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1. A device for filling a gaseous fuel container,
comprising a compressor for compressing the gaseous fuel and
adapted tc be connected on the suction side, via a suction
line comprising an inlet shut-off valve to a source of
gaseous fuel, more particularly a mnatural gas 1line and
adapted to be connected at the pressure side to the
gaseous-fuel container to be filled, via a supply line
comprising a pressure-limiting wvalve adjustable to a
predetermined maximum pressure of the compressed gaseous
fuel, characterised in that the supply line comprises a
discharge valve the discharge valve and the .nlet valve of
the suction line are connected to at least one coritrol
device adapted to be influenced in dependence on control
signals from a temperature sensor detecting the
environmental temperature at the place where the device is
installed and a pressure sensor detecting the ‘pressure
supplied by the compressor, at least the pressure-limiting
valve and the discharge valve are disposed with the control
device in a casing sealed from the immediate environment and
connected to a discharge line leading from the place where

the device is disposed, and the portion of the suction line

.12




(11) AU-B-19288/88 ~2-
(10) 604344

connected to the source of gaseous fuel <comprises a
pressure-difference sensor detecting the difference between
the gaseous-fuel pressure in the portion and the pressure in
the casing and connected to the control device.
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A DEVICE FOR FILLING A GASEOQUS-FUEL CONTAINER
The invention rela* :s to a device for filling a

gaseous fuel container, comprising a compressor for
compressing the gaseous fuel and adapted tc be connected on
the suction side, via a suctionline ccmprising an inlet
shut-off valve, to a source of gaseous fuel, more
particularly a natural gas line, and adapted to be connected

at the pressure side to the gaseous-fuel container to be

filled, via a supply line comprising a pressure-limiting
valve adjustable to a predetermined maximum pressure of the
compressed gaseous fuel.

In devices of this kind, e.g., installations for
filling vehicles driven by gaseous fuel, the fuel, e.g.,
natural gas delivered at a pressure of e.g., 10 mbar, is
compressed to & filling pressure of e.g., 200 bar when
filling the gas container. The problem in such cases,
particularly in areas or under operating conditions with
large fluctuations in ambient temperature, is that
correspondingly large fluctuations occur in the pressure in
the filled gaseous-fuel container. For example, if gas is
introduced into the gaseous-fuel container of a vehicle at a
filling pressure of 200 bar at an ambient temperature of
-20°C, and if the vehicle is parked in an area at a
temperature of e.g., +20°C, the gas will be at a temperature
of about 300 bar. The filling pressure must therefore be
adapted to the local temperature conditions, i.e., must be
suitably reduced at 1low ambient temperatures. The
installations hitherto required for this purpose have been
relatively expensive and need to be carefully operated by
experts, in order to obtain the required reliability in
operation, both of the refuelling installation and of the
fuel container to be filled, when handling explosive -gaseous
fuel.

The object of the invention is to construct a
filling device which is improved in this respect, simple to
operate, and automatically adjusts the filling temperature
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of the gaseous fuel to the local ambient temperature and
also increases the relisbility of the installation during

operation.
To this end, according to the invention, the
5 supply line comprises a discharge valve, the discharge valve
and the inlet valve of the suction line are connected to at
least one control device adapted to be influenced 1in
dependence on control signals from a temperature sensor
detecting the ambient temperature at the place where the
10 device is installed, and from a pressure sensor detecting

the pressure at which the compressor is supplied, at least
the pressure-limiting valve and the discharge valve are
disposed with the control device in a casing sealed from the
el immediate environment and connected to a discharge line
et 15 leading from the place where the device is disposed, and the
portion of the suction line conected to the source of
gaseous fuel <comprises a pressure-difference sensor
L detecting the difference between the gaseous-fuel pressure
b in the portion and the pressure in the casing, and connected

20 to the control device.
In the device according to the invention, the gas
pressures in the suction line and the supply line can be

L adjusted to predetermined values corresponding to 1local
::: operating conditions largely independently of voluntary
TS 25 intervention, thus more particularly preventing faulty
RS manipulation of the plant or the risk of explosion, e.g.,

through over-filling the container or through unchecked
escape of gas. '

Embodiments of the invention are disclosed in the
AT 30 dependent claims.
°30e Other details and features will be clear from the

following description of embodiments of the invention shown
diagrammatically in the drawings, in conjunction with the
claims. 1In the drawings: .

