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LP gas filling apparatus.

The apparatus carries a plurality of gas cylin-
ders (a) held in upright disposition on a turnt- o B
able (d). Each cylinder (a) is fed onto the L O
turntable (d) at feed-on location, and is fed off at Ly .|.
a feed-off location, whilst a detecting head (5) : N
moves downwards to locate the filling valve (a’)
at the top of the cylinder. If it is angularly
misaligned with a radially disposed filling
nozzle (7’), the nozzle is rotated around the
cylinder (a) until alignment is achieved when
the nozzle is engaged and filling takes place. At
the end of filling, the nozzle 7’ is retracted.
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Background of the Invention
Field of the Invention

The present invention relates to an apparatus for
automatically filling a gas cylinder with LP gas, and
particularly to an LP gasfilling apparatus for automat-
ing operations including opening an opening/closing
valve of a gas cylinder and connecting a gas filling
nozzle to a gasfilling port of an opening/closing valve
main body upon filling, and closing the opening/clos-
ing valve after completing the gas filling.

2. Description of the Related Art

Conventionally, the LP gas filling work has been
performed by various filling apparatuses, in each of
which the connection and removal of a gas filling noz-
zle to and from a gas filling port of a gas cylinder, and
the opening/closing of an opening/closing valve have
been required to be manually performed by an oper-
ator.

The present applicant has already proposed an
LP gas filling apparatus for automatically carrying a
gas cylinder in and out of a gas filling location for the
purpose of rationally concentrating the filling opera-
tions, in the prior application (Unexamined Japanese
Patent Publication No. SHO 59-93598).

In this apparatus, a carry-in port and a carry-out
port are provided on a turn table at specified posi-
tions, and a carry-in passage and a carry-out pas-
sage for carrying a gas cylinder are connected to the
carry-in port and carry-out port, respectively. A gas
cylinder is automatically carried by way of the carry-
in passage onto each of vessel mounting portions dis-
posed around the same circumference on the upper
surface of the turn table at equal intervals, and a gas
filling nozzle of a gas filling machine is manually con-
nected to a gasfilling port of the gas cylinder mounted
on the vessel mounting portion.

The gas cylinder is filled with LP gas in a speci-
fied amount while being carried from the carry-in port
to the carry-out port by the rotation of the turn table.
When the gas cylinder is carried to the carried-out
port, the gas filling nozzle is manually removed from
the gas filling port of the gas cylinder.

In the above apparatus, when the gas filling noz-
zle is connected to the gas filling port, the adjustment
for the direction and position of the gas filling port of
the gas cylinder to the filling nozzle must be manually
performed while turning the vessel. This operation
takes a lot of labor, and is required to be automated.

Summary of the Invention
An object of the present invention is to provide a

mechanism of holding a gas filling nozzle, adjusting
the direction and position of the gas filling nozzle to
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a gas filling port of a gas cylinder, connecting the gas
filling nozzle to the gas filling port, and opening/clos-
ing an opening/closing valve, thereby rationally per-
forming the gas filling operations.

Brief Description of the Drawings

Fig. 1is a side view of an LP gas filling apparatus
carrying out the present invention;

Fig. 2 is a front view of the apparatus of the pres-
ent invention;

Fig. 3 is an enlarged view of the apparatus of the
present invention, a valve opening/closing head
portion being broken away;

Fig. 4 is a sectional view taken along line IV-IV of
Fig. 2;

Fig. 5 is a sectional view taken along line V-V of
Fig. 2;

Fig. 6 is a vertical sectional view of a shaft sup-
porting portion of a turning frame;

Fig. 7 is an enlarged view of a valve direction de-
tecting portion in the descended state;

Fig. 8 is an enlarged view of the valve direction
detecting portion in the state of detecting the di-
rection of an opening/closing valve;

Fig. 9 is a an enlarged view of a valve open-
ing/closing head in the state the head portion is
descended;

Fig. 10 is a sectional view taken along line X-X of
Fig. 8;

Fig. 11 is a schematic plan view of the filling ap-
paratus of the present invention which is mount-
ed on a turn table;

Fig. 12is a side view of the filling apparatus of the
present invention;

Fig. 13 is a side view of the valve direction detect-
ing portion; and

Fig. 14 is a sectional view taken along line XIV-
XIV of Fig. 13.

Description of the Preferred Embodiments

Hereinafter, one embodiment of the present in-
vention will be described with reference to the draw-
ings.

An LP gasfilling apparatus Ashown in Figs. 1 and
2 automatically performs gasfilling operations includ-
ing holding a gas cylinder (a) carried by a carrying-in
conveyor (c) at a specified position (reference axis
(e)); opening an opening/closing valve (a1) of the gas
cylinder (a); connecting a gas filling nozzle 7 to a gas
filling port (a3) Fig. 3 of an opening/closing valve main
body (a1’); filling the gas cylinder (a) with a specified
amount of LP gas; and closing the opening/closing
valve (a1). The LP gas filling apparatus A is provided
on a turn table (d) connected to the carrying-in con-
veyor (C).

The turn table (d) connected to the carrying-in
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conveyor (c) is so constructed as shown in Figs. 11
and 12.

In the course of the carrying-in conveyor (c) for
carrying the gas cylinder (a) to the LP gas filling ap-
paratus A, there are provided an electronic balance
202 for measuring the weight of each gas cylinder (a)
moved along the carrying-in conveyor (¢); and a bar
code reading device 201 for reading a bar code in-
cluding information on the kind of a vessel which is
written on the peripheral surface of the gas cylinder
(a). A carrying-out conveyor (g) is connected to the
turn table (d) in parallel to the carrying-in conveyor
(c). In the vicinity of the carrying-out conveyor (g),
there is provided a control panel 203 containing a
control unit (not shown) for calculating the amount of
a gasremaining in the gas cylinder (a) and the amount
of gas to fill each gas cylinder (a) on the basis of the
weight of each gas cylinder (a) measured by the elec-
tronic balance 202, and controlling the amount of a
gas to fill each gas cylinder (a).

