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(54) Safety valve with ventilation valve

(57) The present disclosure refers to a safety valve
(10; 100) configured to be arranged on a pressurized
device such as a common rail (70) of an internal com-
bustion engine. It may comprise a housing (11; 106), a
first chamber (40; 132) and a second chamber (42; 188)
arranged within said housing (11; 106). Said first cham-
ber (11; 132) may have a first volume and an inlet port
(16; 130) configured to provide a flow connection be-
tween said common rail (70) and said first chamber (40;
132). A closing element (50; 136) may be arranged to
close said inlet port (16; 130) as long as a predetermined
pressure within the pressurized device (70) is not ex-
ceeded. The second chamber (42; 188) may be in flow
connection with the first chamber (40; 132) via at least
one throttling bore (60; 190). Said second chamber (42;
188) may have an outlet port (22; 102) configured to drain
a fluid within the second chamber (42; 188) out of the
second chamber (42; 188). A ventilation valve (28) may
be configured to ventilate said second chamber (42) as
long as said closing element (50) seals said inlet port (72).
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Description
Technical Field

[0001] The present disclosure generally refers to a
safety valve, in particular but not exclusively, to a safety
valve which is configured to be coupled directly to a com-
mon rail (CR) of a CR-fuel system of an internal combus-
tion engine, e.g. a large diesel or heavy fuel oil engine
for large vehicles such as ships or vessels.

Background

[0002] Conventional fuel injection systems for internal
combustion engines may include a common rail system
and a high pressure fuel pump for supplying fuel at a high
pressure into a common rail within a fuel injection system.
A number of injection nozzles are supplied with fuel at a
high pressure from the common rail. A corresponding
number of fuel supply lines branch off from the common
rail and lead to respective injection nozzles. Such com-
mon rail systems are widely known and, therefore, a de-
tailed description of the arrangement and the function of
such a common rail fuel system can be omitted.

[0003] In particular, heavy fuel oil type common rail
technology is increasingly being used in engines for large
ships or vessels. The fuel within the common rail, e.g.,
diesel or heavy fuel oil, has a very high pressure. For
various reasons, the pressure within the common rail
may possibly exceed a predetermined level that may
cause damage or perhaps even destruction of the com-
mon rail, as well as possibly equipment operating in com-
munication with the common rail.

[0004] In US 6,651,627 B2 a fuel rail pulse damper is
disclosed. This document mentions that the opening and
closing of injectors creates pressure pulsations up and
down the fuel rail. These pulsations may result in an un-
desirable condition, wherein the pressure locally at a giv-
en injector may be higher or lower than the pressure, to
which the injector is ordinarily calibrated. If the pressure
adjacent to the injector within the fuel rail is outside of a
given calibrated range, then the fuel delivered when the
fuel injector is next opened may be higher or lower than
the desired amount. To eliminate the necessity of utilizing
sealing rings, a fuel rail with a pulsation damper is pro-
vided. This known damper consists of two chambers
which are separated by a diaphragm. The damper can
be a separate part that is tacked on and subsequently
brazed into position or can be an integral feature of the
main body of the fuel rail. However, while this known fuel
rail pulse damper can be used for compensation of pres-
sure pulsations within a fuel rail, it can not ensure that a
predetermined maximum pressure level within the fuel
railis notexceeded. In particular, the known fuel rail pulse
damper can not discharge pressurized fuel.

[0005] A basic arrangement of heavy fuel common rail
injection systems for large engines is published under
Rainer W. Jorach, Hermann Doppler and Olaf Altmann,
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MTZ motortechnische Zeitschrift 61 (2000) 12. Here, a
safety valve is mounted on the common rail. This known
safety valve ensures that, in case a pressure in excess
of a predetermined pressure develops within the com-
mon rail, the pressure within the common rail is quickly
reduced by allowing pressurized fuel to flow out of the
common rail. Due to the high pressure of the fuel dis-
charged from the common rail via the safety valve, a sep-
arate pressure tank for the discharged pressurized fuel
configured to withstand a high pressure must be dis-
posed downstream of the safety valve. In fact, the pres-
sure tank for collecting the pressurized fuel discharging
via the safety valve may be disposed separately from the
safety valve such that a connecting pipe may be neces-
sary to connect the safety valve to the pressure tank.
Because the pressurized fuel discharging via the safety
valve has still a very high pressure, the connecting pipe
has to be designed as a double wall pipe.

[0006] This known arrangement may be expensive
due to the need for a separate pressure tank and the
necessary connecting pipe.

[0007] The present disclosure is directed, at least in
part, to improving or overcoming one or more aspects of
prior systems.

