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DESCRIPTION

[0001] The present disclosure generally relates to a fuel supply system for an internal
combustion engine and In particular to a low-pressure fuel supply system.

Background

[0002] In internal combustion engines with pump-line-nozzle configurations each engine
cylinder is typically associated with a separate fuel injection pump disposed In close proximity
to the cylinder. Each fuel injection pump Is configured to pressurize fuel provided by a low-
pressure fuel supply line and to transfer the pressurized fuel to an associated fuel injector. The
fuel Injector then Injects the pressurized fuel into the cylinder where a mixture of fuel and air iIs
combusted to provide power.

[0003] In some cases, for example In case of an emergency, the internal combustion engine
has to stop its operation. Thus, provisions have to be made for reliably and quickly stopping
the operation of the internal combustion engine. A fuel supply device configured to stop the
operation of a Diesel engine Is disclosed In JPS5793649 (A). The fuel supply device includes a
fuel supply stop valve Installed between an injection pump and an auxiliary filter. By this
arrangement an interval between the fuel stop valve and the injection pump iIs reduced, a fuel
pipe Is shortened and hence engine stoppage may be hastened.

[0004] US 4 565 170 A discloses a fuel supply system comprising one fuel injection pump, a
low pressure fuel supply line fluidly conntected to the fuel injection pump, a low pressure fuel
return line fluidly connected to the fuel injection pump and a fuel cut-off valve disposed In the
low-pressure fuel supply line. The fuel cut-off valve i1s configured to stop a flow of fuel from the
fuel supply tank to the fuel injection pump.

[0005] The present disclosure Is directed, at least in part, to improving or overcoming one or
more aspects of prior systems.

sSummary of the Disclosure

[0006] In accordance with appended claim 1, a fuel supply system for an internal combustion
engine Is disclosed. The fuel supply system comprises a plurality of fuel injection pumps, each
fuel injection pump being configured to pressurize fuel and provide the pressurized fuel to an
associated fuel injector. The fuel supply system further comprises a low-pressure fuel supply
line fluidly connected to the plurality of fuel injection pumps and configured to provide fuel from
a fuel supply tank to the plurality of fuel injection pumps. The fuel supply system further
comprises a low-pressure fuel return line fluidly connected to the plurality of fuel injection
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pumps and configured to return remaining fuel from the plurality of fuel injection pumps to the
fuel supply tank. The fuel supply system further comprises a first fuel cut-off valve disposed In
the low-pressure fuel supply line and configured to stop a flow of fuel from the fuel supply tank
to the plurality of fuel injection pumps. And a purge gas supply line is fluidly connected to the
low-pressure fuel supply line, The purge gas supply line I1s configured to purge the low-
pressure fuel supply line and the low-pressure fuel return line.

[0007] In accordance with appended claim 10, a method of operating a fuel supply system for
an internal combustion engine is disclosed. The fuel supply system comprises a plurality of fuel
Injection pumps, a low-pressure fuel supply line connected to the plurality of fuel injection
pumps and configured to provide fuel from a fuel supply tank to the plurality of fuel injection
pumps, a low-pressure fuel return line fluidly connected to the plurality of fuel injection pumps
and configured to return remaining fuel from the plurality of fuel injection pumps to the fuel
supply tank, and a first fuel cut-off valve disposed in the low-pressure fuel supply line as well as
a purge gas supply line fluidly connected to the low-pressure fuel supply line and configured to
purge the low-pressure fuel supply line and the low-pressure fuel return line The method
comprises the steps of recelving an emergency stop input indicative of an emergency of the
Internal combustion engine; and closing the first fuel cut-off valve to stop a flow of fuel from the
low-pressure fuel supply line to the plurality of fuel injection pumps. Furthermore, the method
comprises the step of purging the low-pressure fuel supply line and the low-pressure fuel
return line with purge gas subsequently of the step of closing the first fuel cut-off valve

[0008] Other features and aspects of this disclosure will be apparent from the following
description and the accompanying drawings.

Brief Description of the Drawings

[0009] The accompanying drawings, which are incorporated herein and constitute a part of the
specification, Iillustrate exemplary embodiments of the disclosure and, together with the
description, serve to explain the principles of the disclosure. In the drawings:

Fig. 1 shows a schematic drawing of an exemplary fuel supply system with a first fuel cut-off
valve and a purge gas supply line;

Fig. 2 shows a schematic drawing of a fuel supply system with a second fuel cut-off valve and
a fuel waste tank departing from the invention as claimed;

Fig. 3 shows a schematic drawing of another exemplary fuel supply system with a second fuel
cut-off valve, a fuel waste tank and a purge gas supply line; and

Fig. 4 shows a schematic flow chart of an exemplary control procedure of operating a fuel
supply system.
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Detailed Description

[0010] The following Is a detailled description of exemplary embodiments of the present
disclosure. The exemplary embodiments described therein and illustrated in the drawings are
Intended to teach the principles of the present disclosure, enabling those of ordinary skill in the
art to implement and use the present disclosure in many different environments and for many
different applications. Therefore, the exemplary embodiments are not intended to be, and
should not be considered as, a limiting description of the scope of patent protection. Rather,
the scope of patent protection shall be defined by the appended claims.

[0011] A possibility of stopping the operation of the internal combustion engine, for example In
case of an emergency, I1s by preventing the fuel Injection pumps from pressurizing fuel.
Pressurizing fuel may be prevented by connecting the fuel injection pumps to an emergency
stop air line. During normal operation of the internal combustion engine, the emergency stop
air line 1s depressurized ensuring normal operation of the fuel injection pumps. In case the
Internal combustion engines exhibits an emergency, the emergency stop air line is pressurized
to prevent the fuel injection pumps from pressurizing the fuel. As a result, no more fuel Is
Injected into the combustion chamber and the internal combustion engine stops its operation.

[0012] It 1s not known prior to pressurizing the emergency stop air line whether the emergency
stop air line Is functional or not. For example, the emergency stop air line may not be air tight.
In those cases, pressurization of the emergency stop air line may not cause the fuel injection
pump to stop pressurizing fuel. As the fuel injection pumps continue to pressurize fuel, the
Internal combustion engine may still operate despite the provision of the emergency stop air
ine.