A plurality of such LP gas filling apparatuses A
are mounted, spaced at intervals, along the outer per-
ipheral portion of the turn table (d) connected to the
terminal portion of the carrying-in conveyor (c). Each
of the LP gas filling apparatuses A on the turn table
(d) sequentially passes through the terminal portion
of the carrying-in conveyor (c) by the rotation of the
turn table (d), and it receives the gas cylinder (a)
when passing through the carrying-in conveyor (c)
and fills the gas cylinder (a) with gas in a specified
amount calculated by the control unit (not shown) of
the above control panel 203 during the turn table (d)
makes about one round. A gas cylinder (') filled with
gas in a specified amount is transferred on to the car-
rying-out conveyor (g) provided in parallel to the car-
rying-in conveyor (c), and is carried to a specified re-
covery location.

The LP gas filling apparatus A includes a clamp
mechanism 1 for receiving the outer peripheral por-
tion of the gas cylinder (a) carried-in by the carrying-
in conveyor (c) in the erected state and holding it such
that the axis of the vessel (a) corresponds to the ref-
erence axis (e); a valve opening/closing head 3 pro-
vided directly over the gas cylinder (a) in such a man-
ner as to be vertically movable, engagebale and ro-
tatable relative to a handle (a2) of the opening/closing
valve (a1) of the gas cylinder (a); a valve direction de-
tecting portion 5 supported to freely advance and re-
treat to and from the reference axis (e) connecting the
valve opening/closing head 3 to the opening/closing
valve (a1) of the gas cylinder (a) and to be vertical
movable along the reference axis (e); and a gas filling
nozzle 7 supported to be turnable around the refer-
ence axis (e) together with the valve direction detect-
ing portion 5 and to be connectable to the gas filling
port (a3) of the opening/closing valve (a1). Each
member is mounted on and supported by a machine
casing 9 erected around the outer peripheral portion
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of the turn table (d).

The gas cylinder (a), which is carried from the
carrying-in conveyor (c¢) onto the turn table (d) in the
erected state, is held at the outer peripheral portion
thereof by the clamp mechanism 1.

The clamp mechanism 1 includes an upper and
lower clamps 11 and 12 for holding the outer periph-
eral portion of the cylindrical gas cylinder (a) from
both the sides. The clamps 11 and 12 are mounted on
and supported by the lower portion of the machine
casing 9 so as to be vertically spaced from each
other.

The clamp 11 for holding the upper portion of the
gas cylinder (a) has a pair of clamp bodies 11a and
11b for holding the outer periphery of the gas cylinder
(a) as shown in Fig. 4 .

The holding portion of each of the clamp bodies
11a and 11b is formed to be cut-out in a substantially
U-shape, and has rollers 13¢ at the projecting ends
thereof which abut the outer peripheral surface of the
gas cylinder (a).

The base ends of arms 13a and 13b for support-
ing the clamp bodies 11a and 11b are slidably mount-
ed on and supported by a sliding plate 14 horizontally
mounted on the machine casing 9, so that the clamp
bodies 11a and 11b are simultaneously close to and
separated from the axis of the gas cylinder (a).

Racks 15a and 15b are provided to be parallel to
each other and to respectively project inward from the
clamp bodies 11a and 11b, and which mesh with each
other by way of a gear 16 put between the tooth sur-
faces of the racks 15a and 15b.

The gear 16 is rotated integrally with a drive gear
18 by way of a shaft 17. As shown in Fig. 4, the drive
gear 18 meshes with a rack 20 linearly reciprocated
by an air cylinder 19. Accordingly, the drive gear 18
and the gear 16 are rotated by the linearly reciprocat-
ing motion of the rack 20 by the air cylinder 19, and
the racks 15a and 15b meshing with the gear 16 are
simultaneously moved outward or inward in parallel to
each other, thus releasing or clamping the clamps 11a
and 11b.

The above upper clamp 11 can be moved up to a
specified height by the motion of the supporting base
plate or sliding plate 14 slidably mounted on and sup-
ported by guide levers 21 vertically mounted on the
machine casing 9, and by the operation of a rodless
air cylinder 22. In other words, the upper clamp 11 can
be changed in its upper holding position according to
the size of the gas cylinder (a).

The clamp 12 for holding the lower portion of the
gas cylinder (a) has the same construction as that of
the clamp 11, and is operated in association with the
clamp 11. However, the clamp 12 is fixed on the ma-
chine casing 9, that is, it is fixed in its lower holding
position for the gas cylinder (a).

Astopper 25 is provided on the lower clamp 12 for
receiving the lower portion of the gas cylinder (a)
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transferred from the carrying-in conveyor (c) at a spe-
cified position. The stopper 25 is supported by an air
cylinder 25a in such a manner as to be movable to the
reference axis according to the diameter of the gas
cylinder (a).

When the outer peripheral portion of the gas cy-
linder (a) is clamped by the clamps 11 and 12 having
the above constructions, the gas cylinder (a) is held
such that the axis thereof corresponds to the refer-
ence axis (e), as shown in Fig. 1.

