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(54) Linear capper and capping method

(57) A linear capper (2) is provided with a piece unit
transport mechanism (52). This mechanism (52) trans-
ports a scratch piece unit (60) between a cap-receiving
position and a setting position in a substantially horizon-
tal plane. The cap-receiving position is a position where
the caps (48) are sequentially transferred from the ter-
minating end of the cap transport passage (50) to the
scratch pieces (58) of the scratch piece unit (60). The
setting position is a position where the scratch piece unit
(60) is set above the conveyor (6). A scratch piece unit
(60) is on the scratch piece transport mechanism (52).
The scratch piece unit (60) moves after an operation unit
(18), which moves in accordance with the movement of
the conveyor (6). The scratch piece unit (60) is movable
in the conveying direction of the conveyor (6), the direc-
tion opposite to the conveying direction, and the direc-
tion orthogonal to the conveying direction.
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Description

[0001] The present invention relates to a linear capper
which automatically caps receptacles arranged on a
conveyor, and to a capping method used by the capper.
[0002] Jpn. Pat. Appln. KOKOKU Publication No.
4-59233 discloses a capper described below.
[0003] The capper comprises: a cap shoot which
causes caps supplied from a cap supply section to fall
freely along an inclined plane; and capping chucks
which chuck the caps. The capper also comprises a
scratch piece unit which moves the caps from the cap
shoot to the capping chucks. The scratch piece unit is
movable between a position which is near the cap shoot
and a position which is away from it.
[0004] When a scratch piece moves a rod out of a cyl-
inder device, a movable plate comes to a position above
the receptacles by means of a lever and a swingable
arm. At the time, the arm of the scratch piece is held
horizontal because of its own weight. After the rod is
moved out of the cylinder device, an operation arm low-
ers an operation cam. A cam follower swings down, with
a pin as a shaft. In addition, the arm of the scratch piece
unit, namely the scratch pieces, swings in a predeter-
mined direction.
[0005] In a state where the scratch piece is raised, the
caps are carried to the terminating end of the cap shoot.
After being sequentially caught, the caps are returned
to their original positions.
[0006] When the movable cam and the cam follower
separate from each other, the arm of the scratch piece
unit, namely the scratch piece, swings with the pin as a
shaft because of its own weight. Then, the scratch piece
is returned into the horizontal state. The capping head
moves down, then the cap on the scratch piece is
chucked, and then the capping head moves up. After a
rod is pulled from the cylinder device, the movable plate
gets off above the receptacles by means of the lever and
the swinging arm. Subsequently, the capping head
moves down, and the receptacles are capped.
[0007] In the technology shown in Jpn. Pat. Appln.
KOKOKU Publication No. 4-59233, the scratch piece
moves (swings) up or down. Depending upon the weight
of the scratch piece, the swinging motion may result in
the cap position being shifted from the right position.
[0008] Furthermore, many movable units, such as a
vertically movable member and a motor, are arranged
above the receptacles. With this structure, it may hap-
pen that some member will fall or the abraded particles
of the units will attach to the surface of the receptacles
or enter the interior of the receptacles.
[0009] The present invention has been conceived in
an effort to solve the above problems, and the object of
the invention is to provide a linear capper and a capping
method which reliably arranges caps at the intended po-
sitions and which prevents the components from falling
or reduces the amount of abraded particles.
[0010] To achieve the above object, the linear capper

according to the present invention comprises:

a conveyor which sequentially conveys a plurality
of receptacles at a constant rate;
a cap transport passage along which caps for the
receptacles are supplied;
a piece unit in which a plurality of scratch pieces for
receiving the caps are arranged in the same plane
in such a manner that one array or a number of par-
allel arrays are formed;
a piece unit transport mechanism which transports
a piece unit between a cap-receiving position and
a setting position in a substantially horizontal plane,
the cap-receiving position being a position where
the caps are sequentially transferred from a termi-
nating end of the cap transport passage to pieces
of the piece unit, and the setting position being a
position where the piece unit is set above the con-
veyor;
a plurality of capping chucks arranged in one or
more arrays in a direction in which the receptacles
are fed, the capping chucks chucking the caps
mounted on the piece unit in a state where the piece
unit is located at the setting position and above the
conveyor; and
chuck driving means for vertically driving the
chucks, the chuck driving means lowering the
chucks from a standby position, which is above the
piece unit, to a capping position where the recepta-
cles are capped, when the piece unit separates
from the conveyor, the chuck driving means cap-
ping the receptacles while moving in such a manner
as to follow the conveyor.

