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(54)
SAFETY PROTECTION FUNCTIONS

(67)  The present solution provides a high-pressure
common rail system for a low-speed engine with multiple
safety protection functions to achieve the multiple safety
protection functions of the high-pressure common rail
system. The system comprises: an ECU; an electronic
control high-pressure fuel pump provided with an elec-
tronic control proportional valve configured to adjust the
rate of feed of a low-pressure heavy fuel oil from a fuel
tank of the low-speed engine into the electronic control
high-pressure fuel pump according to a first instruction
from the ECU; a first distribution block connected to the
electronic control high-pressure fuel pump via a first
high-pressure fuel pipe; a second distribution block con-
nected to the first distribution block via a second
high-pressure fuel pipe; and a common rail pipe connect-
ed to the second distribution block via a third high-pres-
sure fuel pipe. A sensor connected to the ECU is mounted
onto the common rail pipe. A plurality of flow limiting valve
components are mounted onto the common rail pipe, and
each of the flow limiting valve components is connected
to one of electronic control fuel injectors via one of fourth
high-pressure fuel pipes. A pressure limiting valve com-
ponent is further mounted onto the common rail pipe.
The first distribution block is equipped with a shut-off

HIGH-PRESSURE COMMON RAIL SYSTEM FOR LOW-SPEED ENGINE WITH MULTIPLE

valve component and a safety valve component. Circu-
lation valve components are further mounted onto the
common rail pipe and onto each electronic control fuel
injector.
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Description
Technical Field

[0001] The present disclosure relates to the field of
high-pressure common rail systems, and specifically to
a high-pressure common rail system for a low-speed en-
gine with multiple safety protection functions.

Background Art

[0002] With the increasingly stringent emission regu-
lations and the increasingly severe energy crisis, high-
pressure common rail systems have been used more
and more in diesel fuel systems. The high-pressure com-
mon rail systems meet the increasingly stringent emis-
sion regulations and user requirements for fuel economy
and emission due to their characteristics such as high
injection pressure, high response speed, and flexible
control. The high-pressure common rail systems are dif-
ferent from the traditional mechanical fuel injection sys-
tems in thatthe high-pressure common rail systems have
always been in a high-pressure state. In this case, there
are very strict requirements on the reliability and safety
of the parts of the high-pressure common rail systems.

Summary

[0003] The object of the present disclosure includes
providing a high-pressure common rail system for a low-
speed engine with multiple safety protection functions to
achieve the multiple safety protection functions for the
high-pressure common rail system.

[0004] The present disclosure provides a high-pres-
sure common rail system for a low-speed engine with
multiple safety protection functions, comprising: an ECU
(electronic control unit); an electronic control high-pres-
sure fuel pump provided therein with an electronic control
proportional valve, wherein the electronic control propor-
tional valve is configured to adjust the proportion of feed
of a low-pressure heavy fuel from a fuel tank of the low-
speed engine into the electronic control high-pressure
fuel pump according to a first instruction from the ECU,;
a first distribution block connected to the electronic con-
trol high-pressure fuel pump via a first high-pressure fuel
pipe; a second distribution block connected to the first
distribution block via a second high-pressure fuel pipe;
and a common rail pipe connected to the second distri-
bution block via a third high-pressure fuel pipe, wherein
a sensor configured to detect the fuel pressure of the
high-pressure heavy fuel in the common rail pipe is
mounted onto the common rail pipe, and the sensor is
connected to the ECU; a plurality of flow limiting valve
components are mounted onto the common rail pipe, and
each of the flow limiting valve components is connected
to one of electronic control fuel injectors via one of fourth
high-pressure fuel pipes; the flow limiting valve compo-
nent is configured to be closed when a fuel pressure dif-
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ference between the fourth high-pressure fuel pipe and
the common rail pipe exceeds a set pressure difference;
a pressure limiting valve component is further mounted
onto the commonrail pipe, and the pressure limiting valve
component is configured to be opened when the fuel
pressure in the common rail pipe exceeds a first set pres-
sure value, so that the fuel pressure in the common rail
pipe is stabilized at a target pressure value; the first dis-
tribution block is equipped with a shut-off valve compo-
nent and a safety valve component, wherein the shut-off
valve component is configured to perform a pressure re-
lief process according to a second instruction from the
ECU; the safety valve component is configured to be
opened when the shut-off valve component and the pres-
sure limiting valve component malfunction and the fuel
pressure in the common rail pipe exceeds a second set
pressure value; circulation valve components are further
mounted onto the common rail pipe and the electronic
control fuel injectors, and the circulation valve compo-
nents are configured to be opened when the low-speed
engine is stopped, so that a circulation loop is formed,
respectively, between the fuel tank of the low-speed en-
gine and the common rail pipe, and between the fuel tank
ofthe low-speed engine and each of the electronic control
fuel injectors.

[0005] Optionally, the electronic control high-pressure
fuel pump comprises: a pump body, provided with a cen-
tral hole along its axial direction; a pump cover, mounted
onto an upper end surface of the pump body; and a fuel
inlet and outlet valve component, a plunger and barrel
assembly, a plunger spring, a lower spring seat compo-
nent, and a guide piston component, each being assem-
bled in the central hole of the pump body; the electronic
control proportional valve is assembled on a side of the
pump body; the fuel inlet and outlet valve component
comprises a fuel inlet valve component and a fuel outlet
valve component, wherein the fuel inlet valve component
comprises a fuel inlet valve seat, a fuel inlet valve, and
a fuel inlet valve spring; the fuel inlet valve is mounted in
a central hole of the fuel inlet valve seat; the fuel inlet
valve spring is positionally limited between the fuel inlet
valve and a wall of the hole of the fuel inlet valve seat; a
conical sealing is formed between the fuel inlet valve and
the fuel inlet valve seat by being pressed by the fuel inlet
valve spring; the fuel outlet valve component comprises
a fuel outlet valve seat, a fuel outlet valve, a fuel outlet
valve spring, and a fuel outlet valve spring seat, wherein
the fuel outlet valve spring seat is mounted at an upper
end of the fuel outlet valve seat; the fuel outlet valve is
mounted in a central hole of the fuel outlet valve seat;
the fuel outlet valve spring is positionally limited between
the fuel outlet valve and the fuel outlet valve spring seat;
a conical sealing is formed between the fuel outlet valve
and the fuel outlet valve seat by being pressed by the
fuel outlet valve spring; a high-pressure fuel outlet cham-
ber is formed between the fuel outlet valve seat and the
fuel inlet valve seat; a high-pressure fuel chamber is
formed in the plunger and barrel assembly, and the high-
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pressure fuel chamber communicates with the high-pres-
sure fuel outlet chamber via a fuel hole in the fuel inlet
valve seat; the electronic control proportional valve com-
municates with the fuel inlet hole of the fuel inlet valve
seat via a first fuel hole in the pump body, and the fuel
inlet hole is communicated with or disconnected from the
high-pressure fuel chamber; the electronic control pro-
portional valve is provided with a cooling circulation fuel
passage, and cooling fuel from a cooling fuel passage of
the pump body is injected into the cooling circulation fuel
passage and then flows back into the cooling fuel pas-
sage of the pump body.

[0006] Optionally, the plunger and barrel assembly
comprises: a plunger barrel, disposed at a lower end of
the fuel inlet valve seat; and a plunger, slidably inserted
into a central hole of the plunger barrel, wherein the high-
pressure fuel chamber is formed by the plunger barrel,
the plunger, together with the fuel inlet valve seat; an
inner wall of the plunger barrel is provided with a first
annular groove and a second annular groove; the pump
body is provided with a mixed oil outlet passage and a
lubricating oil supply passage, the mixed oil outlet pas-
sage communicates with the first annular groove via a
mixed oil passage in the plunger barrel, and the lubricat-
ing oil supply passage communicates with the second
annular groove via a lubricating oil passage in the plunger
barrel; and the first annular groove is located above the
second annular groove.

[0007] Optionally, the lower spring seat component is
disposed under the plunger and barrel assembly, and
the lower spring seat component comprises: an outer
spring seat, being in a boss-type structure thinner on the
outer side and thicker in the middle as a whole, wherein
the outer spring seat has an upper end surface provided
with a third counterbore with a concave spherical surface;
an upper sphere, mounted, at its lower part, in the third
counterbore, and provided, at its lower end surface, with
a convex spherical surface mating with the concave
spherical surface; and an inner spring seat, covering an
upper part of the upper sphere, wherein the inner spring
seat has a first axial through hole penetrating its upper
and lower end surfaces; a lower cylindrical head of the
plunger is positionally limited in the first axial through
hole, and the lower cylindrical head of the plunger has a
lower end surface abutting against an upper end surface
of the upper sphere.

[0008] Optionally, a spherical hole is provided in the
center of the third counterbore, a third annular groove is
provided in a lower end surface of the outer spring seat,
and the spherical hole communicates with the third an-
nular groove via a lubricating oil inlet conduit; the outer
surface of the outer spring seat is formed as a tapered
surface, which is provided with a lubricating oil outlet pas-
sage communicating with the lower end surface of the
outer spring seat; the lubricating oil outlet passage is pro-
vided obliquely; a circumferential annular groove is pro-
vided in a circumferential direction of the upper sphere;
apositioning pinis mounted in the circumferential annular
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groove through a positioning pin hole of the outer spring
seat; and a spacing between upper and lower surfaces
of the circumferential annular groove is greater than a
cylindrical diameter of a part of the positioning pin that is
located in the circumferential annular groove.

[0009] Optionally, the first axial through hole provided
inside the inner spring seat comprises: a seventh hole,
an eighth hole, and a ninth hole having diameters grad-
ually increasing from top to bottom, wherein a first guide
hole with a gradually increasing diameter is provided be-
tween the eighth hole and the ninth hole; a second guide
hole with a gradually increasing diameter is provided on
a side of the ninth hole facing the upper sphere; the walls
of the first guide hole and the second guide hole are
formed as tapered guide surfaces; the upper part of the
upper sphere is positioned partially in the ninth hole
through the second guide hole; there is a gap greater
than or equal to 1 mm between the upper sphere and the
ninth hole; there is a gap greater than or equal to 1 mm
between the third counterbore and the upper sphere.
[0010] Optionally, the electronic control high-pressure
fuel pump further comprises: an upper spring seat,
sleeved on the plunger barrel and located at an upper
end of the inner spring seat; and the plunger spring com-
prises: afirst plunger spring, compressively mounted be-
tween the upper spring seat and the outer spring seat;
and a second plunger spring, compressively mounted
between the upper spring seat and the inner spring seat.
[0011] Optionally, the diameters of the concave spher-
ical surface in the outer spring seat and the convex spher-
ical surface of the upper sphere are each 20 to 100 times
the diameter of the plunger.

[0012] Optionally, the guide piston component com-
prises: a guide piston, provided with a first mounting hole
at a central position of its upper end surface and provided
with a second mounting hole at its lower end surface,
wherein the first mounting hole and the second mounting
hole communicate with each other via a communicating
hole, the lower spring seat component is mounted in the
first mounting hole; a roller component, including a roller
mounted in the second mounting hole, a roller bushing
interference-fitted in the roller, and thrust bearings inter-
ference-fitted at both ends of the roller in its axial direc-
tion, wherein an annular groove is provided in the axial
direction of the roller, and an arc-shaped transitional con-
nection is formed between the bottom of the annular
groove and an end surface of the roller in the axial direc-
tion; and a roller pin, fitted in the roller bushing with a
clearance; a boss is disposed protruding from a wall of
the second mounting hole, and the boss is in contact with
the thrust bearing; a plurality of first radial oil grooves are
uniformly arranged in the boss along its radial direction,
and the first radial oil grooves are provided with respect
to the thrust bearing.

[0013] Optionally, the outer surface of the roller pin is
provided as a cylindrical surface, wherein the cylindrical
surface is provided with first waist-shaped grooves and
second waist-shaped grooves at its two positions, re-
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spectively, and the first waist-shaped grooves and the
second waist-shaped grooves are provided in the middle
positions of the roller pin, wherein the second waist-
shaped groove is provided in the first waist-shaped
groove and recessed inward relative to the first waist-
shaped groove, and a stepped shape is formed by them
together; a small-angle wedge-shaped groove with an
angle between 5° and 20° is formed between the first
waist-shaped groove and the outer surface of the roller
bushing, and a second oil hole is provided in the second
waist-shaped groove; the two second oil holes at the two
positions communicate with each other via a lubricating
oil outlet passage, and the two second oil holes are pro-
vided at an angle of 70° to 120°.

[0014] Optionally, the outer surface of the guide piston
is provided as a cylindrical surface, wherein the cylindri-
cal surface is provided with a partial circumferential oil
groove and a circumferential oil groove, a first axial oil
groove, and a vertical groove, wherein the vertical groove
is provided in the circumferential oil groove, and the ver-
tical groove communicates with the partial circumferen-
tial oil groove via the first axial oil groove; the cylindrical
surface is further provided with an inclined hole having
two ends communicating with the circumferential oil
groove and an inner wall of the second mounting hole,
respectively; the cylindrical surface is further provided
with a second axial oil groove communicating with the
circumferential oil groove; the cylindrical surface is fur-
ther provided with a first straight hole and a second
straight hole connected to each other, wherein the first
straight hole communicates with the first axial oil groove,
and the second straight hole communicates with the first
mounting hole; a lubricating oil inlet passage is provided
in the outer cylindrical surface of the roller pin, the lubri-
cating oil inlet passage is provided with respect to the
inclined hole, and the lubricating oil inlet passage com-
municates with the lubricating oil outlet passage.
[0015] Optionally, the outer cylindrical surface of the
roller pin is provided with a DLC (diamond-like carbon)
coating; the roller bushing is made of a copper alloy; the
thrustbearing is made of a copper alloy; forced lubrication
and dynamic pressure lubrication are used between the
roller pin and the roller bushing; and forced lubrication
and dynamic pressure lubrication are used between the
thrust bearing and the boss.

[0016] Optionally, the common rail pipe has a fuel inlet
conduit and a fuel return conduit penetrating both ends
thereof; a fuel inlet end cap is fixed at one end of the
common rail pipe, and the fuel inlet end cap is provided
with a fuel inlet port communicating with the fuel inlet
conduit; an end cover is fixed at the other end of the
common rail pipe, the end cover is provided with a fuel
outlet port communicating with the fuel inlet conduit, and
the circulation valve component is fixed to the end cover;
the pressure limiting valve component and the plurality
of flow limiting valve components communicate with the
fuel inlet conduit, respectively, and the pressure limiting
valve component and the plurality of flow limiting valve
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components communicate with the fuel return conduit,
respectively.

[0017] Optionally, the circulation valve component
comprises: a first valve body fixed to the end cover, which
has a lower end surface provided with a first central hole
communicating with the fuel outlet port, and an upper
end surface provided with a second central hole, wherein
the first central hole communicates with the second cen-
tral hole; a first valve core, which is slidably inserted into
the first central hole from the lower end surface of the
first valve body and partially located in the second central
hole; a lower spring seat, which is sleeved on the part of
the first valve core that is located in the second central
hole, and which is fixedly connected to the first valve
core, wherein a first cavity is formed between the lower
spring seat and the bottom of the second central hole; a
gland, which is fixed to the upper end surface of the first
valve body, wherein the gland has an upper end surface
provided with a threaded hole; a fuel return joint, which
is partially fixed in the threaded hole; and a first pressure
regulating spring, which is positionally limited between
the lower spring seat and the gland; the first valve body
is provided with afirst fuel return passage communicating
with the first central hole, the gland is provided with a
second fuel return passage communicating with the first
fuel return passage, the fuel return joint is provided with
a third fuel return passage communicating with the sec-
ond fuel return passage, and a fuel circulation passage
is formed by the first fuel return passage, the second fuel
return passage, and the third fuel return passage; the
first valve body is provided with a first air inlet passage
communicating with the first cavity, and the gland is pro-
vided with a second airinlet passage communicating with
the first air inlet passage and an air inlet port communi-
cating with the second air inlet passage; when a spring
force from the first pressure regulating spring is less than
or equal to a pressure sum of the pressure of a gas in-
troduced into the first cavity and the pressure of fuel fed
into the fuel inlet end of the first central hole, a conical
seal is formed between the first valve core and the first
central hole, and the conical seal is formed at a position
below a position where the first fuel return passage is
connected to the first central hole.

[0018] Optionally, a first conical seal surface and an
external thread are provided at the top of the part of the
first valve core that is located in the second central hole,
and the external thread is located at an upper end of the
first conical seal surface; the lower spring seat passes
through the external thread and then is sleeved on the
first conical seal surface, and the lower spring seat has
a second conical seal surface that forms a conical seal
with the first conical seal surface; the lower spring seat
is tightly pressed by a nut sleeved on the periphery of
the external thread; and the first pressure regulating
spring is sleeved on the nut and fixed to the lower spring
seat.

[0019] Optionally, the fuel return jointis screwed in the
threaded hole; the upper end surface of the gland is pro-
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vided with a first flat sealing surface at the opening of the
threaded hole; and the fuel return joint is provided with
a second flat sealing surface that forms a planar seal with
the first flat sealing surface.

[0020] Optionally, a third cavity is formed between the
lower end surface of the fuel return joint and the bottom
of the threaded hole, the third cavity communicates with
the second fuel return passage and the third fuel return
passage, respectively, and the maximum flow area of the
third cavity is greater than the maximum flow area of the
second fuel return passage.

[0021] Optionally, when the first valve core moves up-
ward to a top dead center position in the first valve body,
a distance H2 between the lower end surfaces of the first
valve body and the first valve core is smaller than a dis-
tance H1 between the lower end surface of the lower
spring seat and the bottom of the second central hole.
[0022] Optionally, the lower spring seat comprises a
third central hole configured to limit the position of the
first pressure regulating spring and a fourth central hole
configured to mate with the first valve core, wherein the
fourth central hole has a diameter larger than the diam-
eter of the external thread; and the lower spring seat has
an outer diameter the same as the diameter of the second
central hole.

[0023] Optionally, the flow limiting valve component
comprises a valve seat connected to the high-pressure
common rail pipe, a second valve body, a second valve
core, and a second pressure regulating spring, wherein
the valve seat has a first fuel inlet hole communicating
with the high-pressure common rail pipe;

the second valve body has a second axial through hole
penetrating its upper and lower end surfaces, and the
valve seat is partially press-fitted into the second axial
through hole from the lower end surface of the second
valve body; the second valve core is mounted in the sec-
ond axial through hole and disposed above the valve
seat; the second valve core has an axial blind hole com-
municating with the first fuel inlet hole, and a cavity is
formed between an upper end of the second valve core
and the second axial through hole; the second valve core
is provided therein with a transverse flow restricting ori-
fice communicating the axial blind hole with the cavity;
the second pressure regulating spring is sleeved on the
second valve core and is positionally limited in the cavity;
the head of the upper end of the second valve core has
a third conical seal surface and a fourth conical seal sur-
face connected to each other; and a first sealing seat
surface that can form a conical seal with the third conical
seal surface is formed at a wall of the second axial
through hole, and a gap may be formed between the first
sealing seat surface and the fourth conical seal surface.
[0024] Optionally, the second axial through hole com-
prises a first hole, a second hole, a third hole, a fourth
hole, a fifth hole, and a sixth hole, connected to one an-
other in sequence from top to bottom; the valve seat is
partially press-fitted in the first hole; the second valve
core is assembled in the second hole, and a cavity is
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formed between the upper part of the second valve core
and the upper part of the second hole; the first sealing
seat surface is formed at the wall of the third hole; a sec-
ond sealing seat surface sealed to the fuel inlet end of
the fuel pipe of the fuel injector is formed at the wall of
the fifth hole; and the diameter of the sixth hole is larger
than the diameter of each of the first hole, the second
hole, the third hole, the fourth hole, and the fifth hole.
[0025] Optionally, the second valve body is further pro-
vided with a fourth fuel return passage having one end
communicating with the sixth hole, and the other end
communicating to the lower end surface of the second
valve body; the maximum sectional flow area of the fourth
fuel return passage is smaller than the maximum sec-
tional flow area of the gap formed between the fourth
conical seal surface and the first sealing seat surface;
and the maximum sectional flow area of the fourth fuel
return passage is smaller than both the maximum sec-
tional flow area of the second axial through hole and the
maximum sectional flow area of the fourth hole.

