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Description
Field of Invention

[0001] The presentinvention relatestoa control device
of the air flow in a throttle body for an internal combustion
engine.

[0002] With the term "throttle body" itis meant a device
having a main duct through which the combustion prima-
ry airis fed toward the combustion chamber and precisely
controlled by a throttle valve, while the fuel is fed through
a separate injection system.

Background art

[0003] Throttle-body devices are well known in the art.
They typically include a cast body defining a through duct
within which a throttle valve is arranged, controlled in
opening/closing to regulate the air flow rate. The throttle
valve is generally fixed to a drive shaft, rotatably mounted
across the duct and adjusted in position by a suitable
drive. In modern internal combustion engines, the drive
is in the form of an electric motor, which drives said driving
shaft via a high-reduction motion transmission and is in
turn controlled by an electronic control system.

[0004] In the throttle-body devices of this type, it has
occurred that the electronic control of the throttle valve
can be implemented very effectively. However, in condi-
tions of "idling engine", i.e. in a low-load range, where
the inlet air requirement is much reduced, an adjustment
using the throttle valve is not sufficiently accurate for var-
ious technological and mechanical reasons. It has there-
fore already been proposed to provide, in addition to the
duct for the primary air, also a channel for secondary air
flow which, in the closed throttle valve conditions, is still
able to provide a sufficient supply of air flow for the low-
load, i.e. idle, operation of the combustion engine, effec-
tively constituting a bypass of the primary air duct.
[0005] In this bypass channel, having a considerably
smaller section than the primary air duct, another valve
device is provided - typically a conical check valve inte-
gral with a rod having an axial movement - adapted to
adjust the flow rate of the secondary air, in a finely con-
trolled measure for specific low-load or idling conditions
of the internal combustion engine. This accurate control
of idling condition is dictated not only by the need for a
more regular operation of the engine at low load, but it
is also necessary to respond to the needs of the increas-
ingly stringent exhaust gas emission standards.

[0006] For the driving, on the one hand, of the throttle
valve and, on the other hand, of the bypass valve, it is
theoretically possible to use two separate electric motors,
placed under the control of a single electronic control
unit. However, also in view of the fact that the bypass
valve only intervenes in the engine idling conditions, it is
considered preferable - mainly for cost and bulk reasons
- to use a single electric motor, which acts on the two
drives of the two valves with a suitable sequence.
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[0007] Drive mechanismsthatperformthisfunction are
known for example from documents DE 42 02 406, DE
10 2011 076 446 and DE 10 2013 006 044.

[0008] DE 42 02 406 includes a disc drive, equipped
with two distinct circumferential guiding slots, which co-
operate with two control rods acting on the respective
valves in cooperation with two respective elastic return
elements. This rod and slots configuration has various
drawbacks, especially in relation to the adjustment ca-
pacity and the maintenance requirements.

[0009] DE 102011 076 446 discloses a different sys-
tem wherein the drawback of driving rods is overcome,
for the fact that the driving takes place by means of
toothed gears meshing with each other. As the meshing
gears continuously receive motion from the electric mo-
tor, in order to establish a differentiated intervention se-
quence on the two valves, the motor drive is not directed
to the throttle valve, but occurs through protruding ele-
ments that establish driving connection of the elements
only upon reaching certain rotation angles of the gear-
ings. This gear construction is more simple and reliable,
but still involves some drawbacks related to valve control.
[0010] DE 10 2013 006 044 illustrates another drive
configuration with gearings, wherein the control of the
driving shaft of the throttle valve takes place in cooper-
ation with two opposed elastic elements (springs), to en-
sure a phase-shifted opening of the bypass valve and a
safe valve return. As a consequence, the motor drive is
not rigidly connected to the throttle valve and adjustment
and maintenance drawbacks occur.

[0011] In the context of this application, a ’rigid’ con-
nection between two elements means a connection
where displacement of one element is translated into a
displacement of the other element without substantial
elastic reaction in between, i.e. with a fixed motion law
not depending from the forces acting on the connection.
[0012] Finally, other control systems for a throttle body
are disclosed in US 5657731 and JP-H06-167262.