[0011] In a capping method provided by the present
invention, a conveyor sequentially conveys a plurality of
receptacles at a constant rate, caps for the receptacles
are first supplied along a cap transport passage and
then sequentially transferred from a terminating end of
the cap transport passage onto a piece unit wherein a
plurality of scratch pieces are arranged in such a man-
ner as to form one array or a number of arrays, the piece
unit is moved to a position above the conveyor, and the
caps mounted on pieces of the piece unit are chucked
by capping chucks and attached to the receptacles, for
capping, the capping method comprising:

a step of moving the piece unit to a position below
the capping chucks in a substantially horizontal
plane until the caps and the capping chucks are
substantially aligned;
a step of lowering the capping chucks until the cap-
ping chucks chuck the caps;
a step of moving the capping chucks upward and
thereafter moving the piece unit away from a posi-
tion where the piece unit is below the capping
chucks and the caps on the piece unit are aligned
with the capping chucks;
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a step of capping the receptacles while moving the
capping chucks down; and
a step of opening the capping chucks, separating
the capping chucks from the caps, and moving the
capping chucks upward.

[0012] This summary of the invention does not nec-
essarily describe all necessary features so that the in-
vention may also be a sub-combination of these de-
scribed features.
[0013] The invention can be more fully understood
from the following detailed description when taken in
conjunction with the accompanying drawings, in which:

FIG. 1 is a schematic front view of a linear capper
according to one embodiment of the present inven-
tion.
FIG. 2A is a schematic plan view of the linear capper
depicted in FIG. 1.
FIG. 2B is a schematic diagram showing how the
positional relationships of a scratch piece unit and
scratch pieces are relative to a cap shoot.
FIG. 3A is a schematic plan view of a scratch piece
transport mechanism which the embodiment uses
for moving the scratch piece unit.
FIG. 3B is a schematic side view of what FIG. 3A
shows.
FIG. 4 is a schematic front view of a gripper, which
is employed in the linear capper shown in FIG. 1.
FIG. 5 is a schematic plan view of the gripper shown
in FIG. 4.
FIG. 6 is a schematic side view of the gripper shown
in FIGS. 4 and 5.
FIG. 7 is a diagram illustrating how the positional
relationship of the scratch piece unit to a conveyor
is in a horizontal plane.
FIG. 8A shows a schematic plan view illustrating
how the scratch piece unit and capping chucks are
in one state, and also shows a schematic side view
of them.
FIG. 8B shows a schematic plan view illustrating
how the scratch piece unit and the capping chucks
are in another state, and also shows a schematic
side view of them.
FIG. 9A shows a schematic plan view illustrating
how the scratch piece unit and the capping chucks
are in another state, and also shows a schematic
side view of them.
FIG. 9B shows a schematic plan view illustrating
how the scratch piece unit and the capping chucks
are in another state, and also shows a schematic
side view of them.
FIG. 9C shows a schematic plan view illustrating
how the scratch piece unit and the capping chucks
are in another state, and also shows a schematic
side view of them.