[0026] Optionally, a fifth conical seal surface forming
a conical seal with the high-pressure common rail pipe
is formed at the head of the lower end of the valve seat;
and a first flat portion communicating with the fourth fuel
return passage is formed by milling the larger outer cy-
lindrical portion of the lower end of the valve seat.
[0027] Optionally, the pressure limiting valve compo-
nent comprises a third valve body, a third valve core, a
third pressure regulating spring, and a fuel pipe joint,
wherein the third valve body is provided therein with a
first-stage hole, a second-stage hole, a third-stage hole,
and a fourth-stage hole communicating in sequence from
bottom to top; the third valve core has a head slidably
inserted from the fourth-stage hole through the third-
stage hole and partially into the second-stage hole, and
aconical seal can be formed between the third valve core
and the second-stage hole; a first gap allowing the fuel
to pass therethrough is formed between the third valve
core and the third-stage hole, and a second gap allowing
the fuel to pass therethrough is formed between the third
valve core and the fourth-stage hole; the fuel pipe joint
is fixed at an upper end of the third valve body, the fuel
pipe joint is provided therein with a first counterbore, a
second counterbore, and a fuel outlet hole communicat-
ingin sequence from bottom to top, and the third pressure
regulating spring is positionally limited between the third
valve core and the second counterbore.

[0028] Optionally, the diameter of the first-stage hole
is larger than the diameter of the second-stage hole, and
the diameter of the third-stage hole is larger than the
diameter of each of the second-stage hole and the fourth-
stage hole.

[0029] Optionally, the head of the third valve core is
provided with a first tapered portion and a second tapered
portion connected to each other, the first tapered portion
has an angle of 120°, and the second tapered portion
has an angle of 60°; second flat portions symmetrically
arranged are formed by milling the outer cylindrical por-
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tion of the middle part of the third valve core, a second
gap allowing the fuel to passthrough is formed between
the second flat portion and the wall of the fourth-stage
hole of the third valve body, and the gap has a maximum
fuel flowable area larger than the maximum fuel flowable
area in the second-stage hole; a plurality of recesses
arranged spaced apart from one another are provided in
the outer cylindrical portion of the middle-upper part of
the third valve core, and a third gap allowing the fuel to
passthrough is formed between each of the recesses and
the first counterbore; and the third pressure regulating
spring is sleeved on the second smaller outer cylindrical
portion of the upper part of the third valve core.

[0030] Optionally, a sealing seat surface forming the
conical seal with the second tapered portion is formed at
a connection between the second-stage hole and the
third-stage hole, and there is an angular deviation less
than 1° between the sealing seat surface and the second
tapered portion; and the fourth-stage hole of the third
valve body has a diameter ¢ of 5 mm.

[0031] Optionally, a limited distance h1 within which
the third valve core is movable is provided between the
third valve core and the bottom of the first counterbore
of the fuel pipe joint; an overlap region h is provided be-
tween the third valve core and the third valve body.
[0032] The present disclosure has the advantageous
effectthat multiple valves such as acirculation valve com-
ponent, a pressure limiting valve component, a shut-off
valve component, and a safety valve component are in-
volved in the common rail system, and the various types
of valves are opened under specific working conditions,
so as to achieve multiple safety protection functions of
the common rail system.

Brief Description of Drawings
[0033]

FIG. 1 is a schematic structural view of a high-pres-
sure common rail system for a low-speed engine ac-
cording to an embodiment of the present disclosure;

FIG. 2 is a schematic structural view of an electronic
control high-pressure fuel pump in a high-pressure
common rail system for a low-speed engine accord-
ing to an embodiment of the present disclosure;

FIG. 3 is a schematic structural view of a fuel inlet
and outlet valve component according to an embod-
iment of the present disclosure;

FIG. 4 is a schematic structural view of a plunger
and barrel assembily in the prior art;

FIG. 5 is a schematic view showing fitting among a
plunger and barrel assembly and a pump body, a
fuel inlet valve seat, and an upper spring seat ac-
cording to an embodiment of the present disclosure;
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FIG. 6 is a schematic structural view of an angle
formed between a plunger and an upper sphere due
to uneven forces according to an embodiment of the
present disclosure;

FIG. 7 is a schematic structural view of the plunger
fitted to the upper sphere adjusted with a spherical
surface according to an embodiment of the present
disclosure;

FIG.8is a schematic structural view of a lower spring
seat component fitted with a plunger according to an
embodiment of the present disclosure;

FIG. 9is a schematic sectional view of a lower spring
seat component according to an embodiment of the
present disclosure;

FIG. 10 is a schematic sectional view of a lower
spring seat component according to an embodiment
of the present disclosure;

FIG. 11 is a schematic structural view of an inner
spring seat according to an embodiment of the
present disclosure;

FIG. 12 is a schematic structural view of an upper
sphere according to an embodiment of the present
disclosure;

FIG. 13 is a schematic sectional view of an outer
spring seat according to an embodiment of the
present disclosure;

FIG. 14 is a schematic sectional view of an outer
spring seat according to an embodiment of the
present disclosure;

FIG. 15 is a schematic sectional view of a guide pis-
ton component according to an embodiment of the
present disclosure;

FIG. 16 is a schematic sectional view of a guide pis-
ton according to an embodiment of the present dis-
closure;

FIG. 17 is a schematic structural view of a guide pis-
ton according to an embodiment of the present dis-
closure;

FIG. 18 is a schematic sectional view of a guide pis-
ton according to an embodiment of the present dis-
closure;

FIG. 19 is a schematic structural view of a roller pin
according to an embodiment of the present disclo-
sure;



11 EP 3 819 493 A1 12

FIG. 20 is a schematic axially sectional view of a
roller pin according to an embodiment of the present
disclosure;

FIG. 21 is a schematic radially sectional view of a
roller pin according to an embodiment of the present
disclosure;

FIG. 22 is a schematic view showing a force distri-
bution on a roller component not provided with an
annular groove according to an embodiment of the
present disclosure;

FIG. 23 is a schematic view showing a force distri-
bution on aroller component provided with an annu-
lar groove according to an embodiment of the
present disclosure;

FIG. 24 is a schematic structural view of a common
rail pipe and some components thereon according
to the present disclosure;

FIG. 25 is a schematic structural view of a common
rail pipe and some components thereon according
to the present disclosure;

FIG. 26 is a schematic structural view of a common
rail pipe and some components thereon according
to the present disclosure;

FIG. 27 is a schematic structural view of a flow lim-
iting valve according to an embodiment of the
present disclosure;

FIG. 28 is a schematic structural view of a flow lim-
iting valve according to an embodiment of the
present disclosure;

FIG. 29 is a schematic structural view of a flow lim-
iting valve according to an embodiment of the
present disclosure;

FIG. 30 is a schematic structural view of a pressure
limiting valve according to an embodiment of the
present disclosure;

FIG. 31 is a schematic structural view of a pressure
limiting valve according to an embodiment of the
present disclosure;

FIG. 32 is a schematic structural view of a circulation
valve according to an embodiment of the present
disclosure;

FIG. 33 is a schematic structural view of a second
axial through hole according to an embodiment of
the present disclosure;
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FIG. 34 is a schematic structural view of a circulation
valve according to an embodiment of the present
disclosure;

FIG. 35A is a front view of a guide piston according
toan embodiment of the presentdisclosure; and FIG.
35B is a left side view of a guide piston according to
an embodiment of the present disclosure.

[0034] Description of Reference Signs: 1-electrically
controlled high-pressure fuel pump; 101-pump body;
1012-lubricating oil supply passage; 102-pump cover:
103-fuel inlet and outlet valve component; 1031-fuel inlet
valve component; 10311-fuel inlet valve seat; 10312-fuel
inlet valve; 10313-fuel inlet valve spring; 1032-fuel outlet
valve component; 10321-fuel outlet valve seat; 10322-
fuel outlet valve; 10323-fuel outlet valve spring; 10324-
fuel outlet valve spring seat; 1033-high-pressure fuel out-
let chamber; 104-plunger and barrel assembly; 1041-
high-pressure fuel chamber; 1042-plunger barrel; 10421-
first annular groove; 10422-second annular groove;
10423-mixed oil passage; 10424-lubricating oil passage;
1043-plunger; 10431-lower cylindrical head; 105-plung-
er spring; 1051-first plunger spring; 1052-second plunger
spring; 106-lower spring seat component; 1061-outer
spring seat; 10611-third counterbore; 10612-spherical
hole; 10613-third annular groove; 10614-lubricating oil
inlet conduit: 10615-lubricating oil outlet passage;
10616-positioning pin hole; 1062-upper sphere; 10621-
circumferential annular groove: 1063-inner spring seat;
10631-first axial through hole; 10632-seventh hole;
10633-eighth hole; 10634-ninth hole; 10635-first guide
hole; 10636-second guide hole; 10637-tapered guide
surface; 10638-relief groove; 10639-annular weight-re-
ducing groove; 1064-positioning pin; 107-guide piston
component; 1071-guide piston; 10711-first mounting
hole; 10726-second chamfer; 10712-second mounting
hole; 10713-communicating hole; 10714-boss; 10715-
first radial oil groove; 10727-tenth hole; 10713-commu-
nicating hole; 10716-first axial oil groove; 10717-vertical
groove; 10718-inclined hole; 10719-second axial oil
groove; 10720-first straight hole; 10721-second straight
hole; 10725-circumferential oil groove; 10729-partial cir-
cumferential oil groove; 10741-first chamfer; 1072-roller
component; 10728-roller; 10724-annular groove; 10722-
roller bushing; 10723-thrust bearing; 1073-roller pin;
10731-first waist-shaped groove; 10732-second waist-
shaped groove; 10733-second oil hole; 10735-lubricat-
ing oil inlet passage; 10739-third radial oil passage;
10740-axial oil passage; 10736-eleventh hole; 10737-
return spring; 10738-stop pin; 2-electrically controlled
proportional valve; 109-upper spring seat; 3-first high-
pressure fuel pipe; 5-shut-off valve component; 6-first
distribution block; 7-safety valve component; 8-second
high-pressure fuel pipe; 9-second distribution block; 10-
third high-pressure fuel pipe; 14-fourth high-pressure fuel
pipe; 15-electronic control fuel injector; 12-common rail
pipe; 1201, 505-fuel inlet conduit; 1202-fuel return con-
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duit; 1203-first notch; 1204-second notch; 1205-fuel re-
turn hole; 121-fuel inlet end cap; 122-end cover; 123-
pressure limiting valve mounting seat; 124-sensor; 125-
flow limiting valve mounting seat; 126-bracket; 127-sen-
sor mounting seat; 128-first bolt; 129-screw; 131-third
waist-shaped hole; 16-circulation valve component; 161-
firstvalve body; 1601-first central hole; 1602-second cen-
tral hole; 1605-first fuel return passage; 163-third sealing
ring groove; 1619-guide portion; 1620-first sealing ring
groove; 1622-second sealing ring groove; 1608-first air
inlet passage; 1623-air outlet passage; 162-first valve
core; 1611-first conical seal surface; 1612-external
thread; 1624-third sealing ring; 164-lower spring seat;
1617-third central hole; 1618-fourth central hole; 1613-
second conical seal surface; 1625-fourth sealing ring
groove; 1626-mating portion; 1627-fourth sealing ring;
1628-first sealing ring; 167-gland; 1606-second fuel re-
turn passage; 1603-threaded hole; 1629-second air inlet
passage; 1630-air inlet port; 1615-first flat sealing sur-
face; 168-fuel return joint; 1616-second flat sealing sur-
face; 1607-third fuel return passage; 169-first pressure
regulating spring; 1614-nut; 1631-second sealing ring;
1632-screw; 18-pressure limiting valve component; 181-
third valve body; 182-third valve core; 183-second O-ring
seal; 184-second bolt; 185-third pressure regulating
spring; 186-fuel pipe joint; 18604-fifth sealing ring
groove; 187-pressure regulating gasket; 18101-first-
stage hole; 18102-second-stage hole; 18103-sealing
seat surface; 18104-third-stage hole; 18105-fourth-
stage hole; 18601-first counterbore; 18602-second
counterbore; 18603-fuel outlet hole; 18201-first tapered
portion; 18202-second tapered portion; 18203-second
flat portion; 18204-third outer cylindrical portion; 18205-
recess; 18206-second smaller outer cylindrical portion;
h-overlap region; h1-limited distance; 13-flow limiting
valve component; 131-valve seat; 132-second valve
body; 133-second valve core; 136-first O-ring seal; 135-
second pressure regulating spring; 13101-first fuel inlet
hole; 13102-fifth conical seal surface; 13103-sunk
groove; 13104-first flat portion; 13105-larger end sur-
face; 13106-first smaller outer cylindrical portion; 13201-
smaller end surface; 13202-large bevel; 13203-first mat-
ing portion; 13204-second mating portion; 13205-third
hole; 13206-first sealing seat surface; 13207-fourth hole;
13208-second sealing seat surface; 13209-second axial
through hole; 13210-fourth fuel return passage; 13211-
screw mounting hole; 13212-first hole; 13213-second
hole; 13214-fifth hole; 13215-sixth hole; 13301-first outer
cylindrical portion; 13302-axial blind hole; 13303-second
outer cylindrical portion; 13304-transverse flow restrict-
ing orifice; 13305-third conical seal surface; 13306-fourth
conical seal surface.

Detailed Description of Embodiments
[0035] Exemplary embodiments of the present disclo-

sure will be described below in more detail with reference
to the accompanying drawings. Although the exemplary
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embodiments of the present disclosure are shown in the
accompanying drawings, it should be understood that
the present disclosure may be implemented in various
forms and is not intended to be limited by the embodi-
ments set forth herein. Rather, these embodiments are
provided to enable a more thorough understanding of the
present disclosure and to fully convey the scope of the
present disclosure to those skilled in the art.

[0036] It should be noted that when an element is re-
ferred to as being "fixed to" another element, it may be
directly on the other element or an intervening element
may exist therebetween. When an elementis considered
to be "connected" to another element, it may be connect-
ed directly to the other element or an intervening element
may be present therebetween. In contrast, when an el-
ement is referred to as being "directly on" another ele-
ment, no intervening element exists therebetween. The
terms "vertical", "horizontal", "left", "right", and the like
used herein are intended for illustrative purposes only.
[0037] In the present disclosure, terms such as
"mounted"”, "coupled", "connected", and "fixed" should
be understood broadly unless otherwise expressly spec-
ified or defined. For example, connection may be fixed
connection or detachable connection or integral connec-
tion, may be mechanical connection or electric connec-
tion, or may be direct coupling or indirect coupling via an
intermediate medium, or internal communication be-
tween two elements or mutual interaction between two
elements. The specific meanings of the above-men-
tioned terms in the present disclosure can be understood
by those of ordinary skill in the art according to specific
situations.

[0038] In addition, the terms "first" and "second" are
used for descriptive purposes only, and should not be
understood as an indication or implication of relative im-
portance or an implicit indication of the number of the
indicated technical features. Therefore, a feature defined
with the terms "first" and "second" may explicitly or im-
plicitly include one or more such features. In the descrip-
tion of the present disclosure, "a plurality" means two or
more, unless otherwise expressly and specifically de-
fined.

[0039] Referring to FIG. 1, the present disclosure pro-
vides a high-pressure common rail system for a low-
speed engine with multiple safety protection functions,
comprising: an electronic control unit (ECU); an electron-
ic control high-pressure fuel pump 1, provided therein
with an electronic control proportional valve 2, which is
configured to adjust the proportion of feed of a low-pres-
sure heavy fuel from a fuel tank of the low-speed engine
into the electronic control high-pressure fuel pump 1 ac-
cording to a first instruction from the ECU, wherein the
electronic control high-pressure fuel pump 1 employs a
single plunger structure, and the system is provided with
three electronic control high-pressure fuel pumps 1,
which serve as backups for one another, to prevent the
failure of the system caused by a fault in the high-pres-
sure fuel pump; a first distribution block 6 connected to



15 EP 3 819 493 A1 16

the electronic control high-pressure fuel pumps 1 via cor-
responding first high-pressure fuel pipes 3; a second dis-
tribution block 9 connected to the first distribution block
6 via a second high-pressure fuel pipe 8; and a common
rail pipe 12 connected to the second distribution block 9
via a third high-pressure fuel pipe 10. A sensor 17 con-
figured to detect the fuel pressure of the high-pressure
heavy fuel in the common rail pipe 12 is mounted onto
the common rail pipe 12, and the sensor 17 is electrically
connected to the ECU. A plurality of flow limiting valve
components 13 are mounted onto the common rail pipe
12, and each of the flow limiting valve components 13 is
connected to one of electronic control fuel injectors 15
via one of fourth high-pressure fuel pipes 14. The flow
limiting valve component 13 is configured to be closed
when a fuel pressure difference between the fourth high-
pressure fuel pipe 14 and the common rail pipe 12 ex-
ceeds a set pressure difference. The flow limiting valve
component 13 is mounted onto the common rail pipe 12
and has an outlet connected to an electronic control fuel
injector 15 via a corresponding fourth high-pressure fuel
pipe 14. Each cylinder of the low-speed engine has mul-
tiple fuel injectors, and each of the fuel injectors is pro-
vided with an independent flow limiting valve component
13. When the fourth high-pressure fuel pipe 14 is broken
or fuel is abnormally injected from the electronic control
fuel injector 15, the flow limiting valve component 13 cuts
off the introduction of the high-pressure fuel to the elec-
tronic control fuel injector 15, thereby achieving the effect
of protecting the low-speed engine and improving its
safety. The fourth high-pressure fuel pipe 14 is designed
with double walls. High-pressure abnormal leakages
from all the double-layered fourth high-pressure fuel
pipes 14 communicate with high-pressure abnormal
leakages from the components connected thereto such
that a fuel return system for the high-pressure abnormal
leakage is formed.

[0040] Inthefield ofdiesel engines, diesel engines may
generally be divided into medium- and high-speed en-
gines and low-speed engines according to their working
rotational speed ranges. The low-speed diesel engines
are often used for directly driving propellers. Diesel en-
gines are required to have lower rotational speeds in or-
der to allow the propellers to have high propulsion effi-
ciency. Therefore, the low-speed engines are often used
as power for various types of ships. Furthermore, heavy
fuel is widely used as fuel in the low-speed diesel en-
gines. In the field of marine engines, the engines are
generally divided, according to the rotational speeds of
the engines, into high-speed engines with a rotational
speed range above 3,000 rpm, medium-speed engines
at 1,500 to 3,000 rpm, and low-speed engines below
1,500 rpm.

[0041] A pressure limiting valve component 18 is fur-
ther mounted onto the common rail pipe 12. The pressure
limiting valve component 18 is configured to be opened
when the fuel pressure in the common rail pipe 12 ex-
ceeds a first set pressure value, so that the fuel pressure
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in the common rail pipe 12 is stabilized to a target pres-
sure value. The pressure limiting valve component 18 is
mounted onto the common rail pipe 12, and the pressure
limiting valve component 18 employs a mechanical struc-
ture and has the ability to maintain an operation under
fault pressure after it is opened at certain pressure. In an
optional embodiment, when the pressure in the system
exceeds 125 MPa, the pressure limiting valve component
18 is automatically opened and changed into a fault
mode, so as to keep the system operating safely at the
pressure required in the fault mode.

[0042] The first distribution block 6 is equipped with a
shut-off valve component 5 and a safety valve compo-
nent 7. The shut-off valve component 5 is configured to
perform a process of relieving pressure from the first high-
pressure fuel pipe 3 according to a second instruction
from the ECU. The safety valve component 7 is config-
ured to be opened when the shut-off valve component 5
and the pressure limiting valve component 18 malfunc-
tion and the fuel pressure in the common rail pipe 12
exceeds a second set pressure value. The shut-off valve
component 5 employs an air-controlled structure and is
mounted onto the first distribution block 6 to facilitate rap-
id relief of pressure from the system. When the low-speed
engine or the fuel system needs to be stopped emergent-
ly in an emergency, the shut-off valve component 5 is
quickly opened as a secondary pressure protection
measure to quickly relieve pressure from the system. The
shut-off valve component 5 employs an independent fuel
return structure, which is separated from the fuel return
system for the high-pressure abnormal leakage. The
safety valve component 7 employs a mechanical struc-
ture and is mounted onto the first distribution block 6. It
is opened at a pressure of preferably 150 MPa, and in
general, itis opened at a pressure ranging from 150 MPa
to 155 MPa. When the system is out of control and both
the shut-off valve component 5 and the pressure limiting
valve component 18 malfunction, the safety valve com-
ponent 7 is opened as the secondary protector to ensure
the safety of the entire system.