35 Figure 1 is a diagram of a filling device
constructed according to the invention;
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Figure 2 shows a unit of a corresponding filling
device in a modified embodiment;

Figure 3 shows a unit of another filling device in
a modified embodiment;

Figure 4 shows a unit from the £filling device in
Figure 1, in partial longitudinal section.

Figure 5 shows the | unit in cross-section
corresponding to line V-V in Figure 4;

Figure 6 shows the  unit in cross-section
corresponding to line VI-VI in Figure 4, and

Figure 7 is a diagram of another filling device in
a mcdified embodiment.

Figure 1 shows a device comprising a compressor 1
connected by a coupling 2 to a drive shaft 3 of a motor 4,
and a safety unit 5 connected to compressor 1 and disposed
in a pressure-tight casing 6. The drive shaft 3 can have an
impeller 7 for cooling the compressor. The compressor 1,
which can have any suitable construction, e.g., a multistage
reciprocating compressor, can be connected at the suction
side via a suction line 8 to a source of gaseous fuel, i.e.,
te a natural-gas pipe 9 in the example shown. The pressure
side of compressor 1, which corresponds to the last stage in
a multistage compressor, can be connected via a supply line
11 to a gaseous fuel container 10 to be filled, e.g., the
fuel tank of a vehicle (not shown).

The casing 6 comprises a fittings chamber 15
bounded by a first éend wall 12, a cylindrical side wall 13
and a partition wall 14, and a buffer chamber 16 separated
from chamber 15 and bounded by the partition 14, a
cylindrical side wall 17 and a second end wall 18. Walls 12
and 14 are constructed as distribution blocks. Wall 12 has
peripheral connection places for a discharge line 20 and a
first suctionline portion 8a adapted to be connected to the
natural-gas line 9, whereas partition 14 has a peripheral
connection place for a second suction-line portion 8b
leading to the compressor, and two connection places for a
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first supply-line portion lla connected to compressor 1 and
a second portion 1lb for connecting to the gaseous fuel
container 10.

The first portion 8a of suction line 8, which can
be connected to the natural-gas line 9 either directly or
via an e.g., manual shut-off means 21 as shown in Figure 1,
has a filter 22 for removing any impurities in the natural
gas and is connected to two flow channels 23,24 formed in
the end wall 12 and respectively connected to the inlet side
of an inlet shut-off valve 26 disposed in chamber 15 or to a
pressure-~difference sensor 25 disposed in chamber 15. The
discharge line 20 is connected to the fittings chamber 15
via a flow channel 27 in the end wall 12 and containing a
restrictor 28, and extends away from the immediate
neighbourhood of the £filling device, e.g. over a roof (not
shown) covering the device. The outlet side of valve 26 is
connected to a flow channel formed in partition 14 and
connected by a non-return valve 31 to the buffer chamber 16.
The buffer chamber is connected via a flow channel 32 formed
in partition 14 to a safety valve 33 disposed in and opening
into the fittings chamber 15 and adjustable to a preset
maximum value of the pressure prevailing in the buffer
chamber 16. Chamber 16 is also connected via another flow
channel 34 to the second portion 8b of suction line 8
leading to compressor 1.

The two portions 1lla, 1lb of supply line 11 are
interconnected via the flow channels 35, 36, 37, 38 formed
in partition 14 and are also connected to a group of
fittings disposed in chamber 15. The group of fittings
comprise a pressure sensor 41, a pressure-limiting valve 42
opening into the fittings chamber 15 and adjustable to a
preset maximum pressure of the compressed gaseous fuel, and
a shut-off discharge valve 43 whose outlet side is connected
to the buffer chamber 16 via a discharge line 44 and a flow
channel 45 formed in partition 14. The second portion 1l1lb
of supply 1line 11 can be connected to the gaseous fuel
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container 10 via a shut-off means disposed thereon and, as
shown in Figure 1, adapted to contain inter alia a
non-return valve 46 and an e.g., manual shut-off valve 47.