A vessel mounting portion (b) is provided under
the ground surface of the gas cylinder (a) held by the
clamp mechanism 1, and it is electrically connected to
the above-described control unit (not shown) for
measuring a change in the weight, that is, the filling
amount of LP gas, of the gas cylinder (a) moved on
the turn table (d) and outputting the measured signal
to the control unit. A plurality of rollers are juxtaposed
on the upper surface of the vessel mounting portion
(b) for making smooth the sliding of the ground sur-
face of the gas cylinder (a) transferred from the car-
rying-in conveyor (c).

A valve opening/closing head 3 for opening/clos-
ing the handle (a2) of the opening/closing valve (a1)
of the gas cylinder (a) is provided directly over the gas
cylinder (a) which is held such that the axis thereof
corresponds to the reference axis (e). As shown in
Fig. 3, the valve opening/closing head 3 includes a
head portion 31 for fitting to the handle (a2) of the
opening/closing valve (a1) from the upper side.

The head portion 31 is fixed on the lower end of
a piston rod 33 of an air cylinder 32 vertically provided
along the reference axis (e), and is descended/as-
cended toward the handle (a2) along the reference
axis (e) by the vertical movement of the piston rod 33.
The piston rod 33 is formed with a spline groove, and
passes through the lower surface wall of a cylinder
34.

The cylinder 34 is communicated with a motor 36
by way of a gear mechanism 35 mounted on the upper
portion of the air cylinder 32, and is normally/reverse-
ly rotated by the drive of the motor 36. By this rotation
of the cylinder 34, the head 31 is turned by way of the
above spline engagement. Namely, the head portion
31 is supported in such a manner as to be vertically
movable along the reference axis (e€) and normally/re-
versely rotatable by the drive of the air cylinder 32 and
the motor 36.

The air cylinder 32 is vertically fixed along the up-
right portion of a turning frame 45 rotatably hung from
a mounting base 40 on the side of machine casing 9
such that the axis thereof corresponds to the refer-
ence axis (e).

The turning frame, which is formed substantially
in a right-angled triangular shape, is rotatably sup-
ported at the vertex portion thereof on the leading
edge of a supporting plate 40a horizontally extending
from the mounting base 40 by way of a shaft support-
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ing portion 80, and is thus hung to be turnable by 360°
around the axis (reference axis (e)) of the air cylinder
32 mounted along the upright side portion.

As shown in Fig. 6, a hollow rotational shaft 81 of
the shaft supporting portion 80 turnably hanging the
turning frame 45 is vertically inserted in the leading
edge portion of the supporting plate 40a of the mount-
ing base 40 by way of two thrust bearings 82. The ver-
tex portion of the turning frame 45 is fitted to the low-
er end of the rotating shaft 81, and is fastened thereto
by a set screw 81a. Thus, the vertex portion of the
turning frame 45 is hung by the supporting plate 40a
of the mounting base 40 and is supported to be rotat-
able around a rotating shaft 81.

Agear 41 isrigidly fitted on the upper end portion
of the rotational shaft 81, and it meshes with a gear
42 mounted on an input shaft of a drive motor 43 such
as an air motor. The air motor 43 is fixed on the sup-
porting plate 40a of the mounting base 40. The rota-
tional shaft 81 and the turning frame 45 are driven
within the range of 360° or more by the drive of the
air motor 43.

Ajoint portion 85 of a compression air supply pipe
system is provided on the shaft supporting portion 80.

The joint portion 85 rotatably connects, without
any torsion, each air suction pipe 86 communicated
to a supply source (not shown) for compression air to
each air supply pipe 88 communicated to the air cy-
linders of the valve direction detecting portion 5 and
the gas filling nozzle 7. The joint portion 85 is formed
by laminating each inner ring 85a which is connected
to the upper portion of the gear 41 of the shaft sup-
porting portion 80 and is integrally turned with the
gear 41, and each outer ring 85b slidably and rotat-
ably fitted on the outside of the inner ring 85a in such
a manner as to be coaxial with the gear 41.

Specifically, each outer ring 85b is fixed on a
mounting plate 87 fixed on the mounting base 40, and
each inner ring 85a fitted in the outer ring 85b is ro-
tated together with the gear 41, rotational shaft 81
and turning frame 45.

Aventilation groove 85¢ is formed along the inner
peripheral surface of each outer ring 85b, and each
air suction pipe 86 communicated to the ventilation
groove 85c¢ is connected to the outer peripheral por-
tion of each outer ring 85b. Each air suction pipe 86
is communicated to the supply source (not shown) for
compression air.

On the other hand, one end portion of each air
supply pipe 88 communicated to the air cylinders of
the valve direction detecting portion 5 and the gas fill-
ing nozzle 7 by way of the hollow portion of the shaft
supporting portion 80 is connected to the inner per-
ipheral surface of each inner ring 85a, and the air suc-
tion pipe 86 is communicated to the air supply pipe 88
by way of the ventilation groove 85¢ contacted with
the sliding surface. O-rings are fitted around the fit-
ting surface and connection surface between the in-
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ner and outer rings 85a and 85b for keeping the air-
tightness of the jointing surfaces. In addition, the joint
portion 85 is so constructed as to connect the air suc-
tion pipe 86 to the air supply pipe 88; however, it may
be so constructed as to feed a liquid from a hydraulic
system.

A gas supply pipe 91 fixed on the upper end of a
supporting column 86a of each air suction pipe 86 is
bent downward by way of a swivel joint 92 for absorb-
ing the rotation like the above-described joint portion
85, and passes through the joint portion 85 and the
hollow portion of the shaft supporting portion 80, to
be thus communicated to the gas filling nozzle 7 by
way of a flexible pipe 93 Fig.3.

