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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] Ingeneral, 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, arelief 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] Thatis, as illustrated, the bypass passage of a
two-stage variable relief valve is formed of the primary
bypassinlet 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
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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 Documents]

[0011] From KR 20050048151 A, US 5921274 Aand
US 2008/041472 A1 relief valves according to the pre-
amble of claim 1 are known. Further, from EP 2 600 004
A2, a variable oil pump is known.

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] The presentinvention provides a two-stage var-
iable relief valve for an oil pump according to claim 1.
Further embodiments of the relief valve are described in
the dependent claims.

[0014] The opening/closing timings of the bypass in
the oil pump are closely related to the fuel efficiency and
function of the engine.

[0015] 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.
[0016] 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.

[0017] 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.

[0018] 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
[0019]

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
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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

[0020] 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.

[0021] 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.

[0022] 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.

[0023] The presentdisclosure is for solving the oil pres-
sure hysteresis of an oil pump by a two-stage variable
relief valve.

[0024] Asillustratedin FIG. 2, inthe oil pumpillustrated
in FIG. 1, when the pressure applied to the oil pump and
the front end of a valve rises, the displacement of the
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plunger 120 increases, such that the primary bypass inlet
passage 111 and the primary bypass outlet passage 112
are opened.

[0025] 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
closed.

[0026] 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.

[0027] 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.

[0028] 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.

[0029] In case of such a conventional oil pump, the oil
pressure hysteresis phenomenon easily occurs in the
RPM speed-up/speed-down conditions.

[0030] 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.

[0031] 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.

[0032] 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.

[0033] FIGS. 4Ato 5B are diagrams illustrating the re-
sults of reducing the area of the bypass passage com-
pared to the conventional one.

[0034] 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%.

[0035] 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.

[0036] 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.
[0037] Then, itwas found that there was no hysteresis
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phenomenon reduction effect by the change in the sec-
ondary bypass passages 113, 114.

[0038] 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.

[0039] Next, the hysteresis reduction effect according
to a reduction ratio will be described.

[0040] 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.

[0041] 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.
[0042] FIG. 7 is a graphiillustrating 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 s, it can be seen
that the slope becomes gentle in the bypass opening
section and closing section.

[0043] 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.

[0044] FIG. 9 is a diagram illustrating the hypothesis
result according to the two-stage variable relief valve for
the oil pump according to the presentdisclosure of FIG. 8.
[0045] Asillustrated, the time pointat which the primary
bypass passage is closed becomes early from 3,200 rpm
to 2,300 rpm, thereby reducing the hysteresis.

[0046] 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.
[0047] 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.

[0048] Furthermore, for example, it is possible to re-
duce the area of the primary bypass inlet passage by
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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.

[0049] FIG. 10is 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
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.

Claims

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

a valve housing (110) formed with bypass inlet
passages (111, 113) and bypass outlet passag-
es (112, 114), a plunger (120) operated in the
valve housing (110) and a spring (130) for elas-
tically supporting the plunger (120),

wherein the bypass inlet passages (111, 113)
and/or the bypass outlet passages (112, 114)
are opened or closed according to the displace-
mentofthe plunger (120), characterized in that
the bypass inlet passage comprises a primary
bypass inlet passage (11) and a secondary by-
pass inlet passage and the bypass outlet pas-
sage comprises a primary bypass outlet pas-
sage (12) and a secondary bypass outlet pas-
sage,

the primary bypass inlet passage (11) and the
primary bypass outlet passage (12) 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,

the primary bypass inlet passage (11) and the
primary bypass outlet passage (12) are opened
when the displacement of the plunger (120) is
relatively small compared to the secondary by-
pass inlet passage and the secondary bypass
outlet passage, and

the area of the primary bypassinletpassage (11)
is smaller than the area of the primary bypass
outlet passage (12).

2. The two-stage variable relief valve for the oil pump
of claim 1,
wherein the area of the primary bypass inlet passage
(11) is smaller than 1/2 or less of the area of the
primary bypass outlet passage (12).

3. The two-stage variable relief valve for the oil pump
of claim 1 or 2,

wherein each of the bypass inlet passage and
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Das zweistufige variable Entlastungsventil fiir die Ol-
pumpe gemaf Anspruch 1,

wobei die Flache des primaren Bypass-Einlasska-
nals (11) kleiner als 1/2 oder weniger als die Flache
des primaren Bypass-Auslasskanals (12) ist.

the bypass outlet passage is disposed so that a 2.
plurality of passage holes are spaced apart from

each other in parallel, and

wherein the area of each primary passage hole

of the bypass inlet passage (11) is smaller than %

the area of each primary passage hole of the

bypass outlet passage (12). 3. Daszweistufige variable Entlastungsventil fiir die Ol-
pumpe gemaf Anspruch 1 oder 2,

4. The two-stage variable relief valve for the oil pump

of claim 1 or 2, 10 wobei jeder vom Bypass-Einlasskanal und vom

wherein each of the bypass inlet passage (11)
and the bypass outlet passage (12) is disposed
so that a plurality of passage holes are spaced

die Flache des primaren Bypass-Einlasskanals
(11) kleiner ist als die Flache des primaren By-
pass-Auslasskanals (12).