Summary of the invention

[0013] The object of the invention is therefore to pro-
vide a control device of a throttle body, that is of the
geared type, but overcomes the drawbacks of the prior
art, in particular is less subject to adjustment and main-
tenance problems, has a simplified structure and offers
a direct drive on the shaft of the throttle valve, which
provides an accurate detection of rotation angles and
therefore enhanced operation control.

[0014] This object is achieved by the features men-
tioned in claim 1. The dependent claims describe pre-
ferred features of the present invention.

Brief description of the drawings

[0015] Further features and advantages of the inven-
tion will anyhow become more evident from the following
detailed description of a preferred embodiment, given by
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mere way of non-limiting example and illustrated in the
accompanying drawings, wherein:

Fig. 1 is a perspective view, with removed parts, of
a throttle body according to afirst embodiment of the
invention with a traditional by-pass valve;

Fig. 2 is an enlarged perspective view of a detail of
the pair of toothed gears of Fig. 1 in a home position;
Figs. 3A and 3B are views similar to that of Fig. 2,
but in two different working position of the pair of
toothed wheels, respectively in partial opening and
in full opening of the primary air duct throttle;

Fig. 4 is a view similar to that of Fig. 2 butin an idle
condition of the engine with closed throttle and inter-
vention on the bypass valve;

Figs. 5A, 5B and 5C show, still in greater detail and
in subsequent working phases, a detail of the en-
gagement of the drive pinion with the pair of terminal
toothed gears, respectively in the home position of
throttle valve, open position of the throttle valve and
open position of the bypass valve;

Fig. 6A is a perspective view similar to that of Fig. 1,
of a second embodiment of the invention with a new
by-pass valve;

Fig. 6B is a perspective view with removed parts of
the throttle body of Fig. 6 taken along a different view;
Fig. 7 is a view similar to that of Fig. 2 of the second
embodiment;

Figs. 8A and 8B are views similar to that of Figs. 3A
and 3B respectively, of the second embodiment;
Fig. 9 is a view similar to that of Fig. 4 of the second
embodiment; and

Figs. 10A-10C are views similar to that of Figs. 5A-
5C of the second embodiment of the invention.

Detailed description of preferred embodiments

[0016] A throttle body for supplying air to an internal
combustion engine comprises, in a per se known man-
ner, at least one duct 1 of the primary air flow regulated
by a throttle valve F. Fig. 1 represents a variant that com-
prises a pair of side-by-side ducts 1 but, from the point
of view of the invention, one or multiple ducts are equiv-
alent.

[0017] The throttle valve F of the primary air duct com-
prises a shutter plate or butterfly which is integral with a
shaft A rotatably mounted in a direction transverse to the
longitudinal axis of the duct 1. In the case of the arrange-
ment shown, with a pair of side-by-side ducts, the two
throttle valves have a single common driving shaft, so
that their rotation can be controlled by a single driving
device.

[0018] Notoriously, the shutter of the throttle valve is
able to rotate around its shaft to an angle of about 90°;
thatis, from a closed, or "almost" closed position, wherein
the shutter plate is arranged almost transversely to the
respective duct, to an open position, wherein the shutter
plate is on a plane substantially aligned with the longitu-
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dinal axis of the duct.

[0019] The closed position is defined as "almost
closed" for the reason that, in fact, the shutter does not
perfectly close the respective duct, but leaves a narrow
free gap in order to prevent unwanted jams against the
duct walls. Here and in the following, for sake of brevity,
the description will only refer to "open valve" and "closed
valve" which are intended to be the two maximum and
minimum rotation positions of the throttle.

[0020] As well known, the throttle valve controls the
so-called primary air flow through a primary duct, but in
modern throttle bodies there is also provided a bypass
channel, external to the primary duct, wherein a second-
ary air flow is provided. The secondary air flow is defined
and intended for the "idling" regimes of the engine, while
the primary air flow is supplied to the engine in every
other power condition.