The mounting base 40 for mounting and support-
ing the joint portion 85 and the turning frame 45 is
supported so as to be vertically slidable along guide
rails 46 vertically provided along both the sides of the
upper portion of the machine casing 9. The leading
edge of an arm body 47 projecting from the mounting
base 40 to the rear surface side is connected to a
chain 48c¢ hung between pulleys 48a and 48b provid-
ed at the upper and the middle positions of the ma-
chine casing 9. The mounting base 40 and the turning
frame 45 are descended/ascended within the range
of the guide rails 46 by the rotation of a drive motor
49 such as an air motor with a brake which is provided
on the lower pulley 48b.

One end of a wire 62 hung around each of
sheaves 61 provided on both the sides of the upper
portion of the machine casing 9 is connected to the
mounting base 40, and a weight 63 is hung from the
other end of the wire 62. The mounting base 40 is thus
balanced against the weight 63, to thereby reduce the
load applied when the mounting base 40 is ascend-
ed/descended by the air motor 49.

The valve direction detecting portion 5 Figs.7 to
10 detects the direction of the opening/closing valve
(a1) of the gas cylinder (a) even if the gas cylinder (a)
is directed in any direction. As shown in Fig. 7, en-
gagement pieces 51a and 51b to be engaged with the
opening/closing valve main body (a1’) are mounted
on and supported by both the leading edges of a pis-
ton rod, projecting to both the sides, of the air cylinder
52.

An abutment body 56 to abut the handle (a2) of
the opening/closing valve (a1) is rotatably supported
at the center portion of the air cylinder 52 in such a
manner as to be elastically projected directly below or
sunk. The air cylinder 52 is mounted on and supported
by the leading edge of a turning arm 55 horizontally
extending from the leading edge of a piston rod 53a
of an air cylinder 53.

The air cylinder 53 is mounted on and supported
by the upright side portion of the turning frame 45
connected in series to the elastic air cylinder 54, and
is supported with the piston rod 53a directed directly
below.
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The piston rod 53a is vertically expanded/con-
tracted and rotated by the air cylinder 53. By the turn-
ing of the piston rod 53a, the center portions of the en-
gagement pieces 51a and 51b provided at the leading
edge of the turning arm 55 are turned between the
position on the reference axis (e) and the position
separated from the opening/closing valve (a1). More-
over, by the expansion/contraction of the air cylinder
53, the engagement pieces 51a, 51b and the abut-
ment body 56 positioned on the reference axis (e) are
ascended/descended relative to the opening/closing
valve (a1).

Since the engagement pieces 51a and 51b are
mounted on the leading edges of the piston rod of the
air cylinder 52, they can be opened/closed in the hor-
izontal direction as shown in Fig. 7. In the open state,
the interval between the engagement pieces 51a and
51b is made larger than the diameter of the handle
(a2), which allows the handle (a2) to vertically pass
through the interval between the engagement pieces
51 and 51b. In the closed state, cut-out portions 57a
and 57b formed at the leading edges of the engage-
ment pieces 51a and 51b engage and substantially
correspond to the outer peripheral shapes (in the plan
view) of the gasfilling port (a3) of the opening/closing
valve main body (a1’) and the circumference portion
of opposed side thereof. Thus, the opening/closing
valve main body (a1’) is fitted between the cut-out
portions 57a and 57b with a suitable clearance (Fig.
10).

For example, the engagement pieces 51a and
51b are pushed onto the opening/closing valve (a1)
from the upper side in the closed state, and the open-
ing/closing valve main body (a1’) is never fitted be-
tween the engagement pieces 51a and 51b when the
direction of the opening/closing valve main body (a1’)
does not correspond to that of the cut-out portions
57a and 57b. However, when the engagement pieces
51a and 51b are horizontally turned such that the di-
rection thereof corresponds to that of the open-
ing/closing valve main body (a1’), the opening/closing
valve main body (a1’) is fitted between the cut-out
portions 57a and 57b of the engagement pieces 51a
and 51b. The direction of the opening/closing valve
main body (a1’) is thus detected on the basis of the
above corresponding direction of the engagement
pieces 51a and 51b.

As shown in Fig. 7, the elastic air cylinder 54 con-
nected in series to the air cylinder 53 acts to elastical-
ly press the engagement pieces 51a and 51b, which
descended to the position directly over the open-
ing/closing valve main body (a1), at a small pressure
not to generate excessive load, by a stroke as small
as the diameter of the gas filling port (a3). By the en-
gagement pieces 51a and 51b by a pressing force ap-
plied from the elastic air cylinder 54, at the time when
the direction of the opening/closing valve main body
(a1’) corresponds to that of the engagement pieces



9 EP 0 660 026 A1 10

51aand 51b, the engagement pieces 51aand 51b are
dropped by the stroke of the elastic air cylinder 54.

Asensor 58 provided to the air cylinder 52 for sup-
porting the engagement pieces 51a and 51b acts to
be contacted with the upper end of a supporting shaft
56a of the abutment body 56, when the abutment
body 56 abuts the upper surface of the handle (a2) by
the descending of the valve direction detecting por-
tion 5. On the basis of the operation of the sensor 58,
the descending of the valve direction detecting por-
tion 5 is stopped, and the air cylinder 52 is contracted
to close the engagement pieces 51a and 51b, after
which the elastic cylinder 54 is expanded.

A sensor 59 provided in parallel to the sensor 58
acts to be contacted with the upper end of the sup-
porting shaft 56a of the abutment body 56, when the
engagement pieces 51a and 51b are dropped by the
stroke of the elastic air cylinder 54 after the direction
of the engagement pieces 51a and 51b corresponds
to that of the opening/closing valve main body (a1’).
The detection for the direction of the opening/closing
valve main body (a1’) can be confirmed by the oper-
ation of the sensor 59.

