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FLOW CONTROL DEVICE

The present invention relates to a fuel control device comprising a duct
having a central axis and a flow control member pivotably mounted about

an axis extending transversely to the duct.

Flow control devices of this kind are well known, for example as so called
throttle bodies used to regulate the flow of air into an internal combustion
engine. In such throttle bodies the flow control member frequently takes
the form of a so-called butterfly valve. The butterfly is a disc-shaped piece
of metal mounted on a relatively narrow spindle which passes transversely
across the duct and intersects the central axis of the duct. Such butterfly

valves are also frequently used in carburettors.

A problem with such butterfly valves is that, even in the fully open posi-
tion, in which the disc of the butterfly valve generally lies edge on to the
flow through the throttle body with the plane of the disc parallel to the
central longitudinal axis of the duct, the disc and the spindle, as well as
the screws which normally secure the disc to the spindle, disturb the flow
through the duct. This increases the flow resistance and reduces the

maximum flow possible through the duct.

In practise it is very difficult to achieve any significant reduction in the
resistance caused by the butterfly valve in the open position. The spindle
has to have a minimum diameter for strength reasons. The disc normally
passes through a narrow slot in the spindle and the screws securing the
disc to the spindle are splayed at their free ends projecting beyond the

outer side of the spindle to prevent the screws or the disc undesirably
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separating from the spindle in the event of vibration and entering into the
engine. When assembling the butterfly valve the screws have to be en-
gaged through the spindle and through the disc and splayed at their split
ends after the spindle has been inserted into the throttle body and after
the disc has been inserted through the slot in the spindle. This makes it
difficult to install the butterfly valve in the throttle body or carburettor
body.

The other alternative of passing the spindle through a passage extending
through a thickened central portion of the disc along a diameter thereof is
also problematic. Quite apart from the increased complexity of the shape
of the disc, such a design leads to a thicker overall construction and thus
represents a greater blockage in the duct of the throttle body or carburet-
tor. In addition, it is necessary to pin the butterfly disc to the spindle to
ensure it rotates with the spindle and this also involves the danger that

the pin may become loose and be ingested into the engine.

Irrespective of how the butterfly valve is actually designed there is also a
significant problem involved in connecting two or more butterfly valves
together in a synchronized manner when using pairs of throttle bodies or

multiple carburettor installations.

One alternative which has been used for many years is to replace the but-
terfly valve with a slide valve arrangement, i.e. an arrangement in which a
plate is moved transversely to the central longitudinal axis of the duct of
the throttle body or carburettor to progressively occlude or free the duct.
Such throttle slides are however problematic from a number of points of
view. First of all, if the guide is made too tight, then there is always a sig-
nificant danger of the throttle slide sticking. Should the throttle slide stick

in the fully open state this can have dangerous consequences. If the guide
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for the throttle slide is made looser in an attempt to avoid sticking then
there is always a significant danger of air leakage into the throttle body or
carburettor which undesirably affects the fuel/air mixture and the run-
ning of the engine, particularly at low speeds. The synchronization of a

plurality of throttle slides also poses considerable difficulties in practice.

The principle object of the present invention is to provide a flow control
device which presents substantially no flow resistance in the fully open
position, which is relatively easy to realize and manufacture in practice,
which avoids sticking problems and which enables a plurality of flow con-
trol devices to be ganged together so that the flow through each throttle
body or carburettor is synchronized over the full range of operation from

idling to full throttle.

In addition, it is an aim of the present invention to realise a fuel flow de-

vice which is very compact and in particular of short overall length.

Furthermore, it is an object of the present invention to provide a design of
flow control device which can readily be made economically by mass pro-
duction methods, which is of light weight and which utilizes relatively little

material.

In order to satisfy these objects there is provided, in accordance with the
present invention, a flow control device comprising a duct having a central
axis, at least one flow control member pivotally mounted about an axis
extending transversely to said duct, said axis being spaced from said cen-
tral axis and said flow control member cooperating with an opposite side
of said duct or with a second flow control member to define a throat of

variable area.
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Although the flow control member can be arranged to cooperate with an
opposite side of the duct it is preferred when a second flow control mem-
ber is provided which is pivotable about a second axis extending trans-
versely to the duct, generally parallel to the first said axis, at the side of

the central axis opposite from the first central axis.