[0021] The secondary air flow is controlled by its own
bypass valve 18, which is traditionally - as in the embod-
iment of Figs. 1-5B - in the form of a plug check valve P
with a longitudinal displacement against spring means.
This bypass valve, although partially illustrated in the fig-
ures, will not be described in greater detail because it is
known per se.

[0022] The driving device, being a single device, both
for throttle valves F and for the bypass valve 18, com-
prises an electric motor 2 and a gear transmission with
toothed-wheel gears. The drive motor is typically a DC
motor or a stepper motor, housed within a case 3 of the
throttle body and supported in cantilever fashion by a
support plate 4.

[0023] The gear transmission comprises a first pinion
5 keyed onto the end of the shaft of the motor 2, and at
least one further intermediate idle gear to obtain a high
reduction ratio of the transmission: the intermediate idle
wheel comprises, for example, a first toothed wheel 6,
which engages with the pinion 5, and a second pinion 7
coaxial and integral with the toothed wheel 6.

[0024] According to a first aspect of the invention, the
gear transmission further comprises a pair of toothed-
sector elements 8 and 9, placed side by side on parallel
planes and mounted coaxial to a shaft A of the throttle
valve F.

[0025] A first of said toothed sectors 8 is keyed on the
shaft A of the throttle valve F and is therefore integral in
rotation therewith: it constitutes the throttle valve driving
element for the primary air control. A second of said
toothed-sector elements 9 is mounted coaxial and freely
rotatable on said shaft, but is dynamically associated to
the first element 8, in the way better described in the
following.

[0026] The two toothed-sector elements 8, 9 are adja-
cent on parallel planes and have a width and a nominal
diameter such that both can mesh with the second pinion
7 of the intermediate idle wheel. In other words, they are
arranged so that they can take driving motion from the
same gear. More precisely, the pinion 7 is in engagement
at the same time with both toothings of the first and sec-
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ond toothed-sector elements 8, 9 for at least a central
part of their travel.

[0027] However, the toothings of the two toothed-sec-
tor elements 8, 9 are provided on two arcs of circle of
different length. In particular, the teeth of the second
toothed-sector element 9 are spread over an arc of circle
much shorter than that of the first element 8, in proportion
to the amplitude of rotation for which they must exercise
their driving action. For example, the teeth of the first
element 8 are provided on a circle arc of the order of 90°,
while the teeth of the second element 9 are provided on
a circle arc of only 15°. Namely, the toothing of the first
toothed sector element 8 is extending over an arc of circle
of the order of 50-95°, while the toothing of the second
toothed sector element 9 is extending over an arc of a
circle of the order of 5-30°.

[0028] For kinematic and structural reasons, the
toothed-sector element can also be prolonged over a fur-
ther arc of a circle other than that covered by the teeth,
as is shown for a portion 9a of the second element 9.
[0029] The first toothed-sector element 8 is keyed on
the common shaft A of the two throttle valves F, so that
its movements, controlled by the transmission gear
through the pinion 7, drive the throttle valves towards the
opening (counter-clockwise movement of the element 8)
of the primary air duct 1, or respectively towards the clos-
ing (clockwise movement of the element 8). The first
toothed-sector element 8 cooperates with a return elastic
element, such as a spring 10, adapted to perform the
function, well known per se, of bringing the throttle valve
back towards a home position (Fig. 2), that is, towards
the closing position, ensuring the automatic closing of
the throttle valve in the case of failure of the drive system.
The end-of-travel home position, with the throttle valve
F closed, typically is resulting by a special abutment sur-
face of the element 8 abutting on an appropriate end-of-
travel element C fixed with respect to the throttle body
case.

[0030] The second toothed-sector element 9 is also
mounted rotatably, but idle, on the axle of the common
shaft A of the two throttle valves. In the home condition,
the toothing of sector 9 meshes with the toothing of the
drive pinion 7. As already mentioned above, the sector
9 is coupled dynamically to the first toothed-sector ele-
ment 8 by the following method. The first element 8 has
a driving peg 8b, projecting axially from the side facing
the second toothed-sector element 9, which peg engages
in an arched slot 9b formed in the second element 9: it
determines a dragging effect in rotation between the two
toothed-sector elements 8 and 9 when their relative ro-
tation brings the peg 8b in abutment at the two opposite
ends 9ba and 9bb of the slot 9b.