Summary of the Invention

[0008] According to one exemplary aspect of the
present disclosure, a safety valve is configured to be cou-
pled to a pressurized device, such as a common rail of
an internal combustion engine, and may comprise a
housing/reservoir, a first chamber defined within said
housing and a second chamber also defined within said
housing. The first chamber may have a first volume and
an inlet port configured to provide a flow connection be-
tween said common rail and said first chamber. A closing
element may be configured to close the communication
portas long as a predetermined pressure is not exceeded
within the pressurized device. The second chamber may
be in flow connection with the first chamber via at least
one throttling port. The second chamber may have a sec-
ond volume. The second volume may be greater than
said first volume of said first chamber. In addition, the
second chamber may have an outlet port configured to
discharge pressurized fluid from the second chamber.
[0009] According to a further aspect of the present dis-
closure, a common rail injection system for an internal
combustion engine, e.g. large engines in which, e.g., die-
sel or heavy fuel oil is burned, may comprise at least one
high-pressure pump, a common rail configured to receive
pressurized fuel from said high pressure pump, and a
safety valve coupled to the common rail. The safety valve
may be constructed as mentioned above.

[0010] In accordance with a further aspect of the
presentdisclosure, a method for protecting a pressurized
device, e.g. a common rail, against excessively high
pressure within the pressurized device may comprise the
method steps of opening an inlet port of a first chamber
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of a safety valve coupled to the pressurized device when
a first predetermined pressure within the pressurized de-
vice is exceeded. Then, pressurized fuel within said first
chamber is allowed to pass into a second chamber via
at least one throttling port, whereby the pressure of the
fuel within said second chamber is reduced below a sec-
ond predetermined pressure. The method may also com-
prise discharging pressurized fuel from said second
chamber.

[0011] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory only and are not restric-
tive of the disclosure.

[0012] Other features and aspects of this disclosure
will be apparent to the skilled person based upon the
following description, the accompanying drawings and
the attached claims.

[0013] Although preferred embodiments of this inven-
tion have been described herein, improvements and
modifications may be incorporated therein without de-
parting from the scope of the following claims.

Brief Description of the Drawings

[0014] The accompanying drawings, which are incor-
porated herein and constitute a part of the specification,
illustrate exemplary embodiments of the disclosure and,
together with the description, serve to explain the princi-
ples of the disclosure. In the drawings:

[0015] Fig. 1 is a schematic sectional view of a first
exemplary embodiment of the present disclosure;
[0016] Fig. 2is a schematic perspective view of a com-
mon rail system of a large internal combustion engine,
such as a heavy fuel oil engine, in combination with a
further embodiment of the present disclosure;

[0017] Fig. 3 is a top view of the embodiment shown
in Fig. 2;
[0018] Fig. 4 is a side view of the embodiment shown

in Figs. 2 and 3;

[0019] Fig. 5is alongitudinal sectional view of the em-
bodiment shown in Figs. 2-4,

[0020] Fig. 6 is a schematical longitudinal sectional
view of a further exemplary embodiment of the present
disclosure and of associated pressure curves calculated
for this exemplary embodiment;

[0021] Fig. 7 is a schematical longitudinal sectional
view of another exemplary embodiment of the present
disclosure and of associated pressure curves calculated
for this exemplary embodiment;

[0022] Fig. 8 is a schematical longitudinal sectional
view of still another exemplary embodiment of the
present disclosure and of associated pressure curves
calculated for this exemplary embodiment; and

[0023] Fig. 9 is a schematical longitudinal sectional
view of still another exemplary embodiment of the
present disclosure and of associated pressure curves
calculated for this exemplary embodiment.
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Detailed Description

[0024] A first exemplary embodiment of a safety valve
10 according to the present disclosure coupled to a com-
mon rail 70 for supplying fuel, e.g., diesel or heavy fuel
oil, to an internal combustion engine, such as a large
vessel engine, will first be explained with reference to
Fig. 1. This first exemplary embodiment of a safety valve
10 is shown schematically and illustrates a basic struc-
ture of a safety valve 10 according to the present disclo-
sure.

