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(54) TWO-STAGE VARIABLE RELIEF VALVE FOR OIL PUMP

(57) A two-stage variable relief valve for an oil pump
may include as the relief valve for adjusting discharge of
oil to an engine side by the oil pump, a plunger operated
in a valve housing, and a spring for elastically supporting
the plunger, wherein the valve housing is formed with a
bypass inlet passage and a bypass outlet passage, and

the bypass inlet passage and the bypass outlet passage
are opened or closed according to the displacement of
the plunger, and wherein the area of the bypass inlet
passage is smaller than the area of the bypass outlet
passage.
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Description

BACKGROUND OF THE DISCLOSURE

Field of the Disclosure

[0001] The present disclosure relates to a relief valve
for controlling a flow rate of an oil pump for supplying oil
to a vehicle engine side.

Description of Related Art

[0002] In general, since an internal combustion engine
such as a vehicle is driven in high temperature and high
pressure conditions inside a cylinder due to the high-
speed movement of a piston and the explosion stroke of
a mixer, it is important to continuously supply oil to the
sliding surface of a cylinder wall and the piston, a crank-
shaft, a camshaft, etc.
[0003] As described above, an oil pump for pumping
oil is used to feed oil for lubrication and cooling of an
engine, and as illustrated in FIG. 1, the oil pump discharg-
es an oil pressure to an outlet while a rotor R connected
to the engine side is driven.
[0004] Then, a relief valve for preventing the discharge
pressure discharged from the oil pump from rising by a
certain pressure or more is used in the oil pump.
[0005] As illustrated, the relief valve is received to be
elevated in the figure by elastically supporting a plunger
120 by a spring 130 inside a valve housing 110, bypass
passages 111, 112, 113, 114 are formed in the valve
housing 110, and the plunger is formed with a bypass
hole.
[0006] Therefore, the relief valve adjusts the discharge
degree of the oil by repeatedly opening and closing the
bypass passages 111, 112, 113, 114 according to the
degree of the plunger 120 pressing the spring 130 by the
discharge pressure of the oil.
[0007] That is, as illustrated, the bypass passage of a
two-stage variable relief valve is formed of the primary
bypass inlet passage 111, the primary bypass outlet pas-
sage 112, the secondary bypass inlet passage 113, and
the secondary bypass outlet passage 114 to be operated
to bypass to a suction side through the primary bypass
outlet passage 112 through the primary bypass inlet pas-
sage 111 at the time of the primary bypass according to
the displacement of the plunger 120, and to bypass to
the suction side through the secondary bypass outlet
passage 114 through the secondary bypass inlet pas-
sage 113 at the time of the secondary bypass.
[0008] However, in case of the oil pump to which such
a two-stage variable relief valve has been applied, an oil
pressure hysteresis phenomenon easily occurs in the
RPM speed-up or speed-down condition.
[0009] That is, the oil pressure hysteresis means a
phenomenon that a timing difference occurs in the sec-
tion between the closing and the opening of the valve
due to the inherent phenomena of the spring and the

valve.
[0010] The contents described in Description of Relat-
ed Art are to help the understanding of the background
of the present disclosure, and can include what is not
previously known to those skilled in the art to which the
present disclosure pertains.

[Related Art Document]

[Patent Document]

[0011] (Patent Document 1) Korean Patent Laid-Open
Publication No. 10-2005-0048151