[0014] An embodiment of the present invention will

now be described with reference to the accompanying
drawings.
[0015] As shown in FIG. 1, a capper 2 comprises a
frame 4 that supports an operation unit 18 described lat-
er. As shown in FIG. 1 and 2A, a linear conveyor 6 is
provided on the frame 4. Receptacles 8 are arranged
on the conveyor 6 at predetermined intervals (pitches).
In this state, the conveyor 6 is driven at a constant
speed.
[0016] A rack 12 and a pair of parallel support rods 13
are provided on the frame 4 and extend in parallel to the
conveying direction of the conveyor 6. The operation
unit 18 is on the support rods 13 and is slidable along
it. The operation unit 18 is provided with a first servo
motor 16, and the driving shaft of this servo motor ex-
tends downward. As shown in FIG. 1, a pinion 14 is at-
tached to the driving shaft. The pinion 14 is in engage-
ment with the rack 12. In this manner, an operation unit-
moving means 88 is formed.
[0017] The operation unit-moving means 88 operates
as below. When the first servo motor 16 rotates in a pre-
determined direction, the torque generated thereby is
transmitted to the pinion 14. By the rotation of this pinion
14, the operation unit 18 bearing the first servo motor
16 thereon linearly moves along the rack 12 and the sup-
port rods 13.
[0018] When the first servo motor 16 rotates in the re-
verse direction, the operation unit 18 moves substan-
tially linearly in the direction opposite to the conveying
direction of the conveyor 6. In other words, the operation
unit 18 moves back and forth along the rack 12 and sup-
port rods 13 within a predetermined range of the frame
4.
[0019] The moving speed of the operation unit 18 is
under the feedback control by the first servo motor 16.
By this feedback control, the moving speed of the oper-
ation unit 18 can be controlled in accordance with the
conveying speed of the conveyor 6. When the pinion 14
has reached a predetermined position at one end of the
rack 12, the first servo motor 16 is stopped temporarily.
The subsequent operation is optional--the first servo
motor 16 may remain at rest or may be driven in the
opposite direction. In other words, the operation unit 18
moves in two directions: one is the same as the convey-
ing direction of the conveyor 6, and the other is opposite
to that conveying direction. In either case, the moving
speed of the operation unit 18 may be equal to, or greatly
different from the driving speed of the conveyor 6. For
example, the moving speed of the operation unit 18 can
be arbitrarily controlled on the basis of the intervals at
which the receptacles are arranged on the conveyor 6.
[0020] The operation unit 18 is also provided with a
second servo motor 20 adjacent to the first servo motor
16. The driving shaft of this servo motor 20 is projected
in the opposite direction to that of the first servo motor
16. That is, it extends upward in the operation unit 18.
A timing pulley 22 is attached to the driving shaft of the
second servo motor 20.
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[0021] A ball screw 26 is located above the operation
unit 18. The lower end of the ball screw 26 is substan-
tially at the same level as the timing pulley 22 attached
to the driving shaft of the second servo motor 20. A tim-
ing pulley 28 is attached to the lower end of the ball
screw 26. A timing belt 24 is wound around both the tim-
ing pulley 28 and the timing pulley 22 of the second ser-
vo motor 20.
[0022] A bearing 30 is provided at the upper end of
the ball screw 26. A base member 32 provided for the
operation unit 18 is coupled to the base member 32
through the bearing 30. When the ball screw 26 rotates,
this rotation causes the base member 32 to move line-
arly.
[0023] The rear end portion of a capping head 34 is
located above the base member 32. As shown in FIG.
2A, the front end portion of the capping head 34 is pro-
vided with three capping chucks 36. These capping
chucks 36 are linearly arranged above the line of the
conveyor 6 and extend downward. A timing pulley 38 is
provided at the upper end of each capping chuck 36.
[0024] Three motors 42, preferably servo motors, are
located between the front and rear ends of the capping
head 34. These motors 42 are arranged linearly and
have their driving shafts projected upward. A timing pul-
ley 44 is attached to each driving shaft. A timing belt 46
is wound around each timing pulley 44 and the corre-
sponding one of the timing pulleys 38 at the upper end
of the capping chuck 36.
[0025] The lower end of the capping chuck 36 is a
chuck portion 40 which is openable/closable and rotat-
able. A spindle 41 is provided between the upper and
lower ends of the capping chuck 36. In this manner, a
chuck driving means 90 is formed.
[0026] The chuck driving means 90 operates as fol-
lows. When the second servo motor 20 rotates, the
torque is transmitted to the timing pulley 22, and then to
the timing belt 24 which is in engagement with the timing
pulley 22. This torque is transmitted to the ball screw 26
through the timing pulley 28. The rotation of the ball
screw 26 causes the base member 32 to linearly move
in the vertical direction. The capping head 34 attached
to the base member 32 is raised or lowered in accord-
ance with the vertical movement of the base member
32, so that the capping chuck 36 linearly moves in the
vertical direction. When the capping chuck 36 moves,
its moving distance is determined based on the feed-
back control of the second servo motor 20. The moving
speed of the capping chuck 36 can be controlled in as-
sociation with the operation of a scratch piece transport
mechanism 52.
[0027] When the motor 42 adjacent to the capping
head 34 is driven, the torque of the motor 42 is trans-
mitted to the timing belt 46 through the timing pulley 44.
The torque is then transmitted to the spindle 41 through
the timing pulley 38, thereby rotating the spindle 41. As
a result, the chuck portion 40 at the lower end of the
capping chuck 36 is rotated. The torque applied by the

