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(54) Torque Oscillation Controller

(57) A magnetic torque oscillation controller for a
camshaft (102) comprises first and second magnetic ar-
rays (120, 112) located upon the cylinder head (104) and
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camshaft (106) respectively. The first and second mag-
netic arrays (120, 112) are positioned relative to each
such that a torque oscillation of the camshaft can be ei-
ther increased or decreased, selectively.
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Description

[0001] This invention relates to a torque oscillation
controller. More particularly, but not exclusively, it relates
to a torque oscillation controller for a camshatft.

[0002] A camshaft comprises a base circle portion,
having a constant radius of curvature, and a cam lobe,
having a varying radius of curvature. Thus, the camshaft
effects an eccentric path during its rotation.

[0003] A camshaft experiences a high variance of
torque during a single revolution. This torque variance
occurs during the opening and closing of an engine valve.
[0004] During the opening of an engine valve a valve
follower traces a path that follows the surface camshatft.
As the valve follower leaves the base circle portion of the
camshaft and climbs the cam lobe the camshaft experi-
ences a resistive torque. This resistive torque opposes
the rotation of the camshaft. This resistive torque increas-
es as the rotation of the camshaft continues until the apex
of the cam lobe is reach, at which point the torque due
to the reaction of the valve follower is zero. Subsequent
rotation of the camshaft results in a positive torque that
acts in the direction of rotation. Thus, the camshaft ex-
periences an oscillatory torque during rotation.

[0005] The effect is exacerbated for multiple cylinder
engines as the cycle of oscillatory torque generation oc-
curs at a different point in the revolution of the camshaft
for each cylinder.

[0006] A camshaft phaser changes the angular orien-
tation of the camshaft. This adjusts the timing of the intake
and exhaust valves in an attempt to maximise optimize
performance and economy, and to reduce emissions. A
camshaft phase allows variable valve timing in relation
to the crankshaft.

[0007] Camshaft torque oscillations cause problems
for a number of cam phaser arrangements. For example,
hydraulic phasers suffer oil leakage due to the oscillatory
instability in the angular position of the rotor caused by
the torque oscillations. Oil leakage over time can result
in poor lubrication and eventually seizing of the engine.
Such oil leakage results in a requirement for a larger oil
pump than would otherwise be the case in order to meet
the phase timing requirements for a hydraulic phaser.
[0008] Typically, geared phasers, such as those em-
ploying helical spline or planetary gears, require backlash
protection in order to reduce wear and meet phase angle
accuracy requirements. The provision of such backlash
protection increases the complexity of construction of
such phasers.

[0009] However, camshaft torque oscillation may de-
sirable for cam torque actuated devices that use those
camshaft torque oscillations to meet phase timing re-
quirements. Typically, those camshaft torque actuated
devices are used atlow speed where the camshaft torque
oscillations are sufficient meet phasing requirements, ex-
cept where rapid phasing is required.

[0010] According to afirst aspect of the present inven-
tion there is provided a torque oscillation controller for a
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camshaft comprising first and second magnetic ele-
ments, the first and second magnetic elements being po-
sitionable relative to the other of the firstand second mag-
netic elements, wherein the relative positions of the first
and second magnetic elements being arranged to either
increase or decrease atorque oscillation of the camshaft.
[0011] The reduction of cam shaft torque oscillations
reduces oil leakage from hydraulic phasers.

[0012] Also, it obviates the necessity of backlash pro-
tection apparatus associated with phasers using gears,
thereby reducing the complexity of manufacture of a
phaser.

[0013] Additionally, such an arrangement can be used
to increase the magnitude of the torque oscillation to al-
low more rapid phasing than can be achieved currently,
where required.

[0014] The first magnetic element may be located in-
ternally of the second magnetic element.

[0015] The first magnetic element may comprise a sta-
tor. The stator may comprise a cylinder head.

[0016] The first magnetic element may comprise afirst
plurality of magnets. The first plurality of magnets may
be circumferentially spaced about a surface of an annular
disc. The first plurality of magnets may be equiangularly
spaced about the circumference of the disc.