An electronic control device 50, likewise disposed
in chamber 15, 1is connected via signal 1lines 51, 52
respectively to the pressure-difference sensor 25 or the
high-pressure sensor 41, and by control 1lines 53, 54
respectively to an actuator, e.g., a servomotor or
electromagnet, of inlet valve 26 or of discharge valve 43.
The control device 50 is also connected via signal lines 55,
56, 57 through the end wall 12 of the casing 6 to respective
temperature sensors 58, 69m 61 and via a control line 62 to
a switch device 63 and via an electric circuit 65 and
emergency switch 64 to an electric current source (not
shown). Motor 4 is connected by another electric circuit 66
to the control device 50. The temperature sensor is
disposed at a distance frmo the filling device, preferably
outside the casing 67 indicated by chain-dotted lines in
Figure 4 and adapted to surround the compressor 1, motor 4
and safety unit 5. The temperature sensor 58 detects the
ambient temperature at the place where the filling
installation is installed, whereas the temperature sensors
C0, Cl are disposed on motor 1 and compressor 1
respectively.

The filling device is started up by the switching
device 63, actuated e.g. by a key, whereupon the discharge
valve 43 of the supply line 11 is closed via control line
54, the inlet valve 26 of suction line 8 is opened via
control line 51 and the motor 40 is switched on via electric
circuit 66, by means of switching units (not shown)
contained in the control device 50. When the shut-off means
21 is opened, natural gas supplied at a pressure of e.g. 10
mbar from line 9 is conveyed through the non-return valve 31
to the buffer chamber 16 and through feed-line portion 8b to
compressor 1, compressed to a preset supply pressure and
delivered through supply 1line 11 to the gaseous fuel
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container 10. The supply pressure is limited to a maximum
value of e.g. 230 bar by the pressure-limiting valve 42. By
means of control device 50, the supply pressure during
operation is limited to a value corresponding to the ambient
temperature, in accordance with control signals from the
pressure sensor 41 of supply line 11 and the temperature
sensor 58 which detects the ambient temperature. The
appropriate pressure can be e.g. 100 bar at an ambient
temperature of -40°C and e.g. 200 bar at a temperature of
+20°C, with corresponding limiting and intermediate values
associated with each preset temperature range.

Depending on the temperatue/pressure function
supplied to the control device 50, when the operating supply
pressure (e.g. 150 bar) corresponding to the ambient
temperature is reached, the inlet valve 26 of suction line 8
is closed, the dicharge valve 43 of supply line 8 is opened
and motor 4 1is switched off by the control device 50
influenced by the corresponding signals of pressure sensor
41 and temperature sensor 58. The compressed gaseous fuel
remaining in the compressor 1 and in the suction line 11
closed by the non-return valve 46 flows through the opened
discharge valve 43 and through the discharge channel 45 into
the buffer chamber 16, where a pressure of e.g. 2 - 3 bar
builds up, limited by the safety valve 33. When this
pressure is exceeded, a corresponding amount of gaseous fuel
is conveyed through a flow channel 32 and safety valve 33 to
the fittings chamber 15 and thence, after a corresponding
delay by restrictor 28, through discharge line 20 to a place
at a distance from the filling plant and discharged to
atmosphere.

Correspondingly, if the maximum supply pressure set
by valve 42 is exceeded, the gas flowing out through valve
42 into chamber 15 is discharged through line 20.