[0025] As shown in Fig. 1, the safety valve 10 may be
coupledtothe commonrail 70, which is only partly shown.
In principle, the common rail 70 is a large pipe having an
outer wall 71 and an interior 72, in which pressurized fuel
flows and is distributed to various distribution fuel lines
76 (shown in Figs. 2-4) leading to injection nozzles (not
shown). The basic arrangement of the common rail 70
is widely known and, therefore, a detailed explanation
thereof can be omitted. However, it is noted that the fuel
within the common rail 70 may have a very high pressure
of up to about 1500 to 2000 bar or even up to 2500 bar.
[0026] The safety valve 10 according the first embod-
iment of the present disclosure has a housing 11, which
may comprise a lower housing part 12 and an upper
housing part 18. The lower housing part 12 may have a
cross-sectional shape of a substantial circular cylinder.
The upper housing part 18 also may have a cross-sec-
tional shape of a substantial circular cylinder. However,
the lower housing part 18 and/or the upper housing part
12 may have other cross-sectional shapes configured to
withstand the high interior pressures within the respective
housing parts 12, 18 that may be generated during op-
eration.

[0027] As shown in Fig. 1, the lower housing part 12
ends in an insert part 14 which may have a smaller di-
ameter than the lower housing part 12. The insert part
14 of the housing 11 may fit in a hole 74 formed in the
outer wall 71 of the common rail 70. At a front end 15 of
the insert part 14, at least one through hole 16 may be
formed to provide a fluid or flow connection between the
interior 72 of the common rail 70 and a first chamber 40
formed, e.g., by the lower housing part 12 and the insert
part 14.

[0028] The lower housing part 12 and the insert part
14 of the housing 11 are mounted on the outer wall 71
of the common rail 70 and in the hole 74, respectively.
Due to the high pressure in the interior 72 of the common
rail 70, the lower housing part 12 and the insert part 14
may be welded to the outer wall 71 of the common rail
70. Itis, of course, also possible to use other techniques
for mounting the lower housing part 12 and the insert part
14 on the outer wall 71 of the common rail 70 so that no
leakage occurs due to the high pressure of the fuel within
the common rail 70. All known mounting techniques for
mounting the safety valve in an air-tight or pressure-tight
manner on the outer wall 71 of the common rail 70 can
be used.
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[0029] In the embodiment of the present disclosure
shown in Fig. 1, the first chamber 40 within the housing
11 may accommodate a closure pin 50 having a tip 51
and an intermediate part 52. The intermediate part 52
may have a greater diameter than the pin 50 as such.
The intermediate part 52 may form a bearing surface 54
facing towards the upper housing part 18. One end of a
spring 56, e.g., a coil spring, may rest on the bearing
surface 54 of the intermediate part 52 of the pin 50 and
an opposite end of the spring 56 may rest against a wall
19 that separates the first chamber 40 from a second
chamber 42 within the upper housing part 18.

[0030] Thetip 51 of the pin 50 is tapered and fits in the
through hole 16. The spring 56 biases the pin 50 in the
direction towards the front end 15 of the insert part 14
and, therefore, the tip 51 can seal the through hole 16.
In the present embodiment shown in Fig. 1, the outer
diameter of the intermediate part 52 may correspond to
an inner diameter of the insert part 14 such that the pin
50 may be guided by means of the snug fit of the inter-
mediate part 52 within the insert part 14. The biasing
force generated by the spring 56 may be chosen such
that the tip 51 of the pin 50 lifts up from the inner wall of
the through bore 16 only when the pressure within the
interior 72 of the common rail 70 exceeds a predeter-
mined pressure value, e.g., 2000 bar.

[0031] As was already mentioned above, the lower
housing part 12 may define a first chamber 40 and the
upper housing part 18 may define a second chamber 42.
Itis noted that the volume of the second chamber 42 may
be greater than the volume of the lower chamber 40. The
relationship between the volume of the second chamber
42 and the volume of the first chamber 40 may range
between about 1.2 to 10 or may have a higher ratio. All
intermediate values for this ratio should be explicitly dis-
closed herein, even if the intermediate values are not
explicitly mentioned.

[0032] In the longitudinal sectional view of Fig. 1, itis
shown that the second chamber 42 may be in fluid com-
munication with the first chamber 40 via at least one hole,
e.g., a throttling port or throttling bore 60. The number
and inner diameter(s) of the throttling bore(s) 60 may be
chosen such that, taking into consideration the ratio be-
tween the volumes of the two chamber 40, 42, the pres-
sure within the chamber 42 may be substantially less
than the pressure within the interior 72 of the common
rail 70 when the pin 50 and the tip 51 are forced to move
against the biasing force of the spring 56. The pressure
within the second chamber 52 may be about
1/1.5-1/100th of the pressure within the interior 72 of the
common rail 70. In an exemplary embodiment of the
present disclosure the inner diameter of a throttling bore
may be about 2-4 mm, in particular 3-4 mm or 3,2 mm.
As an example, the ratio of the volume of the first chamber
40 to the second chamber 42 may be about 1:3 to 1:10,
in particular, e.g., 1:6.

