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(57)  Thepresentinvention relates to a hydrauliccam-
shaft and its control system; when the engine runs in high
and intermediate load, ECU respectively issues four
groups of shift signals to the solenoid valve correspond-
ing to the signals of the cam phase sensor. The solenoid
valve then changes the oil pressure of the oil channels
in the four hydraulic units on the camshaft. The status of

the hydraulic units of every two neighboring cylinders is
opposite to each other; on-off shift occurs when the cam
of each cylinder rotates to the base circle position in or-
ders. The present invention is simple in structure and is
practical. The gas intake valve provided in this invention
is characteristic of two-stage lift. The engine performance
and economical efficiency are improved, and the emis-
sion is reduced.
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Description
Field of the Invention

[0001] The present invention relates to a hydraulic
camshaft and its control system, in particular, it relates
to a hydraulic electromagnetic camshaft for automobile
engines.

Description of the Prior art

[0002] Currently, technical solutions providing two-
stage valve lift of engines have become considerably ma-
ture in international market. Generally speaking, many
technical solutions are available to achieve this object.
For example, using a two-stage hydraulic tappet or a
rocker arm is one of the choices; engines provided by
Schaeffler, Eton and Delphi are typical examples of such
solution. Another example is employing two types of driv-
ing cams; Honda i-vtec is one of such examples.
[0003] Besides solely relying on an independent ECU
(electric control unit) for control of the components, hy-
draulic systems are widely employed in these solutions.
Although compared with electromagnetic control, hy-
draulic system involves less design complexity, it re-
quires longer execution time. Therefore, the conventional
hydraulic system only remains preferable choice for en-
gines where no very quick instantaneous response is re-
quired.

Summary of the Invention

[0004] In view of the deficiencies of prior art, one tech-
nical object of the present invention is to provide a hy-
draulic camshaft and its control system, which feature
simple structure and quick response.

[0005] In view of the deficiencies of prior art, another
technical object of the present invention is to provide a
hydraulic camshaft and its control system, which enables
the variation of the gas valve lift so as to improve engine
performance accordingly

[0006] The technical objects of the present invention
are achieved by adopting the following technical solu-
tions:

[0007] This invention provides a hydraulic camshaft
comprising a front-end of camshaft and a camshaft body,
wherein an integrated hydraulic assembly is provided be-
tween the front end of the camshaft and the camshaft
body; said hydraulic assembly enables the hydraulic
camshaft move along its axial direction.

[0008] Said integrated hydraulic assembly is capable
of causing the hydraulic camshaft move 10mm along the
axial direction.

[0009] Said hydraulic camshaft also comprises driving
cams and a signal cam, and the driving cams are com-
posed of two different kinds of cams, and they are se-
lected corresponding to the axial position of the camshaft.
[0010] Said integrated hydraulic assembly comprises
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an oil hole, a guide groove and an oil chamber, the olil
hole communicating with the external oil channel and
leading through to the oil chamber. The oil pressure in
the oil chamber determines the axial position of the cam-
shaft; the guide groove is connected with the camshaft,
and it limits the axial movement of the camshaft.
[0011] Said integrated hydraulic assembly of the
present invention is also provided with an ECU and a
solenoid valve, which control the oil pressure in the oil
chamber jointly.

[0012] According to another aspect of the present in-
vention, a hydraulic electromagnetic camshatft is provid-
ed comprising a front-end of camshaft, a camshaft body,
a solenoid valve and an ECU, wherein an integrated hy-
draulicassembly is set between the front-end of camshaft
and the camshaft body and enables the hydraulic cam-
shaft move along its axial direction. Said integrated hy-
draulic assembly includes an oil hole, a guide groove and
an oil chamber, wherein the oil hole communicates with
an external oil channel and leads through to the oil cham-
ber, the oil pressure in the oil chamber determines the
axial position of the camshaft; the guide groove is con-
nected with the camshaft and limits the axial movement
of the camshaft, and the ECU and the solenoid valve
jointly control the oil pressure in the oil chamber.
[0013] According to the present invention, the hydrau-
lic control system of the above recited hydraulic camshaft
comprises a solenoid valve and an ECU, which operates
jointly to control the hydraulic pressure in the integrated
hydraulic assembly.

[0014] According to the present invention, each cylin-
der ofthe engine is provided with a cylinder hydraulic unit.
[0015] More specifically, the first cylinder, the second
cylinder, the third cylinder and the fourth cylinder are re-
spectively provided with a first cylinder hydraulic unit, a
second cylinder hydraulic unit, a third cylinder hydraulic
unit and a fourth cylinder hydraulic unit.