SUMMARY OF THE DISCLOSURE

[0012] The present disclosure is intended to solve the
above problem, and an object of the present disclosure
is to provide a two-stage variable relief valve for an oil
pump, which can reduce an oil pump hysteresis phenom-
enon, thereby improving oil lubrication performance.
[0013] A two-stage variable relief valve for an oil pump
according to one aspect of the present disclosure in-
cludes, as the relief valve for adjusting discharge of oil
to an engine side by the oil pump, a plunger operated in
a valve housing, and a spring for elastically supporting
the plunger, and the valve housing is formed with a by-
pass inlet passage and a bypass outlet passage, and the
bypass inlet passage and the bypass outlet passage are
opened or closed according to the displacement of the
plunger, and the area of the bypass inlet passage is
smaller than the area of the bypass outlet passage.
[0014] Then, the overall area of the bypass inlet pas-
sage is smaller than 1/2 or less of the overall area of the
bypass outlet passage.
[0015] In addition, each of the bypass inlet passage
and the bypass outlet passage is disposed so that a plu-
rality of passage holes are spaced apart from each other
in parallel, and the area of each passage hole of the by-
pass inlet passage is smaller than the area of each pas-
sage hole of the bypass outlet passage.
[0016] Alternatively, each of the bypass inlet passage
and the bypass outlet passage is disposed so that a plu-
rality of passage holes are spaced apart from each other
in parallel, and the number of passage holes of the by-
pass inlet passage is smaller than the number of passage
holes of the bypass outlet passage.
[0017] Furthermore, the bypass inlet passage includes
a primary bypass inlet passage and a secondary bypass
inlet passage, the bypass outlet passage includes a pri-
mary bypass outlet passage and a secondary bypass
outlet passage, the primary bypass inlet passage and
the primary bypass outlet passage are opened and
closed at the same time, and the secondary bypass inlet
passage and the secondary bypass outlet passage are
opened and closed at the same time.
[0018] Herein, the primary bypass inlet passage and
the primary bypass outlet passage are opened when the
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displacement of the plunger is relatively small compared
to the secondary bypass inlet passage and the secondary
bypass outlet passage, and the area of the primary by-
pass inlet passage is smaller than the area of the primary
bypass outlet passage.
[0019] Then, each of the primary bypass inlet passage
and the primary bypass outlet passage is disposed so
that a plurality of passage holes are spaced apart from
each other in parallel, and the area of each passage hole
of the primary bypass inlet passage is smaller than the
area of each passage hole of the primary bypass outlet
passage.
[0020] Alternatively, each of the primary bypass inlet
passage and the primary bypass outlet passage is dis-
posed so that a plurality of passage holes are spaced
apart from each other in parallel, and the number of pas-
sage holes of the primary bypass inlet passage is smaller
than the number of passage holes of the primary bypass
outlet passage.
[0021] The opening/closing timings of the bypass in
the oil pump are closely related to the fuel efficiency and
function of the engine.
[0022] In the main fuel efficiency section, the bypass
is opened to suppress the occurrence of a high oil pres-
sure to maintain a constant and low pressure level, and
in the high speed section requiring the high oil pressure,
the bypass is temporarily closed to transmit the oil of a
high pressure to various hydraulic mechanisms side.
[0023] Therefore, the valve timing for opening and
closing the bypass is an important design factor that is
determined by considering both the performance/func-
tion of the engine.
[0024] However, when the oil pressure hysteresis be-
comes excessive, the valve does not operate as intend-
ed, thereby becoming disadvantageous all in terms of
the performance/function of the engine.
[0025] The present disclosure can reduce the area of
the primary bypass inlet passage of the two-stage vari-
able relief valve by 50% or more or reduce the places
thereof compared to the primary bypass outlet passage,
thereby minimizing or completely avoiding the hysteresis
phenomenon.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a diagram illustrating a general relief valve
for an oil pump.

FIG. 2 is a diagram illustrating a performance map
between the pressure and the flow rate of the oil
pump.

FIG. 3 is a diagram illustrating an oil pressure hys-
teresis phenomenon.

FIGS. 4A to 5B are diagrams illustrating the area

reduction results of a bypass passage.

FIG. 6 is a diagram illustrating the hysteresis result
according to a reduction ratio of a primary bypass
inlet passage.

FIG. 7 is a diagram illustrating a performance map
between the pressure and the flow rate of the oil
pump according to the reduction ratio of the primary
bypass inlet passage.

FIG. 8 is a diagram illustrating an embodiment of a
relief valve for an oil pump according to the present
disclosure.

FIG. 9 is a diagram illustrating the hysteresis result
according to FIG. 8.

FIG. 10 is a diagram illustrating the hysteresis result
according to another embodiment of the present dis-
closure.

FIG. 11 is a diagram comparatively illustrating the
performance map between the pressure and the flow
rate of the oil pump according to an embodiment of
the present disclosure.

