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(54) DUAL SWITCH ELECTROMAGNETIC VALVE-BASED LEVEL 3 OR LEVEL 4 VARIABLE 
DISPLACEMENT OIL PUMP

(57) A three-stage or four-stage variable displace-
ment engine oil pump based on two switch solenoid
valves uses a structure of two variable feedback cavities.
One variable feedback cavity is directly connected to a
pump outlet, and the other variable feedback cavity is
controlled by a pressure control valve. The control valve
includes two independent control cavities that are both
in communication with a main oil gallery and are each
controlled by a switch solenoid valve. The two switch
solenoid valves are in four different combined states: off
and off, on and off, off and on, and on and on, so that the
pressure control valve has four different pressure control

modes, and an engine oil pump correspondingly forms
four different pressure control modes, which can meet
pressure requirements of various different working con-
ditions of an engine, to realize a pressure control target
that is very close to actual requirements of the engine;
power saving of the pump is very close to that of a con-
tinuously variable displacement engine oil pump control-
led by an electro-hydraulic proportional valve, and the
control modes in the present invention are logically sim-
ple and reliable, fast in response, and stable in pressure
control, and have a small pressure fluctuation.
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Description

BACKGROUND

Technical Field

[0001] The present invention relates to the technical
field of internal combustion engine lubrication systems,
and in particular, to a lubrication oil pump with multi-stage
variable displacement.

Related Art

[0002] With the development of an automobile energy
saving and emission reduction technology, variable dis-
placement oil pumps are widely applied in internal com-
bustion engine lubrication systems. A variable displace-
ment oil pump experiences a primary variable feedback
by a pump outlet, a primary variable feedback by a main
oil gallery, a secondary variable that a switch solenoid
valve controls two cavities to feedback, and multi-stage
variable displacement controlled by an electro-hydraulic
proportional valve. A variable region of the primary var-
iable has a relatively small overlap region with an actual
typical operating condition of an engine, and thus saving
is limited. A two-stage variable displacement engine oil
pump controlled by the switch solenoid valve respectively
performs low-pressure and high-pressure control ac-
cording to different working conditions of the engine, so
that an energy-saving effect is obviously improved. How-
ever, because the working conditions of the engine are
relatively complex, compared with the actual require-
ments of the engine, the two-stage variable displacement
engine oil pump still has relatively large functional rich-
ness, and energy-saving potential still needs to be exca-
vated.
[0003] A continuously variable displacement engine oil
pump based on electro-hydraulic proportion technology
has gradually become the first choice for the develop-
ment of new-generation engines. An electro-hydraulic
proportional valve is controlled according to different duty
ratios, so that the engine oil pump obtains different per-
formance outputs to meet pressure requirements of the
engine under different working conditions. A response
characteristic of the electro-hydraulic proportional valve
is: there is a contradiction between pressure control pre-
cision and stability and reliability of pressures, and
matching of electro-hydraulic proportional valve and me-
chanical parts of the oil pump and matching of an engine
control unit (ECU) and an oil pump assembly both in-
crease design and manufacture difficulty of the engine
oil pump and the complexity of calibration.

SUMMARY

Technical Objectives

[0004] An objective of the present invention is to over-

come the foregoing defect in the prior art to provide a
novel three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves.