[0043] Circulation valve components 16 are further
mounted onto the common rail pipe 12 and the electronic
control fuel injectors 15. The circulation valve compo-
nents 16 are configured to be opened when the low-
speed engine is stopped, so that a circulation loop is
formed between the fuel tank of the low-speed engine
and the common rail pipe 12, and between the fuel tank
ofthe low-speed engine and each of the electronic control
fuelinjectors 15, respectively. The circulation valve com-
ponents 16 are mounted onto the end cover 122 and onto
the respective electronic control fuel injectors 15, respec-
tively. When the low-speed engine is started, there is no
fuel in the common rail pipe 12 and in the respective
electronic control fuel injectors 15. At this time, the valve
core in each circulation valve component 16 is at the
bottom dead center position, and the circulation valve
component 16 is in an open circulation state. In order to
allow the common rail system to quickly build up pressure
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and work, compressed air is introduced into the circula-
tion valve component 16, so that the circulation valve
component 16 quickly closes the system and starts to
build up pressure. When the pressure exceeds a preload
force on the spring of the circulation valve component
16, the circulation valve is closed mainly by fuel pressure.
When the low-speed engine is stopped, the system pres-
sure is reduced by the shut-off valve component 5, and
then the circulation valve component 16 automatically
opens to achieve the low-pressure automatic circulation
function and ensure the safety of the heavy fuel in the
system. After the low-speed engine is stopped to relieve
pressure, the circulation valve component 16 is opened.
Considering that the heavy fuel in the system which is
cooled and solidified may corrode the parts of the system
and hence reduce the service life of the parts, the system
is brought into a low-pressure circulation mode at this
time. Low-pressure fuel enters the common rail pipe 12
through the first high-pressure fuel pipe 3, the second
high-pressure fuel pipe 8, and the third high-pressure
fuel pipe 10, and then the fuel is divided into two branch-
es. One of the branches flows to the fuel tank from the
circulation valve component 16 mounted onto the end
cover 122. The other branch enters the electronic control
fuel injector 15 through the flow limiting valve component
13 and flows out to the fuel tank through the circulation
valve component 16 mounted to the electronic control
fuel injector 15. The flow area provided in the circulation
valve component 16 on the end cover 122 must be small-
er than the flow area of the circulation valve component
16 on the electronic control fuel injector 15. If the flow
area of the circulation valve component 16 on the end
cover does not match the flow area of the circulation valve
component on the electronic control fuel injector 15, the
low-pressure fuel will flow out from the circulation valve
component 16 at the end cover 122, while no fuel flows
out from the circulation valve component 16 of the elec-
tronic control fuelinjector 15 and the fuel circulation there-
through cannot be achieved. Therefore, it is important to
match the sizes of the flow areas of the two circulation
valve components 16. The flow area of each of the cir-
culation valve components 16 is determined by the lift of
the valve core.

[0044] In the fuel return system for the high-pressure
abnormal leakage of the entire common rail system, the
electronic control fuel injector 15, the fourth high-pres-
sure fuel pipe 14, the flow limiting valve component 13,
the common rail pipe 12, the fuel inlet end cap 121, the
third high-pressure fuel pipe 10, the second distribution
block 9, the second high-pressure fuel pipe 8, the first
distribution block 6, the first high-pressure fuel pipe 3,
and the electronic control high-pressure fuel pump 1
communicate with one another, and the fuel is returned
from the leakage outlet of the most-downstream elec-
tronic control high-pressure fuel pump 1.

[0045] ReferringtoFIGS.2and 3, the electronic control
high-pressure fuel pump 1 is a marine single-piece high-
pressure fuel pump. The fuel pump specifically compris-
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es: a pump body 101, provided with a central hole along
its axial direction; a pump cover 102, mounted to an upper
end surface of the pump body 101; and a fuel inlet and
outlet valve component 103, a plunger and barrel assem-
bly 104, a plunger spring 105, a lower spring seat com-
ponent 106, and a guide piston component 107, each of
which is assembled in the central hole of the pump body
101. The electronic control proportional valve 2 is assem-
bled on a side of the pump body 101. The fuel inlet and
outlet valve component 103 comprises a fuel inlet valve
component 1031 and afuel outlet valve component 1032.
The fuel inlet valve component 1031 comprises a fuel
inlet valve seat 10311, a fuel inlet valve 10312, and a
fuel inlet valve spring 10313. The fuel inlet valve 10312
is mounted in a central hole of the fuel inlet valve seat
10311. The fuel inlet valve spring 10313 is positionally
limited between the fuel inlet valve 10312 and a wall of
the hole of the fuel inlet valve seat 10311. A conical seal
is formed between the fuel inlet valve 10312 and the fuel
inlet valve seat 10311 by being pressed against each
other by the fuel inlet valve spring 10313. The fuel outlet
valve component 1032 comprises a fuel outlet valve seat
10321, a fuel outlet valve 10322, a fuel outlet valve spring
10323, and a fuel outlet valve spring seat 10324. The
fuel outlet valve spring seat 10324 is mounted atan upper
end of the fuel outlet valve seat 10321. The fuel outlet
valve 10322 is mounted in a central hole of the fuel outlet
valve seat 10321. The fuel outlet valve spring 10323 is
positionally limited between the fuel outlet valve 10322
and the fuel outlet valve spring seat 10324. A conical
seal is formed between the fuel outlet valve 10322 and
the fuel outlet valve seat 10321 by being pressed against
each other by the fuel outlet valve spring 10323. A high-
pressure fuel outlet chamber 1033 is formed between
the fuel outlet valve seat 10321 and the fuel inlet valve
seat 10311. Ahigh-pressure fuel chamber 1041 is formed
in the plunger and barrel assembly 104, and the high-
pressure fuel chamber 1041 communicates with the high-
pressure fuel outlet chamber 1033 via a fuel hole in the
fuel inlet valve seat 10311. The electronic control pro-
portional valve 2 communicates with the fuel inlet hole
of the fuel inlet valve seat 10311 via a first fuel hole in
the pump body 101, and the fuel inlet hole is communi-
cated with or disconnected from the high-pressure fuel
chamber 1041. The electronic control proportional valve
2 is provided with a cooling circulation fuel passage, and
cooling fuel from a cooling fuel passage of the pump body
101 is injected into the cooling circulation fuel passage
and then flows back into the cooling fuel passage of the
pump body 101.

[0046] As shown in FIGS. 2 and 3, the central hole
provided in the pump body 101 is a through hole pene-
trating the upper and lower end surfaces of the pump
body 101. The pump cover 102 is fixed to the upper end
surface of the pump body 101. A mounting hole corre-
sponding to the central hole of the pump body 101 is
provided in the direction of the pump cover 102 facing
the pump body 101. The fuel outlet valve seat 10321 is
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mounted in the central hole of the pump body 101 and
in the mounting hole of the pump body 101. It can be
seen from FIG. 2 that the fuel outlet valve component
1032 is mounted above the fuel inlet valve component
1031, and the upper part of the pump cover 102 has a
fuel passage communicating with the fuel outlet valve
component 1032. Finally, the high-pressure heavy fuel
pumped from the high-pressure fuel pump of the present
disclosure is discharged through the fuel passage in the
pump cover 102.

[0047] In the description of the present disclosure, it
should be noted that orientation or positional relation-
ships indicated by the terms such as "up", "down", "left",
"right", "vertical", "horizontal", "inside", and "outside" in
the specification of the present disclosure are the orien-
tation or positional relationships shown based on the
drawings, and these terms are intended only to facilitate
the description of the present disclosure and simplify the
description, but not intended to indicate or imply that the
referred devices or elements must be in a particular ori-
entation, or constructed or operated in the particular ori-
entation, and therefore should not be construed as lim-
iting the present disclosure.

[0048] The electronic control proportional valve 2,
which is a hydraulic control device, has the effect of throt-
tling a flow of fuel to be fed. The electronic control pro-
portional valve 2 is mainly used for regulating feed of a
light fuel (such as gasoline or light diesel) or the like. In
the prior art, there is no scheme to use the electronic
control proportional valve 2 in the regulation of feed of a
heavy fuel, because the heavy fuel may reach a temper-
ature up to 160 oC during working, which has exceeded
the limit working temperatures of electronically controlled
elements such as armatures and coils of the prior elec-
tronic control proportional valves 2. In the prior art, a tra-
ditional mechanical design is employed for throttling ad-
justment for the feed of a heavy fuel to the high-pressure
fuel pump. In other words, the fuel quantity is controlled
by a governor and a spiral groove in the upper part of the
plunger. Such fuel feed adjustment method is disadvan-
tageous, for example, in that the fuel quantity is adjusted
with low accuracy and is adjusted and controlled in slow
response, and the magnitude of the fuel quantity is de-
pendent on the rotational speed of the governor.

[0049] Inanembodimentofthe present disclosure, the
problems of insufficient flexibility and high temperature
in the prior mechanical adjustment method can be solved
by adjusting feed of the heavy fuel using the electronic
control proportional valve 2. In view of this, a cooling cir-
culating fuel passage is provided inside the electronic
control proportional valve 2, through which the cooling
fuel flowing in the pump body 101 enters the electronic
control proportional valve 2, so as to cool the electroni-
cally controlled elements in the electronic control propor-
tional valve 2 in a targeted manner, so that the electron-
ically controlled elements of the electronic control pro-
portional valve 2 are maintained within the normal tem-
perature range. The cooling circulation fuel passage de-
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signed in the electronic control proportional valve 2
should meet the following requirements: (1) the cooling
circulation fuel passage should be as close as possible
to the electronically controlled elements such as a coil
and an armature of the electronic control proportional
valve; (2) the flow of the cooling fuel introduced into the
cooling circulation fuel passage should enable the tem-
peratures of the electronically controlled elements such
as the coil and the armature to be reduced within the
working temperature range. In order to enable the cooling
circulation fuel passage to meet the requirements, it is
necessary to perform simulation calculations and exper-
iments for different types of armatures in advance to de-
termine the specific parametric information such as the
spatial arrangement and size of the cooling circulation
fuel passage in each type. Here, the simulation calcula-
tions and experiments for different types of armatures
may be performed with reference to the methods in the
prior art and therefore will not be described in detail here.
The above-mentioned design is advantageous in that the
temperatures of the armature and the coil ofthe electronic
control proportional valve 2 in the working state are re-
duced by the cooling circulation fuel passage provided
in the electronic control proportional valve 2, so that the
electronically controlled elements work in the normal
temperature range, thereby permitting the use of the
electronic control proportional valve 2 for throttling the
feed of fuel to the pump. The disadvantages of the me-
chanical fuel quantity adjustment are overcome by using
the electronic control proportional valve 2, and the fuel
supply flow is adjusted with increased accuracy, flexibil-
ity, and response speed, thereby achieving a more ac-
curate match between the fuel supply quantity from the
pump and the working condition of the diesel engine.
Thus, the performance degradation caused by insuffi-
cient fuel supply is avoided. Also, an excess flow is re-
duced during working, thereby reducing the actual load
on the pump.

[0050] As shown in FIG. 3, in the fuel feeding stage,
the fuel inlet valve 10312 is configured to be opened un-
der the action of the fuel feed pressure from the electronic
control proportional valve 2, and the fuel outlet valve
10322 is configured to be sealed to the fuel outlet valve
seat 10321 under the action of the back pressure from
the fuel flow flowing out therethrough. The electronic con-
trol proportional valve 2 for feeding a low-pressure heavy
fuel starts charging the fuel into the high-pressure fuel
chamber 1041 from the fuel inlet hole. The quantity of
fuel to be fed is controlled by adjusting the opening de-
gree of the electronic control proportional valve 2, so as
to meet the requirements in different working conditions
of the high-pressure fuel pump. Here, in the fuel pumping
stage, the guide piston component 107 moves upward,
the plunger 1043 compresses the heavy fuel in the high-
pressure fuel chamber 1041, and thus the pressure of
the heavy fuel gradually increases. When the fuel pres-
sure in the high-pressure fuel chamber 1041 is greater
than the fuel feed pressure, the fuel inlet valve 10312 is
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closed. Because the high-pressure fuel outlet chamber
1033 is connected to the high-pressure fuel chamber
1041, when the fuel pressure in the high-pressure fuel
chamber 1041 exceeds the back pressure and a spring
force exerted on the fuel outlet valve, the fuel outlet valve
10322 is opened, and the high-pressure fuel is dis-
charged from the central hole of the pump cover 102
through the fuel outlet valve spring seat 10324. FIG. 4
shows the structure of the plunger and barrel assembly
in the prior art. As shown in FIG. 4, the heavy fuel pump
for the high-pressure common rail system in the prior art
employs a mechanical design. A fuel inlet conduit 505 is
provided in the plunger barrel 1042, the plunger 1043 is
slidably inserted into the plunger barrel 1042, and no fuel
inlet valve componentis disposed. During working, when
the fuel is sucked and compressed alternately, part of
the pressurized fuel will flow from the fuel inlet conduit
505 back to the low-pressure fuel inlet passage, which
will result in a large change in pressure in the fuel inlet
conduit 505. As a result, cavitation erosion is likely to
occur at the related position(s) in the fuel inlet conduit
505. This is also one of the main forms of damage of the
plunger and barrel assemblies which have been ob-
served and recorded in the actual experiments for ships.
Compared with the structure of the high-pressure fuel
pump in the prior art, the fuel inlet valve component 1031
is additionally provided in the high-pressure fuel pump 1
in the present disclosure, so that when the high-pressure
fuel chamber of the plunger barrel 1042 is changed from
the fuel suction state to the fuel compression state, the
fuel inlet valve component is quickly closed to ensure
stable pressure at the related position(s) in the fuel inlet
passage of the fuel inlet valve seat 10311, thereby effec-
tively preventing cavitation erosion.

[0051] FIG. 5 shows the fitting relationship between
the plunger and barrel assembly 104 and the pump body
101, and between the fuel inlet valve seat 10311 and the
upper spring seat 109. Referring to FIG. 5, the plunger
and barrel assembly 104 comprises: a plunger barrel
1042, provided in the lower end of the fuel inlet valve seat
10311; and a plunger 1043, slidably inserted into the cen-
tral hole of the plunger barrel 1042. The high-pressure
fuel chamber 1041 is formed by the plunger barrel 1042,
the plunger 1043, together with the fuel inlet valve seat
10311. The inner wall of the plunger barrel 1042 is pro-
vided with a first annular groove 10421 and a second
annular groove 10422. The pump body 101 is provided
with a mixed oil outlet passage (not shown in the draw-
ings) and a lubricating oil supply passage 1012. The
mixed oil outlet passage communicates with the first an-
nular groove 10421 via a mixed oil passage 10423 in the
plunger barrel 1042. The mixed oil formed at the first
annular groove 10421 flows out to a waste oil tank (not
shown in the drawings) through the mixed oil outlet pas-
sage and through the mixed oil passage 10423. The lu-
bricating oil supply passage 1012 communicates with the
second annular groove 10422 via a lubricating oil pas-
sage 10424 in the plunger barrel 1042. The first annular
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groove 10421 is located above the second annular
groove 10422. The lubricating oil entering the second
annular groove 10422 includes the following functions.
(1) It has the effect of isolating the fuel entering the gap
between the plunger 1043 and the plunger barrel 1042,
from the high-pressure fuel chamber 1041 above the
plunger 1043, thereby preventing flow of the fuel into the
transmission parts under the plunger 1043 to avoid con-
tamination of the lubricating oil system of the whole ma-
chine by the fuel intruding into the transmission parts
under the plunger 1043. (2) It allows all the friction sur-
faces under the plunger 1043 to be in a state of being
lubricated by clean lubricating oil, thereby improving the
friction state of the plunger 1043. The lubricating oil is
cleaner than the heavy fuel above thereof, and the lubri-
cating oil contains an additive for improving friction and
can form a better oil film than lubrication by the heavy fuel.
[0052] The low-speed engine in the prior art permits
the heavy fuel to leak below the plunger 1043, and then
the leaked heavy fuel is collected separately. However,
the leaked heavy fuel has the risk of corroding the plunger
spring 105 and other parts under the plunger 1043. In
the high-pressure fuel pump 1 of the present disclosure,
the leakage of the heavy fuel can be completely prevent-
ed by using a small amount of lubricating oilin the second
annular groove 10422 of the plunger barrel 1042 of the
plunger and barrel assembly 104, which prevents corro-
sion of important parts such as the plunger spring 105
under the plunger barrel 1042 by the leaked heavy fuel.
Furthermore, because the guide piston under the plunger
of the low-speed engine in the prior art is provided with
a complicated dynamic sealing mechanism, the high-
pressure fuel pump has drawbacks such as having a larg-
er overall vertical height and high cost. In the high-pres-
sure fuel pump 1 of the present disclosure, the vertical
height of the guide piston 1071 can be effectively short-
ened by sealing the heavy fuel with a small amount of
lubricating oil (the traditional heavy fuel guide piston has
a long heavy fuel sealing section), so that the vertical
height of the pump of the high-pressure fuel pump is re-
duced, and the overall weight of the high-pressure fuel
pump is reduced. Itis experimentally known that the ver-
tical height of the high-pressure fuel pump in the technical
solution of the present disclosure is reduced by 1/3, as
compared with the high-pressure fuel pump of the low-
speed engine in the prior art.

[0053] Referringto FIG. 2 and FIGS. 7 to 14, the lower
spring seat component 106 is disposed under the plunger
and barrel assembly 104. The lower spring seat compo-
nent 106 comprises: an outer spring seat 1061, having
a boss-type structure thinner on the outside and thicker
in the middle as a whole. The outer spring seat 1061 is
mainly subjected to a pressure transmitted from the
plunger 1043 to the upper sphere during working. The
pressure results in a stress field distributed in a tapered
shape in the outer spring seat 1061. The outer spring
seat 1061 is provided in a boss shape corresponding
thereto, so that the mass of the outer spring seat 1061
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can be reduced on the premise of having satisfactory
strength, thereby reducing the mass of the outer spring
seat 1061 in movement. The thicker part in the middle of
the boss also provides space for designing a spherical
surface and a fuel passage in its middle.

[0054] The upper end surface of the outer spring seat
1061 is provided with a third counterbore 10611 with a
concave spherical surface. The lower spring seat com-
ponent 106 further comprises an upper sphere 1062. The
lower part of the upper sphere 1062 is mounted in the
third counterbore 10611, and the lower end surface of
the upper sphere 1062 is provided with a convex spher-
ical surface mating with the concave spherical surface.
[0055] The lower spring seat component further com-
prises an inner spring seat 1063, sleeved on the upper
part of the upper sphere 1062. The inner spring seat 1063
has a first axial through hole 10631 penetrating its upper
and lower end surfaces.

[0056] The lower cylindrical head 10431 of the plunger
1043 is positionally limited in the first axial through hole
10631, and the lower cylindrical head 10431 of the plung-
er 1043 has a lower end surface abutting against the
upper end surface of the upper sphere 1062. As exper-
imentally known, when the plunger 1043 is working, a
flat surface at the tail of the plunger 1043 may be partially
subjected to an excessively large force when being
pressed (as shown in FIG. 6, an angle with a degree of
B is formed between the upper sphere 1062 and the
plunger 1043inFIG. 6), because of an errorin parallelism
between the flat surface at the tail thereof and a corre-
sponding surface against which it is pressed (a surface
of the guide piston or the spring seat). The uneven force
distribution will create an additional moment of force on
the plunger 1043, which will cause additional load and
energy loss to the system, thereby affecting the dynamic
characteristics of the system. When the lower spring seat
component 106 with a spherical surface is disposed be-
tween the plunger 1043 and the guide piston 1071, even
if there is a large parallelism error between the upper end
surface of the guide piston 1071 and the end surface at
the tail of the plunger 1043, the angle can be automati-
cally adjusted by the spherical surface, so that the contact
surfaces between the upper sphere 1062 and the plunger
1043 are kept in full contact with each other (the state of
FIG. 6 is changed to the state of FIG. 7, in FIG. 7, the
two contact surfaces of the upper sphere 1062 and the
plunger 1043 are attached to each other). In this way,
partial contact is eliminated, the overall force application
is balanced, and the tendency of excessive local stress
is alleviated. Moreover, a supporting force exerted on the
plunger 1043 by the upper sphere 1062 passes through
the center of the spherical surface, to eliminate the ad-
ditional bending moment, thereby optimizing the dynamic
characteristics and improving the load-bearing capacity
of the system.