The filling device can also be automatically
switched off by the control device 50, even before reaching
the supply pressure corresponding to the environmental
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temperature. If the pressure in supply line 11 do¢s not
rise after compressor 1 has been switched on, or if it falls
beliow a preset value when compressor 1 has been switched on,
a signal for closing the inlet valve 26, for opening the
discharge valve 43 and for switching off the motor 4 can be
triggered in dependence on a corresponding signal from the
pressure sensor 41 in the control line 50. Corresponding
switching-off signals can be triggered by the
pressure-difference sensor 25 if the pressure rises in
casing 15 after valve 42 responds, or if the input pressure
of gaseous fuel in suction-line section 8a is too low.
Other shut-off signals <can be transmitted by the
corresponding temperature sensor 60, 61 to the control
device if a temperature preset in a measuring range of motor
4 and/or compressor 1 is exceeded. Of course, the filling
device can also be switched off beforehand by the switching
device 63 or the emergency switch 64.

Figure 2 shows an embodiment in whcih the inlet
side of the inlet valve 26 and the pressure-difference
sensor 25 are connected to flow channels 70, 71 respectively
formed in partition 14. Flow channel 71 is connected to
flow channel 70, which is connected by a filter 22 disposed
in partition 14 to the suction-line portion 8a connected to
the periphery of partition 14. In this embodiment, the
signal lines 55, 56, 57 leading to temperature sensors 58,
60, 61, the control line 62 and the electric circuit 65 are
conveyed through partiticn 14 to chamber 15, which is
bounded by an end wall 12’ which does not have any flow
channels or pipe bushings and can therefore be made
correspondingly thin.

In the embodiments in Figqures 1 and 2, all the
fittings essential for controlling the filling device and
through which the gaseous fuel flows are disposed, together
with the associated connecting and switching-places, in the
pressure-tight casing 15, which has only a few, relatively
easily-sealed external connections and is therefore simple
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in construction and reliably encloses those parts of the
filling device which are at risk of explosion, e.g., if the
seals are defective.
As shown in Figqure 3, an embodiment is also
possible in which only the fittings exposed to the highest
pressure are disposed in chamber 15,
25, 31) exposed to a lower

gaseous—fuel pressure, e.g., 2 - 3 bar, are disposed outside

whereas the fittings
(sensor valve 26 and valve
casing 5 and connected at the periphery of partition 14 to a
flow channel 74 leading directly to the buffer chamber 16.
A sensor line 75 detecting the pressure in chamber 15 can
lead from the pressure-difference sensor 25 to the fittings
chamber 15, to a flow channel 75
formed in partition 14 and connected to chamber 15.

or, as shown in Figure 3,
Figures 4, 5, 6 are a grahpic representation of the
the end wall 12 and
the partition wall 14 are clamped together by bolts 80 via a
wall 13,
sealing-tight manner.

safety unit 5 in Fiqure 1. As shown,
inserted between them 1in a-
Side wall 17 and end wall 18 of
buffer chamber 16, form a cap-like part welded to partition
14.
12,
a teminal box 81 for the signal and control-line connections
The safety valve 43 and the
pressure-limiting valve 42 are screwed in respective bores

side which is

The inlet valve 26 is screwed into a bore in end wall
connected to flow channel 23. The control device 50 and
are secured to the end wall 12.
in partition 14. the non-return valve 31 is disposed in a
bore in partition 14 and screwed into a bore in valve 26.

In the previously-described embodiments, the inlet
valve 26 of suction line 8 and the discharge valve 43 of
supply 1line 11 can be

influenced by two independently

controllable actuators, one of the two valves 26, 43 being
open at any time whereas the corresponding other valve is
closed. In the embodiment shown in Figure 7, an inlet valve
126 and a discharge valve 143 form a common change-over
means 90 adjustable bwtween two switch positions by an
which can be a

actuator 91. The change-over means 90,
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3/2-way valve as shown in the drawing, has a first input El
connected to the flow channel 23 of suction line 8, a second
input E2 connected to the flow channel 38 of supply line 11,
and an output A connected to the flow channel 30 of suction
line 8.