[0013] The present disclosure is based on the realization that the fuel supply system includes
a first fuel cut-off valve. The first fuel cut-off valve Is disposed in a low-pressure fuel supply line
fluidly connected to a fuel supply tank and the fuel injection pumps. The first fuel cut-off valve Is
configured to stop a flow of fuel from the fuel supply tank to the fuel injection pumps. As a
result, the internal combustion engine can only consume remaining fuel contained in the low-
pressure fuel supply line downstream of the first fuel cut-off valve. Once the remaining fuel is
consumed by the internal combustion engine, the internal combustion engine stops its
operation. The present disclosure 1s further based on the realization that a purge gas supply
ine i1s fluidly connected to the low-pressure fuel supply line and the low-pressure fuel return
ine. The purge gas supply line provides a flow of purge gas and is configured to purge the low-
pressure fuel supply line and the low-pressure fuel return line. By enabling a flow of purge gas,
remaining fuel in the low-pressure fuel supply line and the low-pressure fuel return line Is
forced out of the low-pressure fuel supply line and the low-pressure fuel return line. In other
words, the remaining fuel Is discharged from the low-pressure fuel supply line and the low-
pressure fuel return line. The remaining fuel together with the flow of purge gas may then be
returned into the fuel supply tank or may be directed into a fuel waste tank. As a result of the
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purging, the time until the internal combustion engine stops its operation Is reduced and less
fuel 1Is consumed by the internal combustion engine.

[0014] The present disclosure Is further based in part on the realization that a second fuel cut-
off valve 1s disposed In a low-pressure fuel return line. The low-pressure fuel return line iIs
fluidly connected to the fuel injection pumps and the fuel supply tank and returns excess fuel
not used by the fuel injection pumps to the fuel supply tank. The second fuel cut-off valve Is
configured to stop a flow of fuel in the low-pressure fuel return line from the fuel supply tank
back to the fuel injection pumps. The second fuel cut-off valve prevents that remaining fuel In
the low-pressure fuel return line I1s sucked back Into the fuel Injection pumps. By using a
second fuel cut-off valve, a time until internal combustion engine stops its operation is reduced.

[0015] Referring now to the drawings, Fig. 1 shows a schematic diagram of an embodiment of
a fuel supply system 100 for an internal combustion engine 110.

[0016] Internal combustion engine 110 may be any internal combustion engine known to the
skilled person. For example, internal combustion engine 110 may be a Diesel internal
combustion engine or a dual-fuel internal combustion engine. Moreover, internal combustion
engine 110 may be a spark ignited or a self-ignited internal combustion engine.

[0017] Internal combustion engine 110 includes an engine block 120. Engine block 120
Includes a plurality of cylinders 130. Exemplarily, four cylinders 130 are shown In Fig. 1. The
skilled person will however appreciate that engine block 120 may comprise any numbers of
cylinders 130, for example, 6, 7, 8, 9, 10, 12, 16, 20 or more. Engine block 120 may also
comprise less than 6 cylinders 130. Cylinders 130 are disposed In engine block 120 In any
configuration, for example, in a "V, in-line or radial configuration.

[0018] Fuel supply system 100 includes a fuel supply tank 140, a low-pressure fuel supply line
150, a low-pressure fuel return line 160, and a plurality of fuel injection pumps 170 fluidly
connected to a plurality of fuel injectors 180.

[0019] Fuel supply tank 140 is configured to provide fuel to cylinders 130. Fuel supply tank 140
may contain any type of fuel required to power cylinder 130. For example, fuel supply tank 140
may contain a liquid fuel such as Diesel. In some embodiments, fuel supply tank 140 may
Include an auxiliary fuel supply tank (not shown) to supply auxiliary fuel to cylinders 130 such
as, for example, heavy fuel oill (HFO).

[0020] Low-pressure fuel supply line 150 Is configured to provide fuel from fuel supply tank
140 to a plurality of fuel injection pumps 170. For this, low-pressure fuel supply line 150 Is
fluidly connected to fuel supply tank 140 and fluidly connected to the plurality of fuel injection
pumps 170. For example, low-pressure fuel supply line 150 may be fluidly connected to the
plurality of fuel injection pumps 170 via low-pressure fuel supply line portions 155.

[0021] Fuel injection pumps 170 are arranged In close proximity to cylinders 130. For example,
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fuel Injection pumps 170 are disposed next to a cylinder head (not shown) of internal
combustion engine 110. Thus, each fuel injection pump 170 Is associated with a corresponding
cylinder 130. Or In other words, each cylinder 130 is served by a separate fuel injection pump
170. Each fuel injection pump 170 1s configured to pressurize fuel supplied by low-pressure
fuel supply line 150. Each fuel injection pump 170 is configured to provide the pressurized fuel
to a corresponding fuel injector 180. For this, each fuel injection pump 170 is fluidly connected
to the corresponding fuel injector 180 via a high-pressure fuel supply line 175. High-pressure
fuel supply line 175 1s configured to permit a flow of pressurized fuel only in the direction from
fuel Injection pump 170 to fuel injector 180 and not vice versa, as indicated by the arrow. In
some embodiments, fuel injection pump 170, high-pressure fuel supply line 175 and fuel
Injector 180 may be formed as a unit.

[0022] Fuel injection pump 170 is In control communication with a control unit 300 as indicated
by the dashed line and is either hydraulically or mechanically controlled by control unit 300. In
case fuel injection pump 170 1s hydraulically controlled, each fuel injection pump 170 is fluidly
connected to a high-pressure oil pump (not shown) for supplying oil to control fuel injection
pumps 1/70. In case fuel injection pump 170 I1s mechanically controlled, each fuel injection
pump 170 is fluidly connected to a camshaft (not shown) of internal combustion engine 110 for
mechanically controlling fuel injection pumps 170.