[0057] Optionally, referringtoFIGS.9to 14, a spherical
hole 10612 is provided at the center of the third counter-
bore 10611, a third annular groove 10613 is provided in
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the lower end surface of the outer spring seat 1061, and
the spherical hole 10612 communicates with the third
annular groove 10613 via a lubricating oil inlet conduit
10614. The lubricating oil inlet conduit 10614 communi-
cates with a piston oil passage in the guide piston 1071.
The lubricating oil passing through the lubricating oil inlet
conduit 10614 forms an oil film at the concave spherical
surface of the outer spring seat 1061, which can effec-
tively preventfretting damage between the convex spher-
ical surface of the upper sphere 1062 and the concave
spherical surface of the outer spring seat 1061. The
spherical hole 10612 supplies the lubricating oil to the
spherical surfaces for lubricating the spherical surfaces.
The lubricating oil creates an elastohydrodynamic lubri-
cation effect on the spherical surfaces, so as to reduce
the wear rate, reduce contact stress, reduce fretting dam-
age, and increase the load-bearing capacity and fatigue
strength of the spherical surfaces.

[0058] As shown in FIG. 9, the outer surface of the
outer spring seat 1061 is formed as a tapered surface,
which is provided with a lubricating oil outlet passage
10615. The lubricating oil outlet passage 10615 commu-
nicates with the lower end surface of the outer spring
seat 1061. The lubricating oil outlet passage 10615 is
provided obliquely relative to the bottom surface of the
outer spring seat 1061. The lubricating oil outlet passage
10615 can communicate the regions above and below
the outer spring seat 1061 with each other, so that the
lubricating oil upstream of the outer spring seat 1061
smoothly flows downward, to prevent additional load
caused by compression of the lubricating oil upon the
lubricating oil chamber above the outer spring seat 1061
is filled with the lubricating oil. The lubricating oil outlet
passage 10615 is provided in the outer tapered surface
of the outer spring seat 1061, which can avoid blockage
of the flow area of the lubricating oil outlet passage 10615
by the plunger spring 105, so that the flow area is not
affected by the position of the plunger spring 105.
[0059] Optionally, as shown in FIG. 10, eight lubricat-
ing oil outlet passages 10615 may be provided. The eight
lubricating oil outlet passages 10615 communicate to the
bottom end surface of the outer spring seat 1061, respec-
tively, so that it can be ensured that the lubricating oil
can smoothly flow out from the space above the outer
spring seat 1061 to avoid additional load caused by the
accumulation of the lubricating oil. Moreover, the lubri-
cating oil outlet passages 10615 are provided obliquely
inthe tapered surface of the outer spring seat 1061, which
also prevents the unsmooth flow and hence accumula-
tion of the lubricating oil caused by blockage of the lubri-
cating oil outlet passages 10615 by the plunger spring
105. As shown in FIG. 12, a circumferential annular
groove 10621 is provided in the circumferential direction
of the upper sphere 1062. As shown in FIG. 13, a posi-
tioning pin 1064 is mounted in the circumferential annular
groove 10621 through a positioning pin hole 10616 of
the outer spring seat 1061. Here, the spacing between
the upper and lower surfaces of the circumferential an-
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nular groove 10621 is larger than the cylindrical diameter
of a part of the positioning pin 1064 that is located in the
circumferential annular groove 10621. Optionally, the up-
per sphere 1062 and the outer spring seat 1061 are con-
nected by using a threaded positioning pin 1064. The
positioning pin 1064 is fixed to the outer spring seat 1061
by means of threads, and the head of the positioning pin
1064 is provided as a cylindrical surface and serves as
a positioning part. Optionally, the upper sphere 1062 is
provided with a corresponding circumferential annular
groove 10621, in which the head of the positioning pin
1064 is mounted. The circumferential annular groove
10621 in the upper sphere 1062 may also be replaced
with a round hole. The positioning pin 1064 can substan-
tially position the upper sphere 1062 and the outer spring
seat 1061, so as to prevent the upper sphere 1062 from
being detached from the outer spring seat 1061 during
reciprocating movement when the plunger 1043 is sep-
arated from the upper sphere 1062.

[0060] Optionally, as shown in FIG. 11, the first axial
through hole 10631 provided inside the inner spring seat
1063 comprises: a seventh hole 10632, an eighth hole
10633, and a ninth hole 10634 having diameters gradu-
ally increasing from top to bottom. A first guide hole 10635
having a diameter gradually increasing from top to bottom
in the vertical direction is provided between the eighth
hole 10633 and the ninth hole 10634. A second guide
hole 10636 having a diameter gradually increasing from
top to bottom in the vertical direction is provided on a
side of the ninth hole 10634 facing the upper sphere
1062. The walls of the first guide hole 10635 and the
second guide hole 10636 are formed as tapered guide
surfaces 10637. The upper part of the upper sphere 1062
is positioned partially in the ninth hole 10634 through the
second guide hole 10636. Here, as shown in FIG. 9, the
upper end surface of the lower cylindrical head 10431 of
the plunger 1043 abuts against the upper end surface of
the eighth hole 10633. The wall of the eighth hole 10633
is attached to the lower cylindrical head 10431 of the
plunger 1043 in an annular surface. As shown in FIG. 9,
the walls of the first guide hole 10635 and the second
guide hole 10636 are formed as tapered guide surfaces
10637. Therefore, if the plunger 1043 and the upper
sphere 1062 are separated or the inner spring seat 1063
and the plunger 1043 are separated, when the plunger
1043 impacts on the upper sphere 1062 again, the ta-
pered guide surfaces 10637 will automatically align the
plunger 1043 with the upper sphere 1062, align the plung-
er 1043 with the inner spring seat 1063, and align the
inner spring seat 1063 with the upper sphere 1062, so
as to prevent a large angular deviation and radial dis-
placement between the plunger 1043 and the inner
spring seat 1063 and between the inner spring seat 1063
and the upper sphere 1062. Thus, it can be ensured that
the system is in a proper position even when an impact
occurs, so that the overall force application is balanced.
Specifically, when the plunger 1043 is jammed, the inner
spring seat 1063 is relatively stationary (i.e., jammed at
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the top dead center), and the outer spring seat 1061 and
the upper sphere 1062 will impact thereon up and down.
The inner spring seat 1063 and the plunger 1043 may
not be centered relative to the upper sphere 1062 during
impact, which may cause a force to be applied locally
during the impact. The inner spring seat 1063 is provided
with the tapered guide surfaces 10637, which can im-
prove the centering of the spring seat 1063 and the plung-
er 1043 relative to the upper sphere 1062. Even when
an impact occurs, the inner spring seat 1063 and the
upper sphere 1062 can be automatically aligned with
each other to improve the tendency of uneven force ap-
plication.

[0061] Optionally, there is a gap greater than or equal
to 1 mm between the upper sphere 1062 and the ninth
hole 10634. Optionally, there is a gap of 1 mm between
the outer cylindrical surface of the upper sphere 1062
and the wall of the ninth hole 10634. The outer spring
seat 1061 and the upper sphere 1062 are fitted to each
other at their spherical surfaces and have a relatively
large gap (of the order of millimeter) and thus are freely
slidable relative to each other. Therefore, during the
working process of the plunger 1043, ifthereisan angular
error between the lower end surface of the lower cylin-
drical head 10431 of the plunger 1043 and the upper end
surface of the upper sphere 1062, when the plunger 1043
moves downward and impacts on the upper sphere 1062,
the upper sphere 1062 will slide relative to the outer
spring seat 1061 to automatically compensate for the an-
gular error. In this way, when additional load is applied
to the plunger 1043, the force is uniformly applied to the
lower end surface of the lower cylindrical head 10431 of
the plunger 1043 and to the upper end surface of the
guide piston 1071, whereby excessive local stress can
be effectively prevented.

[0062] Optionally, there is a gap greater than or equal
to 1 mm between the third counterbore 10611 and the
upper sphere 1062. Optionally, there is a gap of 1 mm
between the outer cylindrical surface of the upper sphere
1062 and the cylindrical surface of the third counterbore
10611. In other words, there is a relatively large gap (of
1 mm) between the upper sphere 1062 and the inner
spring seat 1063, and there is a relatively large gap (of
1 mm) between the positioning pin 1064 and the upper
sphere 1062, between the positioning pin 1064 and the
outer spring seat 1061, and between the upper sphere
1062 and the inner spring seat 1063, respectively. Thus,
itis ensured that effective degrees of freedom of rotation
of the upper sphere 1062 will not be restricted by the
positioning pin 1064 during its radial movement, and ef-
fective degrees of freedom of rotation of the plunger 1043
and the upper sphere 1062 will not be restricted by the
inner spring seat 1063 during their radial movements,
which prevents additional radial load on the plunger
1043.

[0063] Optionally, there are gaps of the order of mil-
limeter between the upper sphere 1062 and the ninth
hole 10634 and between the third counterbore 10611
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and the upper sphere 1062, respectively. The upper
sphere 1062 is permitted to have a macroscopic angular
error relative to the outer spring seat 1061, thereby
achieving the technical effects of preventing jamming of
the spherical surfaces, eliminating partial contact, bal-
ancing the overall force application, and alleviating the
tendency of excessive local stress. Furthermore, as
shown in FIG. 11, optionally, relief grooves 10638 are
formed in both the outer circumferential surface of the
inner spring seat 1063 and the wall of the eighth hole
10633. An annular weight-reducing groove 10639 is pro-
vided around the central axis of the inner spring seat
1063, in the upper end surface of the inner spring seat
1063.

[0064] ReferringtoFIG. 2, the high-pressure fuel pump
1 in the present disclosure further comprises: an upper
spring seat 109, sleeved on the plunger barrel 1042 and
located at the upper end of the inner spring seat 1063.
The plunger spring 105 comprises: a first plunger spring
1051, compressively mounted between the upper spring
seat 109 and the outer spring seat 1061; and a second
plunger spring 1052, compressively mounted between
the upper spring seat 109 and the inner spring seat 1063.
Optionally, the diameters of the concave spherical sur-
face in the outer spring seat 1061 and the convex spher-
ical surface of the upper sphere 1062 are each 20 to 100
times the diameter of the plunger 1043. There is a par-
allelism error of low order of magnitude, generally of the
order of magnitude of 0.01 mm, between the tail of the
plunger 1043 and the upper end surface of the guide
piston 1071, which has low requirements for angle ad-
justability of the spherical surfaces. Therefore, spherical
surface adjustment at a small angle can also meet the
angle adjustment requirements. When the concave
spherical surface in the outer spring seat 1061 and the
convex spherical surface of the upper sphere 1062 are
relatively large, only a small part of forces acting on the
two surfaces when being pressed is transformed into ten-
sile stress. A metal material generally has higher com-
pressive strength than tensile strength, and the compres-
sive stress is not likely to cause fatigue. Therefore, the
proportion of tensile stress can be reduced by choosing
alarge spherical surface, so as to increase the load-bear-
ing capacity and fatigue strength of the material.

[0065] Optionally, referringto FIGS. 15to0 21, the guide
piston component 107 comprises: a guide piston 1071,
provided with a first mounting hole 10711 at a central
location of its upper end surface and provided with a sec-
ond mounting hole 10712 atits lower end surface, where-
in the firstmounting hole 10711 and the second mounting
hole 10712 communicate with each other via a commu-
nicating hole 10713, and the lower spring seat compo-
nent 106 is mounted in the first mounting hole 10711; a
roller component 1072, including a roller 10728 mounted
in the second mounting hole 10712, a roller bushing
10722 interference-fitted in the roller 10728, and thrust
bearings 10723 interference-fitted at both ends of the
roller 10728 in its axial direction, wherein an annular
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groove 10724 is provided in the axial direction of the roller
10728, and an arc-shaped transitional connection is
formed between the bottom of the annular groove 10724
and an end surface of the roller 10728 in the axial direc-
tion; and a roller pin 1073, fitted with a clearance in the
roller bushing 10722. A boss 10714 is disposed protrud-
ing from a wall of the second mounting hole 10712, and
the boss 10714 is in contact with the thrust bearing
10723. A plurality of first radial oil grooves 10715 are
uniformly arranged in the boss 10714 along its radial di-
rection, and the first radial oil grooves 10715 are provided
with respect to the thrust bearing 10723. Optionally, four
first radial oil grooves 10715 may be provided.

[0066] The roller bushing 10722, the thrust bearing
10723, and the roller 10728 are interference-fitted to one
another, so as to reduce movable surfaces and to in-
crease the movement speeds of friction surfaces among
the three parts. According to the theory of dynamic pres-
sure lubrication, a friction coefficient decreases within a
certain range as a relative movement speed between the
friction surfaces increases. Therefore, the effect of dy-
namic pressure lubrication can be enhanced by increas-
ing the relative movement speed, so that a thicker dy-
namic pressure oil film is formed between the corre-
sponding friction surfaces, to avoid contact of solids and
to reduce the friction coefficient and abrasion.

[0067] The following effects can be achieved by pro-
viding the communicating hole. (1) When the lubricating
oil upstream of the guide piston 1071 is flowing down
from the communicating hole 10713, the lubricating oil
is evenly distributed in the middle right above the second
mounting hole 10712 of the roller 10728, the lubricating
oil is evenly distributed on generatrix of the roller 10728,
and the lubricating oil is distributed on the surface of the
roller 10728 without being affected by the forward or re-
verse rotation (namely, the lubricating oil can be evenly
distributed on the surface of the roller 10728 regardless
of the forward or reverse rotation of the roller 10728). (2)
The vertical force distribution on the guide piston 1071
isimproved. In other words, the pressure from the plunger
1043 is distributed onto thicker positions around the com-
municating hole 10713. In this way, the overall force ap-
plication is balanced, the maximum stress is reduced,
and the load-bearing capacity and reliability of the system
are increased. In the guide piston in the prior art, the
communicating hole is provided around the center of the
guide piston, and the communicating hole is at a physical
position which is thinner and subjected to larger stress.
(3) In the pump assembly, when the guide piston 1071
is fitted with the outer spring seat 1061, the lubricating
oil outlet passage 10615 of the outer spring seat 1061
communicates with the plunger and barrel assembly 104,
so that the lubricating oil leaking from the upper part of
the plunger and barrel assembly 104 can be discharged
therethrough, thereby increasing the actual area of flow
of the lubricating oil.

[0068] Optionally, the annular groove 10724 is formed
by machining after the inner hole and the outer cylindrical
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portion of the roller 10728 are accurately machined. As
shown in FIGS. 22 and 23, the annular groove 10724 is
provided to reduce the rigidity of both ends of the roller
10728. When the surface of the roller 10728 is subjected
to radial pressure, the roller 10728 may be automatically
deformed in the vicinity of the annular groove 10724.
Moreover, after the annular groove 10724 is machined,
the outer cylindrical portion and the inner hole of the roller
10728 automatically collapse, so that microscopic arcu-
ate surfaces are formed at both ends of the inner hole
and the outer cylindrical portion of the roller 10728, to
reduce the geometric stress concentration at both ends
of the roller 10728, thereby balancing the force applied
to the surface of the roller 10728. Here, the geometric
stress concentration herein means that contact stress at
both ends of the generatrix of the roller 10728 is signifi-
cantly greater than contact stress in the middle thereof
when the surface of the roller 10728 is stressed. The wall
of the annular groove 10724 is formed in an arcuate
shape, which can effectively weaken the geometric
stress concentration at the outer cylindrical surface of
the roller 10728 and the side pressure effect of the inner
hole of the roller 10728 during rotation of the roller 10728.
This results in a balanced stress distribution on the inner
and outer working surfaces of the roller component 1072,
thereby reducing the probability of jamming between the
roller component 1072 and the roller pin 1073. Here, the
side pressure effect mentioned above specifically refers
to a phenomenon in which a shaft, fitted in a hole, is
closer to one side of the hole and farther away from the
other side of the hole and thus exerts more force on the
side closer thereto and less force on the side farther away
therefrom during working, because there must be a cer-
tain angular error between the shaft and the hole during
working, namely, their axes are not parallel to each other.
[0069] A thrust bearing model is formed by the boss
10714 and a corresponding friction surface (an end sur-
face of the roller component 1072). In other words, the
first radial oil grooves 10715 are filled with lubricating oil
to supply sufficient lubricating oil to the moving surface
(the end surface of the roller component 1072). A dynam-
ic pressure oil film is formed on the end surface of the
roller 10728 with the speed of movement of the end sur-
face of the roller 10728, to separate the boss 10714 of
the guide piston 1071 from the end surface of the roller
component 1072, which can reduce wear and reduce the
friction coefficient. In the case where the first radial oil
grooves 10715 are provided in the boss 10714 of the
guide piston 1071, the guide piston 1071 will not rotate
relatively, high-pressure and low-pressure oil film regions
are relatively stationarily distributed on the friction sur-
face, and thus the roller component 1072 is relatively
stationary in the axial direction, as compared with a case
where the first radial oil grooves 10715 are provided in
the roller component 1072. If the first radial oil grooves
10715 are provided in a moving part (the end surface of
the roller component 1072), the relative movement of the
first radial oil grooves 10715 relative to the guide piston
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1071 will result in a relative moving distribution of the oil
film, which will lead to an unnecessary additional vibra-
tion of the roller 10728 in the axial direction and hence
to reduced overall dynamic performance of the roller
component 1072.

[0070] With regard to the roller 10728, the roller 10728
is designed with end portions grooved and deformed to
reduce boundary stress. Specifically, during machining
of the roller 10728, the outer cylindrical portion of the
roller 10728 and the inner hole of the roller 10728 are
finished first, and then its two end surfaces in the axial
direction are grooved with the annular grooves 10724.
After the grooving process is completed, the generatrices
of the outer cylindrical portion and the inner hole of the
roller 10728 are naturally deformed into arcs, which can
effectively weaken the geometric stress concentration at
the outer cylindrical surface of the roller and the side pres-
sure effect of the inner hole of the roller 10728 during
rotation of the roller 10728. This results in a balanced
stress distribution on the inner and outer working surfac-
es of the roller component 1072, thereby reducing the
probability of jamming between the roller component
1072 and the roller pin 1073. The roller bushing 10722
and the roller 10728 are fitted in an interference fit man-
ner, to increase the relative speed of the moving surface
of the roller bushing 10722 relative to the roller pin 1073.
The end surface of the roller bushing 10722 moves at a
high speed so that an effective dynamic pressure oil film
is formed between it and the roller pin 1073, thereby im-
proving the dynamic pressure lubrication effect and re-
ducing the probability of jamming between the roller
bushing 10722 and the roller pin 1073. The roller 10728
and the thrust bearing 10723 are fitted in an interference
fit manner, to increase the relative speed of the moving
surface of the thrust bearing 10723 relative to the boss
10714. The end surface of the thrust bearing 10723
moves at a high speed so that an effective dynamic pres-
sure oil film is formed between it and the boss 10714,
which can prevent attachment of the boss 10714 to the
thrust bearing 10723, so as to avoid excessive wear of
the end surface of the thrust bearing 10723 caused by
insufficient oil supply thereto. The dynamic pressure oil
film is formed to improve the dynamic pressure lubrica-
tion effect and to reduce the possibility of jamming be-
tween the thrust bearing 10723 and the boss 10714.
[0071] Optionally, as shown in FIG. 19, the outer sur-
face of the roller pin 1073 is provided as a cylindrical
surface, which is provided with first waist-shaped
grooves 10731 and second waist-shaped grooves 10732
at its two positions, respectively. The first waist-shaped
grooves 10731 and the second waist-shaped grooves
10732 are provided in the middle positions of the roller
pin 1073, wherein the second waist-shaped groove
10732 s provided in the first waist-shaped groove 10731
and recessed inward relative to the first waist-shaped
groove 10731, and a stepped shape is formed by them
together. The first waist-shaped groove 10731 and the
second waist-shaped groove 10732 each are in an elon-
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gated shape. There is a large contact area between the
lubricating oil in the first waist-shaped groove 10731 and
in the second waist-shaped groove 10732 and the cor-
responding friction surface. With full use of the moving
speed of the corresponding moving surface, more lubri-
cating oil is brought onto the load-bearing surface to form
a dynamic pressure oil film, so as to form a thicker lubri-
cating oil film. The two edges of the first waist-shaped
groove 10731 are provided in a waist shape to reduce
stress concentration caused by the groove provided in
the surface of the roller pin 1073. The flow of the lubri-
cating oil on the surface can be increased by providing
the first waist-shaped groove 10731 and the second
waist-shaped groove 10732. Optionally, a small-angle
wedge-shaped groove with an angle ranging from 5° to
10° is formed between the first waist-shaped groove
10731 located on an outer layer and the outer surface of
the roller bushing 10722, and a second oil hole 10733 is
provided in each second waist-shaped groove 10732 lo-
catedinaninner layer. An angle of 70° to 120° (the actual
value may be determined according to the simulation cal-
culation results and may be selected to be 90° in an ex-
ample) is formed between the two second waist-shaped
grooves in a plane perpendicular to the axial direction of
the roller pin, and the two second waist-shaped grooves
are located directly above the pressure-bearing region.
This reduces the influence of the waist-shaped grooves
provided in the surface on the area of the pressure-bear-
ing region while ensuring sufficient oil supply to the fric-
tion surface, so that the pressure-bearing region has a
larger angle, and the oil film on the pressure-bearing re-
gion has a smaller average pressure. A small-angle con-
vergent wedge shape is formed between the first waist-
shaped groove 10731 and the corresponding friction sur-
face, which strengthens the squeezing effect in dynamic
pressure lubrication. The second waist-shaped groove
10732 is mainly used for storing more lubricating oil to
ensure sufficient oil supply to the friction surface. Thus,
the lubrication of the surface of the roller pin will not be
affected even if it is supplied with the lubricating oil poorly
for a short time, thereby reducing the probability of jam-
ming of the system when there is a problem in the lubri-
cation system. The two second oil holes 10733 at the two
positions communicate with each other via a lubricating
oil outlet passage, and the two second oil holes 10733
are provided at an angle of 90°.