When the changeover means 90 is in one switch
position (not shown in Figure 7), its first input El is
conencted to output A and its second input E2 isg

automatically blocked, whereas in the other switch position,

shown is connected to

output A and the first input El is automatically blocked.
In this

disposed at the inlet side of means 90.

in Figure 7, the second input E2

embodiment, the non-return valve 32 is
The non-return
valve 32 can be a separate inserted part, connected in front
of changeover means 90, or can be incorporated in means 90
The actuator 91 of means 90

control lines 92 to the control device 50.

as shown. is connected by
The actuator 91
can be a servomotor or, as shown, a lifting electromagnet.
By means of the switching device 63 actuated in the
manner described, the changeover means 91 is moved from the
switch position shown into the switch position for blocking
the connected portion of supply line 11, and connecting the
flow channel 23 of suction line 8 to the flow channel 30,
and motor 4 is switched on via electric circuit 66.
Correspondingly, when the operating supply pressure
corresponding to the environmental temperature is reached or
when the pressure in the supply line 11 fails to rise or
falls below a preset value after switching on the compressor
1, the changeover means 90 is moved by the control device 50
out of the position connecting the two flow channels 23, 30
or suction line 8 and into the position shown in Figure 7,
which the line portion 8a is blocked and the portion 1lla
supply line 11 is connected to flow channel 30. Motor 4

switched off at the same time.

in
of
is

buring the adjusting process, the non-return valve
31
prevents

associated with the inlet side of the changeover means 90

the gaseous fuel at the supply pressure from
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overflowing from the supply line 11 into the upstream
portion 8a of supply line 8. When the non-return valve 32
is incorporated int ha2 casing of switching means 90 as
shown, an overflow of the gaseous fuel from the second input
E2 to the first input El is already prevented inside the
casing.

When means 90 is in the switch position shown, the
compressed gaseous fuel remaining in compressor 1 and in the
supply line 11 closed by the non-return valve 46 flows
through the flow channel 30 to the buffer chamber 1i6.

The embodiment in Figure 7 can ensure in simple
manner that when the discharge valve 143 is closed, the
inlet valve 126 is reliably opened, the main effect being
reliably to avoid the risk of air being sucked through
compressor 1,
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A device for filling a gaseous fuel container,
comprising a compressor for compressing the gaseous fuel and
adapted to be connected on the suction side, via a suction
line comprising an inlet shut-off valve to a source of
gaseous fuel, more particularly a natural gas line and
adapted to be connected at the pressure side to the
gaseous-fuel container to be filled, via a supply line
comprising a pressure-limiting valve adjustable to a
predetermined maximum pressure of the compressed gaseous
fuel, characterised in that the supply line comprises a
discharge valve the discninarge valwve and the inlet valve of
the suction line are connected to at least one control
device adapted to be influenced in dependence on control
signals from a temperature sensor detecting the
environmental temperature at the place where the device is
installed and a pressure sensor detecting the pressure
suypiied by the compressor, at least the pressure-limiting
valve and the discharge valve are disposed wit:: the control
device in a casing sealed from the immediate environment and
connected to a discharge line leading from the place where
the device is disposed, and the portion of the suction line
connected to the source of gaseous fuel comprises a
pressure-difference sensor detecting the difference between
the gaseous-fuel pressure in the portion and the pressure in
the casing and connected to the control device.

2 A-deviece—aeesrding=to=claim=l—in=which—=the=comtrol
_ée_l'.—_"irﬁa 3-6--83 LL!\EM o0 v.i:‘-_l\_-'_—'__t h:‘ “m

Q. A device according to claim 1, characterised in
that the casing is divided by a partition wall into a
fittings chamber containing the pressure-limiting valve the
discharge valve and the control device and a buifer chamber
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sealed from the fittings chamber and connected to the outlet
side of. . the inlet valve and to a portion of the suction line
leading to the <compressor, the buffer chamber being
connectable to the fittings chamber via a safety valve
disposed in the fittings chamber and adjustable to a preset
maximum pressure, and also connected to the outlet of the
discharge valve,

