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(54) INTERMEDIATE PHASE ADJUSTMENT APPARATUS OF CVVT

(57) The present disclosure provides an intermediate
phase adjustment apparatus of a CVVT (Continuous Var-
iable Valve Timing). This apparatus includes a pressure
adjusting means balancing pressure of chambers by se-
lectively allowing oil to be moved from a chamber at rel-

atively high pressure to a chamber at relatively low pres-
sure. One way to achieve this is by a pressure difference
through an oil line, through which the oil can move in only
one direction between the chambers.
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Description

FIELD

[0001] The present disclosure generally relates to an
intermediate phase CVVT (Continuous Variable Valve
Timing) particularly equipped with a variable oil pump in
vehicles equipped with an intermediate phase CVVT.

BACKGROUND

[0002] The statements in this section merely provide
background information related to the present disclosure
and may not constitute prior art.
[0003] In general, a CVVT is applied to a vehicle to
reduce exhaust gas and improve fuel efficiency and out-
put. Recently, intermediate phase CVVT systems for re-
moving limits in response and operation area of the ex-
isting CVVT systems are increasingly being used. Inter-
mediate phase CVVTs control the position of a cam not
at the most advanced (intake) position and the most de-
layed (exhaust) position, but an intermediate position, so
response is quick and the use area of a cam can be in-
creased, so fuel efficiency is improved and an exhaust
gas is reduced.
[0004] In an intermediate phase CVVT, a lock pin on
the rotor is locked into a lock pin hole between the ad-
vance chamber and the delay chamber while the RPM
of an engine is reduced, thereby preparing for later en-
gine start. The action that the lock pin is automatically
locked into the lock pin hole while the RPM of an engine
reduces is called ’self-lock’.
[0005] The self-lock is a function that allows a CVVT
to mechanically return to an accurate position without
specific adjustment so that operational stability of an en-
gine can be maintained in periods where the CVVT sys-
tem is not used, that is, when the engine is idling or is
started.
[0006] However, when the valve timing reaches the
most delayed or retarded position without returning to
the intermediate phase, and an engine of a vehicle is
idling, a surge tank may not be vacuumized and the in-
ternal pressure of the surge tank may increase up to the
atmospheric pressure, so the performance of a brake
using the vacuum of the surge tank may be deteriorated.
[0007] Further, when the valve timing reaches the most
delayed position without returning to the intermediate
phase, excessive overlap of valve timing may be gener-
ated between an intake valve and an exhaust valve, so
the operational stability of the engine decreases and vi-
bration of the engine increases, and in some cases the
engine stops.
[0008] That is, so-called self-lock of a lock pin in a in-
termediate phase CVVT may not be automatically per-
formed, so when the rotor and the lock pin are positioned
at the most advanced position or the most retarded po-
sition, the engine stops and the brake system may not
operate because negative pressure is not normally gen-

erated.
[0009] In particular, when a variable oil pump is used,
oil pressure is largely changed in accordance with con-
ditions of an engine, and this is because of hysteresis
due to the variable oil pump. Accordingly, it is possible
to set the intermediate phase by balancing the hydraulic
pressure of chambers, but applying such a step may be
difficult in practice.
[0010] The foregoing is intended merely to aid in the
understanding of the background of the present disclo-
sure, and is not intended to mean that the foregoing is
already known to those skilled in the art.