[0072] Optionally, as shown in FIGS. 17, 18, and 34,
the outer surface of the guide piston 1071 is provided as
a cylindrical surface, which is provided with a partial cir-
cumferential oil groove 10729 and a circumferential oil
groove 10725, afirst axial oil groove 10716, and a vertical
groove 10717. The vertical groove 10717 is provided in
the circumferential oil groove 10725, and the vertical
groove 10717 communicates with the partial circumfer-
ential oil groove 10729 via the first axial oil groove 10716.
Chamfers of 1° to 10° are provided between the upper
and lower edges of the circumferential oil groove 10725
and the upper and lower ends of the guide piston 1071,
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respectively. A small-angle convergent wedge shape is
formed between the chamfer and the corresponding
moving surface during movement, to strengthen the
squeezing effect in dynamic pressure lubrication. This
improves the state of lubrication of the surface of the
guide piston 1071, so that a thicker dynamic pressure oil
filmis established to reduce friction and reduce the prob-
ability of jamming. According to related data and exper-
iments, when the chamfer is too large (such as at 45° or
90°), the chamfer cannot enhance the lubrication, but
rather has a scraping effect on the corresponding friction
surface and will scrap off the lubricating oil from the sur-
face, resulting in a reduced lubrication effect. Referring
to FIG. 16, optionally, the cylindrical surface is further
provided with an inclined hole 10718 having two ends
communicating with the circumferential oil groove 10725
and the inner wall of the second mounting hole 10712,
respectively. Referring to FIG. 18, optionally, the cylin-
drical surface is further provided with a second axial oil
groove 10719 communicating with the circumferential oil
groove 10725. The cylindrical surface is further provided
with a first straight hole 10720 and a second straight hole
10721 connected to each other, the first straight hole
10720 communicates with the first axial oil groove 10716,
and the second straight hole 10721 communicates with
the first mounting hole 10711. The first straight hole
10720 and the second straight hole 10721 supply lubri-
cating oil to the lower spring seat component 106 inside
the guide piston 1071, so as to reduce the wear of the
corresponding moving surface. Referring to FIG. 15, op-
tionally, a lubricating oil inlet passage 10735 is provided
in the outer cylindrical surface of the roller pin 1073. The
lubricating oil inlet passage 10735 is provided with re-
spect to the inclined hole 10718, and the lubricating oil
inlet passage 10735 communicates with a lubricating oil
outlet passage.

[0073] Optionally, the outer cylindrical surface of the
roller pin 1073 is provided with a DLC (Diamond-Like
Carbon) coating. The DLC coating has the characteristics
of high hardness, low friction coefficient, wear resistance,
and high temperature resistance. When poor lubrication
occurs between the roller bushing 10722 and the roller
pin 1073, a friction pair consisting of the DLC coating and
the roller bushing 10722 made of a copper alloy can still
operate well, which can further reduce the probability of
jamming between the roller pin 1073 and the roller bush-
ing 10722. The roller bushing 10722 is made of a copper
alloy. The thrust bearing 10723 is made of a copper alloy.
Forced lubrication and dynamic pressure lubrication are
used between the roller pin 1073 and the roller bushing
10722. Forced lubrication and dynamic pressure lubrica-
tion are used between the thrust bearing 10723 and the
boss 10714. The roller bushing 10722 and the thrust
bearing 10723 are made of bronze alloy. The bronze alloy
having a low friction coefficient, good wear resistance,
self-lubricating property and impact resistance allows for
improved friction characteristics when solid friction oc-
curs between the inner hole and end surfaces of the roller
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component 1072 and the corresponding moving surfac-
es, and allows for a reduced friction coefficient, increased
impact resistance, and increased load-bearing capacity.
It should be noted that the forced lubrication is a lubrica-
tion mode, in which the pressure of the lubricating oil is
forcibly increased by an external force in order to estab-
lish a thicker lubricating film among contact surfaces of
the respective parts. The dynamic pressure lubrication
is alubrication mode, in which the lubricating oil is brought
onto a friction surface with the movement of a moving
surface to form a dynamic pressure oil film. In general,
and atlow speed, the parts are forcibly lubricated mainly
by using the pressure generated by the lubricating oil
pump. At high speed, the parts are lubricated mainly by
using the dynamic pressure oil film generated by the
movement of the parts.

[0074] AsshowninFIGS. 15,16,18,and 20, optionally,
a first chamfer 10741 is provided at each of the outer
circumference of the upper end surface, the outer cir-
cumference of the lower end surface, and the circumfer-
ential oil groove 10725 of the guide piston 1071. A second
chamfer 10726 is provided in the wall of the first mounting
hole 10711. A tenth hole 10727 is provided in the wall of
the second mounting hole 10712. An eleventh hole
10736 is provided in the outer cylindrical surface of the
roller pin 1073. A return spring 10737 and a stop pin
10738 are sequentially placed in the eleventh hole
10736, and the stop pin 10738 partially extends into the
tenth hole 10727. The eleventh hole 10736 is provided
for mounting the stop pin 10738, so that the roller pin
1073 is stationary relative to the guide piston 1071, to
reduce the number of the relative moving surfaces of the
roller pin 1073 and the roller 10728, thereby increasing
the speeds of the relative moving surfaces and hence
enhancing the dynamic pressure lubrication effect. Its
principle is the same as that of the interference fit of the
roller and the bushing. Optionally, when assembling the
roller component 1072 and the roller pin 1073 into the
guide piston 1071, first the roller bushing 10722 and the
thrust bearing 10723 are mounted to the roller 10728 by
means of cold assembling. Then, the return spring 10737
and the stop pin 10738 are sequentially placed in the
eleventh hole 10736 of the roller pin 1073. Next, the roller
component 1072 is placed in the lower part of the guide
piston 1071, with the roller pin 1073 passing sequentially
through one side of the tenth hole 10727 at the lower end
of the guide piston 1071, the inner hole of the roller com-
ponent 1072 (specifically the inner hole of the roller bush-
ing 10722), and the other side of the tenth hole 10727 at
the lower end of the guide piston. Then, the stop pin
10738 is pressed with a hand so that its height is lower
than that of the second mounting hole 10712. Atthe same
time, the roller pin 1073 is pushed until the stop pin 10738
springs into the tenth hole 10727 of the guide piston 1071
under the action of the return spring 10737. In other
words, the lubricating oil flowing out of the pump body
101 of the fuel injection pump flows into the circumfer-
ential oil groove 10725 through the second axial oil
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groove 10719 and then flows into the partial circumfer-
ential oil groove 10729 through the vertical groove 10717
and the first axial oil groove 10716, so as to achieve the
lubrication between the guide piston 1071 and the pump
body 101 of the fuel injection pump. Moreover, because
the gap between the guide piston 1071 and the central
hole of the pump body 101 in which it is fitted is small,
the lubricating oil entering the second axial oil groove
10719 and the circumferential oil groove 10725 of the
guide piston 1071 is maintained at a certain pressure,
and a lubricating oil film can be formed between the outer
cylindrical portion of the guide piston 1071 and the central
hole of the pump body 101. Meanwhile, the lubricating
oil in the second axial oil groove 10719 partially flows
into the lubricating oil inlet passage 10735 and is deep
into the roller pin 1073, through the inclined hole 10718,
and then flows out to the outer cylindrical surface of the
roller pin 1073 through the second oil holes 10733, so
as to deeply lubricate the roller pin 1073 and the roller
bushing 10722 and form a lubricating oil film between
the roller pin 1073 and the rolling bushing 10722.
[0075] Optionally, as shownin FIG. 18, the first cham-
fer 10741 and the second chamfer 10726 each have an
angle ranging from 1° to 10°. A small-angle convergent
wedge shape can be formed when the guide piston 1071
is fitted in the central hole in the pump body 101, so as
to strengthen the squeezing effect in dynamic pressure
lubrication and to increase the thickness of the oil film on
the surface of the guide piston 1071 during operation,
thereby reducing the probability of jamming between the
guide piston 1071 and the pump body 101.

[0076] Optionally, as shown in FIGS. 20 and 21, the
lubricating oil inlet passage 10735 comprises: a third ra-
dial oil passage 10739 provided along the radial direction
of the roller pin 1073 and an axial oil passage 10740
provided along the axial direction of the roller pin 1073.
The third radial oil passage 10739 is connected to the
axial oil passage 10740. The axial oil passage 10740 is
connected to the second oil hole 10733 in the second
waist-shaped groove 10732.

[0077] Thehigh-pressure fuel pump 1described above
has the following effects.

(1) The technical problem of insufficient flexibility in
the prior mechanical adjustment method can be
solved by adjusting feed of the heavy fuel using the
electronic control proportional valve 2. In view of this,
a cooling circulating fuel passage is provided inside
the electronic control proportional valve 2, through
which the cooling fuel flowing in the pump body 101
enters the electronic control proportional valve 2 to
cool the electronically controlled elements in the
electronic control proportional valve 2 in a targeted
manner, so that the electronically controlled ele-
ments of the electronic control proportional valve 2
are maintained within the normal temperature range,
thereby permitting the use of the electronic control
proportional valve 2 for throttling the feed of fuel to



35 EP 3 819 493 A1 36

the high-pressure fuel pump. The disadvantages of
the mechanical fuel quantity adjustment are over-
come by the electronic control proportional valve 2,
and the fuel supply flow is adjusted with increased
accuracy, flexibility, and response speed, thereby
achieving a more accurate match between the fuel
supply quantity from the pump and the working con-
dition of the diesel engine. Thus, the performance
degradation caused by insufficient fuel supply is
avoided. Also, an excessive flow is reduced during
working, thereby reducing the actual load on the
high-pressure fuel pump 1.

(2) The fuel inlet valve component 1031 is addition-
ally provided so that when the high-pressure fuel
chamber 1041 of the plunger barrel 1042 is changed
from the fuel suction state to the fuel compression
state, the fuel inlet valve componentis quickly closed
to ensure stable pressure at the related position(s)
in the fuel inlet passage of the fuel inlet valve seat
10311, thereby effectively preventing cavitation ero-
sion.

(3) The leakage of the heavy fuel can be completely
prevented by using a small amount of lubricating oil
in the second annular groove 10422 of the plunger
and barrel assembly 104, which prevents corrosion
of important parts such as the plunger spring 105
under the plunger barrel 1042 by the leaked heavy
fuel. Furthermore, in the present disclosure, the ver-
tical height of the guide piston 1071 can be effectively
shortened by sealing the heavy fuel with a small
amount of lubricating oil (itis unnecessary to provide
the guide piston 1071 with a long sealing section as
in the low-speed engine in the prior art), thereby re-
ducing the vertical height of the pump of the high-
pressure fuel pump 1 and reducing the overall weight
of the high-pressure fuel pump 1. Itis experimentally
known that the vertical height of the high-pressure
fuel pump 1 in the solution of the present disclosure
is reduced by 1/3 as compared with the high-pres-
sure fuel pump in the prior art.

(4) The outer spring seat 1061 has a boss-type struc-
ture thinner on the outside and thicker in the middle
as a whole. The outer spring seat 1061 is mainly
subjected to a pressure transmitted from the plunger
1043 to the upper sphere 1062 during working. The
pressure results in a stress field distributed in a ta-
pered shape in the outer spring seat 1061. The outer
spring seat 1061 is provided in a boss shape corre-
sponding thereto, so that the mass of the outer spring
seat 1061 can be reduced on the premise of having
satisfactory strength, thereby reducing its mass in
movement. The thicker part in the middle of the boss
also provides space for designing a spherical surface
and a fuel passage in its middle.
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(5) The outer spring seat 1061 and the upper sphere
1062 are fitted to each other in spherical surface.
When the lower spring seat component 106 with a
spherical surface is disposed between the plunger
1043 and the guide piston 1071, even if there is a
large parallelism error between the upper end sur-
face of the guide piston 1071 and the end surface at
the tail of the plunger 1043, the angle can be auto-
matically adjusted by the spherical surface, so that
the contact surfaces between the upper sphere 1062
and the plunger 1043 are kept in full contact with
each other. In this way, partial contact is eliminated,
the overall force application is balanced, and the ten-
dency of excessive local stress is alleviated. More-
over, a supporting force exerted on the plunger 1043
by the upper sphere 1062 passes through the center
of the spherical surface to eliminate the additional
bending moment, thereby optimizing the dynamic
characteristics and improving the load-bearing ca-
pacity of the system.

(6) The spherical hole 10612 supplies lubricating oil
to the spherical surfaces for lubricating the spherical
surfaces. The lubricating oil creates an elastohydro-
dynamic lubrication effect on the spherical surfaces,
so as to reduce the wear rate, reduce contact stress,
reduce fretting damage, and increase the load-bear-
ing capacity and fatigue strength of the spherical sur-
faces.

(7) The outer surface of the outer spring seat 1061
is formed as a tapered surface. The lubricating oil
outletpassage 10615is providedin the outer tapered
surface of the outer spring seat 1061, which can
avoid blockage of the flow area of the lubricating oil
outlet passage 10615 by the plunger spring 105, so
that the flow area is not affected by the position of
the plunger spring 105.

(8) The inner spring seat 1063 is provided with the
tapered guide surfaces 10637, which can improve
the centering. Evenwhen an impact occurs, the inner
spring seat 1063 and the upper sphere 1062 can be
automatically aligned with each other to improve the
tendency of uneven force application.

(9) A communicating hole 10713 is provided inside
the guide piston 1071. Thus, when the lubricating oil
upstream of the guide piston 1071 is flowing down
from the communicating hole 10713, the lubricating
oil is evenly distributed in the middle right above the
second mounting hole 10712 of the roller 10728, the
lubricating oil is evenly distributed on generatrix of
the roller, and the lubricating oil is distributed (can
be evenly distributed) on the surface of the roller
10728 without being affected by the forward or re-
verse rotation. The vertical force distribution on the
guide piston is improved. In other words, the pres-
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sure from the plunger 1043 is distributed onto thicker
positions around the communicating hole 10713. In
this way, the overall force application is balanced,
the maximum stress is reduced, and the load-bear-
ing capacity and reliability of the system are in-
creased. In the pump assembly, when the guide pis-
ton 1071 is fitted with the outer spring seat 1061, the
lubricating oil outlet passage 10615 of the outer
spring seat 1061 communicates with the lubricating
oil leaking from the upper part of the plunger and
barrel assembly 104, so as to increase the area of
flow of the lubricating oil.

(10) The first radial oil grooves 10715 provided in
the boss 10714 are filled with lubricating oil to supply
sufficient lubricating oil to the moving surface (the
end surface of the roller component 1072). A dynam-
ic pressure oil film is formed on the end surface of
the roller 10728 with the speed of movement of the
end surface of the roller 10728, to separate the boss
10714 of the guide piston 1071 from the end surface
ofthe roller component 1072, which can reduce wear
and reduce the friction coefficient. In the case where
the first radial oil grooves 10715 are provided in the
boss 10714 of the guide piston 1071, the guide piston
1071 will not rotate relatively, high-pressure and low-
pressure oil film regions are relatively stationarily dis-
tributed on the friction surface, and thus the roller
component 1072 is relatively stationary in the axial
direction, as compared with a case where the first
radial oil grooves 10715 are provided in the roller
component 1072.

(11) The first waist-shaped groove 10731 and the
second waist-shaped groove 10732 provided in the
roller pin 1073 form an angle of 70° to 120° and are
located directly above the pressure-bearing region.
This reduces the influence of the waist-shaped
grooves provided in the surface on the area of the
pressure-bearing region while ensuring sufficient oil
supply to the friction surface, so that the pressure-
bearing region has a larger angle, and the oil film on
the pressure-bearing region has a smaller average
pressure. A small-angle convergent wedge shape is
formed between the first waist-shaped groove 10731
on the outer layer and the corresponding friction sur-
face, which strengthens the squeezing effect in dy-
namic pressure lubrication. The second waist-
shaped groove 10732 on the inner layer is mainly
used for storing more lubricating oil to ensure suffi-
cient oil supply to the friction surface. Thus, the lu-
brication of the surface of the roller pin will not be
affected even if it is supplied with the lubricating oil
poorly for a short time, thereby reducing the proba-
bility of jamming of the system when there is a prob-
lem in the lubrication system.

[0078] Referringto FIGS. 24 and 25, the high-pressure
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common rail system for a low-speed engine according
to the present disclosure is suitable for working at a tem-
perature of 200 °C and at a pressure of 150 MPa, and
has a low-pressure circulation function and pressure lim-
iting and pressure maintaining functions. The high-pres-
sure common rail system for a low-speed engine of the
present disclosure comprises an integrated common rail
for a low-speed engine. The integrated common rail for
a low-speed engine mainly comprises parts such as a
common rail pipe 12, a flow limiting valve component 13,
a fuel inlet end cap 121, an end cover 122, a circulation
valve component 16, a pressure limiting valve compo-
nent 18, a sensor mounting seat 127, a sensor 124, a
flow limiting valve mounting seat 125, and a bracket 126.
The common rail pipe 12 employs a cylindrical structure.
A plurality of first notches 1203 are provided in a side of
the outer circumferential surface of the common rail pipe
12, and the corresponding flow limiting valve component
13, the sensor mounting seat 127, and the pressure lim-
iting valve component 18 are mounted into the plurality
of first notches 1203, respectively. The specific number
of the plurality of first notches 1203 described above may
be adjusted according to the number of various compo-
nents to be mounted correspondingly. A second notch
1204 into which the bracket 126 is mounted is provided
in the other side of the common rail pipe 12 opposite to
the first notch 1203. Moreover, the end cover 122 and
the fuel inlet end cap 121 are mounted on the two sides
of the common rail pipe 12.

[0079] Referring to FIG. 26, in the integrated common
rail for a low-speed engine according to the present dis-
closure, first bolts 128 are mounted by using two third
waist-shaped holes 131 provided in the bracket 126. The
first bolts 128 are fixed to the low-speed engine through
the waist-shaped holes so that the integrated common
rail is mounted to the low-speed engine. In addition, a
low-speed diesel engine has a relatively large number of
cylinders, usually, 6 cylinders, 8 cylinders, 12 cylinders,
or the like. Accordingly, there are a relatively large
number of corresponding brackets 126. In this embodi-
ment, six brackets 126 are disposed, and each of the
brackets 126 is provided with third waist-shaped holes
131 to facilitate the mounting and adjustment of the
brackets 126 and prevent interference therebetween.
Moreover, the bracket 126 is fixed to the common rail
pipe 12 by using four screws 130 and is equipped with
cylindrical pins to facilitate the positioning of the common
rail pipe 12.