The gas filling nozzle 7 includes a nozzle portion
71 to be horizontally inserted in and connected to the
gas filling port (a3) of the opening/closing valve (a1)
of the gas cylinder (a), and a control valve 72. The gas
filling nozzle 7 is provided on the bottom side portion
of the turning frame 45 in the state that the nozzle 7
is directed atright angles to the reference axis (e), that
is,to the opening/closing valve (a1) of the gas cylin-
der. The flexible pipe 93 communicated to the gas
supply pipe 91 is connected to the rear portion of the
control valve 72 for supplying LP gas to the control
valve 72.

A sliding board 73 for mounting and supporting
the control valve 72 and the nozzle portion 71 is slid-
ably supported on guide rails 74 horizontally provided
along the bottom side portion of the turning frame 45,
and which linearly advances and retreats to and from
the reference axis (e) by the drive of a rodless air cy-
linder 75.

The direction of the nozzle portion 71 corre-
sponds to that of the engagement pieces 51a and 51b
detected by the valve direction detecting portion 5,
that is, directed to the reference axis (e). The vertical
interval between the nozzle portion 71 and the en-
gagement pieces 51a and 51b is kept at a specified
value so that the position of the nozzle portion 71 cor-
responds to that of the gasfilling port (a3) of the open-
ing/closing valve (a1) when the engagement pieces
51a and 51b are fitted around the outer periphery of
the opening/closing valve main body (a1).

The operation of the LP gas filling apparatus hav-
ing the above-described construction will be descri-
bed below.

The gas cylinder (a) carried by the carrying-in
conveyor (c) up to the terminal of the conveyor (c) is
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mounted on the vessel mounting portion (b) manually
or using an automatic charging machine. The air cy-
linder 19 of the clamp mechanism 1 is then operated
to clamp the outer periphery of the gas cylinder (a)
from both the sides by the clamps 11 and 12. The gas
cylinder (a) is thus held such that the axis thereof cor-
responds to the reference axis (e).

In such a state, the opening/closing valve (a1) of
the gas cylinder (a) may be directed in any direction.
In other words, the gas cylinder (a) can be mounted
on the vessel mounting portion (b) from the carrying-
in conveyor (c), without any attention to the direction
of the opening/closing valve (a1). Accordingly, there
is no trouble even when the gas cylinder (a) is
charged using the automatic charging machine.

The interval between the upper and lower clamps
11 and 12 is dependent on the kind of the gas cylinder
(a) to be filled with gas, and is changed prior to the
carrying-in of the gas cylinder (a). The kind of each
gas cylinder (a) is read by a bar-code reading device
(not shown) provided in the course of the carrying-in
conveyor (c), and on the basis of the control signal
from the control unit (not shown), the interval be-
tween the upper and lower clamps 11 and 12 is
changed by the operation of the rodless cylinder 22.

After the gas cylinder (a) is held by the clamps 11
and 12, the air motor 49 of the pulley 48a is operated
and the mounting base 40 is descended. Thus, the
valve opening/closing head 3 located at the upper
side and the valve direction detecting portion 5 posi-
tioned on the reference axis (e) are descended, and
the abutment body 56 of the detecting portion 5 abuts
the upper surface of the handle (a2), thus operating
the sensor 58 (Fig. 7).

The air cylinder 52 of the valve direction detecting
portion 5 is contracted on the basis of the operation
of the sensor 58, and the engagement pieces 51a and
51b in the open state are closed and the elastic air cy-
linder 54 is expanded. The engagement pieces 51a
and 51b in the closed state are elastically pressed on
the opening/closing main body (a1’) at a relatively
weak force. In most cases, as shown in Fig. 10, since
the direction of the opening/closing valve main body
(a1’) does not correspond to that of the cut-out por-
tions 57a and 57b of the engagement pieces 51a and
51b, the engagement pieces 51a and 51b are pressed
on the upper portion of the opening/closing valve
main body (a1’), as shown in Fig. 7.

Next, the air motor 43 of the valve opening/clos-
ing head 3 portion is operated, and the valve direction
detecting portion 5 and the gas filling nozzle 5 are
turned together with the turning frame 45. As the
turning operation proceeds, at a certain time, the cut-
out portions 57a and 57b of the engagement pieces
51a and 51b correspond to the opening/closing valve
main body (a1’) in the shape, and they are fitted out-
side the opening/closing valve main body (a1’). The
engagement pieces 51a and 51b are thus dropped as
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shown in Fig. 8, and the leading edge of the support-
ing shaft 56a of the abutment body 56 abuts the sen-
sor 59, thus operating the sensor 59. On the basis of
the operation of the sensor 59, the operation of the air
motor 43 is stopped, and the turning of the engage-
ment pieces 51a, 51b and the gas filling nozzle 7 is
stopped. At this time, the direction of the open-
ing/closing valve (a1) is detected, and the gas filling
nozzle 7 corresponds to the gas filling port (a3) of the
opening/closing valve (a1) in the direction and the
height.

As described above, the turning frame 45 can be
turned within the range of 360° or more. Accordingly,
upon the carrying-in of the gas cylinder (a), even
when the opening/closing valve (a1) of the gas cylin-
der (a) is directed in any direction, the engagement
pieces 51a and 51b are necessarily fitted outside the
opening/closing valve main body (a1’) during the
valve direction detecting portion 5 is turned by 360°
together with the turning frame 45, thus making it
possible to detect the direction of the opening/closing
valve (a1).