When such first and second flow control members are provided they are
preferably connected together by a transmission. The transmission can for
example comprise a first gear drivingly connected to the first flow control
member and rotatable about the first axis and a second gear drivingly
connected to said second flow control member and rotatable about the

second axis, with the first gear meshing with the second gear.

In a particularly preferred embodiment, the first and second flow control
members comprise rod-shaped bodies having respective first and second
cut-outs which cooperate to define said variable throat, said first and sec-
ond cut-outs being positionable at any intermediate angle between a first
pivotal position in which the said rods cooperate to substantially close off
said duct and a second pivotal position in which said cut-outs lie generally
opposite to one another and define a flow passage having an inlet and an
outlet, said inlet and said outlet corresponding in shape to entrance and
exit sections of the flow duct respectively adjacent to said inlet and said

outlet.

Each of the rods preferably has a cross-sectional shape at the cut-out cor-

responding to a segment of a circle defined by a cord.

It will be appreciated from the foregoing that, because the flow control
member or the flow control members is/are pivotably mounted in a body

defining the duct, it is readily possible to arrange for them to rotate freely
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without unwanted air leakage and without the danger of the flow control

members sticking.

Furthermore, because each flow control member can be realized as a sin-
gle part there is no danger of securing pins, screws or the like coming
loose and being ingested by the engine or other apparatus to which the

flow control device is connected.

Of importance is tHe advantage that the flow control member or flow con-
trol members can readily be contrived so that the duct is not obscured at
all by the flow control member or members in the fully open position, so
that the flow control member or members do not cause any restriction of
the cross-sectional flow area of the duct and the duct is therefore able to
flow the maximum possible quantity of fluid, be it air, another gas or a
liquid medium. Moreover this advantage can be obtained irrespective of
whether the duct has a circular cross-section, or a rectangular cross-
section, or some other desired cross-sectional shape and also irrespective
of whether the duct is arranged to converge or diverge in the area of the

throat.

Because the flow control member or members can be made from round
bar they can be relatively easily manufactured in metal or realized as in-

jection moulded components.

The duct of the flow control device will be defined in a body and this body
can have first and second transverse passages of circular cross-section
corresponding in diameter to the first and second rods. Not only can such
transverse passages of circular cross-section be manufactured in metal by

a straightforward boring operation, they can also be manufactured cost-



WO 2007/057034 PCT/EP2005/012262

effectively in a plastic material, in particular in a fibre reinforced plastic

material, by injection moulding.

Because the first and second transverse passages are of circular cross-
section, as are the rods, it is easy to provide seals, in particular ring seals
between the rods and the walls of the transverse passages, for example in
suitable ring grooves, so that any potential air leakage can be effectively

prevented.

The flow control device of the present invention is preferably incorporated
into a throttle body. The throttle body preferably has first and second
ducts extending generally parallel to one another, for example for feeding a

pair of intake ports of an internal combustion engine.

In this case the first and second rods each have two cut-outs positioned
along the rods at positions corresponding to the first and second ducts.
Because the cut-outs are machined on the rods, or formed integrally with
the rods in an injection moulding process, the two flow devices in each
throttle body are perfectly synchronized with one another from the outset
so that there is no need to provide adjustments to allow for flow balancing

through the two ducts. This significantly simplifies the design.

In the above designs it can be advantageous to provide an idling adjust-
ment for each duct. This can be done by providing a bypass passage for
the or each duct, said bypass passage comprising a first bore in said body
upstream of said first and second flow control members and intersecting
said duct, a second bore downstream of said first and second flow control
members and intersecting said duct and a passage communicating be-

tween said first and second bores outside of said duct.
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A variable restrictor, such as a needle valve realised as a grub screw with
a conical point, can then be provided in one of the first and second bores,
or in the passage, by which the size of the bypass flow can be regulated.
This facilitates the setting of the idling speed of an engine equipped with a
throttle body or carburettor incorporating the flow control device of the

present invention.

When used as afthrottle body a fuel injector bore is conveniently provided
in the throttle body for each duct and preferably intersects the respective

duct. Normally the fuel injector bore will be placed to intersect the respec-
tive duct downstream of the flow control members, in which case it is con-
veniently inclined relative to a longitudinal direction of the duct so that it

points into the duct away from the flow control members. However, this is
not essential, the fuel injection could take place upstream of the flow con-

trol members.