[0080] The common rail pipe 12 in this embodiment
employs an integral structure, in which a fuel inlet conduit
1201 penetrating both ends of the common rail pipe 12
is provided. This facilitates machining of both sides of
the common rail pipe 12 and reduces the machining dif-
ficulty. The end cover 122 and the fuel inlet end cap 121
for sealing the common rail pipe 12 are mounted on the
two sides thereof. Moreover, the end cover 122 and the
fuel inlet end cap 121 are sealed to the common rail pipe
12 by using tapered surfaces, respectively. The end cov-
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er 122 is fixed to the common rail pipe 12 by means of
screwing and the fuel inlet end cap 121 is fixed to the
common rail pipe 12 by means of screwing, whereby the
sealing performance of the common rail pipe 12 can be
improved.

[0081] The integrated common rail for a low-speed en-
gine according to the presentdisclosure has the pressure
limiting and pressure maintaining functions. The pres-
sure limiting valve component 18 is mounted into the first
notch 1203 provided in the common rail pipe 12. The
pressure limiting valve component 18 is configured such
that when the pressure in the fuel inlet conduit 1201 of
the common rail pipe 12 exceeds the limit pressure of
the pressure limiting valve component 18, the pressure
limiting valve component 18 is opened by overcoming a
preload force on a second pressure regulating spring 185
provided therein, thereby achieving the self-adjustment
function of the common rail pipe 12. This function enables
the pressure in the common rail pipe 12 to be maintained
at a certain pressure value when the pressure limiting
valve component 185 is stabilized. It can be ensured that
the diesel engine operates at low speed and at low
torque.

[0082] Further, considering that inferior or low-quality
fuel is used as a fuel medium in the integrated common
rail for a low-speed engine according to the present dis-
closure, an air-controlled circulation valve component 16
is mounted onto the end cover 122 in order to prevent
solidification of the fuel in the common rail system for a
low-speed engine after the low-speed engine is stopped.
As shown in FIGS. 27 and 28, optionally, the circulation
valve component 16 comprises a first valve core 161, a
first valve body 162, a gland 167, a third sealing ring
1624, a fourth sealing ring 1627, a first sealing ring 1628,
a second sealing ring 1631, a lower spring seat 164, a
fuel return joint 168, a nut 1614, and a first pressure reg-
ulating spring 169, wherein the gland 167 is fixed to the
first valve body 162 by means of screws 1632. After the
low-speed engine is stopped, the pressure in the fuel
inlet conduit 1201 of the common rail pipe 12 is reduced
to be lower than a spring force from the first pressure
regulating spring 169. The spring force pushes the first
valve core 161 to move downward. When the first valve
core 161 moves to the bottom dead center, the conical
seal between the first valve core 161 and the first valve
body 162 in the circulation valve component 16 is un-
sealed, and then the heavy fuel in the fuel inlet conduit
1201 of the common rail pipe 12 can flow back into the
fuel tank through the first fuel return passage 1605, the
second fuel return passage 1606, and the third fuel return
passage 1607, so as to achieve fuel circulation. When
the low-speed engine is just started, compressed air is
introduced into an air inlet port 1630 in the circulation
valve component 16. After the compressed air enters the
first cavity, the first valve core 162 is pushed to move
toward the direction of the top dead center by the action
of the compressed air. When the first valve core 162
moves upward to the top dead center, the conical seal
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is formed between the first valve core 162 and the first
valve body 161, so that the pressure in the common rail
pipe 12 is built up.

[0083] While the integrated common rail of the present
disclosure is working, the common rail pipe 12 is always
in a high-pressure state. In order to ensure the safety of
the operator and the low-speed engine, the common rail
pipe 12 is equipped with a sensor 124 for detecting the
pressure in the fuel inlet conduit 1201 in the common rail
pipe 12, which is configured to monitor the pressure in
the fuel inlet conduit 1201 in real time. Two sensors 124
are provided as a backup for each otherinorderto ensure
accurate detection.

[0084] Inaddition, referring to FIGS. 24 and 30, option-
ally, a flow limiting valve component 13 is disposed be-
tween the common rail pipe 12 and the electronic control
fuel injector 15. The flow limiting valve component 13
mainly comprises a second valve core 133, a valve seat
131, a second valve body 132, a second pressure regu-
lating spring 135, and a first O-ring seal 136. When the
high-pressure fuel pipe between the flow limiting valve
component 13 and the electronic control fuel injector 15
is broken or excessive fuel is injected from the electronic
control fuel injector 15, the second valve core 133 in the
flow limiting valve component 13 adheres to the second
valve body 132 by overcoming a spring force from the
second pressure regulating spring 135 by the pressure
difference, so that the high-pressure fuel in the fuel inlet
conduit 1201 of the common rail pipe 12 is hindered from
flowing into the electronic control fuel injector 15.
[0085] In addition, the common rail system of the
present disclosure works under a working condition at
high temperature and at high pressure using inferior fuel.
Considering that high-pressure fuel may possibly leak
from the high-pressure sealing surfaces of the common
rail pipe 12 and the respective parts, and thus cause en-
vironmental pollution and endanger the personal safety
of workers, fuel return holes 1205 are provided at the
respective high-pressure seals for collecting returned fu-
el. Specifically, a fuel return conduit 1202 is provided in
the common rail pipe 12. The fuel return conduit 1202
communicates with the first notches 1203 for collecting
the returned fuel leaking from the high-pressure seals of
the common rail pipe 12, the flow limiting valve compo-
nent 13, and the pressure limiting valve component 18.
[0086] Optionally, referring to FIG. 24, optionally, the
flow limiting valve component 13 is mounted at one of
the first notches 1203 by means of the flow limiting valve
mounting seat 125, the pressure limiting valve compo-
nent 18 is mounted at one of the first notches 1203 by
means of the pressure limiting valve mounting seat 123,
and the sensor 124 is mounted at one of the first notches
1203 by means of the sensor mounting seat 127. A seal-
ing ring is disposed on each of the flow limiting valve
mounting seat 125, the pressure limiting valve mounting
seat 123, and the sensor mounting seat 127, so as to
prevent fuel leakage. Similarly to the principle of mount-
ing of the pressure limiting valve component 18, the sen-
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sor mounting seat 127 and the flow limiting valve mount-
ing seat 125 are first fixed to the common rail pipe 12 by
means of screw fixing, and then the sensor 124 and the
flow limiting valve component 13 are mounted by means
of screw connection.

[0087] ReferringtoFIG. 24 and FIGS. 26 to 29, option-
ally, the circulation valve component 16 comprises: a first
valve body 161 fixed to the end cover 122, a first valve
core 162, a nut 1614, a lower spring seat 164, a sealing
ring, a gland 167, and a fuel return joint 168. The first
valve body 161 is provided therein with an axial central
hole and two first fuel return passages 1605. The axial
central hole communicates with the fuel inlet conduit
1201 in the common rail pipe 12, so that the high-pres-
sure fuel in the fuel inlet conduit 1201 in the common rail
pipe 12 can enter the third axial through hole of the cir-
culation valve component 16. Two first sealing ring
grooves 1620 are provided at positions of the top of the
first valve body 161 where the two first fuel return pas-
sages 1605 are provided, and the first valve body 161 is
further provided with a first air inlet passage 1608 com-
municating with the axial central hole. A second sealing
ring groove 1622 is provided in the circumferential direc-
tion of the first air inlet passage 1608, and a second seal-
ing ring 1631 for improving the sealing effect is mounted
in the second sealing ring groove 1622. The first valve
core 162 is disposed in the axial central hole of the first
valve body 161, the top of the first valve core 162 is pro-
vided with a first conical seal surface 1611, and the upper
part of the first conical seal surface 1611 is further pro-
vided with an external thread 1612. The lower spring seat
164 passes through the external thread 1612 and then
is sleeved on the first conical seal surface 1611. The
lower part of the lower spring seat 164 is provided with
a second conical seal surface 1613 mating with the first
conical seal surface 1611. The nut 1614 is sleeved on
the external thread 1612 and presses against the lower
spring seat 164. The first pressure regulating spring 169
is sleeved on the nut 1614 and fixed to the lower spring
seat 164. The gland 167, which is disposed on the top
of the first valve body 161, is provided with two second
fuel return passages 1606 communicating with the two
first fuel return passages 1605 and is further provided,
in its middle part, with a threaded hole 1603 in which the
fuel return joint 168 is mounted. The orifice of the thread-
ed hole 1603 is provided with a first flat sealing surface
1615. The gland 167 is provided, at its bottom surface,
with a second air inlet passage 1629 communicating with
the first air inlet passage 1608 and provided, in its cir-
cumferential direction, with an air inlet port 1630 commu-
nicating with the second air inlet passage 1629. The fuel
return joint 168 is provided in the threaded hole 1603 and
provided with a second flat sealing surface 1616 mating
with the first flat sealing surface 1615. It should be un-
derstood by those skilled in the art that another number
of first fuel return passages 1605 may be provided as
required, in the technical solution of the present disclo-
sure, and the numbers of the first sealing ring grooves
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1620 and the second fuel return passages 1606 may be
adjusted correspondingly according to the number of the
first fuel return passages.

[0088] As shown in FIGS. 28 and 29, when com-
pressed air is introduced into the air inlet port 1630 upon
the low-speed engine is just started, the first valve core
162 is moved upward, so that there is a maximum dis-
tance H2 between the bottom end surface of the first
valve body 161 and the bottom end surface of the first
valve core 162. At this time, no fuel is returned into the
first fuel return passages 1605. When the fuel feed pres-
sure at the bottom of the first valve core 162 is lower than
the pressure for opening the first pressure regulating
spring 169, the first valve core 162 is moved downward
under the action of spring force from the first pressure
regulating spring 169. At this time, the distance H2 be-
tween the bottom end surface of the first valve body 161
and the bottom end surface of the first valve core 162 is
0. Return of fuel into the first fuel return passages 1605
is started, thereby realizing the circulation flow of fuel at
low pressure. The high-pressure heavy fuel in the com-
mon rail pipe 12 flows back to the fuel tank through the
first fuel return passages 1605, the second fuel return
passages 1606, and the third fuel return passage 1607.
It can be understood that the above-mentioned distance
H2 between the bottom end surface of the first valve body
161 and the bottom end surface of the first valve core
162 corresponds to the lift of the first valve core 162.
[0089] Optionally, referring to FIG. 28, optionally, the
axial central hole of the first valve body 161 comprises:
a first central hole 1601 mating with the outer circumfer-
ential surface of the first valve core 162. A third sealing
ring groove 163, in which a third sealing ring 1624 is
mounted, is provided in the wall of the first central hole
1601. In the present disclosure, it can be determined
based on the above-mentioned principle that the first
valve core 162 is moved down to the bottom dead center
position under the action of the first pressure regulating
spring 169 before air is introduced into the circulation
valve component 16. At this time, the first valve core 162
and the first valve body 161 are not sealed to each other.
At the initial moment at which the low-speed engine is
just started, the high-pressure fuel pump 1 is rotating at
a low speed, and the high-pressure fuel is pumped from
the high-pressure fuel pump 1 into the common rail pipe
12 at a small flow rate. Because no conical seal is formed
between the first valve core 162 and the first valve body
161, pressure cannot be quickly built up in the fuel inlet
conduit 1201 of the common rail pipe 12. Therefore, it is
necessary to form a conical seal between the first valve
core 162 and the first valve body 161, in other words, it
is necessary to enable a forward movement of the first
valve core 162, in order to quickly build up the pressure
in the common rail pipe 12. At this time, it is necessary
to apply an external forward force to the first valve core
162. The "forward movement" described in this embod-
iment refers to an upward movement in the vertical di-
rection according to the direction shown in the drawings,
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and vice versa. In this example, compressed air is used
as a power source of the external forward force. There-
fore, it is necessary to design a closed volume chamber
(first cavity) in the first valve body 161 foraccommodating
compressed air. As shown in FIGS. 28 and 29, the first
valve core 162 is provided with a first conical seal surface
1611 and an external thread 1612. The lower spring seat
164 is pressed against the first conical seal surface 1611
by tightening the nut 1614 onto the external thread 1612.
The first pressure regulating spring 169 is mounted be-
tween the nut 1614 and the lower spring seat 164. A first
cavity for accommodating compressed air is formed be-
tween the lower spring seat 164 and the first central hole
1601 of the first valve body 161. When the pressure of
compressed air is large enough to be greater than the
preload force on the first pressure regulating spring 169,
the first valve core 162 is moved upward. At this time,
the distance H2 between the bottom end surface of the
first valve body 161 and the bottom end surface of the
first valve core 162 has the maximum value, and no fuel
is returned into the first fuel return passage 1605. When
the fuel pressure at the lower part of the first valve core
162 is large enough, the introduction of compressed air
is stopped. At this time, the distance H2 between the
bottom end surfaces of the first valve core 162 and the
first valve body 161 is maintained mainly by the fuel feed
pressure.

[0090] Here, a third sealing ring 1624 for preventing
leakage of compressed air into the first fuel return pas-
sages 1605 is mounted in the third sealing ring groove
163 provided in the first central hole 1601 mating with
the outer circumferential surface of the first valve core
162, in order to enable the first cavity to form a closed
volume chamber. Similarly, a fourth sealing ring groove
1625 in which a fourth sealing ring 1627 is mounted is
provided in a wall of the lower spring seat 164 that mates
with the axial central hole. Furthermore, the lower part
of the lower spring seat 164 is provided with a second
conical seal surface 1613. The second conical seal sur-
face 1613 mates with the first conical seal surface 1611,
so as to prevent leakage of compressed air.

[0091] In the present disclosure, compressed air is in-
troduced into the first cavity through the airinlet port 1630,
the second air inlet passage 1629, and the first air inlet
passage 1608. A first sealing ring 1628 is disposed at
the junction between the first air inlet passage 1608 and
the second air inlet passage 1629 in order to prevent air
leakage.

[0092] AsshowninFIGS. 28 and 29, after compressed
air is introduced into the first cavity, the lower spring seat
164 is moved forward. The lower spring seat 164 is
pressed against the first valve core 162 by means of the
nut 1614, so that the lower spring seat 164 is integrated
with the first valve core 162, in order to ensure a forward
movement of the lower spring seat 164 together with the
first valve core 162. In addition, the diameter of the fourth
central hole 1618 in the lower spring seat 164 must be
largerthan the outer diameter of the external thread 1612,

EP 3 819 493 A1

10

15

20

25

30

35

40

45

50

55

23

44

in order to prevent damage of the second conical seal
surface 1613 of the lower spring seat 164 caused by its
contact with the external thread 1612, when the lower
spring seat 164 is passing through the outer thread 1612
of the first valve core 162.

[0093] An air outlet passage 1623 communicates with
a second cavity formed between the third central hole
1617 in the lower spring seat 164 and the second central
hole 1602 in the first valve body 161 for discharging air
from the second cavity, in order to reduce the movement
resistance applied to the first valve core 162 during its
forward movement.

[0094] Furthermore, considering that a mating portion
1626 of the lower spring seat 164 is equipped with a
fourth sealing ring 1627, a guide portion 1619 having a
full angle generally set at 30° to 40° is provided at the
opening of the second central hole 1602, so that the lower
spring seat 164 is conveniently mounted in the second
central hole 1602 of the first valve body 161 without dam-
aging the fourth sealing ring 1627. The full angle of the
guide portion 1619 described above is defined as an an-
gle between the two edges of the guide portion 1619,
and the half angle is an angle between one edge of the
guide portion 1619 and its central line.

[0095] As shown in FIG. 28, optionally, a first sealing
ring groove 1620 in which a first sealing ring 1628 is
mounted is provided at the junction between the first fuel
return passage 1605 and the second fuel return passage
1606 to prevent leakage of low-pressure fuel. Similarly,
the fuel return joint 168 is provided with a second flat
sealing surface 1616 mating with the first flat sealing sur-
face 1615 of the gland 167, in order to prevent leakage
of fuel between the fuel return joint 168 and the gland 167.
[0096] A third cavity is formed between the threaded
hole 1603 provided in the gland 167 and the bottom sur-
face of the fuel return joint 168. The third cavity commu-
nicates with the third fuel return passage 1607 provided
in the fuel return joint 168 (the third fuel return passage
1607 communicates to the fuel tank via a pipeline) and
with the second fuel return passages 1606. The third cav-
ity has a flow area larger than that of the second fuel
return passage 1606, so that the fuel can be discharged
in time.

[0097] When the low-speed engine is stopped and
when the fuel pressure at the bottom of the first valve
core 162 (i.e., the fuel pressure in the fuel inlet conduit
1201 of the common rail pipe 12) decreases to the pres-
sure for opening the first pressure regulating spring 169,
the first valve core 162 is moved in a reverse direction.
At this time, the distance H2 is 0. Since the distance H1
between the lower end surface of the lower spring seat
and the bottom of the second central hole is set to be
greater than H2, the lower spring seat 164 will not collide
with the second central hole 1602. At this time, the first
cavity has a certain volume. In this way, when com-
pressed air is introduced into the first cavity during start-
ing of the low-speed engine, the first valve core 162 can
be moved forward quickly, whereby the fuel pressure at
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the bottom of the first valve body 162 can be built up
quickly.

[0098] Here, the circulation valve component 16 is
used in a high-pressure common rail system for a low-
speed engine, in which a combustible medium is often
inferior fuel. In order to ensure the service life and reliable
function of the circulation valve, the first valve core 162
is made of a high-speed tool steel material, the mating
section of the first valve core 162 is plated with DLC, and
thefirst valve body 161 is made of high-strength structural
steel subjected to nitriding treatment. The high temper-
ature resistance and corrosion resistance of the circula-
tion valve are ensured by using such materials and heat
treatment method.

[0099] Thecirculationvalve component 16 forthe com-
mon rail pipe 12 described above is mounted onto the
high-pressure common rail pipe 12. The main principle
involves achieving the upward pushing and downward
pushing of the first valve core 162 by using compressed
air and the spring force from the first pressure regulating
spring 169, respectively. When compressed air is intro-
duced into the air inlet port 1630, the first valve core 162
and the lower spring seat 164 are connected as a whole
by means of the nut 1614 under the action of air pressure
so as to move upward together. At this time, the distance
H2 has the maximum value, no fuel is returned into the
first fuel return passages 1605, and the pressure of the
fuel at the bottom of the first valve core 162 is built up
during the movement of the high-pressure fuel pump.
When the fuel pressure reaches a certain level, the com-
pressed air is cut off. At this time, the distance H2 is
maintained at the maximum value mainly by the fuel feed
pressure exerted on the common rail pipe 12. When the
low-speed engine is stopped and when the pressure in
the common rail pipe 12 decreases below the spring force
from the first pressure regulating spring 169, the first
valve core 162 is pushed in a reverse direction. At this
time, the low-pressure fuel enters the first fuel return pas-
sages 1605 and then flows back into the fuel tank se-
quentially from the second fuel return passages 1606
and the third fuel return passage 1607. Thus, the fuel
circulation effect is achieved, solidification of the fuel is
avoided, and corrosion of the parts can be prevented.
[0100] Specifically, referring to FIGS. 32 and 34, op-
tionally, the pressure limiting valve component 18 in this
embodiment comprises: a third valve body 181, a third
valve core 182, a second O-ring seal 183, a second bolt
184, a third pressure regulating spring 185, a fuel pipe
joint 186, a pressure regulating gasket 187 as parts.
Here, the third valve core 182 is mounted in a fourth-
stage hole 18105 in the third valve body 181. A second
tapered portion 18202 of the third valve core 182 is
pressed against a sealing seat surface 18103 (referring
to a wall of a second-stage hole 18102) of the third valve
body 181. The third valve core 182 is pressed by the fuel
pipe joint 186 and by the third pressure regulating spring
185. The lower part of the fuel pipe joint 186 is provided
with a fifth sealing ring groove 18604, in which a second
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O-ring seal 183 is mounted to improve the sealing effect
and achieve the effect of preventing fuel leakage. The
middle part of the fuel pipe joint 186 is provided as a
multi-stage counterbore structure, including a first coun-
terbore 18601, a second counterbore 18602, and a fuel
outlet hole 18603. The outer circumferential surface of
the upper part of the fuel pipe joint 186 is provided with
athread. The fuel pipe joint 186 is mounted onto the third
valve body 181 by means of the second bolts 184. The
pressure regulating gasket 187 and the third pressure
regulating spring 185 are mounted in the second coun-
terbore 18602 in the middle part of the fuel pipe joint 186.
[0101] Optionally, the central hole of the third valve
body 181 is designed as a multi-stage hole structure,
including a first-stage hole 18101, a second-stage hole
18102, a third-stage hole 18104, and a fourth-stage hole
18105, wherein the second-stage hole 18102 is a small
throttling hole, and the diameter of the first-stage hole
18101 is larger than the diameter of the second-stage
hole 18102, so that the depth of the throttling hole, i.e.,
the second-stage hole 18102, can be decreased to re-
duce the overall machining difficulty. An angle of 59° is
provided between the second-stage hole 18102 and the
third-stage hole 18104 of the third valve body 181 (name-
ly, the sealing seat surface 18103 of the third valve body
is provided at an angle of 59°) to ensure a linear seal
between the sealing seat surface of the third valve body
and the second tapered portion 18202 of the third valve
core 182 within a deviation range of 1° to achieve good
sealing performance. The diameter of the third-stage
hole 18104 of the third valve body 181 is set to be larger
than both the diameter of the second-stage hole 18102
and the diameter of the fourth-stage hole 18105 for stor-
ing fuel pressure. Optionally, the diameter ¢ of the fourth-
stage hole 18105 of the third valve body 181 is set at 5
mm. If the diameter of the fourth-stage hole 18105 is too
small, itis machined with great difficulty and its accuracy
cannotbe guaranteed in use. If the diameter of the fourth-
stage hole 18105 is too large, the depth of the fourth-
stage hole 18105 will be increased due to its length re-
quired to mate with the third valve core 182, which leads
to increased difficulty in machining the sealing seat sur-
face 18103. As a result, its accuracy cannot be guaran-
teed, and a difficult measurement problem will also be
caused. The third valve body 181 is made of a high-
strength structural steel material subjected to nitriding
treatment. The high-pressure resistance of the third valve
body 181 can be guaranteed by selecting a high-strength
material. The nitriding treatment can ensure that the third
valve body 181 can work in an environment of a low-
speed engine using a heavy fuel oil and have corrosion
resistance.