The air cylinder 52 of the valve direction detecting
portion 5 is expanded along with the operation of the
sensor 59, so that the engagement pieces 51a and
51b are opened. The air cylinders 53 and 54 are then
contracted to ascend the valve direction detecting
portion 5. By further turning the air cylinder 53 by 90°,
the valve direction detecting portion 5 is retreated
from the opening/closing valve (a1), and it waits atthe
position shown in Fig. 9.

The air cylinder 32 of the valve opening/closing
head 3 is expanded, and the head portion 31 is de-
scended to be fitted to the handle (a2) of the open-
ing/closing valve (a1) from the upper side. Next, by
the drive of the motor 36, the head portion 31 turns
the handle (a2) in the open direction, thus opening the
opening/closing valve (a1).

The rodless air cylinder 75 of the gas filling nozzle
7 is operated, and the nozzle 71 advances to be con-
nected to the gas filling port (a3). The control valve
72 is then opened, and the gas filling is started. The
filling amount of gas is measured on the basis of a
change in the weight of the gas cylinder (a) on the ves-
sel mounting portion (b), and the measured value is
supplied to the control unit (not shown) as a signal.

On the basis of the control by the control unit (not
shown), the gas cylinder (a) is filled with gas in a spe-
cified amount, after which the control valve 72 is
closed and the head portion 31 turns the handle (a2)
in the closing direction by the drive of the motor 43 of
the valve opening/closing head, thus closing the
opening/closing valve (a1) of the gas cylinder (a).

After that, the gas filling nozzle 7 is retreated by
the operation of the air cylinder 75 and is removed
from the gas filling port (a3) of the opening/closing
valve (a1). The valve opening/closing head 3 is then
ascended up to the original position, and the clamps
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11 and 12 are opened. By the ascending of the mount-
ing base 40, the valve opening/closing head 3, valve
direction detecting portion 5, gas filling nozzle 7 are
ascended up to the original specified positions. More-
over, by the drive of the air motor 43, the turning
frame 45 is reversely turned to the original position,
and the air cylinder 53 of the valve direction detecting
portion 5 is expanded and reversed by 90°. The filling
apparatus is thus returned to the initial state.

The above-described filling operations are per-
formed as the turn table (d) makes a revolution and
the gas cylinder (a) after completion of the gas filling
is transferred manually or using an automatic ejecting
machine to the carrying-out conveyor (g) provided in
parallel to the carrying-in conveyor (c¢), and is trans-
ferred to a specified recovery location.

As described above, according to the gas filling
apparatus A carrying out the present invention, it be-
comes possible to automatically perform all the oper-
ations including positioning, connection and the sep-
aration between the gasfilling port (a3) of the gas cy-
linder (a) carried onto the vessel mounting portion (b)
of the turn table (d) and the gas filling nozzle 7, and
the opening/closing of the opening/closing valve (a2),
and hence to rationally automate the gas filling oper-
ations avoiding heavy labor.

In the above filling apparatus, by supporting the
gas filling nozzle 7 and the valve direction detecting
portion 5 in such a manner as to be turnable within
the range of 360° or more, even when the open-
ing/closing valve (a1) of the gas cylinder (a) is direct-
ed in any direction, the direction of the valve can be
detected. In other words, the gas cylinder (a) can be
mounted on the vessel mounting portion (b) from the
carrying-in conveyor (c) without attention to the direc-
tion of the opening/closing valve (a1). Accordingly,
the manual operations for gas filling can be made
easy, and further, an automatic charging machine
can be used to charge the gas cylinder (a) without any
trouble.

Moreover, since the engagement body to be en-
gaged with the opening/closing valve main body (a1’)
is formed of the two engagement pieces 51a and 51b
and the engagement pieces 51a and 51b are so con-
structed as to be opposed to each other and to be hor-
izontally opened/closed, the moving path and the di-
rection of the engagement body to the opening/clos-
ing valve main body (a1’) is not required to be com-
plicated, thus making it possible to simplify the struc-
ture and to smoothly detect the direction of the open-
ing/closing valve main body (a1’).

In the above-described LP gas filling apparatus
A, the valve direction detecting portion 5 for detecting
the direction of the opening/closing valve (a1) of the
gas cylinder (a) and introducing the gas filling nozzle
7 to the gas filling port (a3) of the opening/closing
valve (a1), is mechanically constructed using the en-
gagement pieces 51a and 51b; however, it may be
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constructed using photoelectric sensors, as in a valve
direction detecting portion 105 shown in Figs. 13 and
14,

The valve direction detecting portion 150 is
mounted on and supported by the leading edge of a
turning arm 55 like the above valve direction detect-
ing portion 5. By the turning of the turning arm 55, the
valve direction detecting portion 150 is turned be-
tween the position on the reference axis (e) connect-
ing the valve opening/closing head 3 to the open-
ing/closing valve (a1) of the gas cylinder (a) and the
position separated from the opening/closing valve
(a1). In addition, in the LP gas filling apparatus A in-
cluding the valve direction detecting portion 150, the
parts other than the valve direction detecting portion
150 are the same as those in the previous apparatus
A.

As shown in Fig. 13, the valve direction detecting
portion 150 includes supporting pieces 151 and 152,
on specified positions of which photoelectric sensors
1563, 154 and 155 are mounted.

In Fig. 13, the supporting piece 151 is formed in
a U-shape in the side view, and is mounted at the low-
er edge of the turning arm 55 such that both the pro-
jecting portions thereof are directed downward. The
two supporting pieces 152 are provided in parallel to
each other such that the inner surfaces are opposed
to each other, along both the side edges of one Pro-
jecting portion of the supporting piece 151.

A pair of photoelectric sensors 153aand 153b are
oppositely mounted at both the projecting ends of the
U-shaped supporting piece 151.