[0031] Thedriving peg 8b canbe replaced by any other
suitable engaging means, for example the pin 8b’ shown
in the embodiment of fig. 8A.

[0032] In order to determine the static coupling be-
tween the two toothed-sector elements 8 and 9, there is
an elastic element 11, such as a spiral spring, which caus-
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es a torque that tends to rotate counter-clockwise the
second element 9 with respect to the first 8, pushing the
peg 8b in abutment against home end 9ba of the slot 9b
(Figs. 1 and 2). When the peg 8b is in abutment to the
home end 9ba of the slot 9b, the two toothed-sector el-
ements 8 and 9 have at least one tooth mutually aligned
(or almost aligned, with a very small phase shift, not ex-
ceeding a few tenths of a degree), so that a condition
can occur wherein they are properly and simultaneously
meshed with the corresponding teeth of the pinion 7. In
this state of coupling between the two elements 8 and 9,
the teeth of the second toothed-sector element 9 extend
beyond the end of the toothing of the first element 8, for
an arc of a circle (of approximately 15°, as seen above)
which determines the rotation useful to actuate the by-
pass valve 18, as will be described further below. This
portion of the toothing of the second element 9, which
extends beyond the ends of the toothing of the first ele-
ment 8, is called the active portion of the toothing of the
second element 9, as it is the one that determines the
operational phase of the second toothed-sector element
9.

[0033] The second toothed-sector element 9 also has
adriving appendix which, in the first embodiment, is con-
stituted by a portion of a toothed gear represented by a
single tooth 9d; the latter is intended to cooperate with a
tooth 12a of an opposite rocker lever 12, mounted free
in rotation on a pin and intended to control a driven rod
of the bypass valve 18 through an appendix 12b opposed
to the tooth 12a.

[0034] The pair of toothed-sector elements 8 and 9 is
mounted on the control shaft of the throttle valve so that
in the home position, only the sector 9 meshes with the
pinion toothing 7 and the appendix 9d is in engagement
with the tooth 12a.

[0035] The rotation of the tooth 9d is able to displace
the rocker lever 12, against the action of a return spring,
to an extent sufficient to correctly displace also the check
plug P of the bypass valve 18. The back displacement is
automatically performed by the return spring.

[0036] Figs. 6A-10C show a second embodiment dis-
closing a different aspect of the invention. In this case a
driving appendix 9d’ of a second toothed sector element
9’ is in the shape of a proper toothed sector (including at
least three teeth) meshing with a corresponding toothed
sector 12a’ acting as coupling means of a driving gear
12’ for a bypass throttle valve 18’. Advantageously, the
bypass throttle valve 18’ comprises a rotating shutter
plate attached to a shaft integral in rotation with driving
gear 12’. This latter is biased by a torque spring 13’
against an end-of travel abutment 14’, toward a position
wherein the bypass throttle valve 18’ is open. When the
driving appendix 9d’ of the second toothed sector 9’ has
meshed with the toothed sector 12a’, a further rotation
of the driving gear 12’ causes a progressive closing of
the throttle bypass valve 18'.

[0037] The significant advantage of this embodiment
over a traditional bypass valve, resides in that it can be
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obtained:

- enhanced control over the bypass flow: the flow rate
adjustmentis more fine and accurate, due to a better
drive ratio control of rotation over closing movement
of the valve;

- enhanced accuracy of the mechanism: the toothed
sector 9’ provides direct and rigid control of the ro-
tating shutter shaft: there are no intermediate ele-
ments/levers; the lower number of elements com-
pared to the traditional plug valve gives a positive
contribution to reduce costs and undesirable plays;

- more reliability: the return from the closed condition
to the home position of the bypass throttle valve is
assisted by a return spring but it is also positively
operated by drive toothed sector 9.