Technical Solution

[0005] Technical solutions of the present invention are:
a three-stage or four-stage variable displacement engine
oil pump based on two switch solenoid valves, including:
a pump body, a variable slider, a variable spring, and a
variable feedback cavity, where the variable feedback
cavity is divided by an intermediate seal component into
a first variable feedback cavity and a second variable
feedback cavity, the first variable feedback cavity and
the second variable feedback cavity are separately con-
nected to a pump outlet through an oil line, the first var-
iable feedback cavity is directly interlinked with the pump
outlet, and an oil line between the second variable feed-
back cavity and the pump outlet is provided thereon with
a pressure control valve for controlling on and off of the
oil line; the pressure control valve includes a valve body
having an inner cavity and a valve core mounted in the
inner cavity of the valve body, two control cavities not in
communication with each other are formed between one
end of the valve core and an inner cavity wall of the valve
body, the other end of the valve core is provided with a
spring, a transfer chamber is formed between a middle
portion of the valve core and the inner cavity wall of the
valve body, the two control cavities are separately in com-
munication with a main oil gallery through an oil line, and
one switch solenoid valve is mounted on each of the oil
lines between the two control cavities and the main oil
gallery, and a position of the valve core in the inner cavity
of the valve body is determined by an elastic force of the
spring and hydraulic pressures in the two control cavities.
[0006] A solenoid valve A (15) and a solenoid valve B
(16) are separately electrically connected to an engine
control system; the solenoid valve A (15) and the solenoid
valve B (16) separately obtain a voltage or current or
PWM signal from the engine control system, to separate-
ly control the solenoid valve A (15) and the solenoid valve
B (16) to be turned on and turned off. The voltage or
current or PWM signal separately obtained by the sole-
noid valve A (15) and the solenoid valve B (16) from the
engine control system is a target control pressure of the
variable displacement engine oil pump that is determined
by the engine control system ECU according to an engine
rotation speed, an engine oil temperature, an engine oil
pressure, and a load sensor signal, and combined control
modes of the solenoid valve A (15) and the solenoid valve
B (16) are selected according to the target pressure of
the variable displacement engine oil pump, to output the
combined control modes in a form of the voltage or cur-
rent or PWM signal to control on and off of the solenoid
valve A (15) and the solenoid valve B (16). Four different
states are provided: when A and B solenoid valve signals
are 0, A is off, and B is off. When the A solenoid valve
signal is a set value, and the B solenoid valve signal is
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0, A is on, and B is off. When the A solenoid valve signal
is 0, and the B solenoid valve signal is a set value, A is
off, and B is on. When the A and B solenoid valve signals
are set values, A is on, and B is on, so that the pressure
control valve forms four different pressure control modes.
The set values of the solenoid valve signals are deter-
mined according to control requirements of the solenoid
valves, the solenoid valve may be turned on when the
signal is 0 and turned off when the signal reaches the set
value, and different control modes do not affect the claims
of the patent of the present invention.
[0007] In an embodiment, a port P in communication
with the pump outlet, a port A in communication with the
second variable feedback cavity, and a port T in commu-
nication with an oil pan are provided on the valve body
of the pressure control valve; when the hydraulic pres-
sures in the two control cavities are greater than the elas-
tic force of the spring, the hydraulic pressures push the
valve core to move toward an end of the spring; in this
case, the port A is not in communication with the port T,
and the port A is in communication with the port P via the
transfer chamber, to allow pressure oil at the pump outlet
to enter the second variable feedback cavity; pressure
oil in the two variable feedback cavities together push
the variable slider to rotate toward a direction of reducing
displacement until a set pressure is obtained, and the
valve core returns to an equilibrium state position; and
when the hydraulic pressures in the two control cavities
are less than the elastic force of the spring, the spring
pushes the valve core to move toward an end of the con-
trol cavities; in this case, the port A is not in communica-
tion with the port P, and the port A is in communication
with the port T via the transfer chamber, so that pressure
oil in the second variable feedback cavity is discharged
outward, the variable slider is pushed by the elastic force
of the variable spring to rotate toward a direction of in-
creasing displacement until a set pressure is obtained,
and the valve core returns to the equilibrium state posi-
tion.
[0008] In an embodiment, the two control cavities in
the pressure control valve are respectively a first control
cavity and a second control cavity, the first control cavity
is controlled by the solenoid valve A, and the second
control cavity is controlled by the solenoid valve B; four
different states: A off and B off, A on and B off, A off and
B on, and A on and B on are provided through combina-
tion by separately turning on and turning off the solenoid
valve A and the solenoid valve B, so that the pressure
control valve has four different pressure control modes.
[0009] In an embodiment, the first control cavity is a
chamber formed between an end face of one end of the
valve core and the inner cavity wall of the valve body,
and the second control cavity is an annular chamber
formed between a peripheral surface of one end of the
valve core and the inner cavity wall of the valve body.
[0010] In an embodiment, the valve body and the pump
body are integrally formed.