For many engines it is often desirable to provide two or more throttle bod-
ies alongside one another, with each throttle body frequently having two

flow ducts.

In accordance with the present invention the or each flow control member
can have, at at least one end face, a feature of shape which cooperates
with a complementary feature of shape of a further flow control member of
a second throttle body to gang the respective flow control members to-
gether for common rotational movement. This not only means that the
flow control members of a plurality of throttle bodies can be driven from a
single throttle actuator, it also means that the movements of the flow con-
trol members of each of the throttle bodies can be fully synchronized with-
out the need to provide special flow balancing arrangements for each duct

or throttle body.
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In one preferred design the features of shape comprise at least one bore
and at least one pin at an end face of one said flow control member and at
least one pin and at least one bore of complementary shape at a confront-
ing end face of a further flow control member. This means that the pins
and bores can simply be plugged together by movement of the two throttle
bodies towards one another without the need for any further connecting
mechanism. The relative axial positions of the flow control members are
maintained by the bolting of the throttle bodies to the mating flange of the
induction manifold or cylinder head and indeed the pin and bore con-
struction permits differential thermal expansion to take place without af-
fecting the connection. One of the pins and bores at least should be pro-
vided eccentrically to the axis of rotation of the respective flow control

member.

A throttle actuator is preferably non-rotatably connected to at least one of
the flow control members and conveniently comprises a throttle quadrant.
The connection between the throttle actuator and the flow control member
can be realized in a variety of ways. In one embodiment the throttle quad-
rant could be machined into or injection moulded with the relevant flow
control member. In another embodiment it can be made as a separate
component and bolted to an end face of the flow control member via a cen-
tral bolt, with a driving dog positioned eccentrically of the central bolt to
prevent relative rotation between the throttle quadrant and the flow con-

trol member.

The connection between the throttle quadrant and the respective flow con-
trol member can be effected using a complementary pin and bore ar-
rangement precisely in the same manner as is used to connect two control

rods together in alignment with one another. This means that only one
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design of flow control member is necessary which simplifies the manufac-

turing process and enables further cost-savings to be made.

Further preferred embodiments of the flow device of the invention are set
forth in the subordinate claims. It will be noted that the flow device of the
present invention can be used not only as a flow control valve in a fuel
system but rather in any fluid control system, such as a hydraulic flow

control system or a pneumatic flow control system.

The invention will now be described in further detail by way of example

only and with reference to the accompanying drawings in which are

shown:

Fig. 1 shows a flow device in the form of a throttle body seen from
the side,

Fig. 2 is a view of the throttle body of Fig. 1 seen from below,

Fig. 3 is a view of the throttle body of Fig. 1 seen from the front,

Fig. 4 is a view similar to Fig. 3 but with the inlet trumpets re-
moved,

Fig. 5 is a section taking on the plane AA of Fig. 4, with Fig. 5A
showing the flow control members in the fully closed posi-
tion and Fig. 5B showing them in the fully open position,

Fig. 6 is a perspective view of the throttle body of Figs. 1 to 5 with

the gear case removed,
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Fig. 7 is a perspective view of the first and second flow control
members used in the throttle body of Figs. 1 to 6 shown in
the fully open position (Fig. 7A) and in the fully closed posi-
tion (Fig. 7B),

Fig. 8 is a schematic illustration of an alternative embodiment of

the invention,

Fig. 9 is an illustration resembling Fig. 8 but showing the use of a
membrane to improve the flow through the duct at different

throat openings and

Fig. 10 is a view of another alternative embodiment of the inven-

tion.

Turning now to the drawings of Figs. 1 to 7 there can be seen a flow con-
trol device 10 in the form of a throttle body having first and second ducts
12, 14 each with a respective central axis 16, 18. At the front of the throt-
tle body 10 there is provided a flange 20, 22 at the inlet 24, 26 to each
duct 12, 14 to which a respective inlet trumpet 28, 30 is attached via re-
spective bolts which pass through‘ bores 32 in lugs 34 of 'the trumpets into
tapped bores 36 of the throttle body 10. At the rear of the throttle body is
a flange 38, 40 for each duct 12, 14 which enables the throttle body to be

bolted to an inlet manifold or to a face of a cylinder head.