[0023] Each fuel injector 180 at least partly protrudes into a corresponding cylinder 130 of
engine block 120. Each fuel injector 180 Is configured to Inject a certain amount of fuel into
cylinder 130 where the fuel is then mixed with air and combusted to provide power. Engine
block 120 may thus Include further components not shown In Fig. 1 such as air supply lines,
Inlet and outlet valves, control lines for controlling the inlet and outlet valves, etc. Fuel injectors
180 may be any type of fuel injector 180 known to the skilled person. In some embodiments,
fuel Injectors 180 may be In control communication with control unit 300. In those
embodiments, control unit 300 is further connected to fuel injectors 180 via control lines not
shown.

[0024] Fuel continuously circulates through fuel injection pumps 170. Fuel not consumed by
fuel Injection pumps 170, e.g. excess fuel, Is returned to fuel supply tank 140 via low-pressure
fuel return line 160. For this, low-pressure fuel return line 160 is fluidly connected to the
plurality of fuel injection pumps 170 via low-pressure fuel return line portions 165, and fluidly
connected to fuel supply tank 140.

[0025] In some embodiments, as exemplarily shown in Fig. 1, low-pressure fuel supply line
150 and low-pressure fuel return line 160 are fluidly connected to each other via a low-
pressure fuel end connection line 190. Low-pressure fuel end connection line 190 may be U-
shaped including a first leg 192 and a second leg 194. First leg 192 connects to low-pressure
fuel supply line 150 at an end of the plurality of fuel injection pumps 170 downstream of the
plurality of fuel injection pumps 1/0 when viewed In flow direction of fuel. Second leg 194
connects to low-pressure fuel return line 160 at the same end of the plurality of fuel injection
pumps 170. Thus, low-pressure fuel connection end line 190 connects low-pressure fuel
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supply line 150 and low-pressure fuel return line 160 at an end of the plurality of fuel injection
pumps 170. By connecting low-pressure fuel supply line 150 and low-pressure fuel return line
160 via low-pressure fuel end connection line 190, low-pressure fuel supply line 150 is
shortcircuited with low-pressure fuel return line 160, thereby allowing fresh fuel to continuously
cool fuel injection pumps 170.

[0026] For circulating fuel through low-pressure fuel supply line 150 and low-pressure fuel
return line 160, fuel supply system 100 includes a fuel transfer pump 185. Fuel transfer pump
185 I1s In control communication with control unit 300 as indicated by the dashed line. Fuel
transfer pump 185 may be any type of pump known to the skilled person and suited to the
application at hand. For example, fuel transfer pump 185 may be a self-priming pump or a
non-self-priming pump.

[0027] Fuel supply system 100 may further include a fuel pressure regulation device (not
shown) disposed In low-pressure fuel return line 160 and configured to return fuel from the
plurality of fuel injection pumps 170 to fuel supply tank 140. Moreover, fuel supply system 100
may further include one or more fuel particulate filters (not shown) disposed In low-pressure
fuel supply line 150 and configured to remove contaminants from the fuel.

[0028] As can be seen In Fig. 1, fuel supply system 100 further includes a first fuel cut-off valve
200. First fuel cut-off valve 200 iIs disposed In low-pressure fuel supply line 150 downstream of
fuel supply tank 140 and upstream of the plurality of fuel injection pumps 170. First fuel cut-off
valve 200 1s configured to stop a flow of fuel from fuel supply tank 140 to the plurality of fuel
Injection pumps 170. First fuel cut-off valve 200 is in control communication with control unit
300 as indicated by the dashed line. Control unit 300 controls a position of first fuel cut-off
valve 200. For example, in case of an emergency, control unit 300 sends a task to first fuel cut-
off valve 200 to close first fuel cut-off valve 200, thereby stopping a flow of fuel from fuel supply
tank 140 to the plurality of fuel injection pumps 170. In other words, a fluid connection between
low-pressure fuel supply line 150 and the plurality of fuel injection pumps 170 is disabled.

[0029] By stopping a flow of fuel from fuel supply tank 140 to the plurality of fuel injection
pumps 170, no more fuel i1s supplied to fuel injection pumps 170. Thus, fuel injection pumps
170 can only pump and pressurize a remaining amount of fuel contained in low-pressure fuel
supply line 150 and low-pressure fuel supply line portions 155 downstream of first fuel cut-off
valve 200. As a result, upon closing first fuel cut-off valve 200, internal combustion engine 110
ceases to operate, e.g. stops operating once the remaining fuel is consumed. A typical time
between closing first fuel cut-off valve 200 and internal combustion engine 110 stopping Iits
operation Is, for example, about 10 minutes. Depending on the size, type and operation
parameters of internal combustion engine 110, the time until internal combustion engine 110
stops Its operation may be larger or smaller than 10 minutes. First fuel cut-off valve 200 may
be any type of valve known to the skilled person and suited to the application at hand. For
example, first fuel cut-off valve 200 may be a pneumatic valve or a solenoid valve.

[0030] As can be seen In Fig. 1, fuel supply system 100 further includes a purge gas supply



DK/EP 3093469 T3

ine 210. Purge gas supply line 210 is fluidly connected to a purge gas supply tank (not shown).
Purge gas supply line 210 is further fluidly connected to low-pressure fuel supply line 150 at a
connection point 220. Connection point 220 i1s disposed downstream of first fuel cut-off valve
200 and upstream of the plurality of fuel injection pumps 170. Purge gas supply line 210 is
configured to supply a flow of purge gas such that low-pressure fuel supply line 150 and low-
pressure fuel return line 160 are purged with purge gas once first fuel cut-off valve 200 iIs
closed. Purge gas may be nitrogen, air or any other suitable purge gas.

[0031] Purge gas supply line 210 further includes a purge gas control valve 230. Purge gas
control valve 230 is in control communication with control unit 300 as indicated by the dashed
line. Purge gas control valve 230 is configured to control a flow of purge gas through purge gas
supply line 210 and subsequently through low-pressure fuel supply line 150 and low-pressure
fuel return line 160. Upon enabling a flow of purge gas through purge gas supply line 210,
remaining fuel contained in low-pressure fuel supply line 150, low-pressure fuel supply line
portion 1595, low-pressure fuel return line 160 and low-pressure fuel return line portion 165 Is
forced out together with the flow of purge gas. The remaining fuel and the flow of purge gas
are then returned into fuel supply tank 140.