The photoelectric sensor 153a emits a light beam
153c to the other photoelectric sensor 153b in the hor-
izontal direction. The other photoelectric sensor 153b
receives the light beam 153¢, and outputs a signal to
a drive control UNIT (not shown).

In addition, the remaining photoelectric sensors
154 and 155 are the same in the construction as the
photoelectric sensor 153, and are electrically con-
nected to the drive control unit (not shown).

Photoelectric sensors 154a and 154b are mount-
ed at the positions higher than those of both the pro-
jecting portions of the supporting piece 151 mounting
the photoelectric sensors 153a and 153b.

The photoelectric sensors 155a and 155b are op-
positely mounted on both the lower ends of the sup-
porting pieces 152 perpendicular to the supporting
piece 151 in the plan view.

The photoelectric sensors 153, 154 and 155
mounted on the supporting pieces 151 and 152 are in
the positional relationship shown in Figs.13 and 14.

Fig. 14 shows the relationship between the light
beams horizontally emitted from the photoelectric
sensors 153, 154 and 155 and the opening/closing
valve (a1).

The light beam 153c horizontally emitted from the
photoelectric sensor 153 is in the relationship to be in
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parallel to the side surface of the opening/closing
valve main body (a1’) and to be close thereto with a
slight gap, as shown in Fig. 14 (plan view). The light
beam 153c¢ corresponds to the X-axis in the plan view,
and is in parallel to the direction of the nozzle 71. The
level of the light beam 153c¢ corresponds to a center
(f1) of the gas filling port (a3) in Fig. 13 (side view).

The light beam 155¢ horizontally emitted from the
photoelectric sensor 155 is in the relationship to be in
parallel to the end surface of the gas filling port (a3)
of the opening/closing valve (a1) and to be close
thereto, and is perpendicular to the light beam 153¢
emitted from the photoelectric sensor 153 (Fig. 14).
In addition, the light beam 155¢ corresponds to the Y-
axis in the plan view.

The level of the light beam 155¢ is set to be in the
range between a highest portion (f2) of a safety valve
(a4) projecting to the side opposed to the gas filling
port (a3) and the lower end (f3) of the filling port (a3).

The light beams 153¢ and 155¢ emitted form the
photoelectric sensors 153 and 155 are perpendicular
to each other in an L-shape in the plan view, and they
are horizontally rotated around the reference axis (e)
together with the gas filling nozzle 7.

The light beams 153c and 155c¢ rotated in the plan
view while keeping the plan form are contacted with
the opening/closing valve main body (a1’) except in
the positional relationship shown by the solid line in
Fig. 14. A drive control unit (not shown) electrically
connected with the photoelectric sensors 153 and
155 simultaneously receives the light beams and thus
judges that the direction of the nozzle 71 corresponds
to that of the opening/closing valve (a1), as a result
of which the turning of the valve direction detecting
portion 105 and the gas filling nozzle 7 is stopped.

The light beam 153¢ emitted from the photoelec-
tric sensor 153 is in the state to be closely in parallel
to the opening/closing valve main body (a1’) even
when the direction of the opening/closing valve (a1)
shown in Fig. 14 is reversed by 180°. However, since
the distance between the center (e) of the open-
ing/closing valve (a1) to the end surface of the safety
valve (a4) is longer than that between the center (e)
to the end surface of the gas filling port (a3), the light
beam 155¢ emitted from the photoelectric sensor 155
is shielded by the safety valve (a4). The drive control
unit (not shown) thus judges that the direction of the
valve does not correspond to that of the nozzle.

As shown in Fig. 13, the light beam 154¢ horizon-
tally emitted from the photoelectric sensor 154 is in
the relationship to be in parallel to the highest portion
of the center of the upper surface of the opening/clos-
ing valve (a1) and to be contacted therewith. In addi-
tion, the interval between the highest portion of the
handle (a2) and the center (f1) of the gas filling port
(a3) is kept at the specified value according to the
standard, so that the interval between the highest
portion of the handle (a2) and each of the reference



15 EP 0 660 026 A1 16

lines (f2) and (f3) is also kept at the specified value.

The operation of the valve direction detecting
portion 150 having the above construction will be de-
scribed below.

The valve direction detecting portion 150 is
moved up to the position directly over the reference
axis (e) of the gas cylinder (a) by the turning of the air
cylinder 53, and is descended by the lowering of the
air cylinder 53. When the light beam 154c¢ emitted
from the photoelectric sensor 154 is contacted with
the upper surface of the handle (a2) of the gas cylin-
der (a), and the light receiving by the photoelectric
sensor 154b is obstructed, the drive control unit (not
shown) stops the descending of the valve detecting
portion 150. In such a state, the photoelectric sensors
153 and 155 are kept at the level shown in Fig. 13.

However, in most cases, for example as shown by
virtual lines in Fig. 14, since the direction of the open-
ing/closing valve main body (a1’) does not correspond
to that of the L-shape formed by the light beams 153¢
and 155¢ emitted by the photoelectric sensors 153
and 155, both or either of the light beams 153¢ and
155¢ are contacted with the opening/closing valve
main body (a1’) and are not received by the photo-
electric sensors 1563b and 155b.

On the basis of the signal supplied from the pho-
toelectric sensors 153b and 155b, the drive control
unit (not shown) turns the valve direction detecting
portion 150 around the reference axis (e) together
with the turning frame 45 by the operation of the air
motor 43 of the valve opening/closing head portion 3.

Next, the air motor 43 of the valve opening/clos-
ing head 3 portion is operated, and the valve direction
detecting portion 5§ and the gas filling nozzle 5 are
turned together with the turning frame 45.