[0033] To ensure that the second chamber 42 of the
safety valve 10 can be vented every time, a ventilation
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valve 28 (the ventilation valve is only schematically
shown in Fig. 1) may be provided on a lid 21 of the upper
housing part 18. The ventilation valve 28 is in fluid com-
munication with ahole 26 inthe lid 21 of the upper housing
part 18 and may include a closing element 29 biased by
a spring 32 such that air can normally flow through a hole
30 of the ventilation valve 28 and through the hole 26 in
the second chamber 42. The closing element 29 of the
ventilation valve seals the hole 30 only when a pressu-
rized fluid, e.g. pressurized fuel, is disposed within the
second chamber 42.

[0034] A second embodimentofthe presentdisclosure
including a safety valve 100 is shown in Figs. 2 to 5. Fig.
2 shows a schematic perspective view of a safety valve
100 mounted on a common rail 70. The safety valve 100
includes a drain line 104 leading to a leakage tank (not
shown). As may be seen from Figs. 2 to 4, a fuel line 76
for fuel having a high-pressure diverges from the com-
mon rail 70 and leads to an injection nozzle (not shown).
Here, the fuel line 76 has a screw joint 78 to connect to
a corresponding joint of the injection nozzle. On the left
side of Fig. 2, a known arrangement of a fuel pump 80
and additional equipment is indicated.

[0035] As shown forexamplein Fig. 3, the safety valve
100 according to this exemplary embodiment of the
present disclosure is arranged such that the axis of a
screw joint 102, which is a part of an upper housing part
106, is offset by an angle a. with respect to the longitudinal
axis of the common rail 70.

[0036] The design of this further embodiment of a safe-
ty valve 100 according to the present disclosure is ex-
plained in more detail with reference to the longitudinal
sectional view of Fig. 5. In Fig. 5 the common rail 70 is
only slightly indicated. A connection piece 108 may be
mounted at the common rail 70 in a pressure-tight man-
ner. The connection piece 108 may hold an elongated
spring holder 110. The spring holder 110 may extend
beyond an upper front end 112 of the connection piece
108. The spring holder 110 may be screwed in a thread
114 formed in an inner wall 116 of the connection piece
108. An O-ring 118 may seal a possible gap between an
outer wall 120 of the valve piece 110 and an inner wall
122 of the connection piece 108.

[0037] At a front end 124 of the valve piece 110 an
insert 126 is mounted. The insert 126 has a tip 128 in
which a through-bore 130 is formed. The through-bore
130 functions as a flow connection between the interior
72 of the common rail 70 and a first chamber 132 of the
safety valve 100. As shown in Fig. 5, the through-bore
130 is formed with, e.g., a counter sinkhole forming a
valve seat 134. A closure pin 136 may have a tip 138
having an outer circumference wall which corresponds
to the counter sinkhole 134 to close and seal the through-
bore 130.

[0038] Atafrontend opposite thetip 138 a spring bear-
ing piece 150 may be arranged. One end 152 of the spring
bearing piece 150 may be in contact with the closure pin
136. At an opposite end of the spring bearing piece 150
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a bearing surface 154 may be provided on which a spring
160, e.g., a coil spring, may rest. As shown at the upper
side of Fig. 5, the valve piece 110 may form another bear-
ing surface 162 on which another end of the spring 160
rests. For example one or more washers 164 may be
arranged between the bearing surface 162 and the upper
end of the spring 160. Hence, the spring 160 urges the
spring bearing piece 150 in the direction of the through-
bore 130 with a predetermined pressure force, e.g. ad-
justable by means of the thickness and/or the number of
washers 164. This results in that the tip 138 of the closure
pin 136 closes the through-bore 130 as long as the force
generated by the pressure in the interior 72 of the com-
mon rail 70 is less than the spring force with which the
closure pin 136 is biased against the valve seat 134 of
the through-bore 130.

[0039] As shown in Fig. 5, the first chamber 132 may
extend up to the upper part of the valve piece 110 wherein
the spring 160 is placed. For this reason, at least one
gap or channel 170 may be provided between the inner
wall of the insert 126 and an outer wall of the closure pin
136. Inthe present exemplary embodiment of the present
disclosure three gaps 170 are provided uniformly ar-
ranged around the circumference of the closure pin 136.
The gaps 170 may extend from the utmost front end of
the closure pin 136 to an upper end of the closure pin
136. Via a further spacing 172 and a hole 174 a flow
connection between the through-bore 130 and the upper
part of the first chamber 132 in which the spring 160 may
be accommodated is provided.