In this embodiment the flow ducts 12, 14 are of circular cross-section and
taper on their paths through the throttle body from the respective inlet 24,
26 to the respective outlet 42, 44. As can be seen the throttle body10 has

first and second flow control members 46, 48 which are pivotally mounted

about respective axes 50, 52 (Figs. 5A and 5B) extending transversely to
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said ducts 12, 14. The axes 50, 52 are each spaced from the central axes
16, 18 of the flow ducts 12, 14 and are disposed on opposite sides of the
central axes 16, 18. The flow control members 46, 48 cooperate with each
other to define respective throats 54, 56 of variable area in the ducts 12,'
14. In Fig. 3 and Fig. 7B the throats 54, 56 are shown with a minimal flow
area, in Figs. 4 and 5A they are shown fully closed and in Figs. 5B and 7A
they are shown fully open. It is apparent from the drawings that the flow
control members 46, 48 are provided with respective cut-outs in order to
achieve the variable throat area. This is not however essential as will be

explained later with respect to Figs. 8 to 10.

As can be seen from Figs. 6, 7A and 7B the first flow control member 46 is
connected to the second flow control member 48 by a transmission com-
prising a first gear 58 drivingly connected to the first flow control member
46 and rotatable about the first axis 50 and a second gear 60 drivingly
connected to the second flow control member 48 and rotatable about the
second axis 52. The gears 58 and 60 can be injection molded at the same
time as the flow control members in one piece with the flow control mem-
bers. The first gear 58 meshes with the second gear 60 and the timing of
the gears, i.e. their positions with respect to the flow control members is
such that the flow control members mbve in a fully synchronised manner
from the closed position (Fig. 7B) to the fully open position (Fig. 7A) so
that the valve throat areas are always symmetrically positioned with re-
spect to the respective central axes 16, 18 of the two flow ducts. The gears
58, 60 cannot be seen in Figs. 1, 2 and 3 because they are covered by a

gear cover 62 to preclude the ingress of contamination.

In the present embodiment the first and second flow control members 46,
48 comprise rod-shaped bodies having, for each flow duct 12, 14, respec-

tive first and second cut-outs 64, 66 which cooperate to define the vari-
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able throat in each flow duct. Because the throttle body has two flow
ducts extending generally parallel to one another in this example the said
first and second rods 46, 48 respectively have two first cut-outs 64 64'
and two second cut-outs 66, 66' positioned along the rods at locations

corresponding to said first and second ducts 12, 14.

In this example the first and second cut-outs 64, 64' and 66, 66' can be
positioned by rotation of the rods 46, 48 at any desired position (throttle
opening) between a first pivotal position (Figs.4, 5A and 7B) in which the
said rods cooperate to substantially close off the flow ducts and a second
pivotal position (Figs. 5B and 7A) in which the cooperating pairs of cut-
outs 64, 66 and 64', 66' lie generally opposite to one another and define a
flow passage having an inlet 68 and an outlet 70, said inlet 68 and said
outlet 70 corresponding in shape to entrance and exit sections of the as-
sociated flow duct 12, 14 respectively adjacent to said inlet and said out-
let.

That is to say, in the fully open state, the walls 65, 67 of the cut-outs 64,
64', 66, 66' lie in positions which conform fully to the shape of the respec-
tive flow duct 12, 14, as shown in Fig. 5B. One way of considering the
shape of the cooperating cut-outs is to imagine the rod-shaped bodies as
initially having no cut-outs and being positioned in the throttle body 10 so
that they extend across the flow ducts. If a boring tool is now used to bore
a passage throﬁgh the two rods at the position of each flow duct, with the
passage having a tapering cylindrical shape corresponding to the tapering
cylindrical shape of each flow duct, then the resultant shape of the cut-
out in each rod for each flow duct is precisely the desired shape of the ac-
tual cut-out 64, 64', 66 66'. There are no steps at the transition from the
walls of the flow ducts to the cut-outs in the rods or at the transitions

from the cut outs in the rods to the walls of the ducts.
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As a result of this design the rods 46, 48 each having a cross-sectional
shape at the cut-outs 64,64', 66, 66' corresponding to a segment of a cir-
cle defined by a chord 72, 74 irrespective of the axial position at which the
cross-section is taken. The radial depth of the chord does however vary

over the width of the duct.