Beneficial effects

[0011] Beneficial effects of the present invention are:
the variable displacement engine oil pump uses a struc-
ture of two feedback cavities. One feedback cavity is di-
rectly connected to a pump outlet, and the other feedback
cavity is controlled by a pressure control valve. The con-
trol valve includes two control cavities that are each con-
trolled by a switch solenoid valve. The two switch sole-
noid valves are in four different combined states: off and
off, on and off, off and on, and on and on, so that the
pressure control valve has four different pressure control
modes, and an engine oil pump correspondingly forms
four different pressure control modes, which can meet
pressure requirements of various different working con-
ditions of an engine, to realize a pressure control target
that is very close to actual requirements of the engine;
power saving of the pump is very close to that of a con-
tinuously variable displacement engine oil pump control-
led by an electro-hydraulic proportional valve, and the
control modes in the present invention are logically sim-
ple and reliable, fast in response, and stable in pressure
control, and have a small pressure fluctuation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic diagram of a control struc-
ture of a variable displacement engine oil pump accord-
ing to an embodiment of the present invention.
[0013] Reference numerals are: 1--rotating positioning
pin, 2--pump body, 3--variable slider, 4--first variable
feedback cavity, 5--intermediate seal component, 6--
second variable feedback cavity, 7--seal component, 8--
variable spring, 9--pressure control valve, 10--spring,
11--valve core, 12--first control cavity, 13--second control
cavity, 14--transfer chamber, 15--solenoid valve A, 16--
solenoid valve B, 17--port P, 18--port A, 19--port T.

DETAILED DESCRIPTION

[0014] For ease of understanding of a person skilled
in the art, the present invention is further described below
with reference to the embodiments and the accompany-
ing drawings, and content mentioned in the implementa-
tions is not a limitation to the present invention.
[0015] In description of the present invention, it should
be understand that orientation or position relationship in-
dicated by terms "center", "longitudinal", "transverse",
"length", "width", "thickness", "up", "down", "front", "rear",
"left", "right", "vertical", "horizontal", "top", "bottom", "in-
side", "outside", "clockwise", "counterclockwise" or the
like are orientation or position relationships shown based
on the accompanying drawings, are only for the purpose
of describing the present invention and simplifying the
description, do not indicate or imply that indicated appa-
ratuses or elements necessarily have particular orienta-
tions or are necessarily constructed and operated at par-
ticular orientations, and therefore should not be con-
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strued as a limitation to the present invention.
[0016] In addition, terms "first" and "second" are only
for the purpose of description and cannot be construed
as indicating or implying relative importance or implicitly
indicating a quantity of the indicated technical features.
In description of the present invention, "multiple" means
two or more unless explicitly specifically defined other-
wise. In descriptions of the present invention, it should
be noted that unless otherwise stipulated and defined,
terms "mount", "link", and "connect" should be under-
stood in the broad sense. For example, "mount", "link",
and "connect" may be a mechanical connection or an
electric connection, communication between interiors of
two elements, a direct connection, or an indirect connec-
tion through an intermediary. Specific meanings of the
terms may be understood according to specific situa-
tions.
[0017] As shown in FIG. 1, a preferred embodiment of
the present invention is: a three-stage or four-stage var-
iable displacement engine oil pump based on two switch
solenoid valves, including: a rotating positioning pin 1, a
pump body 2, a variable slider 3, a seal component 7,
and a variable spring 8. A sealed capacity composed by
the pump body 2, the variable slider 3, the seal compo-
nent 7, and a pump cover together forms a variable feed-
back cavity, and the variable feedback cavity is divided
by an intermediate seal component 5 into a first variable
feedback cavity 4 and a second variable feedback cavity
6, the first variable feedback cavity 4 and the second
variable feedback cavity 6 are separately connected to
a pump outlet through an oil line, the first variable feed-
back cavity 4 is directly interlinked with the pump outlet,
and an oil line between the second variable feedback
cavity 6 and the pump outlet is provided thereon with a
pressure control valve 9 for controlling on and off of the
oil line. The pressure control valve 9 includes a valve
body having an inner cavity and a valve core 11 mounted
in the inner cavity of the valve body, two control cavities
12, 13 not in communication with each other are formed
between one end of the valve core 11 and an inner cavity
wall of the valve body, the other end of the valve core 11
is provided with a spring 10, a transfer chamber 14 is
formed between a middle portion of the valve core 11
and the inner cavity wall of the valve body, the two control
cavities 12, 13 are separately in communication with a
main oil gallery through an oil line, and one switch sole-
noid valve 15, 16 is mounted on each of the oil lines
between the two control cavities 12, 13 and the main oil
gallery, and a position of the valve core 11 in the inner
cavity of the valve body is determined by an elastic force
of the spring 10 and hydraulic pressures in the two control
cavities; the valve body and the pump body 2 are inte-
grally formed.
[0018] As shown in FIG. 1, a port P 17 in communica-
tion with the pump outlet, a port A 18 in communication
with the second variable feedback cavity 6, and a port T
19 in communication with an oil pan are provided on the
valve body of the pressure control valve. When a hydrau-