[0032] To bleed purge gas from the fuel, fuel supply tank 140 may include a bleed valve (not
shown). Moreover, to bleed purge gas from low-pressure fuel supply line 150 and low-pressure
fuel return line 160, fuel transfer pump 185 may be operated prior to the operation of internal
combustion engine 110 . In embodiments where fuel transfer pump 185 Is not a self-priming
pump, fuel supply system 100 may further include a fuel priming pump (not shown). The fuel
priming pump may be operated before operation of fuel transfer pump 185 to bleed remaining
purge gas out of low-pressure fuel supply line 150 and low-pressure fuel return line 160.

[0033] In some embodiments, purge gas supply line 210 may be connected to low-pressure
supply line 150 via first fuel cut-off valve 200. In those embodiments, first fuel cut-off valve 200
may be a 3/2 valve.

[0034] By enabling a flow of purge gas through purge gas supply line 210, remaining fuel
contained In low-pressure fuel supply line 150, low-pressure fuel supply line portions 155, low-
pressure fuel return line 160 and low-pressure fuel return line portions 165 I1s discharged faster
from low-pressure fuel supply line 150 and low-pressure fuel return line 160. As a result, the
time until internal combustion engine 110 stops its operation, once first fuel cut-off valve 200 is
closed, Is reduced. A typical reduction of time may be, for example, about 90% compared to a
time when a flow of purge gas is disabled.

[0035] Referring to Fig. 2, a fuel supply system 100 not in accordance with the invention as

claimed, Is schematically shown. Elements already explained in connection with Fig. 1 such as
first fuel cut-off valve 200 have the same reference numerals.

[0036] As can be seen, fuel supply system 100 Includes a second fuel cut-off valve 240.
Second fuel cut-off valve 240 s disposed In low-pressure fuel return line 160 downstream of
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the plurality of fuel injection pumps 170 and upstream of fuel supply tank 140. Second fuel cut-
off valve 240 is configured to stop a flow of fuel from fuel supply tank 140 to the plurality of fuel
Injection pumps 170.

[0037] Second fuel cut-off valve 240 is in control communication with control unit 300 as
Indicated by the dashed line. Control unit 300 controls a position of second fuel cut-off valve
240. For example, In case of an emergency, control unit 300 sends a task to first fuel cut-off
valve 200 to close first fuel cut-off valve 200, thereby stopping a flow of fuel in low-pressure
fuel supply line 150 from fuel supply tank 140 to the plurality of fuel injection pumps 170.
Moreover, control unit 300 sends a task to second fuel cut-off valve 240 to close second fuel
cut-off valve 240, thereby stopping a flow of fuel in low-pressure fuel return line 160 from fuel
supply tank 140 back to the plurality of fuel injection pumps 170. In other words, once second
fuel cut-off valve 240 is closed, a fluid connection between low-pressure fuel return line 160
and the plurality of fuel injection pumps 170 Is disabled.

[0038] By stopping a flow of fuel in low-pressure fuel return line 160 from fuel supply tank 140
back to the plurality of fuel injection pumps 170, fuel contained In low-pressure fuel return line
160 cannot be sucked back by the plurality of fuel injection pumps 170. Thus, fuel injectors 180
can only consume a remaining amount of fuel contained in low-pressure fuel supply line 150
and low-pressure fuel supply line portions 155 downstream of first fuel cut-off valve 200 and a
remaining amount of fuel contained in low-pressure fuel return line 160 and low-pressure fuel
return line portions 165 upstream of second fuel cut-off valve 240. As a result, upon closing
first fuel cut-off valve 200 and second fuel cut-off valve 240, the time until internal combustion
engine 110 stops its operation, after first fuel cut-off valve 200 and second fuel cut-off valve
240 are closed, 1s reduced. A typical reduction of time may be, for example, about 20%
compared to a time when second fuel cut-off valve 240 is not closed or not installed in fuel
supply system 100. Second fuel cut-off valve 240 may be any type of valve known to the skilled
person and suited to the application at hand. For example, second fuel cut-off valve 240 may
be a check valve, a pneumatic valve or a solenoid valve.

[0039] As can be further seen In Fig. 2, fuel supply system 100 includes a fuel waste tank 250.
Fuel waste tank 250 is fluidly connected to low-pressure fuel supply line 150 via first fuel cut-off
valve 200. Fuel waste tank 250 is further fluidly connected to low-pressure fuel return line 160
via second fuel cut-off valve 240. Fuel waste tank 250 Is configured to receive discharged fuel
from low-pressure fuel supply line 150 and low-pressure fuel return line 160.

[0040] For enabling a flow of fuel from low-pressure fuel supply line 150 to fuel waste tank
250, first fuel cut-off valve 200 includes a discharge position where a connection AC between
low-pressure fuel supply line 150 and fuel waste tank 250 1s enabled and a connection AB
between low-pressure fuel supply line 150 and fuel supply tank 140 i1s disabled. Similarly, for
enabling a flow of fuel from low-pressure fuel return line 160 to fuel waste tank 250, second
fuel cut-off valve 240 Includes a discharge position where a connection DF between low-
pressure fuel supply line 150 and fuel waste tank 250 is enabled and a connection DE between
low-pressure fuel supply line 150 and fuel supply tank 140 is disabled.
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[0041] First fuel cut-off valve 200 may be a 3/2 valve with an open position and a discharge
position. In the open position of first fuel cut-off valve 200 a connection AB between low-
pressure fuel supply line 150 and fuel supply tank 140 1s enabled and a connection AC
between low-pressure fuel supply line 150 and fuel waste tank 250 Is disabled. In the
discharge position of first fuel cut-off valve 200 a connection AC between low-pressure fuel
supply line 150 and fuel waste tank 250 1s enabled and a connection AB between low-pressure
fuel supply line 150 and fuel supply tank 140 Is disabled.

[0042] Likewise, second fuel cut-off valve 240 may be a 3/2 valve with an open position and a
discharge position. In the open position of second fuel cut-off valve 240 a connection DE
between low-pressure fuel return line 160 and fuel supply tank 140 is enabled and a
connection DF between low-pressure fuel return line 160 and fuel waste tank 250 is disabled.
In the discharge position of second fuel cut-off valve 240 a connection DF between low-
pressure fuel return line 160 and fuel waste tank 250 1s enabled and a connection DE between
low-pressure fuel return line 160 and fuel supply tank 140 is disabled.