As the turning of the valve direction detecting
portion 150 proceeds, at a single certain point, the L-
shape formed by the light beams 153c and 155¢ emit-
ted by the photoelectric sensors 153 and 155 corre-
sponds to the shape of the outer peripheral portion of
the opening/closing valve main body (1a’), so that the
photoelectric sensors 153b and 155b are simultane-
ously in the state of receiving the light beams (solid
line in Fig. 14).

On the basis of the input signal indicating that the
photoelectric sensors 153b and 155b are in the state
of receiving the light beam, the drive control unit (not
shown) stops the operation of the air motor 43 thus
stopping the turning of the gas filling nozzle 7.

The direction of the opening/closing valve (a1) is
thus detected, and the gas filling nozzle 7 corre-
sponds to the gas filling port (a3) of the opening/clos-
ing valve (a1) in the direction and the height.

After that, like the gas filling apparatus A, the
valve opening/closing head 3 is descended and
opens the handle (a2), thus opening the open-
ing/closing valve (a1). The nozzle 71 then advances
to be connected to the gas filling port (a3), thus start-
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ing the gas filling.

As described above, in the apparatus including
the valve direction detecting portion using the photo-
electric sensors, it becomes possible to smoothly de-
tect, in a non-contact manner, the direction of the
opening/closing valve (a1) and to allow the nozzle 71
to correspond to the gas filling port (a3) of the open-
ing/closing valve (a1) in the direction and height, and
hence to reduce the failure caused by the mechanical
wear and the noise caused by the contact between
metal members.

In addition, the valve direction detecting portion
150 uses the photoelectric sensor 154 as the position
detecting means for allowing the nozzle 71 to corre-
spond to the gas filling port (a3) in the height; how-
ever, it may be constituted of a mechanical switch as
in the previous embodiment.

Having described specific preferred embodi-
ments of the invention with reference to the accom-
panying drawings, it will be appreciated that the pres-
ent invention is not limited to those precise embodi-
ments, and that various changes and modification
can be effected therein by one of ordinary skill in the
art without departing from the scope or spirit of the in-
vention as defined by the appended claims.

Claims

1. An LP gas cylinder filling apparatus for gas cylin-
ders (a) which have a valve main body (a1), in-
cluding a filling part (a3) said apparatus being
characterised by a clamp mechanism (11, 12) for
holding the cylinder (a) with its axis on a refer-
ence axis (e), a valve direction detecting means
(5, 150), means (53, 54) for moving the valve di-
rection detecting means (5, 150) back and forth
along the reference axis (e), a gas filling nozzle
(7’) mounted for movement back and forth trans-
verse to the reference axis (e) and thus engage
the cylinder filling part (a3), said detecting means
(5, 150) including sensing means (58, 59; 153,
154, 155) for sensing misalignment of the valve
direction detecting means (5, 150) and the cylin-
der valve main body (a1) when the said detecting
means (5, 150) is moved into operational relation-
ship therewith along the reference axis (e), and a
frame (45) connecting the nozzle (71) and detect-
ing means (5, 150) said frame being rotatable
about the reference axis (e) by atleast 360° to ro-
tate the nozzle (7’) and detecting means (5, 150)
to bring the nozzle (7°) into alignment with the
valve main body fitting part (a3) by the detecting
means (5, 150) detecting said alignment.

2. Anapparatus according to claim 1, characterised
in that the detecting means (5, 150) is movable
between a first position in which it lies on the ref-
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erence axis (e) and a second position in which it
is displaced from said axis (e).

An apparatus according to claim 1 or 2, charac-
terised in that said reference axis (e) is vertical.

An apparatus according to claim 1, 2 or 3 for cy-
linders having a handle (a2) above the valve main
body (a1) which can be turned to open and close
the valve opening characterised by a valve clos-
ing head (3) movable along the reference axis (e)
and engagable with handle (a2) to open and close
the valve in sequence with the filling thereof.

An apparatus according to any of claims 1 to 4,
characterised in that the valve direction detecting
means (5, 150) has a shape corresponding to the
shape of the outer plan periphery of the valve
main body (a1) and is pressed thereto as the
frame (45) is rotated until detecting means (5,
150) and the valve main body (a1) correctly align
and the detecting means (5, 150) moves over the
body (a1).

An apparatus according to claim 5, characterised
in that said detection means (5, 150) is formed of
two opposed engagement pieces (51a, 51b) hav-
ing cut-out portions (57a, 57b) corresponding in
shape to the outer peripheral portion (in plan
view) of the valve main body (a1), said engage-
ment pieces (51a, 51b) being supported so as to
be spaced from each other to allow the valve
main body (a1) to pass therebetween.

An apparatus according to claim 6 characterised
in that the pieces (51a, 51b) are movable towards
and away from each other.

An apparatus according to any of claims 1 to 4,
characterised in that said detecting means (5,
150) comprises a photoelectric sensor arrange-
ment to detect the alignment of the valve main
body (a1).

An apparatus according to claim 8, characterised
by photoelectric cells and sensors (153, 155) de-
fining X and Y light axes arranged so as to sense
when the valve main body (a1) is in the correct
alignment with detecting means (150) and the
nozzle (7).

An apparatus according to claim 8 or 9 including
additional photoelectric sensing device (155) for
detecting the position of the valve main body (a1)
relative to the detection means (150) along the
length of the axis (e).

An apparatus according to any preceding claim,
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18

characterised in that a plurality of apparatus (A)
are arranged on a rotatable turntable (d) and the
sequence of cylinder coupling, filling and uncou-
pling of the cylinder as each apparatus takes
place during a revolution of the turntable (d).
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