The throttle body has first and second transverse passages 73, 75 of
circular cross-section corresponding in diameter to said first and second
rods in order to accommodate the rods in the throttle body. If desired re-
spective seals, e.g. O-ring seals can be provided between the rods and the
walls of the transverse passages, e.g. in ring grooves of the rods, to ensure
sealing. This is however not essential. Adequate sealing can be achieved if

the diameter of the transverse passages closely equates to that of the rods.

A bypass passage is provided for each flow duct. The bypass passage
comprises, in respect of each flow duct 12, 14, a first bore 76 in said body
10 upstream of said first and second flow control members 46, 48 and in-
tersecting the respective duct 12, 14, a second bore 78 downstream of
said first and second flow control members and intersecting the respective
duct 12, 14 and a passage 80 communicating between said first and sec-
ond bores 76, 78 outside of the respective duct. A variable restrictor (not
shown) is provided in one of said first and second bores 76, 78 or in the

passage 80.

It can, for example, comprise a needle valve realised as a grub screw
screwed into the upper part of the first bore 76, the grub screw having a
conical point (not shown) which cooperates with a suitable valve seat de-
fined in the lower part of the first bore beneath the passage 80. The upper
parts of the bores 76 and 78 and the ends of the cross-drilling for the pas-
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sage 80 outside of the bores 76 and 78 must be closed off to prevent un-

wanted infiltration of air.

A fuel injector bore 82 for a fuel injector 84 is provided in fhe throttle body
10 for each flow duct 12, 14. The fuel injector bore 82 extends through the
throttle body and intersects the respective duct 12, 14 downstream of the
flow control members 46, 48. The fuel injector bore 82 is preferably in-
clined relative to a longitudinal direction of the duct (equivalent to the cen-
tral axis 16, 18 thereof) and points into the duct away from the flow con-

trol members 46, 48.

A throttle actuator 86 is non-rotatably connected to at least one of said
flow control members 46 in Fig. 1. The throttle actuator comprises a throt-
tle quadrant which is secured by a bolt 87 which passes through an aper-
ture in the gear casing 62 into a threaded bore 86' provided in the end of
the flow control rod 46 and also has a cylindrical pin 89 which engages
through an arcuate slot in the gear casing 62 with a bore 90 provided in

the flow control rod 46.

Two or more throttle bodies can be arranged alongside one another. For
this purpose the or each flow control member has, at at least one end face,
a feature of shape (such as the protruding pin 88' at the free end of bolt
88) which mates with a complementary feature of shape (such as the bore
86') of a further flow control member to gang the respective flow control
members together for common rotational movement. That is to say a sec-
ond throttle body identical to throttle body 10 could be positioned to the
right of the throttle body 10 shown in Fig. 2 so that the pin 88' engages
through the end cap 62' into the bore 86' of a flow control member of the
second throttle body. To ensure the rotation produced by the throttle ac-

tuator is transmitted to the flow control members of both throttle bodies a
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further pin and bore are necessary. For example the pin 89 of Fig. 2 could
be extended through the actuator quadrant to engage through an arcuate
slot in the gear casing 62 or end cover 62' into a bore such as 90 provided
in the end of the corresponding flow control member of the second throttle
body.

It is not necessary for the bolt 88 to engage in a threaded bore if two throt-
tle bodies are placed side by side with the actuator quadrant 86 between
them. Instead bolt 88 could be a simple pin since it cannot be lost due to
the proximity of the two throttle bodies. It should be noted that the bolt or
pin 88 is not required in the above design for torque transmission between
the actuator quadrant 86 and the flow control member or members 46

since the two mutually offset pins 88 and 89 fulfil this function.

It is however entirely possible to dispense with the second pin 89 and to
use the bolt or pin 88 for torque transmission from the actuator quadrant
to the flow control member. One way of achieving this is to form the pin 88
with a tapering round, square or polygonal or cross section or splined or
keyed portion adapted to engage in a corresponding aperture in the end of
the associated flow control member. Such an arrangement (not shown in
the drawings) could e.g. be secured by a central threaded bolt passing co-
axially through the pin into the flow control member 46 and has the ad-
vantage that backlash free transmission of torque is possible. It also has
the advantage that an arcuate slot in the gear cover is not necessary so
that the ingress of contamination into the gear casing 62 fhrough such an

arcuate slot is not possible.