[0038] Moreover, according to a preferred embodi-
ment, the second toothed-sector element 9, 9’ supports,
in its centre of rotation, an internal magnetic button 13
(wellvisible in Fig. 2), which is intended to cooperate with
a position sensor (not shown) external to the case of the
throttle body, to provide an angular position signal of the
system.

[0039] The operation of the control device described
above is illustrated in the following making reference to
the first embodiment, but it is intended that also an em-
bodiment comprising a throttle bypass valve could have
a similar operation.

[0040] Figs. 1, 2 and 5A show a working position cor-
responding to the closed position of the throttle valves.
In this position - called "home" position as it corresponds
to the end of the closing travel of the throttle valve - the
first toothed-sector element 8 is biased in a clockwise
direction, by the bias of the elastic element 10, against
the end of travel C. The toothing of the first element 8 is
disengaged (see end tooth 8c in Fig. 5A) from the drive
pinion 7, while the second element 9, biased by the spring
11 in such a way that the face 9ba of the slot is pressed
against the abutment 8b, has its toothing at least in part
meshed with the drive pinion 7.

[0041] From this position, a counter-clockwise rotation
of the pinion 7 causes the clockwise rotation of the sec-
ond toothed-sector element 9, which is disengaged from
the first element simply by overcoming the elastic reac-
tion ofthe spring 11 (Figs. 4 and 5C). The relative rotation
between the two is allowed because the driving peg 8b
slides freely in the slot 9b, while the first element 8 re-
mains stationary against the end of travel C (Fig. 4). This
phase of the counter-clockwise rotation of the pinion 7
thus allows to obtain, following the closure of the throttle
of the primary air flow, a progressive actuation of the
bypass valve by the rod of the plug valve P, which is also
gradually closed obtaining the fine adjustment of the en-
gine idling speed.

[0042] Conversely, when the pinion 7 is rotated in the
opposite direction (clockwise in the figures) from the
home position, a slight counter-clockwise rotation of the
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second element 9 is obtained, sufficient to drag to some
degree also the first toothed-sector element 8 coupled
with it (due to the peg 8b abutting the end 9ba of the slot
9b), until the end toot 8c of the first toothed sector 8 is
meshed with the pinion 7 (Fig. 5B). A further rotation of
the pinion 7 causes a consequent counter-clockwise ro-
tation of the first toothed-sector element 8 (Figs. 3A and
3B), which goes progressively to open the throttle valve
with which it is integral through the shaft A (overcoming
the elastic reaction of the return spring 10).

[0043] The second toothed-sector element 9 follows
the movement of the first element 8 due to the mutual
coupling kept by the spring 11 (in the closing direction of
the throttle) or by dragging due to the abutment 8b en-
gaging the surface 9ba of the slot (in the opening direction
of the throttle). Preferably, the second toothed-sector el-
ement 9 is devoid of teeth on this rotation arc of the move-
ment (as shown in the figures), to prevent that slight mis-
matching of the two elements 8 and 9 produce an offset
of the toothed sectors that would ultimately cause jams
or inaccurate measures of the angular position of the
throttle valve.

[0044] As can be understood from the above descrip-
tion, the device of the invention allows to fully achieve
the purposes stated in the introduction. The construction
of the drive mechanism is in fact simple and reliable; be-
ing based on gearings, it is also robust, reliable and re-
quires low maintenance; thanks to the direct control on
the throttle valve, it is possible to obtain a perfect control
on the opening/closing of the primary air flow, also by
virtue of the magnetic button 13 which provides an ex-
cellent detection capability of the displacement angle
from the outside of the casing of the throttle body.
[0045] The magnetic button 13 rotates integral with the
element 9; furthermore, for the angular positions in which
the pinion 7 meshes with the sector 8 only, the latter
drags the sector 9 in rotation through the spring 11 or the
abutment 8b: this allows, for each configuration, to
uniquely detect, through the position sensor, the angular
position of the throttle or that of the by-pass valve.
[0046] The detectable element integral in rotation with
drive shaft A can take other shapes than the magnetic
button 13, but it still has the advantage of supplying a
direct information of the angular position of the throttle
valve.