[0040] A pressure release reservoir 180 of the safety
valve 100 may have a cross-sectional shape of a sub-
stantial circular cylinder. At a lower part of the pressure
release reservoir 180 a hole 182 is provided through
which the upper part of the valve piece 110 is inserted.
For sealing the outer wall of the valve piece 110 against
the pressure release reservoir 180 at the hole 182 a fur-
ther O-ring 186 is provided. At an opposite end of the
hole 182 the pressure release reservoir 180 may be
closed by a lid 206 via several bolts 186. For sealing
purposes another O-ring 186 is located between an outer
circumference wall of the lid 206 and an inner wall of the
upper reservoir part of the pressure release reservoir
180. To assure a correct position of the lid 206 on the
pressure release reservoir 180 the lid 206 may be pro-
vided with a stepped outer circumference. The circum-
ference of the outer circumference wall of this stepped
contour may correspond to the diameter of the inner cir-
cumference of the upper part of the pressure release
reservoir 180.

[0041] Asshownin Fig. 5, the lid 206 and the pressure
release reservoir 180 may form together a second cham-
ber 188 (can also be named expansion chamber). The
drain line 104 is connected via a screw joint 102 to the
expansion chamber 188.

[0042] In this exemplary embodiment of a safety valve
100 shown in Fig. 5, e.g. two throttling bores 190 may be
provided in a wall of the spring bearing piece 150 to form
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a flow connection between the first chamber 132 and the
expansion chamber 188.

[0043] On one side of the pressure release reservoir
180 a threaded hole 192 is shown. This threaded bore
192 may be closed by a ventilating valve 30 as explained
in connection with the exemplary embodiment of a safety
valve 10 shown in Fig. 1. Hence, the expansion chamber
188 may be ventilated as long as the through-bore 130
is closed by means of the closing pin 136.

[0044] The valve piece 110 may extend through a hole
200 in the lid 206. A pressure safety arrangement 202
may hold the valve piece 110 pressure-tight at the pres-
sure release reservoir 180. A bolt 204 may close a
through-bore which is in flow connection with the first
chamber 132. According an exemplary embodiment of
the present disclosure, the biasing force of the spring 160
may be adjusted by the bolt 204 such that a desired bi-
asing force can be reached and, hence, the safety valve
100, in particular the through-bore 130 will be opened
when the pressure within the interior 72 of the common
rail 70 exceeds a predetermined pressure value. Here,
as already mentioned above, the biasing force may be
adjusted by means of one ore more washers 164. In this
case, the bolt 204 may also be omitted and the lid 206
may be closed.

[0045] With reference to the Figs. 6 to 9 some further
exemplary embodiments of the safety valve 100 are ex-
plained and, in particular, the various pressure curves
within the common rail, the first chamber 132 (spring
chamber; SP chamber), the pressure within the second
chamber 188 (expansion chamber or EX chamber) and
the pressure within the drain line 104 are shown.
[0046] In Fig. 6 the safety valve 100 has a first design.
In particular, four throttling bores 190 having a diameter
of 8 mm may be provided to provide a flow connection
between the first chamber 132 and the second chamber
188. The second chamber 188 may have a diameter of
about 120 mm and a height of about 40 mm. Consequent-
ly, the volume of the second chamber 188 is about 1808
cm3 The diameter of the drain line 104 is, e.g., about 16
mm.

[0047] InFig. 7 the safety valve 100 has a second de-
sign similar to the first design, but instead of a diameter
of 120 mm for the second chamber 188 the diameter may
be about 60 mm. In particular, four throttling bores 190
having a diameter of 8 mm may be provided to provide
a flow connection between the first chamber 132 and the
second chamber 188. The second chamber 188 may
have diameter of about 60 mm and a height of about 40
mm. Consequently, the volume of the second chamber
188 is about 452 cm3. The diameter of the drain line 104
is, e.g., about 16 mm.

[0048] The safety valve 100 shown in Fig. 8 has a third
design similar to the second design, but the throttling
bores 190 may have a diameter of 4 mm instead of 8
mm. In particular, four throttling bores 190 having a di-
ameter of 4 mm may be provided to provide a flow con-
nection between the first chamber 132 and the second
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chamber 188. The second chamber 188 may have diam-
eter of about 60 mm and a height of about 40 mm. Con-
sequently, the volume of the second chamber 188 is
about 452 cm3. The diameter of the drain line 104 is, e.g.,
about 16 mm.

[0049] Finally, the safety valve 100 shown in Fig. 9 has
a fourth design similar to the third design, but the number
of throttling bores 190 may be reduced to 1 instead of 4.
In particular, one single throttling bore 190 having a di-
ameter of 4 mm may be provided to provide a flow con-
nection between the first chamber 132 and the second
chamber 188. The second chamber 188 may have diam-
eter of about 60 mm and a height of about 40 mm. Con-
sequently, the volume of the second chamber 188 is
about 452 cm3. The diameter of the drain line 104 is, e.g.,
about 16 mm.