Indeed, with a tapering round, square or polygonal cross section of the
pin, or with a pin with a splined or keyed portion, the relevant portion of

the pin can blend into a cylindrical portion of the pin adjacent to the
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throttle actuator so that the cylindrical portion passes through the gear
casing where it can easily be sealed, so that contamination is kept away
from the gears. A pin with a tapering or non tapering square cross section,
or with a polygonallcross section or with a splined portion can also be
made with two oppositely directed ends each with the same cross-
sectional shape so that two throttle bodies can be placed side by side and

the respective flow control members 46 driven from one throttle quadrant.

The throttle quadrant 86 does not have to be positioned between two adja-
cent throttle bodies, it could also be placed at one end of a row of throttle
bodies. E.g. if a second throttle body is placed to the left of the throttle
body 10 in Fig. 2 then complementary features of shape such as two mat-
ing pins and bores could be provided there to ensure all the flow control
members 46, 48 of the two throttle bodies move together in a synchro-
nised manner. The features of complementary shape do not have to be
mating pins and bores. it would for example be possible to have a bar
shaped projection extending across a diameter of one end face of one flow
control member mating with a complementary bar shaped recess at the
end face of a mating flow control member. In such a case the confronting
end covers 62, 62' could be omitted and replaced by a flexible boot extend-
ing between the two throttle bodies ' | '

The first and second flow control members can be machined from metal,
for example from an aluminium alloy but preferably comprise injection-
moulded members. The injection-moulded members are injection-moulded
in a fibre reinforced plastic of high thermal stability, e.g. a plastic which is
stable at temperatures above those likely to be encountered in practise. A

plastic which is stable at temperatures above 300 °C is preferred.
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The body defining the ducts, i.e. the housing of the throttle body, prefera-
bly also comprises an injection-moulded part and is preferably also injec-
tion-moulded in a fibre reinforced plastic of high thermal stability. It could

also be a metal die casting, as could the flow control members.

In the embodiment discussed so far each duct is of circular cross-section,
at least in the vicinity of said flow control member or members and tapers
from the respective inlet trumpet 28, 30 to the associated mounting flange
38, 40. The use of a tapering duct is not essential it could be of regular
cylindrical shape. Also other cross-sectional shapes are possible, for ex-
ample an elliptical cross-section. In addition a duct of rectangular cross-
section could be used, at least in the vicinity of said flow control member

or members.

A flow control device with a duct of rectangular cross-section is illustrated
in Fig. 8 and in Figs 9 and 10. In the description of Fig. 8 and in the de-
scription of the subsequent figures the same reference numerals as used
in connection with the first embodiment of Figs. 1 to 7 will be used to de-
scribe parts having the same function as in the first embodiment. It will be
understood that the same description applies unless something is stated
to the contrary. The drawings of Figs 8 to 10 are highly schematic and not

all details are shown.

In the embodiment of Fig. 8, as in the subsequent embodiments of Figs. 9
and 10 the flow control members 46, 48 are again of generally rod-like

shape but are pivotable about an axis 50, 52 eccentric with respect to the
cross-section of said flow control member. The flow control members have
a cylindrical portion 46", 48" which engages in a corresponding cylindrical
bearing in the body of the flow control device 10. The axes 50, 52 are posi-

tioned transverse to the duct 12 outside of the duct.
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The flow control members each have a cross-sectional shape selected such
that a portion of the flow control member intersecting said duct has a
substantially constant width at an intersection with said duct, irrespective
of a selected pivotal position of said control member, whereby to minimize
the gaps which exists between a wall of the duct and the flow control
member. It will be noted that for this purpose the flow control member has
two arcuate surfaces which are each formed by an arc centred on the re-
spective axis 50, 52 which is coaxial to the cylindrical portions 46", 48". It
can readily be seen from Fig. 8, as indeed from the other figures that it
would be possible to provide just one flow control member which cooper-
ates with the opposing wall of the duct rather than with a second flow
control member. In this case, in the embodiment of Fig. 8, the opposing
wall would be located at the position of the centreline 16. It will be noted
that the drawing shows the flow control members in the fully closed posi-

tion in solid lines and in the fully open position in dotted lines.