[0017] Alternatively, at least one of the first plurality of
magnets may be mounted upon a surface of a post. The
surface of the disc or the post may comprise a surface
facing away from the shaft.

[0018] The second magnetic element may comprise a
rotor. The rotor may comprise the camshatft.

[0019] The second magnetic element may comprise a
second plurality of magnets. The magnets may be cir-
cumferentially spaced about a surface of adisc or achan-
nel. Alternatively, at least one of the second plurality of
magnets may be mounted upon a surface of a post.
[0020] Either, or both, of the first and second plurality
of magnets may comprise a multiple of the number of
cylinders comprising the engine.

[0021] The use of magnets in multiples of the number
of cylinders aids balance within the rotating system of
thereby aiding smooth rotation of the camshatft.

[0022] Embodiments of the present invention will now
be described, by way of example only, with reference to
the accompanying drawings in which:

Figure 1 is a partial sectional view of a camshaft-
cylinder head arrangement of a four cylinder four
stroke engine comprising an embodiment of a mag-
netic torque oscillation controller according to an as-
pect of the present invention;

Figure 2 is a side elevation of the camshaft-cylinder
head arrangement of Figure 1;

Figures 2a and 2b are schematic diagrams detailing
the effect upon resultant magnetic fields of the align-
ment of the stator and rotor magnets of an embodi-
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ment of a magnetic torque oscillation controller ac-
cording to an aspect of the present invention, and of
the offsetting said stator and rotor magnets by 22.5°,
respectively;

Figure 3 is a graphical representation of camshaft
torque oscillation reduction achieved employing an
embodiment of a magnetic torque oscillation control-
ler according to an aspect of the present invention;
and

Figure 4 is a graphical representation of camshaft
torque oscillation enhancement achieved employing
an embodiment of a magnetic torque oscillation con-
troller according to an aspect of the present inven-
tion.

[0023] Referring now to Figures 1 and 2, a camshaft-
cylinder head arrangement 100 comprises a camshaft
102 and a cylinder head 104.

[0024] A tube 106 having a circular cross-section is
mounted concentrically with the camshaft 102. An open
end 108 of the tube terminated adjacent an outer face
109 of the cylinder head 104. An inner face 110 of the
tube 106 has rotor magnets 112 located upon it adjacent
the open end 108 of the tube 106. The rotor magnets 112
may comprise permanent magnets. Alternatively, or ad-
ditionally, the rotor magnets 112 may comprise electro-
magnets.

[0025] Inthe preferred embodiment shown in Figure 1
there are eight rotor magnets 112 equiangularly spaced
about the circumference of the inner face 110. The use
of eight magnets in this arrangement is appropriate for a
four cylinder four stroke engine.

[0026] The cylinder head 104 comprises an annular
block 114 through which the camshaft 102 passes. An
annular wall 116 projects perpendicularly away from the
outer face 109 of the cylinder head 104. The annular wall
116 is concentric with the block 114 and has a smaller
external radius than the internal radius of the tube 106.

[0027] An exterior surface 118 of the wall 116 has sta-
tor magnets 120 located upon it remote from the outer
face 109 of the cylinder head 104. In the preferred em-
bodiment shown in Figure 1 there are eight magnets 120
equiangularly spaced about the circumference of the ex-
terior surface 118.

[0028] During manufacture of an engine the camshaft
102 and cylinder head 104 are set in an initial position
relative to one another. This initial position determines
the timing of valve operation.

[0029] Atthisinitial position that the resultant magnetic
field due to the interaction of the rotor magnets 112 and
the stator magnets 120 at rest is defined.

[0030] The camshaft 102 rotates with respect to the
cylinder head 104 causing relative rotation of the rotor
magnets 112 with respect to the stator magnets 120. This
relative rotation causes the magnetic interaction of the
rotor magnets 112 and the stator magnets 120 to vary.
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[0031] Figure 2a shows the effect upon resultant mag-
netic fields of the alignment of the cylinder head and rotor
magnets 104,112 to produce minimum camshaft torque.
[0032] Figure 2b shows the effect upon resultant mag-
netic fields of offsetting the cylinder head and rotor mag-
nets 104,112 by 22.5° to produce maximum camshaft
torque.