[0016] The hydraulic control system also comprises a
sensor, which detects and transfers the detected signal
tothe ECU. The ECU issues signals to the solenoid valve,
based on which the solenoid valve control the oil pres-
sures of the oil channels in the four hydraulic units cor-
responding to the four cylinders respectively.

[0017] Said sensor is a cam phase sensor, which de-
tects the phases of the signal cam.

[0018] The operation status of the hydraulic units of
each two neighboring cylinders is opposite to each other,
that is, when the first cylinder hydraulic unit and the third
cylinder hydraulic unit are switched on; the second cyl-
inder hydraulic unit and the fourth cylinder hydraulic unit
are switched off. Such status shift occurs when the cam
of each cylinder rotates to the base circle position in or-
ders.

[0019] To summarize, the present invention primarily
has the following characteristics:

(1) An integrated hydraulic assembly is provided be-
tween the front-end of camshaft and the camshaft
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body, and it enables the camshaft move 10mm along
the axial direction;

(2) The driving cams of this camshaft are composed
oftwokinds of cams, and they are selected according
to the axial position of camshaft ;

(3) The axial position of the camshaft is determined
by the oil pressure in the oil chamber, and the oil
pressure is regulated by an independent ECU and
a solenoid valve ;

(4) Said hydraulic camshaft features quick response;
the longest response time is 300 crankshaft degrees,
so that abnormal combustion such as misfire and
backfire can be avoided;

(5) Each cylinder is provided with an independent
hydraulic unit so that the cam shift of the engine may
occur at the most appropriate time and thus improve
stability of the engine upon shift.

[0020] According tothe presentinvention, the cam shift
in each cylinder is implemented sequentially based on
the hydraulic system recited above so that the cam shift
control is optimized and a quick engine response is thus
realized. Meanwhile, the present invention enables that
the cam shift may only occur in some selective cylinders
according to specific operation requirements for the en-
gine. That is, the technical solution provided in the
present invention applies for engines that involve selec-
tive cylinder deactivation.

[0021] Compared with prior art, the present invention
has the following advantages: The presentinvention fea-
tures simple and practical structure; the gas intake valve
lift may be alternated between two levels so that engine
performance, fuel efficiency and emission reduction are
improved. More specifically: due to the variable gas in-
take valve lift, the engine performance is remarkably im-
proved, and exhaust emission and fuel consumption of
the engine according to present invention is obviously
lower than other engines having the same displacement;
The present invention features simple and compact
structure, which is desirable, for it involves very slight
volume change of the whole engine; On the basis that
each cylinder is independently controlled, control modes
are flexible and diversified. The torque output of the en-
gine running at low speed is improved.

Brief Description of the Drawings
[0022]

FIG 1 is a sectional view of the hydraulic camshaft
of the present invention;

FIG 2 is a sectional view of the hydraulic assembly
of the present invention in switched-off status;

FIG 3 is a sectional view of the hydraulic assembly
of the present invention in switched-on status;

FIG 4 is the schematic diagram of the overall hydrau-
lic system of present invention.
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[0023] The description of the reference numerals of
the major components in the attached drawings:

1-Front-end of camshaft , 2-integrated hydraulic as-
sembly, 3-driving cam, 4-camshaft body, 5-signal
cam, 6-oil hole ,7-guide groove ,8-oil chamber, 9-the
first cylinder hydraulic unit, 10-the second cylinder
hydraulic unit, 11-the third cylinder hydraulic unit, 12-
the fourth cylinder hydraulic unit, 13-solenoid valve ,
14-ECU(electronic control unit), 15-cam phase sen-
Sor.

Detailed Description of the Preferred Embodiments

[0024] The technical solution of the present invention
is described in details below with reference to the at-
tached drawings and the specific embodiments. The em-
bodiments described as follows are preferred embodi-
ments among diversified embodiments of the present in-
vention.

[0025] FIG 1isthe sectional view of the hydraulic cam-
shaft of the present invention; FIG 2 is the sectional view
of the hydraulic assembly unit in switched-off status; FIG
3 is the sectional view of the hydraulic unit in switched-
on status; FIG 4 is the schematic diagram of the overall
hydraulic system of present invention. As shown in FIG
4 in combination with FIG 1- FIG 3, the hydraulic camshaft
and its control system provided by the present invention
mainly includes a hydraulic electromagnetic camshaft, a
solenoid valve 13, a cam phase sensor 15 and an ECU
14.