[0043] The flow of fuel from low-pressure fuel supply line 150 to fuel waste tank 250 is enabled
by switching first fuel cut-off valve 200 from the open position into the discharge position. The
flow of fuel from low-pressure return line 160 to fuel waste tank 250 Is enabled by switching
second fuel cut-off valve 240 from the open position into the discharge position. Control unit
300 may control switching between the two valve positions.

[0044] By switching first fuel cut-off valve 200 and second fuel cut-off valve 240 into discharge
positions, remaining fuel contained in low-pressure fuel supply line 150 and low-pressure fuel
supply line portions 155 downstream of first fuel cut-off valve 200, and remaining fuel
contained In low-pressure fuel return line 160 and low-pressure fuel return line portions 165
upstream of second fuel cut-off valve 240 is discharged Iinto fuel waste tank 250. The
discharge of fuel into fuel waste tank 250 may be a freely propagating flow, e.g. no fuel
transfer pump 185 may be required to discharge fuel into fuel waste tank 250. For this, fuel
waste tank 250 may be fluidly connected to the ambience, as indicated in Fig. 2.

[0045] By discharging fuel into fuel waste tank 250, a time until internal combustion engine 110
stops its operation Is reduced. A typical reduction of time may be, for example, about 50%
compared to a time when fuel is not discharged.

[0046] In some example configurations, the remaining fuel contained In low-pressure fuel

supply line 150 and low-pressure fuel return line 160 may be discharged into fuel supply tank
140. Thus, In those examples , no fuel waste tank 150 may be required.

[0047] Referring to Fig. 3, another exemplary fuel supply system 100 in accordance with the
Invention 1s schematically shown. Elements already explained in connection with Fig. 1 and 2
have the same reference numerals.
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[0048] As can be seen, purge gas supply line 210 is fluidly connected to low-pressure fuel
supply line 150 and to low-pressure fuel return line 160 via low-pressure fuel end connection
line 190 at connection point 220. Thus, purge gas supply line 210 1s connected to low-pressure
fuel supply line 150 at an end of the plurality of fuel injection pumps 170, and Is connected to
low-pressure fuel return line 160 at the same end of the plurality of fuel injection pumps 170.

[0049] Purge gas supply line 210 is configured to supply a flow of purge gas such that low-
pressure fuel supply line 150 and low-pressure fuel return line 160 are purged with purge gas.

[0050] For enabling a flow of purge gas through low-pressure fuel supply line 150, first fuel
cut-off valve 200 Includes a purge position where a connection AC between low-pressure fuel
supply line 150 and fuel waste tank 250 is enabled and where a connection AB between low-
pressure fuel supply line 150 and fuel supply tank 140 i1s disabled. Similarly, for enabling a flow
of purge gas through low-pressure fuel return line 160, second fuel cut-off valve 240 includes a
purge position where a connection DF between low-pressure fuel supply line 150 and fuel

waste tank 250 is enabled and where a connection DE between low-pressure fuel supply line
150 and fuel supply tank 140 is disabled.

[0051] First fuel cut-off valve 200 may be a 3/2 valve with an open position and a purge
position. In the open position of first fuel cut-off valve 200 a connection AB between low-
pressure fuel supply line 150 and fuel supply tank 140 1s enabled and a connection AC
between low-pressure fuel supply line 150 and fuel waste tank 250 s disabled. In the purge
position of first fuel cut-off valve 200 a connection AC between low-pressure fuel supply line
150 and fuel waste tank 250 is enabled and a connection AB between low-pressure fuel supply
line 150 and fuel supply tank 140 Is disabled.

[0052] Likewise, second fuel cut-off valve 240 may be a 3/2 valve with an open position and a
purge position. In the open position of second fuel cut-off valve 240 a connection DE between
low-pressure fuel return line 160 and fuel supply tank 140 1s enabled and a connection DF
between low-pressure fuel return line 160 and fuel waste tank 250 is disabled. In the purge
position of second fuel cut-off valve 240 a connection DF between low-pressure fuel return line
160 and fuel waste tank 250 Is enabled and a connection DE between low-pressure fuel return
ine 160 and fuel supply tank 140 is disabled.

[0053] The flow of purge gas through low-pressure fuel supply line 150 to fuel waste tank 250
IS enabled by switching first fuel cut-off valve 200 from the open position into the purge
position. The flow of purge gas through low-pressure return line 160 to fuel waste tank 250 Is
enabled by switching second fuel cut-off valve 240 from the open position into the purge
position. Control unit 300 may control switching between the two valve positions.

[0054] When first fuel cut-off valve 200 Is switched Into purge position, remaining fuel
contained In low-pressure fuel supply line 150 and low-pressure fuel supply line portions 155
downstream of first fuel cut-off valve 200 Is forced into fuel waste tank 250. When second fuel
cut-off valve 240 is switched into purge position, remaining fuel contained in low-pressure fuel
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return line 160 and low-pressure fuel return line portions 165 upstream of second fuel cut-off
valve 240 is forced into fuel waste tank 250.

[0055] By purging low-pressure fuel supply line 150 and low-pressure fuel return line 160,
remaining fuel contained in low-pressure fuel supply line 150, low-pressure fuel supply line
portion 1595, low-pressure fuel return line 160 and low-pressure fuel return line portions 165 Is
discharged into fuel waste tank 250 at a shorter time compared to a freely propagating flow
when no purge gas Is used. As a consequence, a time until internal combustion engine 110
stops its operation Is reduced further.

[0056] Depending on the flow of purge gas through purge gas supply line 210 a reduction of
time may be larger or smaller. Control unit 300 Is Iin control communication with purge gas
control valve 230 to control the flow of purge gas through purge gas supply line 210. Purge gas
may be nitrogen, air or any other suitable purge gas.

Industrial Applicability

[0057] Exemplary Iinternal combustion engines suited to the disclosed fuel supply system are,
for example, internal combustion engines of the M-series, such as M43C, manufactured by
Caterpillar Motoren GmbH & Co. KG, Kiel, Germany, or other self-ignited or spark ignited
Internal combustion engines.