chuck portion 40 is determined by controlling the motor
42. Therefore, when caps 48 are attached to recepta-
cles 8, the tightened state of the caps 48 can be opti-
mally controlled.
[0028] The stroke of the capping chuck 36, i.e., the
distance for which the capping chuck 36 linearly moves
in the vertical direction, can be freely determined. In ad-
dition, the rotation of the capping chuck 36 can be de-
termined in such a manner that the caps 48 are secured
to the receptacles 8 with an appropriate force.
[0029] As shown in FIGS. 2A and 2B, the frame 4 is
provided with a cap transport passage 50 (a cap shoot)
for successively supplying the caps 48. The cap trans-
port passage 50 is disposed above the upper surface of
the frame 4 in such a manner that its terminating end is
along the conveying direction of the conveyor 6.
[0030] The caps 48 are sequentially supplied from a
cap supply section (not shown) to the cap transport pas-
sage 50. In the state where the caps 48 are in mutual
contact, the caps 48 slide down in a line along the cap
transport passage 50 and come to the terminating end
of the cap transport passage 50. A scratch piece unit
60, which is parallel to the upper surface of the frame 4,
is located in the neighborhood of the terminating end of
the cap transport passage 50. The scratch piece unit 60
has three scratch pieces 58. At the terminating end of
the cap transport passage 50, the caps 48 come into
engagement with the scratch pieces 58 one by one.
[0031] The scratch piece unit 60 is provided with a
scratch piece transport mechanism 52. The scratch
piece unit 60 is movably supported by this transport
mechanism 52. As shown in FIGS. 3A and 3B, the
scratch piece transport mechanism 52 includes a first
base 54 and a second base 56, both of which are rec-
tangular. The first and second bases 54 and 56 cross at
right angles and form a substantially "T"-shaped struc-
ture. A first axially moving means 84 extends in the lon-
gitudinal direction (X-axis direction) of the first base 54.
Likewise, a second axially moving means 86 extends in
the longitudinal direction (Y-axis direction) of the second
base 56.
[0032] The first axially moving means 84 of the first
base 54 includes a first linearly guiding device 62 (a first
guide section) in the form of a rail. This rail extends in
an X-axis direction. The X-axis direction is parallel to the
conveying direction of the conveyor 6. A first ball screw
64 extends along the longitudinal center of the first lin-
early guiding device 62. A first slider 66 is provided for
the first ball screw 64 and first linearly guiding device
62. The first slider 66 penetrates the first ball screw 64
and is in threadable engagement therewith. The first
slider 66 is slidably coupled to the first linearly guiding
device 62 (which is a rail).
[0033] A first servo motor 68 is coupled to one end of
the first ball screw 64. When the first servo motor rotates
in a predetermined direction, the torque produced there-
by rotates the first ball screw 64. The rotation of the first
ball screw 64 causes the first slider 66 to linearly slide
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along the first linearly guiding device 62 in the conveying
direction of the conveyor 6. On the other hand, when the
first servo motor 68 rotates in the direction opposite to
the predetermined direction, the torque produced there-
by rotates the first ball screw 64 in the opposite direction.
This rotation of the first ball screw 64 causes the first
slider 66 to linearly slide along the first linearly guiding
device 62 in the direction opposite to the conveying di-
rection of the conveyor 6.
[0034] The second axially moving means 86 of the
second base 56 includes a second linearly guiding de-
vice 70 (a second guide section) in the form of a rail.
This rail extends in a Y-axis direction. The Y-axis direc-
tion is orthogonal to the conveying direction of the con-
veyor 6. A second ball screw 72 extends along the lon-
gitudinal center of the second linearly guiding device 70.
A second slider 74 is provided for the second ball screw
72 and second linearly guiding device 70. The second
ball screw 72 penetrates the second slider 74 and is in
threadable engagement therewith. The second slider 74
is slidably coupled to the second linearly guiding device
70 (which is a rail). A cam follower 78 (an engagement
member) is attached to the second slider 74.
[0035] A second servo motor 76 is coupled to one end
of the second ball screw 72. When the second servo
motor rotates in a predetermined direction, the torque
produced thereby rotates the second ball screw 74. The
rotation of the second ball screw 74 causes the second
slider 74 to linearly slide along the second linearly guid-
ing device 70 in a direction approaching the first base
54. On the other hand, when the second servo motor 76
rotates in the direction opposite to the predetermined
direction, the torque produced thereby rotates the sec-
ond ball screw 72 in the opposite direction. This rotation
of the second ball screw 72 causes the second slider 74
to linearly slide along the second linearly guiding device
70 in the direction away from the first base 54.
[0036] As shown in FIG. 3B, the scratch piece unit 60
and the first slider 66 are connected together. A pair of
parallel rods 80, extending in parallel in the X-axis di-
rection, are disposed on the lower surface of the scratch
piece unit 60, as can be seen from FIGS. 3A and 3B.
The cam follower 78 described above is sandwiched be-
tween the parallel rods 80 and in engagement with the
scratch piece unit 60.
[0037] The cam follower 78 moves in such a manner
as to follow the second slider 74. Therefore, when the
second slider 74 moves in the Y-axis direction, the
scratch piece unit 60 also moves in the same direction.
When the scratch piece unit 60 moves in the X-axis di-
rection, it moves along the parallel rods 80 in such a
manner as to follow the first slider 66.
[0038] When the scratch piece transport mechanism
52 moves in the conveying direction of the conveyor 6,
it approaches the terminating end of the cap transport
passage 50. During this movement, the scratch piece
transport mechanism 52 comes to a reception position
where the scratch pieces 58 come into engagement with