SUMMARY

[0011] Accordingly, the present disclosure proposes
an intermediate phase adjustment apparatus of a CVVT.
In some embodiments, this apparatus always achieves
self-lock regardless of the RPM of an engine and hydrau-
lic conditions by setting an intermediate phase and bal-
ancing hydraulic pressure of chambers even if a variable
oil pump is used.
[0012] The invention provides an intermediate phase
adjustment apparatus of a CVVT according to claim 1.
Further embodiments of the invention are described in
the dependent claims.
[0013] According to one aspect of the present disclo-
sure, there is provided an intermediate phase adjustment
apparatus of a CVVT including a pressure adjusting
means or member for balancing pressure of chambers
by selectively allowing oil to be moved from a chamber
at relatively high pressure to a chamber at relatively low
pressure by a pressure difference through an oil line
through which the oil can move in only one direction be-
tween the chambers.
[0014] The pressure adjusting means or member may
be composed of the oil line and a diverter valve opening
or closing the oil line.
[0015] An oil channel for supplying oil for operating the
CVVT may be formed in the chamber, the diverter valve
may be disposed between the oil line and the oil channel,
and the oil line and the oil channel may be selectively
opened or closed.
[0016] A detent valve for controlling the diverter valve
may be connected to the diverter valve. When the detent
valve generates hydraulic pressure and presses the di-
verter valve, the oil line may be blocked by the diverter
valve, and when the hydraulic pressure by the detent
valve is removed, the diverter valve may be returned by
an elastic member connected to the diverter valve, so
the oil channel is blocked.
[0017] Outlets for discharging oil to corresponding
chambers may be formed at a first side of the oil line and
check valves may be disposed at a second side of the
oil line to prevent backward flow of oil.
[0018] The diverter valve may be disposed between
the oil channel and the oil line for oil to flow into a specific
chamber.
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[0019] The diverter valve may be disposed in all the
chambers.
[0020] The oil lines may be formed in all the chambers
and connected to each other so that oil moves to pairs
of chambers.
[0021] The oil lines may be formed in all the chambers
and connected to each other so that oil moves to pairs
of chambers, and the diverter valves may be disposed
in all the chambers, selectively open and close the oil
lines and the oil channels, and set the intermediate phase
of the CVVT by balancing pressure of the chambers,
thereby implementing self-lock.
[0022] According to one aspect of the present disclo-
sure, there is provided an intermediate phase adjustment
apparatus of a CVVT, in which advancing chambers and
retarding chambers are provided in pairs, an advancing
oil line and an advancing oil channel are formed in the
advancing chambers, a retarding oil line and a retarding
oil channel are formed in the retarding chambers, a di-
verter valve is disposed between the advancing oil lines
and the advancing oil channels and between the retard-
ing oil lines and the retarding oil channels, and when
hydraulic pressure of the advancing chambers and the
retarding chambers is not balanced, hydraulic pressure
by a detent valve is removed and the diverter valve opens
the oil lines, so oil moves from a chamber at relatively
high pressure to a chamber at relatively low pressure,
the hydraulic pressure is balanced, an intermediate
phase is formed, and self-lock is always implemented.
[0023] According to the intermediate phase adjust-
ment apparatus of a CVVT of the present disclosure, all
of chambers are provided with a pressure adjusting
means and self-lock is always implemented regardless
of the RPM of an engine and hydraulic conditions. There-
fore, malfunction or stop of an engine does not occur,
even if the engine has a problem, so the engine can be
stably operated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The above and other objects, features and other
advantages of the present disclosure will be more clearly
understood from the following detailed description when
taken in conjunction with the accompanying drawings, in
which:

FIG. 1 is a view showing an intermediate phase ad-
justment apparatus of a CVVT according to an em-
bodiment of the present disclosure;
FIG. 2 is view showing supply of oil to an oil line
shown in FIG. 1;
FIG. 3 is view showing supply of oil to an oil channel
shown in FIG. 1; and
FIGS. 4 and 5 are views showing self-lock-possible
periods according to the number of chambers formed
in an oil line.