[0102] Referring to FIG. 34, optionally, the head of the
third valve core 182 is provided as a structure with two
tapered portions, including a first tapered portion 18201
and a second tapered portion 18202, wherein the first
tapered portion 18201 has a taper angle set to an obtuse
angle of 120°. On the one hand, this allows for increased
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reliability of the third valve core 182. On the other hand,
this allows for an increased flow area of the head of the
third valve core 182 and reduced occurrence of cavita-
tion. The second tapered portion 18202 of the third valve
core 182 has a taper angle set to an acute angle of 60°.
The taper angle of the second tapered portion 18202 of
the third valve core 182 is generally set at two angles,
namely, 60° or 90°, in order to ensure good sealing per-
formance. Considering that the third valve core which is
a needle valve has a shorter lift at 60° than at 90° under
the same flow area, there is less difficulty in designing
the third pressure regulating spring 185.

[0103] Referring to FIG. 34, optionally, two symmetri-
cal second flat portions 18203 are formed by milling the
third outer cylindrical portion 18204 of the middle part of
the third valve core 182. The second flat portion 18203
has a slightly larger flow area than that of the second-
stage hole 18102 in the third valve body 181. A second
gap allowing the fuel to passthrough is formed between
the second flat portion 18203 of the third valve core 182
and the fourth-stage hole 18105. The second gap has a
fuel flowable area larger than the fuel flow area in the
second-stage hole 18102. As shown in FIG. 34, a second
smaller outer cylindrical portion 18206 configured for po-
sitioning of the third pressure regulating spring 185 is
provided at the upper part of the third valve core 182,
and the third pressure regulating spring 185 is sleeved
around the second smaller outer cylindrical portion
18206. It should be explained that, in the present disclo-
sure, the term "flow area" generally refers to a fuel pass-
ing area of a corresponding gap or hole.

[0104] Thethirdvalve core 182is made of a high-speed
tool steel material. The third valve core 182 has a third
outer cylindrical portion 18204 mating with the fourth-
stage hole 18105 of the third valve body 1, which is cor-
respondingly plated with a DLC layer to ensure the re-
quired strength of the third valve core 182 and the cor-
rosion resistance in a heavy fuel oil environment. The
DLC plating can also make the third valve core 182 more
wear-resistant.

[0105] Optionally, referring to FIG. 32, a limited dis-
tance h1 is provided between the third valve core 182
and the third valve body 181 to ensure a movement of
the third valve core 182 within a certainrange. Otherwise,
the third pressure regulating spring 185 will be com-
pressed to a solid state, so that the third pressure regu-
lating spring 185 cannot be restored to its original posi-
tion. Here, the compression of the third pressure regu-
lating spring 185 to a solid state refers to compression
of the spring to a state where the coils touch each other.
[0106] Optionally, referring to FIG. 32, an overlap re-
gion h is provided between the third valve core 182 and
the third valve body 181. While the third valve core 182
is being closed from an opened state, there is a moment
at which an overlap region h occurs between the third
valve core 182 and the third valve body 181, at which the
fuel cannot flow out through the second flat portions
18203, and pressure is formed in the third-stage hole
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18104 such that a force opposite to the movement direc-
tion (i.e., the opening or closing direction) is exerted on
the third valve core 182. This reduces an impact force
applied to the sealing seat surface 18103 of the third
valve body 181 from the third valve core 182, thereby
increasing the service life of the third valve body 181 and
the third valve core 182.

[0107] The pressure limiting valve component 18
works based on the following principle. The pressure lim-
iting valve component 18 is used in the high-pressure
common rail system described above, wherein the high-
pressure common rail system may be a high-pressure
common rail fuel injection system for a marine low-speed
diesel engine, and the pressure limiting valve component
18 can work at a high pressure of 150 MPa and at a high
temperature of 200 °C. As a safety protection part of the
common rail system, the pressure limiting valve compo-
nent 18 is usually in an inoperative state and thus is also
called a pressure safety valve. When the rail pressure in
the fuel inlet conduit 1201 of the common rail pipe 12 is
controlled abnormally and thus exceeds the pressure P
for opening the pressure limiting valve component 18,
the pressure limiting valve component 18 is opened to
relieve pressure. Specifically, as high-pressure fuel sup-
plied into the fuel inlet conduit 1201 of the common rail
pipe 12 flows into the first-stage hole 18101 and then into
the second-stage hole 18102, the third valve core 182 is
pushed by the fuel pressure to move upward so as to
release the seal between the third valve core 182 and
the third valve body 181. The third valve core 182 is
moved upward under the action of the fuel pressure, until
the tapered surface seal between the second tapered
portion 18202 and the sealing seat surface 18103 is re-
leased. The high-pressure fuel in the fuel inlet conduit
1201 of the common rail pipe 12 partially passes through
the first-stage hole 18101, the second-stage hole 18102,
the third-stage hole 18104, the fourth-stage hole 18105,
the recesses 18205, the first counterbore 18601, and the
second counterbore 18602, and finally enters the fuel
return pipe from the fuel outlet hole 18603 and ultimately
flows back to the fuel tank, so that the pressure in the
fuel inlet conduit 1201 of the common rail pipe 12 is re-
duced. After the third valve core 182 is opened, the pres-
sure in the fuel inlet conduit 1201 of the common rail pipe
12 is reduced, so that the amount of fuel fed into the fuel
system (i.e., the amount of fuel pumped from the high-
pressure fuel pump 1 into the common rail pipe 12) and
the amount of fuel discharged through the pressure lim-
iting valve component 18 gradually reach a stable state,
and the system pressure gradually approaches a stable
pressure Ps. It is ensured that the diesel engine works
in a failure mode at the stable pressure Ps, so that the
ship limps back to port. The pressure limiting valve com-
ponent 18 is closed only when the pressure in the com-
mon rail pipe 12 decreases to a certain level (lower than
the pressure P, for opening the pressure limiting valve
component 18).

[0108] In this embodiment, a flow limiting valve com-
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ponent 13 is mounted between the common rail pipe 12
and a corresponding electronic control fuel injector 15
and can cut off the fuel supply into the electronic control
fuel injector 15 to prevent problems such as fire and ex-
plosion and personnel safety issues when fuel leaks from
the high-pressure fuel pipe, or fuel leaks or is abnormally
injected from the electronic control fuel injector 15.
[0109] Optionally, as shown in FIGS. 30 and 31, the
flow limiting valve component 13 comprises: a valve seat
131 having a larger outer cylindrical portion provided with
a first flat portion 13104 for returning fuel, provided in its
middle part with a first fuel inlet hole 13101 communicat-
ing with the fuel inlet conduit 1201 of the common rail
pipe 12, and provided with a fifth conical seal surface
13102 at its bottom; a second valve body 132 having a
smaller end surface 13201 fixed to a larger end surface
13105 of the valve seat 131, the second valve body 132
being provided with a second axial through hole 13209
in the axial direction which extends through the two upper
and lower end surfaces of the second valve body 132
and in which the valve seat 131 is partially press-fitted in
a press fit manner; and a second valve core 133 fixed to
the upper end surface of the first smaller outer cylindrical
portion 13106 of the valve seat 131 through the second
axial through hole 13209. The second valve core 133 is
provided with an axial blind hole 13302 communicating
with the first fuel inlet hole 13101 and four transverse
flow restricting orifices 13304 communicating with the
axial blind hole 13302. The upper part of the second valve
core 133 is provided with a third conical seal surface
13305 and a fourth conical seal surface 13306. The sec-
ond valve body 132 has four fourth fuel return passages
13210 communicating with the first flat portion 13104.
The second valve body 132 is provided with a first sealing
seat surface 13206 mating with the third conical seal sur-
face 13305 and is provided with a fourth hole 13207 and
a second sealing seat surface 13208 in this order at a
position close to the first sealing seat surface 13206. The
second valve body 132 comprises a first mating portion
13203 mating with the first smaller outer cylindrical por-
tion 13106 of the valve seat 131 and a second mating
portion 13204 mating with the first outer cylindrical por-
tion 13301 of the second valve core 133. A cavity com-
municating the transverse flow restricting orifices 13304
with the axial blind hole 13302 is formed between the
second mating portion 13204 and the second valve core
133. Asecond pressure regulating spring 135 is inserted
in the cavity and fixed to the upper end surface of the
first outer cylindrical portion 13301 of the second valve
core 133.

[0110] Optionally, as shown in FIG. 33, in this embod-
iment, the second axial through hole 13209 comprises a
firsthole 13212, a second hole 13213, a third hole 13205,
a fourth hole 13207, a fifth hole 13214, and a sixth hole
13215 that are connected to each other in this order from
top to bottom. The valve seat 131 is partially press-fitted
into the first hole 13212. The second valve core 133 is
assembled in the second hole 13213, and a cavity is
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formed between the upper part of the second valve core
133 and the upper part of the second hole 13213. The
third conical seal surface 13305 is formed at the wall of
the third hole 13205. A second sealing seat surface
13208 for being sealed to the fuel inlet end of the fuel
pipe of the electronic control fuel injector 15 is formed at
the wall of the fifth hole 13214. The diameter of the sixth
hole 13215 is larger than the diameter of each of the first
hole 13212, the second hole 13213, the third hole 13205,
the fourth hole 13207, and the fifth hole 13214.

[0111] The fourth hole 13207 is used as a fuel outlet
hole and is configured such that the fuel in the first fuel
inlet hole 13101 flows out into the fourth hole 13207 and
further flows out therefrom when the first sealing seat
surface 13206 and the third conical seal surface 13305
are unsealed from each other.

[0112] When the fuel feed pressure in the transverse
flow restricting orifice 13304 on the side of the axial blind
hole 13302 exceeds a certain value of the pressure in
the cavity between the second mating portion 13204 and
the second valve core 133, the second valve core 133 is
moved upward under the action of the fuel feed pressure,
so that the third conical seal surface 13305 is brought
into contact with the first sealing seat surface 13206 and
a tapered surface seal is formed therebetween to block
flow of fuel into the fuel outlet hole.

[0113] Optionally, as shown in FIG. 30, the second
valve core 133 has a third conical seal surface 13305,
and the second valve body 132 has a first sealing seat
surface 13206 that can form a tapered surface seal with
the third conical seal surface 13305. When the fuel feed
pressure in the transverse flow restricting orifice 13304
on the side of the axial blind hole 13302 exceeds a certain
value of the cavity pressure, a tapered surface sealing
relationship is formed between the third conical seal sur-
face 13305 and the first sealing seat surface 13206 to
block flow of fuel into the fuel outlet hole 13207. On the
contrary, when the fuel feed pressure in the transverse
flow restricting orifice 13304 on the side of the axial blind
hole 13302 does not exceed a certain value of the cavity
pressure, the tapered surface seal between the third con-
ical seal surface 13305 and the first sealing seat surface
13206 is released. With regard to the fourth conical seal
surface 13306, during the upward movement of the sec-
ond valve core 133 under the pressure from the fuel fed
therein, the fourth conical seal surface 13306 is first
brought into contact with the first sealing seat surface
13206, but there is a gap between the third sealing seat
surface 13305 and the first sealing seat surface 13206.
The gap may be filled with a certain amount of fuel to
cushion the rapid movement of the second valve core
133 to prevent a large impact on the second valve body
132 due to an excessively rapid movement of the second
valve core 133.

[0114] Optionally, as showninFIG. 25, the flow limiting
valve component 13 is mounted onto the common rail
pipe 12 by means of a corresponding flow limiting valve
mounting seat 125, and the flow limiting valve mounting
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seat 125 is fixed to the common rail pipe 12 by screws.
Screw mounting holes 13211 are designed in the second
valve body 132. The second valve body 132 of the flow
limiting valve component 13 is fixed to the flow limiting
valve mounting seat 125 by means of the screws passing
through the screw mounting holes 13211. The flow lim-
iting valve mounting seat 125 is provided with a fuel hole
communicating with the firstfuelinlethole 13101, through
which the high-pressure fuel in the fuel inlet conduit 1201
of the high-pressure common rail pipe 12 can enter the
first fuel inlet hole 13101. The valve seat 131 is designed
with afifth conical seal surface 13102 for sealing the high-
pressure fuel between the flow limiting valve component
13 and the high-pressure common rail pipe 12. The sec-
ond valve body 132 is designed with a second sealing
seat surface 13208 for allowing tapered surface sealing
and connection between the flow limiting valve compo-
nent 13 and the fuel pipe of the electronic control fuel
injector 15.

[0115] Optionally, as shown in FIG. 30, the outer sur-
face of the second valve body 132 is provided with a sixth
sealing ring groove in which a first O-ring seal 136 is
mounted, wherein the first O-ring seal 136 is provided in
the outer surface of the second valve body 132 for the
purpose of enhancing the sealing performance between
the second valve body 132 and an external component
when the second valve body 132 is assembled into the
external component.

[0116] Optionally, as shown in FIG. 30, the first valve
seat 131 is provided with a first flat portion 13104. The
first flat portion 13104 communicates with the four fourth
fuel return passages 13210 for collecting fuel leaking
from the fifth conical seal surface 13102, from between
the larger end surface 13105 of the valve seat 131 and
the smaller end surface 13201 of the second valve body
132, and from the second sealing seat surface 13208 of
the second valve body 132.

[0117] Optionally, as shown in FIG. 30, in order to en-
sure the sealing between the smaller end surface 13201
of the second valve body 132 and the larger end surface
13105 of the valve seat 131, a large bevel 13202 is pro-
vided for reducing the contact area between the larger
end surface 13105 and the smaller end surface 13201
to enhance the sealing therebetween.

[0118] Optionally, the first smaller outer cylindrical por-
tion 13106 of the valve seat 131 and the first mating por-
tion 13203 of the second valve body 132 have the same
diameter and are mated with each other in a transitional
manner, in order to facilitate the mounting of the flow
limiting valve component 13 onto the high-pressure com-
mon rail pipe 12 as a whole. A sunk groove 13103 is
provided at the intersection of the larger end surface
13105 and the first smaller outer cylindrical portion
13106.

[0119] Optionally, as shown in FIG. 30, four transverse
flow restricting orifices 13304 are provided in the second
valve core 133 in order to achieve the function of the flow
limiting valve. The four flow restricting orifices have an
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area smaller than the area of the axial blind hole 13302,
the area of the fourth hole (the fuel outlet hole) 13207,
and the flow area formed between the fourth conical seal
surface 13306 and the first sealing seat surface 13206.
[0120] Optionally, as shown in FIG. 30, the fourth con-
ical seal surface 13306 of the second valve core 133 is
provided at the tail of the second valve core 133 adjacent
to the third conical seal surface 13305, and the fourth
conical seal surface 13306 has an angle larger than the
angle of the third conical seal surface 13305, so that the
flow area between the fourth conical seal surface 13306
and the first sealing seat surface 13206 can be increased.
It should be noted that the angle of each of the above
tapered surfaces refers to an angle between the tapered
surface and a generatrix in the same cross-section.
[0121] The gap between the first outer cylindrical por-
tion 13301 and the second mating portion 13204 is
formed as small as possible in order to prevent leakage
of fuel from the cavity formed between the second valve
core 133 and the second mating portion 13204 into the
first mating portion 13203. However, the gap should not
be too small, otherwise the operation of the second valve
core 133 is hindered, and the flow limiting valve malfunc-
tions. Optionally, the gap between the first outer cylindri-
cal portion 13301 and the second mating portion 13204
is between 0.02 mm and 0.04 mm.

[0122] The flow limiting valve component 13 is used in
a high-pressure common rail system for a low-speed en-
gine, in which a combustible medium is often inferior fuel.
In order to ensure the service life and reliable function of
the flow limiting valve, the second valve core 133 is made
of a high-speed tool steel material and plated with DLC
at its sections mating with the second valve body 132
(the first outer cylindrical portion 13301, the second outer
cylindrical portion 13303, the third conical seal surface
13305, and the fourth conical seal surface 13306), and
the second valve body 132 is made of high-strength struc-
tural steel subjected to nitriding treatment. The high tem-
perature resistance and corrosion resistance of the flow
limiting valve are ensured by using such materials and
heat treatment method.

[0123] In this embodiment, the second valve core 133
is pushed forward by using the fuel feed pressure from
fuel and the spring force from the second pressure reg-
ulating spring 135. When the second valve core 133 is
pushed forward, the second valve core 133 seals the
fourth hole 13207 serving as a fuel outlet hole to block
entry of fuel thereinto, so that the fuel is cut off to avoid
excessive fuel injection from the electronic control fuel
injector 15 or fuel leakage from the high-pressure fuel
pipe, thereby preventing damage to the diesel engine or
personal injury and also preventing pollution of the envi-
ronment.

[0124] Only one or more of some embodiments of the
present disclosure are described in the foregoing em-
bodiments, but it will be appreciated by those of ordinary
skill in the art that the present disclosure may be imple-
mented in many other forms without departing from its
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spirit and scope. Therefore, the examples and embodi-
ments shown are considered to be illustrative rather than
limitative, and the present disclosure may encompass
various modifications and alternatives without departing
from the spirit and scope of the present disclosure as
defined by the appended claims.

Claims

1. Ahigh-pressure common rail system for a low-speed
engine with multiple safety protection functions,
characterized by comprising:

an electronic control unit ECU;

an electronic control high-pressure fuel pump
(1), provided with an electronic control propor-
tional valve (2), wherein the electronic control
proportional valve (2) is configured to adjust a
proportion of feed of a low-pressure heavy fuel
from a fuel tank of the low-speed engine into the
electronic control high-pressure fuel pump (1)
according to a first instruction from the ECU;

a first distribution block (6) connected to the
electronic control high-pressure fuel pump (1)
via a first high-pressure fuel pipe (3);

a second distribution block (9) connected to the
firstdistribution block (6) via a second high-pres-
sure fuel pipe (8); and

acommon rail pipe (12) connected to the second
distribution block (9) via a third high-pressure
fuel pipe (10),

wherein a sensor (17) configured to detect a fuel
pressure of the high-pressure heavy fuel in the
common rail pipe (12) is mounted onto the com-
mon rail pipe (12), and the sensor (17) is con-
nected to the ECU;

a plurality of flow limiting valve components (13)
are mounted onto the common rail pipe (12),
and each of the flow limiting valve components
(13) is connected to one of electronic control fuel
injectors (15) via one of fourth high-pressure fuel
pipes (14); and each of the flow limiting valve
components (13) is configured to be closed
when a fuel pressure difference between corre-
sponding one of the fourth high-pressure fuel
pipes (14) and the common rail pipe (12) ex-
ceeds a set pressure difference;

a pressure limiting valve component (18) is fur-
ther mounted onto the common rail pipe (12),
and the pressure limiting valve component (18)
is configured to be opened when a fuel pressure
in the common rail pipe (12) exceeds a first set
pressure value, so that the fuel pressure in the
common rail pipe (12) is stabilized at a target
pressure value;

the first distribution block (6) is equipped with a
shut-off valve component (5) and a safety valve

10

15

20

25

30

35

40

45

50

55

28

54

component (7), wherein the shut-off valve com-
ponent (5) is configured to perform a pressure
relief process according to a second instruction
from the ECU; and the safety valve component
(7) is configured to be opened when the shut-
offvalve component(5)and the pressure limiting
valve component (18) malfunction and a fuel
pressure in the common rail pipe (12) exceeds
a second set pressure value; and

circulation valve components (16) are further
mounted onto the common rail pipe (12) and the
electronic control fuel injectors (15), and each
of the circulation valve components (16) is con-
figured to be opened when the low-speed engine
is stopped, so that a circulation loop is formed
between a fuel tank of the low-speed engine and
the common rail pipe (12), and between the fuel
tank of the low-speed engine and each of the
electronic control fuel injectors (15).