Industrial Applicability

[0050] In the following, the basic functions of the ex-
emplary safety valve 10 described above and shown in
Fig. 1 are explained in more details.

[0051] During operation of an internal combustion en-
gine (not shown) the interior 72 of the common rail 70 is
filled with pressurized fuel, e.g., diesel or heavy oil fuel.
If the pressure within the interior 72 of the common rail
70is about, e.g., 2000 bar and the safety valve 10 opens
due to the excessively high pressure within the interior
72 of the common rail 70, the pressurized fuel within the
interior 72 may flow through the through-bore 16 into the
first chamber 40. Due to the restricted or narrowed cross-
section of the passage in the first chamber 40, a first
pressure drop may occur when the fuel flows into the first
chamber 40. Due to the shape of the throttling port 60, a
further pressure drop may occur and due to the greater
volume of the second chamber 42 in comparison to the
first chamber 40, a reduced pressure within the pressure
chamber 42 of, e.g., less than about 20 bar, may be ob-
tained. The pressurized fuel having the reduced pressure
within the second chamber 42 may then flow out through
a drain line 22 back to a tank (not shown) or any other
collecting reservoir. Herein, the drain line 22 is connected
to the upper reservoir part 18 via a socket 24 screwed
onto a connecting piece 20 of the upper reservoir part 18.
[0052] The basic functions of the safety valve 100 are
explained in more details on the basis of the exemplary
embodiment of the safety valve 100 as itis shown in Figs.
210 5.

[0053] During operation of an internal combustion en-
gine (not shown) the interior 72 of the common rail 70 is
filled with pressurized fuel, e.g., diesel or heavy oil fuel.
The pressure may amount to about 1400-2000 bar or
even more. The interior pressure within the common rail
70 depends on the injection nozzles and further equip-
ment chosen for distributing fuel to combustion chambers
ofthe internal combustion engine. Therefore, all pressure
values mentioned herein are only exemplary. Conse-
quently, the common rail 70 to which a safety valve 100
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as mentioned before may be coupled may withstand a
predetermined maximum pressure, e.g., 1500 or 1600
bar or even more. If for any reason the pressure within
the interior 72 of the common rail 70 exceeds the maxi-
mum pressure which may be adjusted by the bolt 204,
the tip 138 of the closure pin 136 may be being lifted up
from the seat 134 against the biasing force of the spring
160. Consequently, the pressurized fuel may flow
through the through-bore 130 in the first chamber 132
and via the gap 170 and the hole 174 further in that part
of the first chamber 132 in which the spring 160 may be
arranged.

[0054] Due to this arrangement the pressure of the fuel
in the first chamber 132 may already dramatically re-
duced against the original pressure in the interior 72 of
the common rail 70. The pressure may amount to about
1/5 th to 1/100th of the original pressure in the interior 72
of the common rail 70.

[0055] The fuel within the first chamber 132 having a
pressure which is dramatically reduced in comparison to
the original pressure in the interior 72 of the common rail
70 may flow further through the throttling bores 190 in
the second chamber 188. Due to the chosen diameter of
the throttling bores 190 and/or due to the number of throt-
tling ports 190 and/or due to the volume of the second
chamber 188 the pressure of the fuel within the second
chamber 188 may be further reduced to about a pressure
which amounts to about 1/1.5t to 1/100th.of the pressure
in the first chamber 132. Again, the number and/or size
of the throttling ports 190 connecting the first chamber
132 and the second chamber 188 may influence the pres-
sure reduction resulting when a fuel flows from the first
chamber 132 in the second chamber 188.

[0056] It has to be noted that the second pressure
chamber 188 is preferably empty and ventilated before
the closing pin 136 may be opened. Therefore, a venti-
lation valve as for example shown in Fig. 1 may be in-
serted in the threaded hole 192 to assure that the second
chamber 188 is filled with air having a pressure corre-
sponding to the ambient pressure.

[0057] The fuel within the second pressure chamber
188 having a reduced pressure versus the original pres-
sure within the common rail 70 may flow out of the pres-
sure chamber 188 through the drain line 104. Due to the
fact that the pressure of the fuel drained in the drain line
104 will be further reduced in the drain line 104 the drain
line 104 may be a single wall drain line of ordinary con-
struction, in particular normally no double walled drain
line may be necessary any more.