DESCRIPTION OF SPECIFIC EMBODIMENTS

[0027] In order to fully understand the present disclo-
sure, operational advantages of the present disclosure,
and objects achieved by the embodiment of the present
disclosure, reference should be made to the accompa-
nying drawings exemplifying the preferred embodiments
of the present disclosure and the contents illustrated in
the accompanying drawings.
[0028] In describing the preferred embodiments of the
present disclosure, a description of known technology or
repeated descriptions that can unnecessarily obscure
the subject matter of the present disclosure will be re-
duced or omitted.
[0029] FIG. 1 is a diagram illustrating a general relief
valve for an oil pump, FIG. 2 is a diagram illustrating a
performance map between the pressure and the flow rate
of the oil pump, and FIG. 3 is a diagram illustrating an oil
pressure hysteresis phenomenon.
[0030] The present disclosure is for solving the oil pres-
sure hysteresis of an oil pump by a two-stage variable
relief valve.
[0031] As illustrated in FIG. 2, in the oil pump illustrated
in FIG. 1, when the pressure applied to the oil pump and
the front end of a valve rises, the displacement of the
plunger 120 increases, such that the primary bypass inlet
passage 111 and the primary bypass outlet passage 112
are opened.
[0032] Then, as the pressure rises, the oil pump oper-
ates by opening the secondary bypass passages 113,
114 after the primary bypass passages 111, 112 are
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closed.
[0033] As illustrated, the slope of the bypass section
(a ratio of a change in a flow rate according to a change
in pressure) is related to the area of each corresponding
passage of the oil pump.
[0034] That is, the wider the area of the bypass pas-
sage, the larger the amount of the oil flows, such that the
slope becomes sharp.
[0035] Herein, the number and the area of the primary
bypass inlet passage 111 and the primary bypass outlet
passage 112 are designed to be the same.
[0036] In case of such a conventional oil pump, the oil
pressure hysteresis phenomenon easily occurs in the
RPM speed-up/speed-down conditions.
[0037] That is, as illustrated in FIG. 3, the pressure
rises as the primary bypass passages 111, 112 starts
closing at about 4,500 rpm in the speed-up condition, but
a pressure rising section occurs at about 3,200 rpm in
the speed-down condition.
[0038] The oil pressure hysteresis phenomenon of
about 1,300 rpm occurs as a difference of the bypass
closing timing occurs according to the speed-up/speed-
down conditions.
[0039] The present disclosure solves the oil pressure
hysteresis by optimizing the area of the oil pump bypass
passage considering the relevance between the area of
the oil pump bypass passage and the oil pressure hys-
teresis phenomenon.
[0040] FIGS. 4A to 5B are diagrams illustrating the re-
sults of reducing the area of the bypass passage com-
pared to the conventional one.
[0041] FIG. 4A is a diagram illustrating the result of
reducing the area of the primary bypass inlet passage
111 by 60%, FIG. 4B is a diagram illustrating the result
of reducing the area of the primary bypass outlet passage
112 by 60%, FIG. 5A is a diagram illustrating the result
of reducing the area of the secondary bypass outlet pas-
sage 114 by 60%, and FIG. 5B is a diagram illustrating
the result of reducing the area of the secondary bypass
inlet passage 113 by 60%.
[0042] As can be seen in the figure, it was found that
the result of reducing the area of the primary bypass inlet
passage 111 is the most effective in reducing the hyster-
esis.
[0043] The result of reducing the area of the primary
bypass outlet passage 112 is also somewhat effective in
reducing the hysteresis, but the bypass performance is
reduced at 2,000 to 3,000 rpm that is the primary bypass
section compared to the conventional one to highly form
the oil pressure compared to the conventional one, there-
by becoming disadvantageous in terms of fuel efficiency.
[0044] Then, it was found that there was no hysteresis
phenomenon reduction effect by the change in the sec-
ondary bypass passages 113, 114.
[0045] Therefore, the present disclosure reduces the
area of the primary bypass inlet passage of the two-stage
variable relief valve, thereby reducing the hysteresis phe-
nomenon.

[0046] Next, the hysteresis reduction effect according
to a reduction ratio will be described.
[0047] FIG. 6 is a diagram illustrating the hysteresis
result according to a reduction ratio of a primary bypass
inlet passage, and FIG. 7 is a diagram illustrating a per-
formance map between the pressure and the flow rate
of the oil pump according to the reduction ratio of the
primary bypass inlet passage.
[0048] As illustrated in FIG. 6, it was found that when
the area of the primary bypass inlet passage 111 was
reduced by 50% or more, the oil pressure hysteresis was
recovered to a normal level that is within 500 rpm.
[0049] FIG. 7 is a graph illustrating the flow rate meas-
ured by increasing the pressure applied to the rear end
of the oil pump at the same rpm, and it can be seen that
when the primary bypass inlet passage 111 is reduced
compared to the primary bypass outlet passage 112, a
change in the bypass flow rate according to the same
pressure change becomes small. That is, it can be seen
that the slope becomes gentle in the bypass opening
section and closing section.
[0050] As a result, the flow-in and the flow-out of the
bypassed flow rate are not rapidly made but are gently
made by reducing the area of the primary bypass inlet
passage, thereby reducing the hysteresis phenomenon,
and as illustrated in FIG. 8, based on this, the present
disclosure reduces the area of a primary bypass inlet
passage 11 of the two-stage variable relief valve having
a pair of the bypass inlet passages and a pair of the by-
pass outlet passages compared to the area of a primary
bypass outlet passage 12, thereby reducing the oil pres-
sure hysteresis.
[0051] FIG. 9 is a diagram illustrating the hypothesis
result according to the two-stage variable relief valve for
the oil pump according to the present disclosure of FIG. 8.
[0052] As illustrated, the time point at which the primary
bypass passage is closed becomes early from 3,200 rpm
to 2,300 rpm, thereby reducing the hysteresis.
[0053] In the relief valve for the oil pump according to
the present disclosure, the bypass passage can be con-
figured in the form of dividing a plurality of passage holes.
That is, the primary bypass inlet passage, the primary
bypass outlet passage, the secondary bypass inlet pas-
sage, and the secondary bypass outlet passage can be
arranged, respectively, so that a plurality of the passage
holes are spaced apart from each other in parallel.
[0054] Therefore, as illustrated in FIG. 8, the present
disclosure can reduce the area of each of the plurality of
passage holes of the primary bypass inlet passage to 1/2
or less of the primary bypass outlet passage.
[0055] Furthermore, for example, it is possible to re-
duce the area of the primary bypass inlet passage by
reducing the primary bypass inlet passage composed of
two passage holes to one passage hole, that is, by re-
ducing the places thereof by 1/2 or less.
[0056] FIG. 10 is a diagram illustrating the hypothesis
result in case of reducing the primary bypass inlet pas-
sage from two places to one place. Through this, it can
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be seen that the oil pressure hysteresis can also be re-
duced to the level of about 600 rpm, and as illustrated in
FIG. 11, it can be seen that the slope becomes gentle in
the bypass section.
[0057] As described above, while the present disclo-
sure has been described with reference to the exemplary
drawings, it is not limited to the described embodiments,
and it is to be understood by those skilled in the art that
various modifications and deformations can be made
without departing from the spirit and the scope of the
present disclosure. Therefore, the modified examples or
the deformed examples should be included in the claims
of the present disclosure, and the scope of the present
disclosure should be construed based on the appended
claims.