[0026] When the engine runs in high and intermediate
load, ECU 14 respectively issues four groups of shift sig-
nals to the solenoid valve 13 corresponding to the signals
of the cam phase sensor 15. The solenoid valve 13 then
changes the oil pressure of the oil channels in the four
hydraulic units on the camshaft. The status of the hy-
draulic units of every two neighboring cylinders is oppo-
site to each other, that is to say, when the first cylinder
hydraulic unit 9 and the third cylinder hydraulic unit 11
are switched on, the second cylinder hydraulic unit 10
and the fourth cylinder hydraulic unit 12 are switched off;
such on-off shift occurs when the cam of each cylinder
rotates to the base circle position in orders. The whole
cycle of such a shift is described as follows:

[0027] The oil pressure in the first cylinder hydraulic
unit 9 reduces; simultaneously the oil pressure in the sec-
ond cylinder hydraulic unit 10 increases, so that the cam
shift of the first cylinder is completed;

[0028] Inthe same way, the oil pressure in the second
cylinder hydraulic unit 10 reduces, so that the cam shift
of the second cylinder is completed;

[0029] The oil pressure in the third cylinder hydraulic
unit 11 reduces; simultaneously the oil pressure in the
fourth cylinder hydraulic unit 12 increases, so that the
cam shift of the third cylinder is completed;

[0030] In the same way, the oil pressure in the fourth
cylinder hydraulic unit 12 reduces, so that cam shift of



5 EP 2 325 444 A1 6

the fourth cylinder is completed;

[0031] When the engine is shifted to the lower valve
lift, the whole processes are reversed with respect to the
above recited processes.

[0032] In the process of shifting the driving cam, oil in
the external channel enters the oil chamber 8 via oil hole
6, and the axial movement of the camshaft is guided and
limited by the guide groove 7.

[0033] Below is a further description of the technical
solution of the present invention with reference to the
above mentioned FIGs :

[0034] AsshowninFIG 1-FIG 3, the present invention
also provides a hydraulic electromagnetic camshaft, in-
cluding a front-end of camshaft 1, a camshaft body 4, a
solenoid valve 13 and an ECU 14, wherein an integrated
hydraulicassembly 2 is set between the front-end of cam-
shaft 1 and the camshaft body 4, and such integrated
hydraulic assembly enables the hydraulic camshaft
move along its axial direction. The integrated hydraulic
assembly 2 comprises an oil hole 6, a guide groove 7
and an oil chamber 8, the oil hole 6 communicates with
the external oil channel and leads through to the oil cham-
ber 8, the oil pressure in the oil chamber 8 determines
the axial position of the camshaft, and the guide groove
7 is connected with the camshaft and limits the axial
movement of the camshaft. The ECU 14 and the solenoid
valve 13 jointly control the oil pressure in the oil chamber
8.

[0035] The hydraulic control system of the hydraulic
camshaft comprises a cam phase sensor 15, a solenoid
valve 13 and an ECU 14, wherein the solenoid valve 13
and the ECU 14 jointly control the hydraulic pressure in
the integrated hydraulic assembly 2. Each cylinder of the
engine, is provided with an independent hydraulic unit,
that is to say, the first cylinder, the second cylinder, the
third cylinder and the fourth cylinder are respectively pro-
vided with a first cylinder hydraulic unit 9, a second cyl-
inder hydraulic unit 10, a third cylinder hydraulic unit 11
and fourth cylinder hydraulic unit 12. Acam phase sensor
15 detects the phase signal and transfers the detected
signals tothe ECU 14, and the ECU 14 issues four groups
of cam shift signals to the solenoid valve 13, and the
solenoid valve 13 controls the oil pressure of the oil chan-
nels in the four hydraulic units corresponding to the four
cylinders respectively. The operation status of the hy-
draulic units in each two neighboring cylinders is opposite
to each other, that is to say, when the first cylinder hy-
draulic unit 9 and the third cylinder hydraulic unit 11 are
switched on, the second cylinder hydraulic unit 10 and
the fourth cylinder hydraulic unit 12 are switched off. Such
status shift occurs when the cam of each cylinder rotates
to the base circle position in orders.