lic pressure at the left end of the valve core 11 is greater
than a set pressure of the spring 10, the port P 17 and
the port A 18 of the pressure control valve 9 are in com-
munication via the transfer chamber 14, oil is supple-
mented to the second variable feedback cavity 6, pres-
sure oil in the feedback cavities pushes the variable slider
3 to rotate around the rotating positioning pin 1 toward a
direction of reducing displacement until a set pressure is
obtained, and the valve core 11 returns to an equilibrium
state position. When the hydraulic pressure at the left
end of the valve core 11 is less than the set pressure of
the spring 10, the port A 18 and the port T 19 of the
pressure control valve 9 are in communication via the
transfer chamber 14, so that pressure oil in the second
variable feedback cavity 6 is discharged outward, and
variable slider 3 rotates around the rotating positioning
pin 1 toward a direction of increasing displacement under
the action of the elastic force of the variable spring 8 until
a set pressure is obtained, and the valve core 11 returns
to the equilibrium state position.
[0019] As shown in FIG. 1, the two control cavities in
the pressure control valve 9 are respectively a first control
cavity 12 and a second control cavity 13, the first control
cavity 12 is a chamber formed between an end face of
one end of the valve core and the inner cavity wall of the
valve body, and the second control cavity 13 is an annular
chamber formed between a peripheral surface of one
end of the valve core and the inner cavity wall of the valve
body; the first control cavity 12 is controlled by a solenoid
valve A 15, and the second control cavity 13 is controlled
by a solenoid valve B 16; four different states: A off and
B off, A on and B off, A off and B on, and A on and B on
are provided through combination by separately turning
on and turning off the solenoid valve A 15 and the sole-
noid valve B 16, so that the pressure control valve 9 has
four different pressure control modes.
[0020] The solenoid valve A (15) and the solenoid
valve B (16) are separately electrically connected to an
engine control system; the solenoid valve A (15) and the
solenoid valve B (16) separately obtain a voltage or cur-
rent or PWM signal from the engine control system, to
separately control the solenoid valve A (15) and the so-
lenoid valve B (16) to be turned on and turned off. The
voltage or current or PWM signal separately obtained by
the solenoid valve A (15) and the solenoid valve B (16)
from the engine control system is a target control pres-
sure of the variable displacement engine oil pump that
is determined by the engine control system ECU accord-
ing to an engine rotation speed, an engine oil tempera-
ture, an engine oil pressure, and a load sensor signal,
and combined control modes of the solenoid valve A (15)
and the solenoid valve B (16) are selected according to
a target pressure of the variable displacement engine oil
pump, to output the combined control modes in a form
of the voltage or current or PWM signal to control on and
off of the solenoid valve A (15) and the solenoid valve B
(16). Four different states are provided: when A and B
solenoid valve signals are 0, A is off, and B is off. When
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the A solenoid valve signal is a set value, and the B so-
lenoid valve signal is 0, A is on, and B is off. When the
A solenoid valve signal is 0, and the B solenoid valve
signal is a set value, A is off, and B is on. When the A
and B solenoid valve signals are set values, A is on, and
B is on, so that the pressure control valve forms four
different pressure control modes. The set values of the
solenoid valve signals are determined according to con-
trol requirements of the solenoid valves, the solenoid
valve may be turned on when the signal is 0 and turned
off when the signal reaches the set value, and different
control modes do not affect the claims of the patent of
the present invention.
[0021] Working processes of the four states of the two
switch solenoid valves are described in detail below.
[0022] When the two switch solenoid valves are in a
state of A off and B off, the first control cavity 12 and the
second control cavity 13 are both in a pressure-free state;
the engine oil pump performs variable feedback under
the action of a pressure in the first variable feedback cav-
ity 4 and is in a high pressure control mode. Lubrication
security of the engine is mainly considered in the high
pressure control mode, a ratio of contribution to oil saving
is not high, and therefore, the pump outlet may be used
for feedback control.
[0023] When the two switch solenoid valves are in a
state of A on and B off, the second control cavity 13 is in
a pressure-free state, pressures of the first control cavity
12 and the main oil gallery are in communication, and
the engine oil pump performs variable feedback under
the joint action of the first variable feedback cavity 4 and
the second variable feedback cavity 6. When a hydraulic
pressure of the first control cavity 12 is greater than a set
pressure of the spring 10, the port P 17 and the port A
18 of the pressure control valve 9 are in communication,
oil is supplemented to the second variable feedback cav-
ity 6, pressure oil in the feedback cavities pushes the
variable slider 3 to rotate around the rotating positioning
pin 1 toward a direction of reducing displacement until a
set pressure is obtained, and the valve core 11 returns
to an equilibrium state position. When the hydraulic pres-
sure of the first control cavity 12 is less than the set pres-
sure of the spring 10, the port A 18 and the port T 19 of
the pressure control valve 9 are in communication, oil is
discharged from the second variable feedback cavity 6,
the elastic force of the variable spring 8 pushes the var-
iable slider 3 to rotate around the rotating positioning pin
1 toward a direction of increasing displacement until a
set pressure is obtained, and the valve core 11 returns
to the equilibrium state position. In this case, the oil pump
is in sub high pressure control state.
[0024] When the two switch solenoid valves are in a
state of A off and B on, the first control cavity 12 is in a
pressure-free state, pressures of the second control cav-
ity 13 and the main oil gallery are in communication, and
the engine oil pump performs variable feedback under
the joint action of the first variable feedback cavity 4 and
the second variable feedback cavity 6. When a hydraulic