DETAILED DESCRIPTION

[0025] An intermediate phase adjustment apparatus
of a CVVT according to exemplary embodiments of the
present disclosure is described hereafter with reference
to the accompanying drawings.
[0026] An intermediate phase adjustment apparatus
of a CVVT (Continuous Variable Valve Timing) according
to an embodiment of the present disclosure includes a
pressure adjusting means or member that balances pres-
sure of chambers 100 by selectively allowing oil to be
moved from one chamber (e.g. 100) at relatively high
pressure to another chamber (e.g. 100) at relatively low
pressure by a pressure difference through an oil line 300
through which the oil can move in only one direction be-
tween the chambers. The pressure adjusting means is
composed of the oil line 300 and a diverter valve 700 that
opens and/or closes the oil line 300.
[0027] As shown in FIGS. 1 to 3, an oil channel 500
for supplying oil for operating the CVVT is formed in the
chamber 100 and the diverter valve 700 is disposed be-
tween the oil line 300 and the oil channel 500, so the oil
line 300 and the oil channel 500 are selectively opened
or closed. A detent valve 900 for controlling the diverter
valve 700 is connected to the diverter valve 700. When
the detent valve 900 generates hydraulic pressure and
presses the diverter valve 700, the oil line 300 is blocked
by the diverter valve 700, and when the hydraulic pres-
sure by the detent valve 900 is removed, the diverter
valve 700 is returned by an elastic member 710 connect-
ed to the diverter valve 700, so the oil channel 500 is
blocked. In particular, since the oil line 300 needs to allow
oil to move in only one direction, outlets 311 and 331 for
discharging oil to corresponding chambers 100 are
formed at a first side of the oil line 300 and check valves
313 and 333 are disposed at a second side to prevent
backward flow of oil.
[0028] The diverter valve 700 is disposed between the
oil channel 500 and the oil line 300 for oil to flow into the
chambers 100. In detail, the diverter valve 700 is dis-
posed between an advancing oil line 310 and an advanc-
ing oil channel 510 for oil to flow into an advancing cham-
ber 110, one of the advancing oil line 310 and the ad-
vancing oil channel 510 are selected by the diverter valve
700 in accordance with the detent valve 900 supplies
hydraulic pressure, and oil is supplied to the advancing
chamber 110. The diverter valve 700 is formed in all the
advancing chambers 110 and retarding chambers 130.
In an embodiment of the present disclosure, three cham-
bers 100 each composed of a pair of advancing chamber
110 and retarding chamber 130 are exemplified, but the
number of the chambers 100 may be freely changed in
accordance with the environment or design.
[0029] The oil lines 300 are formed in all chambers 100
and connected to each other so that oil moves to pairs
of chambers 100. The diverter valves 700 are disposed
in all the advancing chambers 110 and the retarding
chambers 130 and selectively open/close the oil lines
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300 and the oil channels 500 to set the intermediate
phase of the CVVT by balancing the pressure of the
chambers 100, so self-lock can be always achieved re-
gardless of a problem with an engine, the RPM of the
engine, and hydraulic conditions.
[0030] In this configuration, in more detail, pairs of ad-
vancing chamber 110 and retarding chamber 130 are
provided in the intermediate phase CVVT, the advancing
oil line 310 and the advancing oil channel 510 are formed
in the advancing chambers 110, and the retarding oil line
330 and the retarding oil channel 530 are formed in the
retarding chamber 130. The diverter valve 700 is dis-
posed between the advancing oil line 310 and the ad-
vancing oil channel 510 and between the retarding oil
line 330 and the retarding oil channel 530. If hydraulic
pressure is not balanced between the advancing cham-
ber 110 and the retarding chamber 130, the hydraulic
pressure by the detent valve 900 is removed and the
diverter valve 700 opens the oil line 300 and oil moves
from the chamber 100 at relatively high pressure to the
chamber 100 at relatively low pressure, so the hydraulic
pressure is balanced, and an intermediate phase is ob-
tained and self-lock is always achieved regardless of the
RPM of an engine or hydraulic conditions.
[0031] In the present disclosure, an intermediate
phase CVVT is equipped with a variable oil pump (not
shown). When a variable oil pump is used, changes in
oil pressure according to conditions of an engine are large
by hysteresis due to the variable oil pump. Accordingly,
when engine has a problem and the CVVT is not control-
led, the intermediate phase should be obtained and a
lock pin 800 should be locked in order to prevent mal-
function or stop of the engine, but self-lock may be ap-
plied to only some of three chambers due to limits in
manufacturing cost and layout in the cam torque balance
type of intermediate phase CVVTs of the related art. Ac-
cordingly, a pressure adjusting means for adjusting bal-
ance of an advancing chamber and a retarding chamber
is provided in only some of chambers, but when exces-
sive oil pressure is applied to the other chambers without
the pressure adjusting means, the chambers with the
pressure adjusting means have difficulty in moving to the
intermediate position against the excessive hydraulic
pressure of the chambers with the pressure reducing
means. Accordingly, in the present disclosure, a pressure
adjusting means is preferably provided for all the advanc-
ing chambers 110 and the retarding chambers 130 of the
CVVT so that self-lock is always achieved regardless of
the RPM of an engine and hydraulic conditions.
[0032] This configuration is shown in FIGS. 2 and 3.
FIG. 2 shows movement of oil in a default condition in
which a CVVT is not controlled due to a problem with an
engine, in which, first, hydraulic pressure by a detent
valve 900 is removed, and the retarding oil line 300 for
oil to move from the advancing chamber 110 and the
retarding chamber 130 and the advancing oil line 310 for
oil to move from the retarding chamber 130 to the ad-
vancing chamber 110 are connected to each other. In