[0058] With reference to the Figs. 6 to 9 the pressure
curves for the further exemplary embodiments of the
safety valve 100 are explained. In particular, the various
pressure curves of the pressure in the common rail, the
pressure in the first chamber 132 (spring chamber; SP
chamber), the pressure in the second chamber 188 (ex-
pansion chamber or EX chamber) and the pressure in
the drain line 104 are shown over the time (in particular
after opening the through-bore 130).
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[0059] On the right side of Fig. 6, various pressure
curves of the exemplary embodiment of the safety valve
100 having the first design mentioned above are shown.
The upper diagram shows the run of the pressure within
the common rail 70. If the pressure within the common
rail 70 exceeds about 1500 bar the closing pin 136 is
being lifted from the valve seat 134. As explained above,
the fuel having a pressure of about 1500 bar flows
through the through-bore 130 in the first chamber 132
(also named spring chamber). As shown in the second
diagram, the maximum pressure in the spring chamber
132 may amount to about 17.5 bar and may reduce very
quick within about 0.01 sec to a value of, e.g., about 0.1
bar. The pressure curve of the pressure within the second
chamber 188 is shown in the third diagram. Here it is
shown that the maximum pressure within the pressure
chamber 188 may amount to about 10.3 bar and may
reduce very quick to a pressure of, e.g., about 1.5 bar.
The pressure curve of the pressure within the drain line
104 is shown in the fourth diagram. Here, a skilled person
may see that the maximum pressure within the drain line
104 may amount to about 8.46 bar and may reduce very
quick to a pressure of about 1.8 bar.

[0060] On the right side of Fig. 7, various pressure
curves of the exemplary embodiment of the safety valve
100 having the second design mentioned above are
shown. The upper diagram shows the run of the pressure
within the common rail 70. If the pressure within the com-
mon rail 70 exceeds about 1500 bar the closing pin 136
is being lifted from the valve seat 134. As explained
above, the fuel having a pressure of about 1500 bar flows
through the through-bore 130 in the first chamber 132
(also named spring chamber). As shown in the second
diagram of Fig. 7, the maximum pressure in the spring
chamber 132 may amount in this second design to about
22.3 bar and may reduce very quick within about 0.01
sec to a value of, e.g., about 0.2 bar. The pressure curve
of the pressure within the second chamber 188 is shown
in the third diagram. Here it is shown that the maximum
pressure within the pressure chamber 188 may amount
toabout 15.4 barand may reduce very quick to a pressure
of, e.g., about 2 bar. The pressure curve of the pressure
within the drain line 104 is shown in the fourth diagram.
Here, a skilled person may see that the maximum pres-
sure within the drain line 104 may amount to about 12.45
bar and may reduce very quick to a pressure of about
1.8 bar.

[0061] On the right side of Fig. 8, various pressure
curves of the exemplary embodiment of the safety valve
100 having the third design mentioned above are shown.
The upper diagram shows the run of the pressure within
the common rail 70. If the pressure within the common
rail 70 exceeds about 1500 bar the closing pin 136 is
being lifted from the valve seat 134. As explained above,
the fuel having a pressure of about 1500 bar flows
through the through-bore 130 in the first chamber 132
(also named spring chamber). As shown in the second
diagram, the maximum pressure in the spring chamber
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132 may amount in this second design to about 74.5 bar
and may reduce very quick within about 0.01 sec to a
value of, e.g., about 0.5 bar. The pressure curve of the
pressure within the second chamber 188 is shown in the
third diagram. Here it is shown that the maximum pres-
sure within the pressure chamber 188 may amount to
about 10.1 bar and may reduce very quick to a pressure
of, e.g.,about 1.8 bar. The pressure curve of the pressure
within the drain line 104 is shown in the fourth diagram.
Here, a skilled person may see that the maximum pres-
sure within the drain line 104 may amount to about 8.46
bar and may reduce very quick to a pressure of about
1.8 bar.

[0062] Finally, various pressure curves of the exem-
plary embodiment of the safety valve 100 having the
fourth design mentioned above are shown in Fig. 9. The
upper diagram shows the run of the pressure within the
common rail 70. If the pressure within the common rail
70 exceeds about 1500 bar the closing pin 136 is being
lifted from the valve seat 134. As explained above, the
fuel having a pressure of about 1500 bar flows through
the through-bore 130 in the first chamber 132 (also
named spring chamber). As shown in the second dia-
gram, the maximum pressure in the spring chamber 132
may amount in this second design to about 234 bar and
may reduce very quick within about 0.015 sec to a value
of, e.g.,about 2.5 bar. The pressure curve of the pressure
within the second chamber 188 is shown in the third di-
agram. Here it is shown that the maximum pressure with-
in the pressure chamber 188 may amount to about 3.08
bar and may reduce very quick to a pressure of, e.g.,
about 1.4 bar. The pressure curve of the pressure within
the drain line 104 is shown in the fourth diagram. Here,
a skilled person may see that the maximum pressure
within the drain line 104 may amount to about 2.64 bar
and may reduce very quick to a pressure of about 1.4 bar.
[0063] Although the preferred embodiments of this in-
vention have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims.