Fig. 9 shows an embodiment closely similar to that of Fig. 8 but with a
flexible and extensible membrane 94, 96 extending over the portion of
each flow control member extending into the duct 12. The membranes are
fixed to wall means 98, 98' of the duct 12 upstream and downstream of
said flow control member, for example by trapping them between mating
bolted together flanges. The flow duct 12 is broader in the throttle body
than in the continuations of the duct upstream and downstream of the
throttle body by the double thickness of the membranes. This avoids step

changes in the internal dimension of the flow passage.

Fig. 10 shows an embodiment similar to Fig. 9 but in which the flow con-
trol members have a different shape. Here they are of circular cross-

section again with eccentric cylindrical portions 46", 48". Here first and
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second resilient elements 100, 102 and 104, 106 contact respective por-
tions of the flow control members extending into said duct at respective
upstream and downstream positions. The resilient members, which could
be thin spring steel sheet members, are fixed to wall means 98 of said
duct 12 upstream and downstream of the flow control members 46, 48

and are resiliently biased into contact therewith.

Although the ducts 12 in Figs. 8 to 10 are said to be of rectangular cross-
section they could be of other shapes, e.g. of square, circular or elliptical

cross-section with or without taper.
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Patent Claims

1. A flow control device comprising a duct having a central axis, at least
one flow control member pivotally mounted about an axis extending
transversely to said duct, said axis being spaced from said central
axis and said flow control member cooperating with an opposite side
of said duct or With a second flow control member to define a throat

of variable area.

2. A flow control device according to claim 1 wherein a second flow con-
trol member is provided which is pivotable about a second axis ex-
tending transversely to said duct generally parallel to the first said

axis at a side of said central axis opposite from the first said axis.

3. A flow control device in accordance with claim 2, wherein said flow
control member is connected to said second flow control member by a

transmission.

4. A flow control device in accordance with claim 3, wherein said trans-
mission comprises a first gear drivingly connected to said first flow
control member and rotatable about said first axis and a second gear
drivingly connected to said second flow control member and rotatable

about said second axis, said first gear meshing with said second gear.

5. A flow control device in accordance with any one of the preceding
claims 2 to 4, wherein said first and second flow control members
comprise rod-shaped bodies having respective first and second cut-
outs which cooperate to define said variable throat, said first and

second cut-outs being positionable between a first pivotal position in
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which the said rods cooperate to substantially close off said duct and
a second pivotal position in which said cut-outs lie generally opposite
to one another and define a flow passage having an inlet and an out-
let, said inlet and said outlet corresponding in shape to entrance and
exit sections of said duct respectively adjacent to said inlet and said

outlet.

A flow control device .in accordance with claim 5, said rods each hav-
ing a cross-sectional shape at said cut-out corresponding to a seg-

ment of a circle defined by a chord.

A flow control device in accordance with any one of the preceding
claims, wherein said duct is defined in a body having first and second
transverse passages of circular cross-section corresponding in diame-

ter to said first and second rods.

A flow control device in accordance with claim 7, there being respec-
tive seals provided between said rods and walls of said transverse

passages.

A flow control device in accordance with claim 8, wherein said seals

comprise ring seals.

A flow control device in accordance with any one of the preceding

claims, when incorporated into a throttle body.

A flow control device in accordance with claim 10, wherein said throt-
tle body has first and second ducts extending generally parallel to one

another.
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A flow control device in accordance with claim 11, wherein said first
and second rods each have first and second cut-outs positioned along

said rods at positions corresponding to said first and second ducts.

A flow control device in accordance with any one of the preceding
claims, wherein a bypass passage is provided for the or each said
duct, said bypass passage comprising a first bore in said body up-
stream of said first and second flow control members and intersecting
said duct, a second bore downstream of said first and second flow
control members and intersecting said duct and a passage communi-

cating between said first and second bores outside of said duct.

A flow control device in accordance with claim 13, wherein a variable
restrictor is provided in one of said first and second bores or in said

passage.

A flow control device in accordance with any one of said preceding
claims, there being a fuel injector bore extending in a body of said de-

vice defining said duct and intersecting said duct.