[0058] In the following, operation of fuel supply system 100 as described with reference to Fig.
1 to 3 Is described In connection with Fig. 4. However, the skilled person will appreciate that
the respective steps of the control procedure can be performed on other embodiments as well.

[0059] Referring to Fig. 4, an exemplary control procedure 400 of operating fuel supply system
100 as exemplarily disclosed herein i1s schematically illustrated.

[0060] At inttial step 402, control unit 300 receives an emergency stop input. The emergency
stop Input may be provided by an operator of internal combustion engine 110 or may be issued
by another control device in control communication with internal combustion engine 110 and
control unit 300. The emergency stop Input Is Indicative of an emergency of Internal
combustion engine 110. For example, internal combustion engine 110 may exhibit an engine
speed higher than an engine speed threshold, a load of internal combustion engine 110 may
be higher than a maximal tolerable engine load, a temperature of internal combustion engine
110 may exceed a maximal engine temperature, or a lubricant pressure provided to internal
combustion engine 110 may be lower than a minimal lubricant pressure. In all cases control
unit 300 receives an emergency stop input, because further operation of internal combustion
engine 110 is critical, and, thus, operation of internal combustion engine 110 has to stop.

[0061] At step 404, upon receiving the emergency stop input, control unit 300 closes first fuel
cut-off valve 200. By closing first fuel cut-off valve 200, a connection between low-pressure fuel



DK/EP 3093469 T3

supply line 150 and fuel supply tank 140 i1s disabled. As a result, a flow of fuel from fuel supply
tank 140 to the plurality of fuel injection pumps 170 Is stopped. As a consequence, after some
time, e.g. the time required for internal combustion engine 110 to consume remaining fuel
contained In low-pressure fuel supply line 150, internal combustion engine 110 stops its
operation.

[0062] However, In embodiments where fuel supply system 100 further includes a second fuel
cut-off valve 240 (see Fig. 2 and 3), at step 406 control unit 300 may further close second fuel
cut-off valve 240. By closing second fuel cut-off valve 240, a connection between low-pressure
fuel return line 160 and fuel waste tank 250 i1s disabled. As a result, a flow of fuel from fuel
supply tank 140 back to the plurality of fuel injection pumps 170 caused by fuel being sucked In
IS stopped. By closing second fuel cut-off valve 240, a remaining amount of fuel for internal
combustion engine 110 to be consumed iIs reduced. Thus, the time required until internal
combustion engine 110 stops its operation Is reduced. Steps 404 and 406 may be performed
simultaneously or in sequence. Moreover, step 406 may be performed before step 404 is
performed.

[0063] A time required until internal combustion engine 110 stops its operation Is reduced
further, when remaining fuel contained in low-pressure fuel supply line 150 and low-pressure
fuel return line 160 Is discharged Iinto fuel waste tank 250. Thus, control procedure 400
Includes step 408, where remaining fuel contained in low-pressure fuel supply line 150, low-
pressure fuel supply line portions 155, low-pressure fuel return line 160 and low-pressure fuel
return line portions 165 Is discharged into fuel waste tank 250. As fuel waste tank 250 is fluidly
connected to low-pressure fuel supply line 150 via first fuel cut-off valve 200, and fluidly
connected to low-pressure fuel return line 160 via second fuel cut-off valve 240, step 408
Includes further control steps. For example, at step 410, first fuel cut-off valve 200 iIs positioned
INnto a discharge position. In the discharge position of first fuel cut-off valve 200 a connection
AC between low-pressure fuel supply line 150 and fuel waste tank 250 Is enabled, whereas a
connection AB between low-pressure fuel supply line 150 and fuel supply tank 140 is disabled.
Thus, positioning first fuel cut-off valve 200 Into the discharge position may be performed
simultaneously to closing first fuel cut-off valve 200 at step 404. In other words, positioning first
fuel cut-off valve 200 Iinto the discharge position may be identical with closing first fuel cut-off
valve 200 at step 404. When first fuel cut-off valve 200 is positioned in the discharge position,
fuel can freely flow from low-pressure fuel supply line 150 into fuel waste tank 250 and the time
required until internal combustion engine 110 stops its operation reduces further.

[0064] Likewise, at step 412, second fuel cut-off valve 240 is positioned into a discharge
position. In the discharge position of second fuel cut-off valve 240 a connection DF between
low-pressure fuel return line 160 and fuel waste tank 250 is enabled, whereas a connection DE
between low-pressure fuel return line 160 and fuel supply tank 140 is disabled. Thus,
positioning second fuel cut-off valve 240 into the discharge position may be performed
simultaneously to closing second fuel cut-off valve 240 at step 406. In other words, positioning
second fuel cut-off valve 240 into the discharge position may be identical with closing second
fuel cut-off valve 240 at step 406. When second fuel cut-off valve 240 is positioned In the
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discharge position, fuel can freely flow from low-pressure fuel return line 160 into fuel waste
tank 250 and the time required until internal combustion engine 110 stops Its operation
reduces further.

[0065] Moreover, iIn embodiments where purge gas supply line 210 is connected to low-
pressure fuel supply line 150 and low-pressure fuel return line 160, discharging of remaining
fuel Into fuel waste tank 250 Is hastened further. Thus, control unit 300 performs step 414
where control unit 300 purges low-pressure fuel supply line 150 and low-pressure fuel return
ine 160 with purge gas supplied by purge gas supply line 210. Depending on where purge gas
supply line 210 iIs connected to low-pressure fuel supply line 150 and low-pressure fuel return
ine 160, step 414 may include positioning first fuel cut-off valve 200 into a purge position. In
the purge position of first fuel cut-off valve 200 a connection AC between low-pressure fuel
supply line 150 and fuel waste tank 250 1s enabled, whereas a connection AB between low-
pressure fuel supply line 150 and fuel supply tank 140 is disabled. Thus, positioning first fuel
cut-off valve 200 into the purge position is identical with positioning first fuel cut-off valve 200
Into discharge position. In other words, positioning first fuel cut-off valve 200 into the purge
position may not be necessary, when first fuel cut-off valve 200 is already positioned In the
discharge position.