the caps 48. When the scratch piece transport mecha-
nism 52 moves in the Y-axis direction, it comes to a set-
ting position which is under the capping chucks 36 and
coaxial therewith, in the state where the caps 48 are
mounted on the scratch pieces 58. The setting position
is a position where the caps 48 are chucked and trans-
ferred to the chuck portions 40 of the capping chucks 36.
[0039] As can be seen from the above, the scratch
piece transport mechanism 52 is movable in two direc-
tions within a predetermined horizontal range, one di-
rection being the X-axis direction which is along the con-
veying direction of the conveyor 6, and the other direc-
tion being the Y-axis direction orthogonal to the convey-
ing direction of the conveyor 6.
[0040] In the above embodiment, the cam follower 78
was described as an engagement member disposed be-
tween the scratch piece unit 60 and the second slider
74. However, the cam follower 78 may be replaced with
a bearing or another member formed of resin or brass
as long as the alternative member allows the scratch
piece unit 60 to move in a predetermined direction.
[0041] When the capper 2 caps the receptacles 8 ar-
ranged on the conveyor 6, grippers 10 shown in FIG. 2A
hold the receptacles 8 one by one. As shown in FIG. 2A,
the grippers 10 arranged on the conveyor 6 are three in
number, like the capping chucks 36 and the scratch
pieces 38.
[0042] As shown in FIGS. 4 through 6, each gripper
10 is provided with a guide section 92 which is formed
as a rail. As shown in FIGS. 5 and 6, a pair of sliders 94,
which are away from each other by a predetermined dis-
tance, are slidable along the guide section 92. A cylinder
96 is located between the sliders 94 and extends along
the guide section 92. A joint 98 is attached to that one
end of the cylinder 96. A pair of first links 100 are pro-
vided for the tip end of the joint 98. The first ends of
these first links 100 are pivotally coupled to the joint 98
by means of a first pivotal coupling section 102. At the
second ends, the first links 100 are connected to second
links 106, respectively. The second ends of the first links
100 and the first ends of the second links 106 are piv-
otally coupled by means of second pivotal coupling sec-
tions 104. Third pivotal coupling sections 108 are pro-
vided at appropriate positions on the second links 106.
The third pivotal coupling sections 108 are coupled to a
base 113 shown in FIGS. 4 and 6. A pair of gripper bases
110 are connected to appropriate positions of the sec-
ond links 106. Preferably, the gripper bases 110 are
each shaped as "C" and face each other.
[0043] The cylinder 96 moves the joint 98 relative to
the sliders 94 in the conveying direction of the conveyor
6, i.e., rightward as viewed in FIG. 5. This movement
opens the first links 100. To be more specific, the angle
formed by the first links 100 changes from acute to ob-
tuse. In accordance with the opening movement of the
first links 100, the second links 106 move, with the third
pivotal coupling sections 108 as fulcrums. As a result,
the second pivotal coupling sections 104 move away
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from each other, and the gripper bases 110 move in the
closing direction. In this manner, a receptacle 8 is held.
[0044] The cylinder 96 moves the joint 98 relative to
the sliders 94 in the direction opposite to the conveying
direction of the conveyor 6, i.e., leftward as viewed in
FIG. 5. This movement closes the first links 100. To be
more specific, the angle formed by the first links 100 be-
comes more acute. In accordance with the closing
movement of the first links 100, the second links 106
move, with the third pivotal coupling sections 108 as ful-
crums, in such a manner that the second pivotal cou-
pling sections 104 move closer to each other. Accord-
ingly, the gripper bases 110 move in the opening direc-
tion. In this manner, the receptacle 8 is released.
[0045] As can be seen from the above, the gripper
bases 110 move to the receptacle 8 in such a manner
that the movements of them are simultaneous and sym-
metric. As compared to the case where a single gripper
base is provided, the movements of the gripper bases
can be controlled with high accuracy. Since the recep-
tacle 8 can be handled gently, the liquid in the receptacle
8 is prevented from gushing.
[0046] Each gripper 10 has a pair of brackets 112.
These brackets 112 are attached to the operation unit
18, as shown in FIGS. 4 through 6. Therefore, when the
operation unit 18 moves in the conveying direction of
the conveyor 6, the gripper 10 moves in the same direc-
tion, following the operation unit 18. Conversely, when
the operation unit 18 moves in the direction opposite to
the conveying direction of the conveyor 6, the gripper
10 moves in the same direction (i.e., the direction oppo-
site to the conveying direction of the conveyor 6), fol-
lowing the operation unit 18.
[0047] A description will be given as to how the capper
2 caps the receptacles 8, referring to FIGS. 7 through 9.
[0048] In FIG. 7, (a) illustrates how the caps 48 are
sequentially transferred from the cap transport passage
to the scratch piece unit 60, (b) illustrates how the
scratch piece unit 60 is moved in the conveying direction
of the conveyor 6, (c) illustrates how the scratch pieces
58 of the scratch piece unit 60 are arranged on the con-
veyance passage of the conveyor 6, and (d) illustrates
how the scratch piece unit 60 is moved in the direction
opposite to the conveying direction of the conveyor 6.
[0049] In FIG. 8A, (a) is a plan view illustrating how
the scratch piece unit 60, which holds the caps 48 at the
scratch pieces 58, is moved to the region below the cap-
ping chucks 36, and (b) is a side view of what is shown
in (a). In FIG. 8B, (a) is a plan view illustrating how the
scratch piece unit 60, which holds the capping chucks
36 at the scratch pieces 58, is located in the region be-
low the capping chucks 36, and (b) is a side view of what
is shown in (a).
[0050] In FIG. 9A, (a) is a plan view illustrating how
the capping chucks 36 chuck the caps 48 mounted on
the scratch pieces 58, and (b) is a side view of what is
shown in (a). In FIG. 9B, (a) is a plan view illustrating
how the caps 48 chucked by the capping chucks 36 are