A flow control device in accordance with claim 15, wherein said fuel
injector bore intersects said duct downstream of said flow control
members.

A flow control device in accordance with claim 16, wherein said fuel
injector bore is inclined relative to a longitudinal direction of said

duct and points into said duct away from said flow control members.

A flow control device in accordance with any one of the preceding
claims, wherein the or each said flow control member has at at least

one end face a feature of shape which mates with a complementary
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feature of shape of a further flow control member of a second flow
control device to gang the respective flow control members together

for common rotational movement.

A flow control device in accordance with claim 18, wherein said fea-
tures of shape comprise at least one bore and at least one pin at an
end face of one said flow control member and at least one pin and at
least one bore of complementary shape at a confronting end face of

said further flow control member.

A flow control device in accordance with any one of the preceding
claims, wherein a throttle actuator is non-rotatably connected to at

least one of said flow control members.

A flow control device in accordance with claim 20, wherein said throt-

tle actuator comprises a throttle quadrant.

A flow control device in accordance with any one of the preceding
claims, wherein a throttle actuator is positioned between a pair of ad-

jacent flow control devices.

A flow control device in accordance with claim 22 wherein said throt-
tle quadrant is drivingly connected to a respective flow control mem-

ber of each flow control device.

A flow control device in accordance with any one of the preceding
claims, wherein an inlet trumpet and/or an air filter is connectable to

an upstream end of each said duct.
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A flow control device in accordance with claim 10 and claim 24,
wherein said throttle body has a flange at an upstream end of said

duct for connection to said inlet trumpet and/or to said air filter.

A flow control device in accordance with claim 10 and any other one
of the preceding claims, wherein said throttle body has a flange at an

outlet end for mounting to a cylinder head or other structure.

A flow control device in accordance with any one of the preceding
claims, wherein said first and second flow control members comprise

injection-moulded members.

A flow control device in accordance with claim 27, wherein said injec-
tion-moulded members are injection-moulded in a fibre reinforced

plastic of high thermal stability.

A flow control device in accordance with any one of the preceding
claims, wherein a body defining said duct comprises an injection-

moulded part.

A flow control device in accordance with claim 29, wherein said injec-
tion-moulded part is injection-moulded in a fibre reinforced plastic of

high thermal stability.

A flow control device in accordance with any one of the preceding
claims wherein said duct is of circular cross-section, at least in the

vicinity of said flow control member or members.
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A flow control device in accordance with any one of the preceding
claims wherein said duct is of rectangular cross-section, at least in

the vicinity of said flow control member or members.

A flow control device in accordance with claim 1, claim 31 or claim
32, wherein said flow control member is of generally rod-like shape
and is pivotable about an axis eccentric with respect to a cross-

section of said flow control member.

A flow control device in accordance with claim 33, wherein said axis

is positioned transverse to said duct outside of said duct.

A flow control device in accordance with claim 34, wherein said flow
control member has a cross-sectional shape selected such that a por-
tion of said flow control member intersecting said duct has a sub-
stantially constant width at an intersection with said duct irrespec-
tive of a selected pivotal position of said flow control member whereby
to minimize a gap existing between a wall of said duct and said flow

control member.

A flow control device in accordance with any one of the preceding
claims, wherein a flexible and extensible membrane extends over a
portion of said flow control member extending into said duct, said
membrane being fixed to wall means of said duct upstream and

downstream of said flow control member.

A flow control device in accordance with any one of the claims 1 to
35, wherein first and second resilient elements slidingly contact re-
spective portions of said flow control member extending into said

duct at respective upstream and downstream positions, said resilient
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members being fixed to wall means of said duct upstream and down-
stream of said flow control member and resiliently biased into contact

therewith.

A flow control device in accordance with any one of the preceding
claims, when adapted for use as a flow control valve in a hydraulic

flow control system.

A flow control device in accordance with any one of the preceding
claims 1 to 37, when adapted for use as a flow control valve in a

pneumatic flow control system.

A flow control device in accordance with any one of the preceding
claims 1 to 37, when adapted for use as a flow control valve in a fuel

system.

A flow control device substantially as described herein with reference

to and as illustrated in any of the accompanying drawings.
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