Claims

1. A two-stage variable relief valve for an oil pump, com-
prising:

as the relief valve for adjusting discharge of oil
to an engine side by the oil pump,
a plunger operated in a valve housing, and a
spring for elastically supporting the plunger,
wherein the valve housing is formed with a by-
pass inlet passage and a bypass outlet passage,
and the bypass inlet passage and/or the bypass
outlet passage are opened or closed according
to the displacement of the plunger, and
wherein the area of the bypass inlet passage is
smaller than the area of the bypass outlet pas-
sage.

2. The two-stage variable relief valve for the oil pump
of claim 1, wherein the overall area of the bypass
inlet passage is smaller than 1/2 or less of the overall
area of the bypass outlet passage.

3. The two-stage variable relief valve for the oil pump
of claim 1 or 2,
wherein each of the bypass inlet passage and the
bypass outlet passage is disposed so that a plurality
of passage holes are spaced apart from each other
in parallel, and
wherein the area of each passage hole of the bypass
inlet passage is smaller than the area of each pas-
sage hole of the bypass outlet passage.

4. The two-stage variable relief valve for the oil pump
of claim 1 or 2,
wherein each of the bypass inlet passage and the
bypass outlet passage is disposed so that a plurality
of passage holes are spaced apart from each other
in parallel, and
wherein the number of passage holes of the bypass
inlet passage is smaller than the number of passage

holes of the bypass outlet passage.

5. The two-stage variable relief valve for the oil pump
of any one of claims 1 to 4,
wherein the bypass inlet passage comprises a pri-
mary bypass inlet passage and a secondary bypass
inlet passage,
wherein the bypass outlet passage comprises a pri-
mary bypass outlet passage and a secondary by-
pass outlet passage, and
wherein the primary bypass inlet passage and the
primary bypass outlet passage are opened and
closed at the same time, and the secondary bypass
inlet passage and the secondary bypass outlet pas-
sage are opened and closed at the same time.

6. The two-stage variable relief valve for the oil pump
of claim 5,
wherein the primary bypass inlet passage and the
primary bypass outlet passage are opened when the
displacement of the plunger is relatively small com-
pared to the secondary bypass inlet passage and
the secondary bypass outlet passage, and
wherein the area of the primary bypass inlet passage
is smaller than the area of the primary bypass outlet
passage.

7. The two-stage variable relief valve for the oil pump
of claim 5 or 6,
wherein each of the primary bypass inlet passage
and the primary bypass outlet passage is disposed
so that a plurality of passage holes are spaced apart
from each other in parallel, and
wherein the area of each passage hole of the primary
bypass inlet passage is smaller than the area of each
passage hole of the primary bypass outlet passage.

8. The two-stage variable relief valve for the oil pump
of claim 5 or 6,
wherein each of the primary bypass inlet passage
and the primary bypass outlet passage is disposed
so that a plurality of passage holes are spaced apart
from each other in parallel, and
wherein the number of passage holes of the primary
bypass inlet passage is smaller than the number of
passage holes of the primary bypass outlet passage.
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