[0033] The resultant sinusoidal variation in the mag-
netic forces exerted between the rotor magnets 112 and
the stator magnets 120 either oppose or enhance the
torque oscillations experienced by the camshaft 102.
This is dependent upon the arrangement of the magnets
relative to each other.

[0034] In most cases it is desired to reduce camshaft
torque oscillations.

[0035] Referring now to Figure 3, total camshaft torque
302 is due to variable friction and torque oscillations. A
magnetic torque 304 is in antiphase with the total cam-
shaft torque oscillations 302. This results in a constant
resultant torque 306 acting on the camshaft 102 of less
that 5Nm, typically about 0.5Nm - 2Nm at 90°C oil tem-
perature.

[0036] Referring nowto Figure 4, total camshaft torque
402 is due to variable friction and torque oscillations. A
magnetic torque 404 of approximately the same magni-
tude as the camshaft torque oscillations is in phase with
the camshaft torque oscillations 402. This results in a
large resultant torque oscillations 406 acting on the cam-
shaft 102 having a peak height of approximately 30Nm.
[0037] Suchanarrangement may be usefulwhere cam
actuated torque phasers are used, as the increase in the
magnitude the torque oscillation allows rapid phasing.
[0038] It will be appreciated that although described
with reference to an engine comprising four cylinders the
present invention is equally applicable to an engine hav-
ing any number of cylinders. The number of magnets
provided will vary dependent upon the number of cylin-
ders. The number of magnetic pole pairs required varies
with the number of cylinders within the engine. For ex-
ample an engine comprising six cylinders will require six
North-South magnetic pole pairs giving a total of twelve
magnets on each of the rotor and stator.

[0039] It will be further appreciate that although de-
scribed with reference to the application of a radial mag-
netic torque the present invention is equally applicable
to the application of an axial magnetic torque.

Claims

1. A magnetic torque oscillation controller for a cam-
shaft (102) comprising first and second magnetic el-
ements (120, 112), the first and second magnetic
elements (120, 112) being positionable relative to
the other of the first and second magnetic elements
(120, 112), wherein the relative positions of the first
and second magnetic elements (120, 112)are ar-
ranged to either increase or decrease a torque 0s-
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cillation of the camshaft (102).

A controller according to claim 1 first magnetic ele-
ment (120) is located internally of the second mag-
netic element (112).

A controller according to either claim 1, or claim 2,
wherein first magnetic element (120) comprises a
stator.

A controlleraccording to claim 3 the stator (120) com-
prises a cylinder head (104).

A controller according to any preceding claim where-
in the first magnetic element (120) comprises a first
plurality of magnets.

A controller according to claim 5 wherein the first
plurality of magnets are circumferentially spaced
about a surface of an annular disc (104).

A controller according to claim 6 wherein the first
plurality of magnets are equiangularly spaced about
the circumference of the disc (104).

A controller according to claim 5 wherein at least one
of the first plurality of magnets is mounted upon a
surface (118) of a post or a wall (116).

A controller according to any one of claims 6 to 8
wherein the surface (118) of the disc (104), the post,
or the wall (116), comprises a surface facing away
from the camshaft (102).

A controller according to any preceding claim where-
in the second magnetic element (112) comprises a
rotor.

A controller according to claim 10 wherein the rotor
comprises the camshaft (102).

A controller according to any preceding claim where-
in the second magnetic element comprises a second
plurality of magnets.

A controller according to claim 12 wherein the sec-
ond plurality of magnets are circumferentially spaced
about a surface of a disc or a channel.

A controller according to claim 12 wherein at least
one of the second plurality of magnets is mounted
upon a surface of a post.

A controller according to any one of claims 5 to 14
wherein either, or both, of the first and second plu-
rality of magnets comprises a multiple of four mag-
nets.
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