this process, the advancing oil channel 510 and the re-
tarding oil channel 530 are closed by the diverter valves
700. Accordingly, when the CVVT is shaken by a change
in cam torque, the oil in the chamber 100 at relatively
high pressure moves to the chamber 100 at relatively low
pressure, so pressure is balanced and the intermediate
phase is ensured. The check valves 311 in the oil lines
300 prevent backflow of oil to the chambers 100 through
the oil lines 300 even if the oil pressure of the correspond-
ing chamber 100 has been increased.
[0033] In contrast, FIG. 3 shows movement of oil when
an engine is in a normal state, in which the hydraulic
pressure by the diverter valve 700 is removed, and oil is
supplied to the advancing oil channel 510 of the advanc-
ing chamber 110 and the retarding oil channel 530 of the
retarding chamber 130. In this process, the advancing
oil line 310 and the retarding oil line 330 are closed by
the diverter valves 700. Accordingly, when the CVVT is
shaken by a change in cam torque, the internal hydraulic
pressure of the chambers 100 is balanced and the inter-
mediate phase is ensured.
[0034] FIGS. 4 and 5 are graphs showing self-lock-
possible periods according to the number of chambers
100 with a pressure adjusting means, that is, FIG. 4 is a
graph when pressure adjusting means are provided for
two chambers and FIG. 5 is a graph when pressure ad-
justing means are provided for all of three chambers.
Although the case when pressure adjusting means are
provided for two chambers is compared, it is obvious that
the self-lock-impossible period increases when the pres-
sure adjusting means is provided for one or no chamber,
so the case when the pressure reducing means are pro-
vided for two chamber is representatively selected and
compared.
[0035] As clearly shown in FIGS. 4 and 5, the self-lock
function is removed due to excessive oil pressure of the
chamber without the pressure adjusting means in FIG.
4, so it is impossible to advance the phase. Further, the
amount of change in hydraulic pressure due to hysteresis
of an oil pump is too large. However, in FIG. 5, since all
the chambers 100 are provided with a pressure adjusting
means, the chambers 100 are not influenced by external
oil pressure and hysteresis of an oil pump. Accordingly,
self-lock is normally implemented in the entire period.
[0036] As described above, according to one form of
the intermediate phase adjustment apparatus of a CVVT
of the present disclosure, all of chambers are provided
with a pressure adjusting means and self-lock is always
implemented regardless of the RPM of an engine and
hydraulic conditions. Therefore, malfunction or stop of
an engine does not occur, even if the engine has a prob-
lem, so the engine can be stably driven.
[0037] Although embodiments of the present disclo-
sure have been described for illustrative purposes, those
skilled in the art will appreciate that various modifications,
additions and substitutions are possible, without depart-
ing from the scope and spirit of the disclosure as dis-
closed in the accompanying claims.
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Claims