[0047] Itis understood, however, that the invention is
not to be considered as limited by the particular arrange-
ments illustrated above, which represent only exemplary
embodiments thereof, but different other variants are
possible, all within the reach of a person skilled in the art,
without departing from the scope of the invention itself,
as defined by the following claims.

Claims

1. Control device of a primary air flow duct and a sec-
ondary air channel within a throttle assembly for the
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air supply to an internal combustion engine, com-
prising a driving electric motor (2) and a toothed gear-
ing transmission (5, 6, 7) for transferring the motion
from said electric motor (2) to a driving shaft (A) of
at least one throttle valve for the choking of said pri-
mary air flow duct and to a driving element (12, 12°)
of a bypass valve (18, 18’) of said secondary air
channel, characterised in that

said toothed gearing transmission (5, 6, 7) is ar-
ranged to mesh with a first toothed-sector element
(8) integral in rotation with said driving shaft (A) of
said throttle valve of the primary air flow duct,

said toothed gearing transmission (5, 6, 7) is ar-
ranged to mesh also with a second toothed-sector
element (9, 9’), idle with respect to said driving shaft
(A) of the throttle valve and apt to be coupled in ro-
tation with said first toothed-sector element (8) by
rigid coupling in one direction and through an elastic
element (11) in the opposite direction,

said second toothed-sector element (9, 9°) having a
driving appendix (12a, 12a’) of said bypass valve
(18, 18).

Device as in 1, wherein said first element (8) and
said second element (9, 9’) make up a pair of coaxial
and mutually adjacent toothed-sector elements, lay-
ing on parallel planes, having a same nominal diam-
eter for meshing with a same pinion (7) of said
toothed gearing transmission.

Device as in 1 or 2, wherein said second toothed-
sector element (9, 9°) has a toothing which extends
beyond a toothing end of said first toothed-sector
element (8) when the two elements (8, 9) are coupled
in said one direction.

Device as in 1, 2 or 3, wherein said first toothed-
sector element (8) and second toothed-sector ele-
ment (9, 9’) are mutually coupled in rotation by the
engagement of an axial driving peg (8b, 8b’) with an
arched slot (9b) and through an elastic element (11)
which biases said axial driving peg (8b) in abutment
against a home end (9ba) of said arched slot (9b)
determining the coupling in rotation in said one di-
rection.

Device as in any one of the preceding claims, fur-
thermore comprising elastic return means (10), apt
to bias said first toothed-sector element (8) integral
with said shaft (A) toward a home position by which
the throttle valve is closed.

Device asin any one of the preceding claims, where-
in a toothing of the first toothed-sector element (8)
extends across an arc of a circle of the order of
50-95°, while a toothing of the second toothed-sector
element (9) extends across an arc of a circle of the
order of 5-30°.
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10.

Device as in any one of the preceding claims, where-
in a detectable button (13) is provided, integral in
rotation with said second toothed-sector element (9,
9’), apt to be contactless detected by a position sen-
sor arranged externally to a device-containing case.

Device as in 7, wherein said detectable button (13)
is made of magnetic material.

Device as in any one of the preceding claims, where-
in said bypass valve is a throttle valve having a ro-
tating shutter (18’) attached to a shaft integral in ro-
tation with a driving gear (12’) having a toothed por-
tion (12a’) meshing with a toothed appendix (9d’) of
said second toothed sector (9’).

Control device of a primary air flow duct and a sec-
ondary air channel within a throttle assembly for the
air supply to an internal combustion engine, com-
prising adriving electric motor (2) and a toothed gear-
ing transmission (5, 6, 7) for transferring the motion
from said electric motor (2) to a driving shaft (A) of
at least one throttle valve for the choking of said pri-
mary air flow duct and to a driving element (12, 12°)
of a bypass valve (18, 18’) of said secondary air
channel, characterised in that

said bypass valve is a throttle valve having a rotating
shutter (18’) rotating integral with a driving gear (12’)
taking motion from said toothed gearing transmis-
sion (5, 6, 7).
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