&?' A device according to claim 9, characterised in
that the partition is a distribution block comprising flow
channels, to which the outlet side of the inlet valve is
connected, the portion of the suction line leading to the
compressor and the portions of the supply line connected to
the compressor and the gaseous-fuel container to be filled

are connected in a peripheral region of the partition and
the inlet sides of the pressure-limiting valve and of the
discharge valve are connected to the side of the partition
facing the fittings chamber, the outlet sides of the inlet
valve and of the discharge valve, the inlet side of the
safety valve and the portion of the suction line connected
to the compressor being connected via a respective one of

L the flow channels to the buffer chamber and the portions of
A the supply 1line connected to the compressor and *he
T gaseous-fuel container are connected via corresponding flow
"J:‘ channels to the pressure sensor the pressure-limiting valve
and the inlet side of the discharge valve.
L : : e ; -
0%e’%s 2 A device according to claim ®, characterised in
.:.T: that the pressure sensor of the supply line is disposed in

the fittings chamber and is connected to the supply channel
associated with the supply line.

3 orl
ﬁaf; A device according to claimj4=e¥5, characterised

in that the inlet valve is disposed in the fittings chamber.
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6.

2. A device according to any one of the preceding
claims, characterised in that the inlet valve and the
discharge valve form a common change-over means connected
via a single actuavor to the control device and adjustable
between two switch positions, and having a first input
connected to an upstream portion of the suction line a
second input connected to the supply line and an output
connected to a downstream portion of the suction line and in
the first switching position of the change-over means its
first input is connected to the output and its second input
is blocked, whereas in the second switching position the
second input is connected to the output and the first input
is blocked.

7. 6,

& A device according to claim, %, characterised in
that the changeover means is a three/two-way valve.

8 3\‘_o7
¥ A device according to any of <claims &=t==8,
characterised in that the pressure-difference sensor
associated with the suction line is disposed in the fittings

chamber.
q 3 orl
e A device according to claim &5, characterised

in that the inlet valve is disposed outside the casing and
its outlet side is connected tot he associated fiow channel
in the peripheral region of partition.

lo,
=, A device according to any of the preceding claims,
characterised in that the suction 1line comprises a
non-return valve.

i, 10,
2. A device according to claim,Ir, characterised in
tha the non-return valve is connected to the flow channel
ccanected to the outlet side of the inlet valve.
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6 or 7 and \O

13. A device according to claim, F=er—8—and—LF,
characterised in that the non-return valve is disposed in
the upstream portion of the suction line adjacent the
changeover means.

I3
=. A device according to claim 13, characterised in
that the non-return valve is incorporated in the changeover
means.

m 3 to 13,
B A device according to any of claims/ 4=to=

characterised in that the discharge line leading away from
the place where the device is installed is connected to the
fittings chamber via one of the flow channels formed in the
partition.

s 3 ot 13,
=, T A device according to any of claims jé=to=147
characterised in that the discharge line leading away from
the place where the device is installed is connected to a
flow channel formed in a wall part of the casing at a
distance from the partition and connected to the fittings
chamber.

Eljé A device according to any of the preceding claims,
characterised in that a restrictor is associated with the
discharge line leading away from the place where the device
is installed.

3 te 8B,
I£l7' A device according to any of claims1 —Fo—9%,
characterised in that the inlet side of the inlet valve is
connected to a flow channel formed in a wall part of casing
disposed at a distance from partition and connected to the
portion of the suction line for conection to the source of
gaseous fuel.
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18, 3 ke B
1. A device accor’ing to any of claims, & =tc=95
characterised in that the inlet side of the inlet valve is
connected to one of the flow channels formed in the

partition and the portion of the suction line for connecting

to the source of gaseous fuel is connected to the flow

channel in the peripheral region of the partition.

DATED this 26th day of June, 1990.

SULZER B:.OTHERS LIMITED

WATERMARK PATENT &
TRADEMARK ATTORNEYS
290 BURWOOD ROAD,
HAWTHORN, VICTORIA,
AUSTRALIA.

IAS:BB(9.7)
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