moved upward from the scratch piece 58, and (b) is a
side view of what is shown in (a). In FIG. 9C, (a) is a
plan view illustrating how the scratch piece unit 60 is
moved in the Y-axis direction from the position below
the capping chucks 36, and (b) is a side view of what is
shown in (a).
[0051] In the initial state of the capper 2 of the embod-
iment, the operation unit 18 is located at a position which
is upstream with respect to the conveying direction of
the conveyor 6 (i.e., the positive direction of the X axis).
The caps 48 are at the terminating end of the cap trans-
port passage 50 attached to the frame 4. The scratch
piece unit 60 on the scratch piece transport mechanism
52 is at the upstream position and extends along the
terminating end of the cap transport passage 50. The
capping chucks 36 are in front of, and above the scratch
piece unit 60. The chuck portions of the capping chucks
36 are in the open state and stationary (not rotating).
The grippers 10 with which to grip the receptacles 8 are
in the open state.
[0052] First of all, the receptacles 8 arranged at the
predetermined intervals are fed downstream (in the pos-
itive direction of the X-axis) at a constant speed. Simul-
taneous with the conveyance by the conveyor 6, the first
servo motor 16 is rotated. The operation unit 18 is
moved downstream (in the positive direction of the X-
axis) substantially at the same feeding speed as the
conveyor 6. At the time, the scratch piece transport
mechanism 52 is driven to move the scratch piece unit
60 to a position in the neighborhood of the terminating
end of the cap transport passage 50. The scratch piece
unit 60 moves to the downstream position of the con-
veyor 6 faster than the operation unit 18.
[0053] As shown in (a) of FIG. 7, the caps 48 are se-
quentially scratched with the scratch pieces 58 of the
scratch piece unit 60. This scratching operation is exe-
cuted beginning with the terminating end of the cap
transport passage 50. As a result, the caps are trans-
ferred onto the scratch pieces 58.
[0054] As shown in (b) of FIG. 7 and (a) and (b) of
FIG. 8A, the scratch piece unit 60 is moved in the con-
veying direction of the conveyor 6 (in the positive direc-
tion of the X-axis). Subsequently, the array of the cap-
ping chucks 36 and the array of the caps 48 of the
scratch pieces 58 of the scratch piece unit 60 are made
parallel to each other.
[0055] Then, as shown in (c) of FIG. 7 and (a) and (b)
of FIG. 8B, the scratch piece unit 60 is moved in the
negative direction of the Y-axis, until the caps 48 on the
scratch pieces 58 are just under the respective capping
chucks 36. In this manner, the scratch piece unit 60 is
moved to the setting position where the caps 48 are
aligned with the capping chucks 36. Furthermore, the
scratch piece unit 60 is moved in such a manner that its
speed relative to the operation unit 18 becomes zero. In
other words, the scratch piece unit 60 and the operation
unit 18 are moved in the positive direction of the X-axis
at the same speed.
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[0056] As shown in (d) of FIG. 7 and (a) and (b) of
FIG. 9A, the second servo motor 20 is rotated, and the
capping chucks 36 are moved downward (in the nega-
tive direction of the Z-axis in (b) of FIG. 9A). Thereafter,
the chuck portions 40 chuck the caps 48 on the scratch
pieces 58.
[0057] As shown in (a) and (b) of FIG. 9B, the capping
chucks 36 are moved upward (in the positive direction
of the Z-axis in (b) of FIG. 9A). In other words, the caps
48 are separated from the scratch pieces 58.
[0058] As shown in (d) of FIG. 7 and (a) and (b) of
FIG. 9C, the scratch piece unit 60 is moved from under
the capping chucks 36 in the negative direction of the
X-axis and the positive direction of the Y-axis. That is,
the scratch piece unit 60 is returned to the original po-
sition shown in (a) of FIG. 7. At the time, the receptacles
8 are being linearly conveyed on the conveyor 6 in the
region just under the capping chucks 36.
[0059] The motor 42 rotates the chuck portions 40 in
the predetermined direction when the capping chucks
36 are being moved downward (in the negative direction
of the Z-axis). The caps 48 are provided on the respec-
tive receptacles 48, with their tightness for the recepta-
cles 8 being controlled in an optimal manner.
[0060] The cap portions 40 are opened, and the cap-
ping chucks 36 are separated from the capping chucks
36. The capping chucks 36 are moved upward (in the
positive direction of the Z-axis). The first servo motor 16
is stopped to temporarily stop the operation unit 18.
Thereafter, the first servo motor 16 is rotated in the re-
verse direction to move the operation unit 18 toward a
predetermined upstream position on the conveyor 6 (in
the negative direction of the X-axis).
[0061] When the operation unit 18 has come to the
predetermined upstream position on the conveyor 6, the
first servo motor 16 is stopped to temporarily stop the
operation unit 18. At the time, the scratch piece unit 60
is disposed upstream of the terminating end of the cap
transport passage. Then, the operation unit 18 is moved
again in the conveying direction of the conveyor 6 (in
the positive direction of the X-axis). The caps 48 are se-
quentially mounted on the scratch pieces 58, as shown
in (a) of FIG. 7.
[0062] The above process is repeated to sequentially
provide the caps 48 on the receptacles 8.
[0063] In the initial state of the above process, the
moving speed of the scratch piece unit 60 as measured
in the positive direction of the X-axis is set higher than
that of the operation unit 18 as measured in the same
direction, and the caps 48 are sequentially mounted
from the cap transport passage 50 by scratching. The
present invention should not be limited to this. For ex-
ample, the scratch piece transport mechanism 52 may
be moved in such a manner as to follow the operation
unit 18.
[0064] The steps of the above process need not be
executed one by one. In other words, a given step can
be executed without waiting for its preceding step to