2. The system according to claim 1, wherein the elec-
tronic control high-pressure fuel pump (1) compris-

a pump body (101), provided with a central hole
along an axial direction of the pump body (101);
a pump cover (102), mounted onto an upper end
surface of the pump body (101); and

a fuel inlet and outlet valve component (103), a
plunger and barrel assembly (104), a plunger
spring (105), a lower spring seat component
(106), and a guide piston component (107), each
being assembled in the central hole of the pump
body (101),

wherein the electronic control proportional valve
(2) is assembled on a side of the pump body
(101);

the fuel inlet and outlet valve component (103)
comprises a fuel inlet valve component (1031)
and a fuel outlet valve component (1032),
wherein the fuel inlet valve component (1031)
comprises a fuel inlet valve seat (10311), a fuel
inlet valve (10312), and a fuel inlet valve spring
(10313),

wherein the fuel inlet valve (10312) is mounted
in a central hole of the fuel inlet valve seat
(10311); the fuel inlet valve spring (10313) is
positionally limited between the fuel inlet valve
(10312) and a wall of the central hole of the fuel
inlet valve seat (10311); and a conical seal is
formed between the fuel inlet valve (10312) and
the fuel inlet valve seat (10311) by being
pressed by the fuel inlet valve spring (10313);
and

the fuel outlet valve component (1032) compris-
es a fuel outlet valve seat (10321), a fuel outlet
valve (10322), a fuel outlet valve spring (10323),
and a fuel outlet valve spring seat (10324),
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wherein the fuel outlet valve spring seat (10324)
is mounted at an upper end of the fuel outlet
valve seat (10321); the fuel outlet valve (10322)
is mounted in a central hole of the fuel outlet

cating oil passage (10424) in the plunger barrel
(1042);
the firstannular groove (10421)is located above

29

56

the second annular groove (10422); and the low-
er spring seat component (106) is disposed un-
der the plunger and barrel assembly (104),

wherein the lower spring seat component (106)

valve seat (10321); the fuel outlet valve spring % comprises:
(10323) is positionally limited between the fuel
outlet valve (10322) and the fuel outlet valve an outer spring seat (1061), of a boss-type
spring seat (10324); and a conical seal is formed structure as a whole with a central portion
between the fuel outlet valve (10322) and the thicker and an outer portion thinner, wherein
fuel outlet valve seat (10321) by being pressed 70 the outer spring seat (1061) has an upper
by the fuel outlet valve spring (10323), end surface provided with a third counter-
a high-pressure fuel outlet chamber (1033) is bore (10611) with a concave spherical sur-
formed between the fuel outlet valve seat face;
(10321) and the fuel inlet valve seat (10311); an upper sphere (1062), having lower part
a high-pressure fuel chamber (1041) is formed 15 mounted in the third counterbore (10611),
inthe plungerand barrel assembly (104), where- wherein a lower end surface of the upper
in the high-pressure fuel chamber (1041) com- sphere (1062) is provided with a convex
municates with the high-pressure fuel outlet spherical surface mating with the concave
chamber (1033) via a fuel hole in the fuel inlet spherical surface; and
valve seat (10311); 20 an inner spring seat (1063), sleeved on an
the electronic control proportional valve (2) com- upper part of the upper sphere (1062),
municates with the fuel inlet hole of the fuel inlet wherein the inner spring seat (1063) has a
valve seat (10311) via a first fuel hole in the first axial through hole (10631) penetrating
pump body (101), and the fuel inlet hole is com- its upper and lower end surfaces,
municated with or disconnected from the high- 25 wherein a lower cylindrical head (10431) of
pressure fuel chamber (1041); and the plunger (1043) is positionally limited in
the electronic control proportional valve (2) is the first axial through hole (10631), and the
provided with a cooling circulation fuel passage, lower cylindrical head (10431) of the plung-
and cooling fuel from a cooling fuel passage of er (1043) has a lower end surface abutting
the pump body (101) is injected into the cooling 30 against an upper end surface of the upper
circulation fuel passage and then flows back into sphere (1062).
the cooling fuel passage of the pump body (101).
4. The system according to claim 3, wherein
3. The system according to claim 2, wherein the plung-
er and barrel assembly (104) comprises: 35 a spherical hole (10612) is provided in a center
of the third counterbore (10611), a third annular
aplunger barrel (1042), disposed at a lower end groove (10613) is provided in a lower end sur-
of the fuel inlet valve seat (10311); and face of the outer spring seat (1061), and the
a plunger (1043), slidably inserted into a central spherical hole (10612) communicates with the
hole of the plunger barrel (1042), wherein the 40 third annular groove (10613) via a lubricating oil
high-pressure fuel chamber (1041) is formed by inlet conduit (10614);
the plunger barrel (1042), the plunger (1043) an outer surface of the outer spring seat (1061)
and the fuel inlet valve seat (10311) together, isformed as atapered surface, which is provided
wherein with a lubricating oil outlet passage (10615),
an inner wall of the plunger barrel (1042) is pro- 45 wherein the lubricating oil outlet passage
vided with a first annular groove (10421) and a (10615) communicates with the lower end sur-
second annular groove (10422); face of the outer spring seat (1061); and the lu-
the pump body (101) is provided with a mixed bricating oil outlet passage (10615) is provided
oil outlet passage and a lubricating oil supply obliquely;
passage (1012), wherein the mixed oil outlet 50 a circumferential annular groove (10621) is ar-
passage communicates with the first annular ranged in a circumferential direction of the upper
groove (10421) via a mixed oil passage (10423) sphere (1062);
in the plunger barrel (1042), and the lubricating a positioning pin (1064) is mounted in the cir-
oil supply passage (1012) communicates with cumferential annular groove (10621) through a
the second annular groove (10422) via a lubri- 55 positioning pin hole (10616) of the outer spring

seat (1061);
a spacing between upper and lower surfaces of
the circumferential annular groove (10621) is
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greater than a cylindrical diameter of a part of
the positioning pin (1064) that is located in the
circumferential annular groove (10621);

the first axial through hole (10631) provided in-
side the inner spring seat (1063) comprises:

a seventh hole (10632), an eighth hole
(10633), and a ninth hole (10634) having
diameters gradually increasing from top to
bottom, wherein

a first guide hole (10635) with a gradually
increasing diameter is provided between
the eighth hole (10633) and the ninth hole
(10634);

a second guide hole (10636) with a gradu-
ally increasing diameter is provided on a
side of the ninth hole (10634 ) facing the up-
per sphere (1062), wherein

walls of the first guide hole (10635) and
the second guide hole (10636) are
formed as tapered guide surfaces
(10637);

an upper part of the upper sphere
(1062) is positioned partially in the ninth
hole (10634) through the second guide
hole (10636);

a gap greater than or equal to 1 mm is
formed between the upper sphere
(1062) and the ninth hole (10634 ); and
a gap greater than or equal to 1 mm is
formed between the third counterbore
(10611) and the upper sphere (1062).

The system according to any one of claims 2 to 4,
wherein the electronic control high-pressure fuel
pump (1) further comprises: an upper spring seat
(109), sleeved on the plunger barrel (1042) and lo-
cated at an upper end of the inner spring seat (1063);
the plunger spring (105) comprises: a first plunger
spring (1051), compressively mounted between the
upper spring seat (109) and the outer spring seat
(1061); and a second plunger spring (1052), com-
pressively mounted between the upper spring seat
(109) and the inner spring seat (1063);

preferably, diameters of the concave spherical sur-
face in the outer spring seat (1061) and the convex
spherical surface of the upper sphere (1062) are
each 20 to 100 times a diameter of the plunger
(1043).

The system according to any one of claims 2 to 5,
wherein the guide piston component (107) compris-
es:

a guide piston (1071), provided with a first
mounting hole (10711) at a central position of
its upper end surface and provided with a sec-
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ond mounting hole (10712) at its lower end sur-
face, wherein the first mounting hole (10711)
and the second mounting hole (10712) commu-
nicate with each other viaa communicating hole
(10713), and the lower spring seat component
(106) is mounted in the first mounting hole
(10711);

a roller component (1072), comprising a roller
(10728) mounted in the second mounting hole
(10712), a roller bushing (10722) interference-
fitted in the roller (10728), and thrust bearings
(10723) interference-fitted at both ends of the
roller (10728) in an axial direction, wherein an
annular groove (10724) is provided in the axial
direction of the roller (10728), and an arc-
shaped transitional connection is formed be-
tween a bottom of the annular groove (10724)
and an end surface of the roller (10728) in the
axial direction; and

a roller pin (1073), fitted in the roller bushing
(10722) with a clearance therebetween, wherein
a boss (10714) is disposed protruding from a
wall of the second mounting hole (10712), and
the boss (10714) is in contact with the thrust
bearing (10723); and

a plurality of first radial oil grooves (10715) are
uniformly arranged in the boss (10714 ) along its
radial direction, and the first radial oil grooves
(10715) are provided with respect to the thrust
bearing (10723).

7. The system according to claim 6, wherein

an outer surface of the roller pin (1073) is pro-
vided as a cylindrical surface, which is provided
with first waist-shaped grooves (10731) and
second waist-shaped grooves (10732) at two
positions, respectively, wherein the first waist-
shaped grooves (10731) and the second waist-
shaped grooves (10732) are provided in the mid-
dle positions of the roller pin (1073);

a small-angle wedge-shaped groove with an an-
gle between 5° and 20° is formed between each
of the first waist-shaped grooves (10731) locat-
ed on an outer layer and an outer surface of the
roller bushing (10722), and a second oil hole
(10733) is provided in each of the second waist-
shaped grooves (10732) located in an inner lay-
er,

wherein two second oil holes (10733) at the two
positions communicate with each other via a lu-
bricating oil outlet passage, and the two second
oil holes (10733) are provided at an angle of 70°
to 120°%;

an outer surface of the guide piston (1071) is
provided as a cylindrical surface, which is pro-
vided with a plurality of partial circumferential oil
grooves (10729) and circumferential oil grooves
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(10725), a first axial oil groove (10716) and a
vertical groove (10717), wherein the vertical
groove (10717) is provided in each of the cir-
cumferential oil grooves (10725), and the verti-
cal groove (10717) communicates with the par-
tial circumferential oil grooves (10729) via the
first axial oil groove (10716);

the cylindrical surface is further provided with an
inclined hole (10718) having two ends commu-
nicating with one of the circumferential oil
grooves (10725) and an inner wall of the second
mounting hole (10712), respectively;

the cylindrical surface is further provided with a
second axial oil groove (10719) communicating
with one of the circumferential oil grooves
(10725);

the cylindrical surface is further provided with a
first straight hole (10720) and a second straight
hole (10721) connected to each other, the first
straight hole (10720) communicates with the
first axial oil groove (10716), and the second
straight hole (10721) communicates with the
first mounting hole (10711); and

a lubricating oil inlet passage (10735) is provid-
ed in the outer cylindrical surface of the roller
pin (1073), wherein the lubricating oil inlet pas-
sage (10735) is provided with respect to the in-
clined hole (10718), and the lubricating oil inlet
passage (10735) communicates with the lubri-
cating oil outlet passage.

The system according to claim 7, wherein the outer
cylindrical surface of the roller pin (1073) is provided
with a diamond-like carbon DLC coating; the roller
bushing (10722) is made of a copper alloy; the thrust
bearing (10723) is made of a copper alloy; forced
lubrication and dynamic pressure lubrication are
used between the roller pin (1073) and the roller
bushing (10722); and forced lubrication and dynamic
pressure lubrication are used between the thrust
bearing (10723) and the boss (10714).

The system according to any one of claims 1 to 8,
wherein

the common rail pipe (12) has a fuel inlet conduit
(1201) and a fuel return conduit (1202) pene-
trating both ends thereof;

a fuel inlet end cap (121) is fixed at one end of
the common rail pipe (12), wherein the fuel inlet
end cap (121) is provided with a fuel inlet port
communicating with the fuel inlet conduit (1201);
an end cover (122) is fixed at the other end of
the commonrail pipe (12), wherein the end cover
(122) is provided with a fuel outlet port commu-
nicating with the fuel inlet conduit (1201), and
the circulation valve component (16) is fixed to
the end cover (122);
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the pressure limiting valve component (18) and
the plurality of flow limiting valve components
(13) communicate with the fuel inlet conduit
(1201), respectively, and the pressure limiting
valve component (18) and the plurality of flow
limiting valve components (13) communicate
with the fuel return conduit (1202), respectively.

10. The system according to claim 9, wherein the circu-
lation valve component (16) comprises:

a first valve body (161) fixed to the end cover
(122), which has a lower end surface provided
with a first central hole (1601) communicating
with the fuel outlet port, and an upper end sur-
face provided with a second central hole (1602),
wherein the first central hole (1601) communi-
cates with the second central hole (1602);
afirstvalve core (162), which is slidably inserted
into the first central hole (1601) from the lower
end surface of the first valve body (161) and par-
tially located in the second central hole (1602);
a lower spring seat (164), which is sleeved on
the partofthefirst valve core (162) thatis located
in the second central hole (1602), and which is
fixedly connected to the first valve core (162),
wherein a first cavity is formed between the low-
er spring seat (164) and a bottom of the second
central hole (1602);

a gland (167), which is fixed to the upper end
surface of the first valve body (161), wherein the
gland (167) has an upper end surface provided
with a threaded hole (1603);

a fuel return joint (168), which is partially fixed
in the threaded hole (1603); and

a first pressure regulating spring (169), which is
positionally limited between the lower spring
seat (164) and the gland (167), wherein

the first valve body (161) is provided with a first
fuel return passage (1605) communicating with
the first central hole (1601), the gland (167) is
provided with a second fuel return passage
(1606) communicating with the first fuel return
passage (1605), the fuel return joint (168) is pro-
vided with a third fuel return passage (1607)
communicating with the second fuel return pas-
sage (1606), and a fuel circulation passage is
formed by the first fuel return passage (1605),
the second fuel return passage (1606) and the
third fuel return passage (1607);

the first valve body (161) is provided with a first
airinlet passage (1608) communicating with the
first cavity, and the gland (167) is provided with
a second air inlet passage (1629) communicat-
ing with the first air inlet passage (1608) and an
airinlet port (1630) communicating with the sec-
ond air inlet passage (1629); and

when a spring force from the first pressure reg-
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ulating spring (169) is less than or equal to a
pressure sum of a pressure of a gas introduced
into the first cavity and a pressure of fuel fed into
a fuel inlet end of the first central hole (1601), a
conical seal is formed between the first valve
core (162) and the first central hole (1601), and
the conical seal is formed at a position below a
position where the first fuel return passage
(1605) is connected to the first central hole
(1601).

The system according to claim 10, wherein a first
conical seal surface (1611) and an external thread
(1612) are provided at a top of a part of the first valve
core (162) that is located in the second central hole
(1602), wherein the external thread (1612) is located
at an upper end of the first conical seal surface
(1611); the lower spring seat (164) passes through
the external thread (1612) and then is sleeved on
the first conical seal surface (1611), and the lower
spring seat (164) has a second conical seal surface
(1613) that forms a conical seal with the first conical
seal surface (1611); the lower spring seat (164) is
pressed by a nut (1614) sleeved on a periphery of
the external thread (1612); and the first pressure reg-
ulating spring (169) is sleeved on the nut (1614) and
fixed to the lower spring seat (164).

The system according to claim 10 or 11, wherein the
fuel return joint (168) is screwed fixedly in the thread-
ed hole (1603); an upper end surface of the gland
(167) is provided with a first flat sealing surface
(1615) at an opening of the threaded hole (1603);
and the fuel return joint (168) is provided with a sec-
ond flat sealing surface (1616) that forms a planar
seal with the first flat sealing surface (1615); and

a third cavity is formed between a lower end surface
of the fuel return joint (168) and a bottom of the
threaded hole (1603), wherein the third cavity com-
municates with the second fuel return passage
(1606) and the third fuel return passage (1607), re-
spectively, and a maximum flow area of the third cav-
ity is greater than a maximum flow area of the second
fuel return passage (1606).

The system according to any one of claims 10 to 12,
wherein when the first valve core (162) moves up-
ward to a top dead center position in the first valve
body (161), a distance H2 between lower end sur-
faces of the first valve body (161) and the first valve
core (162) is smaller than a distance H1 between a
lower end surface of the lower spring seat (164) and
the bottom of the second central hole (1602);

the lower spring seat (164) comprises a third central
hole (1617) configured to limit a position of the first
pressure regulating spring and a fourth central hole
(1618) configured to mate with the first valve core
(162), wherein the fourth central hole (1618) has a
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diameter larger than a diameter of the external
thread (1612); and the lower spring seat (164) has
an outer diameter the same as a diameter of the
second central hole (1602).

The system according to any one of claims 1 to 13,
wherein each of the flow limiting valve components
(13) comprises a valve seat (131) connected to the
common rail pipe (12), a second valve body (132),
a second valve core (133), and a second pressure
regulating spring (135), wherein

the valve seat (131) has a first fuel inlet hole
(13101) communicating with the common rail
pipe (12);

the second valve body (132) has a second axial
through hole (13209) penetrating its upper and
lower end surfaces, and the valve seat (131) is
partially press-fitted into the second axial
through hole (13209) from a lower end surface
of the second valve body (132);

the second valve core (133) is mounted in the
second axial through hole (13209) and disposed
above the valve seat (131);

the second valve core (133) has an axial blind
hole (13302) communicating with the first fuel
inlet hole (13101), and a cavity is formed be-
tween an upper end of the second valve core
(133) and the second axial through hole (13209);
the second valve core (133) is provided therein
with a transverse flow restricting orifice (13304)
communicating the axial blind hole (13302) with
the cavity;

the second pressure regulating spring (135) is
sleeved on the second valve core (133) and is
positionally limited in the cavity;

ahead of the upper end of the second valve core
(133) has a third conical seal surface (13305)
and a fourth conical seal surface (13306) con-
nected to each other; and

a first sealing seat surface (13206) that is able
to form a conical seal with the third conical seal
surface (13305) is formed at a wall of the second
axial through hole (13209), and a gap is able to
be formed between the first sealing seat surface
(13206) and the fourth conical seal surface
(13306).

The system according to any one of claims 1 to 14,
wherein the pressure limiting valve component (18)
comprises a third valve body (181), a third valve core
(182), a third pressure regulating spring (185), and
a fuel pipe joint (186), wherein

the third valve body (181) is provided therein
with a first-stage hole (18101), a second-stage
hole (18102), a third-stage hole (18104), and a
fourth-stage hole (18105) communicating in se-
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quence from bottom to top;

the third valve core (182) has a head, which is
slidably inserted from the fourth-stage hole
(18105), through the third-stage hole (18104)
and then partially located inside the second-
stage hole (18102), and a conical seal is able to
be formed between the third valve core (182)
and the second-stage hole (18102);

a first gap allowing a fuel to pass therethrough
is formed between the third valve core (182) and
the third-stage hole (18104), and a second gap
allowing the fuel to pass therethrough is formed
between the third valve core (182) and the
fourth-stage hole (18105); and

the fuel pipe joint (186) is fixed at an upper end
of the third valve body (181), the fuel pipe joint
(186) is provided therein with a first counterbore
(18601), a second counterbore (18602), and a
fuel outlet hole (18603) communicating in se-
quence from bottom to top, and the third pres-
sure regulating spring (185) is positionally limit-
ed between the third valve core (182) and the
second counterbore (18602).
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