[0036] Finally, it must be mentioned that: The above
description and embodiments are merely used to de-
scribe rather than limit the present invention. Although
the detailed description of the present invention is pro-
vided with reference to preferred embodiments, those
skilled in the art should understand that all the modifica-
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tions or equitable substitutions to the present invention
without deviation from the spirit and conception of
present invention shall be covered by the claims of
present invention.

Claims

1. Ahydraulic camshaft, characterized in that: includ-
ing a front-end of camshaft(1) and a camshaft body
(4), an integrated hydraulic assembly (2) is set be-
tween the front-end of camshaft (1) and the camshaft
body (4); said integrated hydraulic assembly enables
the hydraulic camshaft move along the axial direction
of the camshaft.

2. The hydraulic camshaft of claim 1, characterized
in that: said integrated hydraulic assembly (2) is ca-
pable of causing the hydraulic camshaft move 10mm
along axial direction.

3. The hydraulic camshaft of claim 1, characterized
in that: said hydraulic camshaft also comprises driv-
ing cams (3) and a signal cam (5); the driving cams
(3) are composed of two kinds of cams, and are se-
lected according to the axial position of the camshaft.

4. The hydraulic camshaft of claim 1 or 3, character-
ized in that: said integrated hydraulic assembly (2)
comprises an oil hole (6), a guide groove (7) and an
oil chamber (8), wherein, the oil hole (6) communi-
cates with the external oil channel and leads through
tothe oil chamber (8); the oil pressure in the oil cham-
ber (8) determines the axial position of the camshaft;
the guide groove (7) is connected with the camshaft
and limits the axial movement of the camshaft.

5. The hydraulic camshaft of claim 4, characterized
in that: said integrated hydraulic assembly also in-
cludes an ECU (14) and a solenoid valve (13), which
are used to jointly control the oil pressure in the oil
chamber (8).

6. A hydraulic electromagnetic camshaft character-
ized in that: it includes a front-end of camshaft (1),
a camshaft body (4), a solenoid valve (13) and an
ECU (14), wherein an integrated hydraulic assembly
(2) is provided between the front-end of camshaft (1)
and the camshaft body (4), and said integrated hy-
draulic assembly(2) enables the hydraulic camshaft
move along the axial direction; said integrated hy-
draulic assembly (2) includes an oil hole (6), a guide
groove (7) and an oil chamber (8), the oil hole (6)
communicates with an external oil channel and leads
through to the oil chamber (8); the oil pressure in the
oil chamber (8) determines the axial position of the
camshaft, the guide groove (7) is connected with the
camshaft and limits the axial movement of the cam-
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shaft, and the ECU (14) and the solenoid valve (13)
jointly control the oil pressure in the oil chamber (8).

A hydraulic control system of the hydraulic camshaft
of any of claims 1-4, characterized in that: said
hydraulic control system includes a solenoid valve
(13) and an ECU (14), wherein the solenoid valve
(13) and the ECU (14) jointly control the hydraulic
pressure in the integrated hydraulic assembly (2).

The hydraulic control system of claim 7, character-
ized in that: each cylinder of the engine, above
which the hydraulic camshaft is located, is provided
with an independent cylinder hydraulic unit.

The hydraulic control system of claim 8, character-
ized in that: the first cylinder, the second cylinder,
the third cylinder and the fourth cylinder are respec-
tively provided with a first cylinder hydraulic unit (9),
a second cylinder hydraulic unit (10), a third cylinder
hydraulic unit (11) and a fourth cylinder hydraulic unit
(12).

The hydraulic control system of claim 9, character-
ized in that: the hydraulic control system also in-
cludes a sensor, the sensor detects and transfers
signals to an ECU(14), and the ECU (14) issues four
sets of cam shift signals to the solenoid valve (13),
and the solenoid valve (13) controls the oil pressure
of the oil channels in the four cylinder hydraulic units
corresponding to the four cylinders respectively.

The hydraulic control system of claim 10, charac-
terized in that: said sensor is a cam phase sensor
(15), and it detects and transfer the detected signals
from a signal cam (5).

The hydraulic control system of claim 10 or 11, char-
acterized in that: the operation status of the cylinder
hydraulic units of each two neighboring cylinders is
opposite to each other, that is to say, when the first
cylinder hydraulic unit (9) and the third cylinder hy-
draulic unit (11) are switched on, the second cylinder
hydraulic unit (10) and the fourth cylinder hydraulic
unit (12) are switched off; such status shift occurs
when the cam of each cylinder rotates to the base
circle position in orders.
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