Claims

1. A safety valve (10; 100) configured to be arranged
on a pressurized device such as a common rail (70)
of an internal combustion engine, comprising:

- a housing (11; 106);

- a first chamber (40; 132) arranged within said
housing (11; 106), said first chamber (11; 132)
having a first volume and an inlet port (16; 130)
configured to provide a flow connection between
said common rail (70) and said first chamber
(40; 132), wherein a closing element (50; 136)
is arranged to close said inlet port (16; 130) as
long as a predetermined pressure within the
pressurized device (70) is not exceeded;
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- a second chamber (42; 188) arranged within
said housing (11; 106) and being in flow con-
nection with the first chamber (40; 132) via at
least one throttling bore (60; 190), said second
chamber (42; 188) having an outlet port (22;
102) configured to drain afluid within the second
chamber (42; 188) out of the second chamber
(42; 188); and

- a ventilation valve (28) configured to ventilate
said second chamber (42) as long as said clos-
ing element (50) seals said inlet port (72).

The safety valve (10; 100) of claim 1, wherein the
volume of said second chamber (42; 188) is greater
than the volume of said first chamber (40; 132), said
volume of said second chamber (42; 188) being in
particular at least 1.2-fold the volume of the first
chamber (40; 132).

The safety valve (10; 100) of claim 1 or 2, wherein
said closing element is a spring-loaded closing pin
(50; 136), wherein a spring (56; 160) biases the clos-
ing pin (50; 136) with a predetermined force such
that a tip (51; 138) of the closing pin (50; 136) seals
a valve seat of said inlet port (16; 130).

The safety valve (10; 100) of claim 3, further com-
prising a spring force adjustment arrangement (164)
configured to adjust the predetermined force with
which the tip (51; 138) of the closing pin (50; 136) is
urged against said valve seat of said inlet port (16;
130).

The safety valve (10; 100) of one or more of the pre-
ceding claims, wherein said at least one throttling
bore (60; 190) is designed such that a pressure in
said second chamber (42; 188) is about 1/2to 1/100th
of the pressure in said first chamber (40; 132).

The safety valve (10; 100) of one or more of the pre-
ceding claims, wherein said second chamber (42;
188) is separated by a partition wall (19) from said
first chamber (40; 132).

The safety valve (100) of one or more of the preced-
ing claims, further comprising a lid (206) closing said
second chamber (188), wherein said housing in-
cludes a first housing part (110) and a second hous-
ing part (180), said first and second housing parts
(110, 180) are rigidly connected by means of a con-
necting part (110) extending through said second
chamber (188) and being supported on said lid (206).

The safety valve (100) of claim 7, wherein said con-
necting part (110) is hollow and forms at least a part
of the first chamber (132) in which said pressure
spring (160) is arranged.
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9.

10.

11.

12.

The safety valve (100) of claim 8, wherein said con-
necting part (110) include said at least one throttling
bore (190) which forms a flow connection between
said first chamber (132) and said second chamber
(188).

A common rail fuel injection system constructed to
be used at an internal combustion engine, compris-
ing:

- a common rail (70);

- at least one fuel pump (80) connected to the
common rail (70) for delivering pressurized fuel
into the common rail (70); and

- at least one safety valve (10; 100) according
to one or more of the preceding claims, the safe-
ty valve (10; 100) being coupled to said common
rail (70).

A method for protecting a pressurized device against
an excessive high-pressure in an interior (72) of said
pressurized device (70), comprising the steps of:

-openinganinletport (16; 130) of afirst chamber
(40; 132) of a safety valve (10; 100) coupled to
said pressurized device (70) if a predetermined
pressure within the pressurized device (70) is
exceeded;

- allowing the fuel in said first chamber (40; 132)
to pass into a second chamber (42; 188) via at
least one throttling bore (60; 190) such that the
pressure of the fuel in said second chamber (42;
188) is reduced below a predetermined pres-
sure;

- draining the fuel out of the second chamber
(42; 188); and

- ventilating said second chamber (42; 188) as
long as said inlet port (72) is sealed.

The method of claim 13, wherein the step of venti-
lating of said second chamber (42; 188) is being in-
terrupted if a predetermined pressure within said
second chamber (42; 188) is being exceeded.
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