end. For example, the capping chucks 36 may cap a
receptacle 8 when the scratch piece unit 60 is scratching
another caps 48. If this is performed, the cappers 2 can
be moved with high efficiency.
[0065] The caps 48 are transferred from the scratch
piece unit 60 to the capping chucks 36. Then, the
scratch piece transport mechanism 52 is actuated to
move the scratch piece unit 60 from under the capping
chucks 36. At the time, the caps 48 may be sensed to
see if they are on the scratch pieces 58. If this sensing
operation shows that the caps 48 remains on the scratch
piece 58 (i.e., if a chucking error occurs), the entire cap-
per 2 is brought to a halt.
[0066] The capping chucks 36 move upward after
they receive the caps 48 from the scratch pieces 58 of
the scratch piece unit 60. At the time, the caps 48 may
be sensed to see if they are held on the scratch pieces
58. If they are not, a chucking error is determined, and
the capper is brought to a halt. In this case, the chuck
portions 40 may be associated with the cap transport
passage 50 and scratch piece unit 60 so as to sense
whether or not the caps 48 are arranged on the scratch
pieces 58 of the scratch piece unit 60.
[0067] In the embodiment described above, the
scratch unit 60 has three scratch pieces 58, but this
number does not restrict the present invention. The
scratch piece unit 60 may have only one scratch piece,
two scratch pieces, four or more scratch pieces. Where
four or more scratch pieces arranged on the scratch
piece unit 60 are provided in an array, the moving dis-
tance of the operation unit 18 is set to be long. In addi-
tion, the scratch pieces 58 need not be arranged in a
single array. They may be arranged in a number of ar-
rays, such as two or three arrays. Likewise, the capping
chucks 36 may be arranged in a number of arrays so as
to cap a large number of receptacles 8 at a time. In this
case, three conveyors 6 may be provided. Alternatively,
a wide conveyor 6 in which three arrays of receptacles
8 are arranged may be provided.
[0068] In the embodiment described above, the ball
screw 26 is used for vertically moving the capping
chucks 36. The ball screw 26 may be replaced with a
cylinder device, if so desired. Likewise, the first and sec-
ond axially moving means 84 and 86 may employ cylin-
der devices in place of the ball screws 64 and 72. Con-
versely, each gripper 10 may employ a ball screw in
place of the cylinder device 96.
[0069] In the above embodiment of the present inven-
tion, the scratch piece unit 60 is moved in the direction
orthogonal to the conveying direction of the conveyor 6.
In place of this structure, the capping chucks 36 may be
moved in the direction orthogonal to the conveying di-
rection of the conveyor 6. Where this alternative struc-
ture is employed, the chuck portions 40 do not move
over the receptacles 8 when they are retreated, and it
is therefore unlikely that foreign matter will fall into the
receptacles 8.
[0070] The capping chucks 36 may be moved in the
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direction orthogonal to the conveying direction of the
conveyor 6, as described above. Such a structure is ap-
plicable not only to the capper 2 described above but
also to another type of apparatus, such as a filling ap-
paratus. In the case of application to the filling appara-
tus, nozzles are moved back and forth to obtain similar
advantages.
[0071] In the capper 2 of the above embodiment, the
receptacles 8 must be arranged on the conveyor 6 at
regular intervals and moved. This, however, does not
restrict the present invention. For example, the grippers
10 of the above embodiment may be designed to oper-
ate independently of one another and to sense the re-
ceptacles 8 before these receptacles 8 reach them. To
be more specific, the operation unit 18 is moved in the
conveying direction of the conveyor 6 in accordance
with the arrangement of the receptacles 8, and the grip-
pers 10 are individually opened or closed. With this
structure, the receptacles 8 are held reliably even if they
are shifted from their right positions, and reliable cap-
ping of the receptacles 8 is thus ensured. Since the re-
ceptacles 8 need not be accurately arranged, a means
for doing so, such as an attachment chain, is not re-
quired.
[0072] In the embodiment of the present invention, the
caps 48 are provided for the receptacles 8 by rotating
the capping chucks 36 until the caps 48 are tightened
on the receptacles 8. The capping method is not limited
to such rotation and may be pushing in, for example. In
this alternative capping method, the capping chucks 36
are not rotated but vertically moved by means of the sec-
ond servo motor 20. By utilization of this vertical move-
ment, the caps 48 are pushed in the receptacles 8.
[0073] To summarize the above, the following advan-
tages can be pointed out with respect to the linear cap-
per 2 of the embodiment.
[0074] When the receptacles 8 on the conveyor 6 are
carried, a unit that includes movable parts is not located
above them. With this structure, the receptacles 8 are
not adversely affected by a dropping component, and
the abraded particles from the operation unit 18 do not
attach to, or enter the receptacles 8.
[0075] The scratch piece unit 60 is movable in a hor-
izontal plane only. Since this structure leads to a simple
mechanism, the capper 2 can be made of a small
number of parts and manufactured at low cost.
[0076] Since the operation unit 18 and the scratch
piece unit 60 are small, especially in light of the dimen-
sion measured in the conveying direction of the convey-
or 6, an efficient operation is ensured. In addition, the
capper 2 can be compact in size.
[0077] Furthermore, the weight of the scratch pieces
58 does not have adverse effects on the positions of the
caps 48. The caps 48 can be reliably arranged at their
intended positions.
[0078] The capping chucks 36 are vertically moved by
means of the second servo motor 20. With this structure,
the stroke of the chuck portions 40 can be controlled

arbitrarily, and the scratch piece unit 60 need not be
moved vertically. In addition, the cap supply section and
the cap transport passage may be simple in mechanism
and can be manufactured at low cost.