[0066] Likewise, step 414 also includes positioning second fuel cut-off valve 240 into a purge
position. In the purge position of second fuel cut-off valve 240 a connection DF between low-
pressure fuel return line 160 and fuel waste tank 250 Is enabled, whereas a connection DE
between low-pressure fuel return line 160 and fuel supply tank 140 i1s disabled. Thus,
positioning second fuel cut-off valve 240 into the purge position Is identical with positioning
second fuel cut-off valve 240 into discharge position. In other words, positioning second fuel
cut-off valve 240 into the purge position may not be necessary, when second fuel cut-off valve
240 1s already positioned in the discharge position.

[0067] At a further control step (not shown) control unit 300 enables a flow of purge gas
through purge gas supply line 210 by controlling purge gas control valve 230. Once purge gas
flows through purge gas supply line 210 and subsequently through low-pressure fuel supply
ine 150 and low-pressure fuel return line 160, remaining fuel is discharged into fuel waste tank
250. Thus, a time required until internal combustion engine 110 stops its operation Is reduced
further.

[0068] Generally, the terms "downstream™ and "upstream™ as used herein are referenced with
respect to the direction of fuel flow as indicated by the arrows.

[0069] Moreover, In any of the embodiments described herein, the first fuel cut-off valve may
be a single first fuel cut-off valve disposed in the low-pressure fuel supply line and configured
to stop a flow of fuel from the fuel supply tank to the plurality of fuel injection pumps.

[0070] Moreover, In any of the embodiments described herein, the second fuel cut-off valve
may be a single second fuel cut-off valve disposed In the low-pressure fuel return line and
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configured to stop a flow of fuel in the single low-pressure fuel return line from the fuel supply
tank back to the plurality of fuel injection pumps.

[0071] Moreover, the fuel cut-off valves as disclosed herein may also be known as fuel shut-off
valves.

[0072] Moreover, In any of the embodiments described herein, the low-pressure fuel supply

ine may be a single low-pressure fuel supply line fluidly connected to the plurality of fuel
Injection pumps and configured to provide fuel from a fuel supply tank to the plurality of fuel
Injection pumps.

[0073] Moreover, In any of the embodiments described herein, the low-pressure fuel return
ine may be a single low-pressure fuel return line fluidly connected to the plurality of fuel
Injection pumps and configured to return remaining fuel from the plurality of fuel injection
pumps to the fuel supply tank.

[0074] Moreover, the fuel supply tank and the fuel waste tank may be a single tank.

[0075] Moreover, instead of discharging remaining fuel and/or purge gas into the fuel waste
tank, remaining fuel and/or purge gas may be also discharged into the fuel supply tank.

[0076] Moreover, the plurality of fuel injection pumps may be disposed in any other suitable
configuration than the shown linear configuration.

[0077] Moreover, the term "3/2 valve” as used herein refers to a valve with three ports, e.qg.
three connections, and two positions.

[0078] Moreover, In any of the embodiments described herein, a flow of purge gas is adjusted
such that substantially no purge gas and no remaining fuel enters the high-pressure fuel
supply lines.

[0079] Although the preferred embodiments of this invention have been described herein,
iImprovements and modifications may be incorporated without departing from the scope of the
following claims.
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PATENTKRAV

1. Braendstoftilfarselssystem (100) til en intern forbraendingsmotor (110),

hvilket system omfatter:

en flerhed at braendstofindsprgjtningspumper (170), hvor hver
breendstofindsprajtningspumpe (170) er konfigureret til at saette braendstof under

tryk og levere det tryksatte braendstof til en forbundet braendstofinjektor (180),

en lavtryksbraendstoftilfarselsledning (150), der er fluidforbundet med
flerheden af braendstofindsprgjtningspumper (170) og konfigureret til at levere
braendstof fra en braendstoftiliarselstank (140) til flerheden af

braendstofindsprajtningspumper (170);

en lavtryksbraendstofreturledning (160), der er fluidforbundet med
flerhneden af braendstofindsprajtningspumper (170) og konfigureret til at returnere
tilbageveaerende braendstof fra flerheden af braendstofindsprgjtningspumper (170)

til breendstoftilfarselstanken (140);

en farste braendstofatskaeringsventil (200), som er anbragt |
lavtryksbraendstoftilfarselsledningen (150) og konfigureret til at stoppe en
stramning af braendstof fra braendstoftilfarselstanken (140) til flerheden af

breendstofindsprajtningspumper (170); og

en rensningsgastilfarselsledning (210), der er fluidforbundet med
lavtryksbraendstoftilfarselsledningen (150) og konfigureret til at rense
lavtryksbraendstoftilfarselsledningen (150) og lavtryksbraendstofreturledningen
(160).

2. Braendstoftilfarselssystem (100) ifalge krav 1, hvor
rensningsgastilfagrselsledningen (210) er fluidforbundet med
lavtryksbraendstoftilfarselsledningen (150) | et forbindelsespunkt (220), som er
anbragt nedstroms for den fgrste braendstofatskaeringsventil (200) og opstrams for

flerheden af braendstofindspragjtningspumper (170).
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3. Braendstoftilfarselssystem (100) ifglge krav 1, hvor
rensningsgastilfgrselsledningen (210) via den farste braendstofafskaeringsventil

(200) er forbundet med lavtryksbraendstoftilfarselsledningen (150).
4. Braendstoftiltarselssystem (100) ifglge krav 1, der endvidere omfatter:

en anden braendstofafskaeringsventil (240), som er anbragt |
laviryksbraendstofreturledningen (160) og konfigureret til at stoppe en stramning af
breendstof | lavtryksbraendstofreturledningen (160) fra breendstoftilfarselstanken

(140) tilbage til flerneden af breendstofindsprajtningspumper (170).
D. Braendstoftilfarselssystem (100) ifglge krav 4, der endvidere omfatter:

en braendstofspildtank (250), der via den tgrste braendstofatskaeringsventil
(200) er fluidforbundet med lavtryksbraendstoftilfarselsledningen (150) og via den
anden braendstofatskaeringsventil (240) fluidforbundet med
laviryksbraendstofreturledningen (160), hvor braendstofspildtanken (250) er
konfigureret til at modtage udtoamt braendstof fra
lavtryksbraendstoftilfarselsledningen (150) og lavtryksbraendstofreturledningen
(160) athaengigt af en udtemningsposition for den farste
braendstofafskaeringsventil (200), hvor lavtryksbraendstoftilfarselsledningen (150)
er frakoblet braendstoftilfarselstanken (140) og forbundet med
braendstofspildtanken (250), og athaengigt af en udtamningsposition for den anden
braendstofafskaeringsventil (240), hvor lavtryksbraendstofreturledningen (160) er
frakoblet braendstoftilfarselstanken (140) og forbundet med braendstotspildtanken
(250).