1. An intermediate phase adjustment apparatus of a
Continuous Variable Valve Timing, the apparatus
comprising:

a pressure adjusting means comprising a plu-
rality of chambers having a first chamber and a
second chamber, each chamber containing oil,
the pressure adjusting means comprising an oil
line and balancing pressure of the chambers by
selectively allowing oil to be moved from the first
chamber at relatively high pressure to the sec-
ond chamber at relatively low pressure by a
pressure difference through the oil line through
which the oil moves in only one direction be-
tween the first and second chambers.

2. The apparatus of claim 1, wherein the pressure ad-
justing means comprises a diverter valve opening or
closing the oil line.

3. The apparatus of claim 2, wherein each chamber
forms an oil channel for supplying oil for operating
the Continuous Variable Valve Timing, the diverter
valve is disposed between the oil line and the oil
channel, and the oil line and the oil channel are se-
lectively opened or closed.

4. The apparatus of claim 2 or 3, further comprising an
elastic member and a detent valve operable to con-
trol the diverter valve and being connected to the
diverter valve, the apparatus having a first state in
which the detent valve generates hydraulic pressure
and presses the diverter valve, and the oil line is
blocked by the diverter valve, the apparatus having
a second state in which the hydraulic pressure by
the detent valve is removed, and the diverter valve
is returned by the elastic member connected to the
diverter valve so the oil channel is blocked.

5. The apparatus of one of claims 2-4, wherein the pres-
sure adjusting means comprises a plurality of outlets
for discharging oil to corresponding chambers, the
oil line having a first side forming a first outlet, and
the oil line having a second side comprising check
valves to prevent backward flow of oil.

6. The apparatus of one of claims 2 to 5 in combination
with claim 3, wherein the diverter valve is disposed
between the oil channel and the oil line for oil to flow
into one chamber.

7. The apparatus of one of claims 2 to 6, wherein one
diverter valve is disposed in all of the chambers.

8. The apparatus of one of claims 1 to 7, wherein each
pair of chambers includes one oil line such that a

plurality of oil lines are formed in all the chambers,
all oil lines being connected to each other so that oil
moves to pairs of chambers.

9. The apparatus of one of claims 2 to 8, wherein each
pair of chambers includes one oil line such that a
plurality of oil lines are formed in all the chambers,
all oil lines being connected to each other so that oil
moves to pairs of chambers, and
respective diverter valves are disposed in all the
chambers and selectively open and close the corre-
sponding oil lines and the corresponding oil channels
to set the intermediate phase of the Continuous Var-
iable Valve Timing by balancing pressure of the
chambers to implement self-lock.

10. The apparatus of one of claims 1 to 9, wherein the
pressure adjusting means comprises a plurality of
first chambers and of second chambers provided as
advancing chambers and retarding chambers, re-
spectively, which are provided in pairs.

11. The apparatus of claim 10, wherein the apparatus
further comprises
an advancing oil line and an advancing oil channel
are formed in the advancing chambers, a retarding
oil line and a retarding oil channel are formed in the
retarding chambers, a plurality of diverter valves
wherein one diverter valve is disposed between each
advancing oil line and each advancing oil channel,
and another diverter valve being disposed between
each retarding oil line and each retarding oil channel,
each diverter valve operable by way of a detent
valve; and
when hydraulic pressure of the advancing chambers
and the retarding chambers is unbalanced, hydraulic
pressure by the detent valve is removed and the re-
spective diverter valve opens the respective oil line,
so oil moves from a first chamber at relatively high
pressure to a second chamber at relatively low pres-
sure, when the hydraulic pressure is balanced, an
intermediate phase is formed, and self-lock is imple-
mented.
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