit including a
sheet conveying apparatus including a sand-
wiching mechanism that sandwiches or releas-
es the sheets, an endless chain with no ends
that supports the sandwiching mechanism, and
a chain guide that guides the endless chain
along a predetermined rotational orbit, wherein
the chain guide of the sheet conveying appara-
tus includes:

a groove that is provided to a fixed frame
as a depression and forms the rotational or-
bit;

an inner guiding member that is attached to
the frame while housing part of the endless
chain in the groove, and supports an inner
side of the rotational orbit of the endless
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chain; and

an outer guiding member that is attached to
the frame while housing part of the endless
chain in the groove, and supports an outer
side of the rotational orbit of the endless
chain.

The printer according to claim 4, wherein

the sheet conveying apparatus includes a sprocket
that engages with the endless chain and drives ro-
tation of the endless chain,

an overlapping part at which a tooth of the sprocket
and an edge of the inner guiding member overlap
with each other is provided,

notches are provided to both the edge of the inner
guiding member and the tooth of the sprocket at the
overlapping part, and

a thickness of the overlapping part engaged with the
endless chain and a thickness of the inner guiding
member engaged with the endless chain are adjust-
ed to be same by overlapping of the notches.

The printer according to claim 4, wherein

the inner guiding member and the outer guiding
member each include a fixed part fixed to the frame,
and a moving part provided movably to the frame to
expand and shrink the rotational orbit,

an overlapping part at which an edge of the fixed
part and an edge of the moving part overlap with
each other is provided,

notches are provided to both the edge of the fixed
part and the edge of the moving part at the overlap-
ping part, and

a thickness of the overlapping part engaged with the
endless chain, a thickness of the moving part en-
gaged with the endless chain, and a thickness of the
fixed part engaged with the endless chain are ad-
justed to be same by overlapping of the notches.
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