6. Braendstoftiltarselssystem (100) ifglge krav 5, der endvidere omfatter:

en rensningsgastilfarselsledning (210), der i en ende af flerheden af
braendstofindsprajtningspumper (170) er fluidforbundet med
lavtryksbraendstoftilfarselsledningen (150) nedstrams for flerheden af
braendstofindsprgjtningspumper (170) og | den samme ende af flerheden af
braendstofindsprgjtningspumper (170) forbundet med

lavtryksbraendstofreturledningen (160).
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/. Braendstoftilfarselssystem (100) ifglge krav 6, hvor
rensningsgastilfgrselsledningen (210) er konfigureret til at rense
lavtryksbraendstoftilfarselsledningen (150) og lavtryksbraendstofreturledningen
(160) afthaengigt af en renseposition for den farste breendstofatskaeringsventil
(200), hvor lavtryksbraendstoftilfarselsledningen (150) er frakoblet
braendstoftilfarselstanken (140) og forbundet med braendstofspildtanken (250), og
afhaengigt af en renseposition for den anden braendstofatskaeringsventil (240),
hvor lavtryksbraendstofreturledningen (160) er frakoblet braendstoftilfgrselstanken
(140) og forbundet med braendstofspildtanken (250).

8. Braendstoftilfarselssystem (100) ifglge et hvilket som helst af de

foregaende krav, der endvidere omfatter:

en lavtryksbraendstofsendeforbindelsesledning (190), der 1 en ende aft
flerheden af braendstofindspragjtningspumper (170) er fluidforoundet med
lavtryksbraendstoftilfarselsledningen (150) og lavtryksbraendstofreturledningen
(160).

9. Braendstoftilfarselssystem (100) ifglge et hvilket som helst af kravene 1, 2,
3, 6 0g 7, hvor rensningsgastiltgrselsledningen (210) yderligere indbetatter en
rensningsgasreguleringsventil (230), der er konfigureret til at regulere en
stramningshastighed for rensningsgas gennem

laviryksbraendstoftilfarselsledningen (150) og lavtryksbraendstofreturledningen
(160).

10. Fremgangsmade (400) til drift af et braendstoftilfarselssystem (100) til en
iIntern forbraendingsmotor (110), hvor braendstoftilfarselssystemet (100) omftatter
en flerhed af braendstofindsprajtningspumper (170); en
laviryksbraendstoftilfarselsledning (150), der er forbundet med flerheden af
braendstofindsprajtningspumper (170) og konfigureret til at levere braendstof fra en
breendstoftilfarselstank (140) til flerheden af braendstofindsprajtningspumper (170),
en laviryksbraendstofreturledning (160), der er fluidforbundet med flerheden at
breendstofindsprajtningspumper (170) og konfigureret til at returnere
tilbageveerende braendstof fra flerheden af braendstofindsprajtningspumper (170)

til breendstoftilfarselstanken (140); en farste braendstofafskaeringsventil (200), som
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er anbragt | lavtryksbraendstottilfarselsledningen (150); og en
rensningsgastilfgrselsledning (210), der er fluidforbundet med
lavtryksbraendstoftilfarselsledningen (150) og konfigureret til at rense
laviryksbraendstoftilfarselsledningen (150) og lavtryksbraendstofreturledningen

(160); hvilken fremgangsmade (400) omfatter fglgende trin:

modtagelse af et input vedrarende ngdstop, der indikerer en ngdsituation |

den interne forbraendingsmotor (110);

aflukning af den farste breendstofafskaeringsventil (200) med henblik pa at
stoppe en stramning af braendstof fra lavtryksbraendstoftilfarselsledningen (150) til

flerheden af braendstofindsprgjtningspumper (170); og

rensning af lavtryksbraendstoftilfarselsledningen (150) og

lavtryksbraendstofreturledningen (160) med rensningsgas.
11. Fremgangsmade (400) ifglge krav 10, der endvidere omfatter:

aflukning af en anden braendstofatskaeringsventil (240), som er anbragt |
laviryksbraendstofreturledningen (160) og konfigureret til at stoppe en stramning af
breendstof | lavtryksbraendstofreturledningen (160) fra braendstoftilfarselstanken

(140) tilbage til flerneden af breendstofindsprgjtningspumper (170).
12. Fremgangsmade (400) ifglge krav 11, der endvidere omfatter:

udtemning af tilbagevaerende braendstof fra
lavtryksbraendstoftilfarselsledningen (150) og lavtryksbraendstofreturledningen
(160) Ind | en braendstofspildtank (250), der via den fgrste
breendstofafskaeringsventil (200) er fluidforbundet med
lavtryksbraendstoftilfarselsledningen (150) og via den anden
breendstofafskaeringsventil (240) fluidforbundet med

lavtryksbraendstofreturledningen (160).

13. Fremgangsmade (400) ifalge krav 12, hvor trinnet med at udtemme

tilbagevaerende braendstof yderligere omfatter:



DK/EP 3093469 T3
o

positionering af den fagrste braendstofaftskaeringsventil (200) 1 en
udtgmningsposition, saledes at lavtryksbreaendstoftilfgrselsledningen (150) er
frakoblet braendstoftilfarselstanken (140) og forbundet med braendstofspildtanken

(250); og

positionering af den anden braendstofatskaeringsventil (240) i1 en
udtgmningsposition, saledes at lavtryksbraendstofreturledningen (160) er frakoblet
braendstoftilfarselstanken (140) og forbundet med braendstofspildtanken (250).
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