Bypass-Auslasskanal so angeordnet ist, dass
eine Mehrzahl von Kanalléchern parallel zuein-
ander in Abstand ist und

wobeidie Flache jedes primaren Kanallochs des

apart from each other in parallel, and 15 Bypass-Einlasskanals (11) kleinerist als die Fla-
wherein the number of primary passage holes che jedes primaren Kanallochs des Bypass-
of the bypass inlet passage (11) is smaller than Auslasskanals (12).
the number of primary passage holes of the by-
pass outlet passage (12). 4. Das zweistufige variable Entlastungsventil fiir die Ol-
20 pumpe gemaf Anspruch 1 oder 2,
Patentanspriiche wobei jeder vom Bypass-Einlasskanal (11) und
vom Bypass-Auslasskanal (12) so angeordnet
Ein zweistufiges variables Entlastungsventil fir eine ist, dass eine Mehrzahl von Kanall6chern par-
Olpumpe, aufweisend: 25 allel zueinander in Abstand ist, und
wobei die Anzahl der primaren Kanallécher des
ein Ventilgehause (110), das mit Bypass-Ein- Bypass-Einlasskanals (11) kleiner ist als die An-
lasskanalen (111, 113) und Bypass-Auslasska- zahl der primaren Kanallécher des Bypass-Aus-
nalen (112, 114), einem Kolben (120), der in lasskanals (12).
dem Ventilgehause (110) betatigt wird, und ei- 30
ner Feder (130) zum elastischen Abstiitzen des
Kolbens (120) ausgebildet ist, Revendications
wobei die Bypass-Einlasskanale (111, 113)
und/oder die Bypass-Auslasskanale (112, 114) 1. Soupape de décharge variable a deux étages pour
in Abhangigkeit von der Verschiebung des Kol- 35 une pompe a huile, comprenant :
bens (120) gedffnet oder geschlossen werden,
dadurch gekennzeichnet, dass un boitier de soupape (110) formé avec des pas-
der Bypass-Einlasskanal einen primaren By- sages d’entrée de dérivation (111, 113) et des
pass-Einlasskanal (11) und einen sekundaren passages de sortie de dérivation (112, 114), un
Bypass-Einlasskanal aufweist und der Bypass- 40 plongeur (120) actionné dans le boitier de sou-
Auslasskanal einen primaren Bypass-Auslass- pape (110) et un ressort (130) pour soutenir
kanal (12) und einen sekundaren Bypass-Aus- élastiquement le plongeur (120),
lasskanal aufweist, dans laquelle les passages d’entrée de dériva-
der primare Bypass-Einlasskanal (11) und der tion (111, 113) et/ou les passages de sortie de
primare Bypass-Auslasskanal (12) gleichzeitig 45 dérivation (112, 114) sont ouverts ou fermés en
geoffnet und geschlossen werden und der se- fonction du déplacement du plongeur (120),
kundare Bypass-Einlasskanal und der sekunda- caractérisée en ce que
re Bypass-Auslasskanal gleichzeitig gedffnet le passage d’entrée de dérivation comprend un
und geschlossen werden, passage d’entrée de dérivation primaire (11) et
der primare Bypass-Einlasskanal (11) und der 50 un passage d’entrée de dérivation secondaire
primdre Bypass-Auslasskanal (12) gedffnet et le passage de sortie de dérivation comprend
werden, wenn die Verschiebung des Kolbens un passage de sortie de dérivation primaire (12)
(120) im Vergleich zu dem sekundaren Bypass- et un passage de sortie de dérivation secondai-
Einlasskanal und dem sekundaren Bypass- re,
Auslasskanal relativ klein ist, und 55 le passage d’'entrée de dérivation primaire (11)

et le passage de sortie de dérivation primaire
(12) sont ouverts et fermés en méme temps, et
le passage d’entrée de dérivation secondaire et
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le passage de sortie de dérivation secondaire
sont ouverts et fermés en méme temps,

le passage d’entrée de dérivation primaire (11)

et le passage de sortie de dérivation primaire
(12) sont ouverts lorsque le déplacement du 5
plongeur (120) est relativement faible par rap-
port au passage d’entrée de dérivation secon-
daire et au passage de sortie de dérivation se-
condaire, et

la surface du passage d’entrée de dérivation pri- 70
maire (11) estinférieure ala surface du passage

de sortie de dérivation primaire (12).

2. Soupape de décharge variable a deux étages pour
la pompe a huile selon la revendication 1, 15
dans laquelle la surface du passage d’entrée de dé-
rivation primaire (11) est inférieure a une moitié ou
moins de la surface du passage de sortie de dériva-
tion primaire (12).
20
3. Soupape de décharge variable a deux étages pour
la pompe a huile selon la revendication 1 ou 2,

dans laquelle chacun du passage d’entrée de
dérivation et du passage de sortie de dérivation 25
est disposé de sorte qu’une pluralité de trous de
passage sont espacés les uns des autres en
parallele, et

dans laquelle la surface de chaque trou de pas-
sage primaire du passage d’entrée de dérivation 30
(11) est inférieure a la surface de chaque trou

de passage primaire du passage de sortie de
dérivation (12).

4. Soupape de décharge variable a deux étages pour 35
la pompe a huile selon la revendication 1 ou 2,

dans laquelle chacun du passage d’entrée de
dérivation (11) et du passage de sortie de déri-
vation (12) est disposé de sorte qu’une pluralité 40
de trous de passage sont espacés les uns des
autres en paralléle, et

dans laquelle le nombre de trous de passage
primaires du passage d’entrée de dérivation

(11) estinférieur au nombre de trous de passage 45
primaires du passage de sortie de dérivation
(12).

50

55
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