Claims

1. A linear capper (2) characterized by comprising:

a conveyor (6) which sequentially conveys a
plurality of receptacles (8) at a constant rate;
a cap transport passage (50) along which caps
(48) for the receptacles are supplied;
a scratch piece unit (60) in which a plurality of
scratch pieces (58) for receiving the caps (48)
are arranged in a single plane such that one
array or a number of parallel arrays are formed;
a scratch piece unit transport mechanism (52)
which transports the scratch piece unit (60) be-
tween a cap-receiving position and a setting po-
sition in a substantially horizontal plane, the
cap-receiving position being a position where
the caps (48) are sequentially transferred from
a terminating end of the cap transport passage
(50) to the scratch pieces (58) of the scratch
piece unit (60), and the setting position being a
position where the scratch piece unit (60) is set
above the conveyor (6);
a plurality of capping chucks (36) arranged in
one or more arrays in a direction in which the
receptacles (8) are fed, the capping chucks (36)
chucking the caps (48) mounted on the scratch
pieces (58) in a state where the scratch piece
unit (60) is located at the setting position and
above the conveyor (6); and
chuck driving means (90) for vertically driving
the capping chucks (36), the chuck driving
means (90) lowering the capping chucks (36)
from a standby position, which is above the
scratch piece unit (60), to a capping position
where the receptacles (8) are capped, when the
scratch piece unit (60) separates from the con-
veyor (6), the chuck driving means (90) capping
the receptacles (48) while moving in such a
manner as to follow the conveyor (6).

2. A linear capper according to claim 1, characterized
in that said scratch piece unit transport mechanism
(52) includes:

first axially moving means (84) comprising:

a first guide section (62) shaped as a rail;
a first slider (66) attached to the scratch
piece unit (60) and being slidable along the
first guide section (62); and
a first driving member (68) being slidable
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on the first guide section (62) and transmit-
ting power to the first slider (66); and

second axially moving means (86) comprising:

a second guide section (70) shaped as a
rail and being orthogonal to the first guide
section (62); a second slider (74) being sl-
idable along the second guide section (70);
an engagement member (78) attached to
the second slider (74) and in engagement
with a lower portion of the scratch piece
unit (60); and a second driving member
(76) which transmits power to the second
slider (74) and thereby causes the second
slider (74) to slide on the second guide sec-
tion (70),

at least one of the first and second driving mem-
bers (68, 76) being operated to slide at least
one of the first and second sliders (66, 74)
along the first and second guide sections (62,
70),
said engagement member (78) and said first
slider (66) permitting the scratch piece unit (60)
to move in a predetermined horizontal plane.

3. A linear capper according to claim 1, characterized
in that said chuck driving means (90) includes:

a rotating member (20);
a driving force-converting member (26) which
converts rotation of the rotating member (20)
into linear movement; and
a capping head (34) provided for the driving
force-converting member (36) and comprising
the capping chucks (36),
said chuck driving means (90) vertically moving
the capping chucks (36).

4. A capping method wherein a conveyor (6) sequen-
tially conveys a plurality of receptacles (8) at a con-
stant rate, caps (48) for the receptacles are first sup-
plied along a cap transport passage (50) and then
sequentially transferred from a terminating end of
the cap transport passage (50) onto a scratch piece
unit (60) in which a plurality of scratch pieces (58)
are arranged in such a manner as to form one array
or a number of arrays, the scratch piece unit (60) is
moved to a position above the conveyor (6), and the
caps (48) mounted on the scratch pieces (58) of the
scratch piece unit (60) are chucked by capping
chucks (36) and attached to the receptacles (8), for
capping, said capping method characterized by
comprising:

a step of moving the scratch piece unit (60) to
a position below the capping chucks (36) in a

substantially horizontal plane until the caps
(48) and the capping chucks (36) are substan-
tially aligned;
a step of lowering the capping chucks (36) until
the capping chucks (36) chuck the caps (48);
a step of moving the capping chucks (36) up-
ward and thereafter moving the scratch piece
unit (60) away from a position where the scratch
piece unit (60) is below the capping chucks (36)
and the caps (48) on the scratch piece unit (60)
are aligned with the capping chucks (36);
a step of capping the receptacles (8) while mov-
ing the capping chucks (36) down; and
a step of opening the capping chucks (36), sep-
arating the capping chucks (36) from the caps
(48), and moving the capping chucks (36) up-
ward.
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