pressure of the second control cavity 13 is greater than
a set pressure of the spring 10, the port P 17 and the port
A 18 of the pressure control valve 9 are in communication,
oil is supplemented to the second variable feedback cav-
ity 6, pressure oil in the feedback cavities pushes the
variable slider 3 to rotate around the rotating positioning
pin 1 toward a direction of reducing displacement until a
set pressure is obtained, and the valve core 11 returns
to an equilibrium state position. When the hydraulic pres-
sure of the second control cavity 13 is less than the set
pressure of the spring 10, the port A 18 and the port T
19 of the pressure control valve 9 are in communication,
oil is discharged from the second variable feedback cav-
ity 6, the elastic force of the variable spring 8 pushes the
variable slider 3 to rotate around the rotating positioning
pin 1 toward a direction of increasing displacement until
a set pressure is obtained, and the valve core 11 returns
to the equilibrium state position. In this case, the oil pump
is in a sub low pressure control state.
[0025] When the two switch solenoid valves are in a
state of A on and B on, pressures of the first control cavity
12 and the second control cavity 13 and the main oil
gallery are in communication, and the engine oil pump
performs variable feedback under the joint action of the
first variable feedback cavity 4 and the second variable
feedback cavity 6. When a common hydraulic pressure
of the first control cavity 12 and the second control cavity
13 is greater than a set pressure of the spring 10, the
port P and the port A of the pressure control valve 9 are
in communication, oil is supplemented to the second var-
iable feedback cavity 6, the pressure oil in the feedback
cavities pushes the variable slider 3 to rotate around the
rotating positioning pin 1 toward a direction of reducing
displacement until a set pressure is obtained, and the
valve core 11 returns to an equilibrium state position.
When the common hydraulic pressure of the first control
cavity 12 and the second control cavity 13 is less than
the set pressure of the spring 10, the port A and the port
T of the pressure control valve 9 are in communication,
oil is discharged from the second variable feedback cav-
ity 6, the elastic force of the variable spring 8 pushes the
variable slider 3 to rotate around the rotating positioning
pin 1 toward a direction of increasing displacement until
a set pressure is obtained, and the valve core 11 returns
to the equilibrium state position. In this case, the oil pump
is in a low pressure control state.
[0026] In the four states, the state of A on and B off
may be designed into a sub low pressure control mode,
and correspondingly, the state of A off and B on may be
designed into a sub high pressure control mode.
[0027] The foregoing embodiments are preferred im-
plementations of the present invention. In addition, the
present invention may also be implemented in other man-
ners, and any obvious replacement made without depart-
ing from the idea of the technical solutions falls within the
protection scope of the present invention.
[0028] To make a person skilled in the art more con-
veniently understand improvements of the present inven-
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tion with respect to the prior art, some accompanying
drawings and descriptions of the present invention have
been simplified, and for the purpose of clearness, some
other elements are omitted in the present application doc-
uments. A person skilled in the art would be aware that
these omitted elements may also constitute content of
the present invention.

Claims

1. A three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid
valves, comprising: a pump body (2), a variable slider
(3), a variable spring (8), and a variable feedback
cavity, wherein the variable feedback cavity is divid-
ed by an intermediate seal component (5) into a first
variable feedback cavity (4) and a second variable
feedback cavity (6), the first variable feedback cavity
(4) and the second variable feedback cavity (6) are
separately connected to a pump outlet through an
oil line, the first variable feedback cavity (4) is directly
interlinked with the pump outlet, and an oil line be-
tween the second variable feedback cavity (6) and
the pump outlet is provided thereon with a pressure
control valve (9) for controlling on and off of the oil
line.

2. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
according to claim 1, wherein the pressure control
valve (9) comprises a valve body having an inner
cavity and a valve core (11) mounted in the inner
cavity of the valve body, two control cavities (12, 13)
not in communication with each other are formed
between one end of the valve core (11) and an inner
cavity wall of the valve body, the other end of the
valve core (11) is provided with a spring (10), a trans-
fer chamber (14) is formed between a middle portion
of the valve core (11) and the inner cavity wall of the
valve body, the two control cavities are separately
in communication with a main oil gallery through an
oil line, one switch solenoid valve is mounted on each
of the oil lines between the two control cavities and
the main oil gallery, and a position of the valve core
(11) in the inner cavity of the valve body is deter-
mined by an elastic force of the spring (10) and hy-
draulic pressures in the two control cavities.

3. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
according to claim 2, wherein a port P (17) in com-
munication with the pump outlet, a port A (18) in com-
munication with the second variable feedback cavity,
and a port T (19) in communication with an oil pan
are provided on the valve body of the pressure con-
trol valve (9).

4. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
according to claim 3, wherein in the pressure control
valve (9), when the hydraulic pressures in the two
control cavities are greater than the elastic force of
the spring (10), the hydraulic pressures push the
valve core (11) to move toward an end of the spring;
in this case, the port A (18) is not in communication
with the port T (19), and the port A (18) is in commu-
nication with the port P (17) via the transfer chamber
(14), to allow pressure oil at the pump outlet to enter
the second variable feedback cavity (6); pressure oil
in the two variable feedback cavities together push
the variable slider (3) to rotate toward a direction of
reducing displacement until a set pressure is ob-
tained, and the valve core (11) returns to an equilib-
rium state position; and when the hydraulic pres-
sures in the two control cavities are less than the
elastic force of the spring (10), the spring (10) pushes
the valve core (11) to move toward an end of the
control cavities; in this case, the port A (18) is not in
communication with the port P (17), and the port A
(18) is in communication with the port T (19) via the
transfer chamber (14), so that pressure oil in the sec-
ond variable feedback cavity (6) is discharged out-
ward, the variable slider (3) is pushed by the elastic
force of the variable spring (8) to rotate toward a
direction of increasing displacement until a set pres-
sure is obtained, and the valve core (11) returns to
the equilibrium state position.

5. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
according to any one of claims 1, 2, and 4, wherein
the two control cavities in the pressure control valve
are respectively a first control cavity (12) and a sec-
ond control cavity (13), the first control cavity (12) is
controlled by a solenoid valve A (15), and the second
control cavity (13) is controlled by a solenoid valve
B (16); four different states: A off and B off, A on and
B off, A off and B on, and A on and B on are provided
through combination by separately turning on and
turning off the solenoid valve A (15) and the solenoid
valve B (16), so that the pressure control valve forms
four different pressure control modes.

6. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
according to claim 5, wherein the first control cavity
(12) is a chamber formed between an end face of
one end of the valve core (11) and the inner cavity
wall of the valve body, and the second control cavity
(13) is an annular chamber formed between a pe-
ripheral surface of one end of the valve core (11) and
the inner cavity wall of the valve body.

7. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
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according to claim 5, wherein the solenoid valve A
(15) and the solenoid valve B (16) are separately
electrically connected to an engine control system.

8. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
according to claim 7, wherein the solenoid valve A
(15) and the solenoid valve B (16) separately obtain
a voltage or current or PWM signal from the engine
control system, to separately control the solenoid
valve A (15) and the solenoid valve B (16) to be
turned on and turned off, to implement the four dif-
ferent states: A off and B off, A on and B off, A off
and B on, and A on and B on, so that the pressure
control valve forms the four different pressure control
modes.

9. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
according to claim 8, wherein when the solenoid
valves are in three different states: A on and B off,
A off and B on, and A on and B on, and the second
variable feedback cavity (6) is in an overflow control
state, a very stable pressure output can be obtained.

10. The three-stage or four-stage variable displacement
engine oil pump based on two switch solenoid valves
according to any one of claims 1, 2, and 3, wherein
the valve body and the pump body (2) are integrally
formed.
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