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1
INTAKE AIR CONTROL SYSTEM FOR
MULTI-CYLINDER COMBUSTION ENGINE

FIELD

The present disclosure relates to a control system for the
intake manifold of a multi-cylinder combustion engine and,
more particularly, to a system for controlling a charge motion
control valve (“CMCV?) to increase the velocity of the air-
fuel mixture.

BACKGROUND

Conventional intake manifold systems of internal combus-
tion engines for passenger cars and commercial vehicles are
generally designed for maximum efficiency at high or high
medium engine speeds. Such manifolds typically have fixed
cross-sectional areas with no provision for adjusting the
velocity of the air-fuel mixture flow at low-medium or low
speeds. With a fixed cross-section, the velocity of the air-fuel
mixture decreases at low engine speeds or low revolutions-
per-minutes (“RPMs”). As a result, these engines are notice-
ably inefficient in terms of power and fuel consumption when
the engine is operating at low RPMs.

Certain prior art intake manifold systems have been
designed to increase the air velocity by decreasing the cross-
sectional of the intake runners at low RPMs. For example,
recent developments in intake manifolds have implemented a
flat valve plate positioned within the intake runner that is
attached to one side of the intake runner by a single pivot. At
low RPMs, the valve plate is actuated to rotate about the
single pivot to decrease the cross-sectional area of the intake
runner.

The object of such prior art designs is to increase the
velocity of the air-fuel mixture during periods of low RPMs
(i.e., low engine speeds) to ensure smoother and more effi-
cient operation of the engine in terms of power and efficiency.
However, such systems also have many drawbacks including
the significant torque applied to the single pivot during engine
operation, which compromises the structure and operation of
the manifold system. Moreover, such systems have a design
flaw in which the tip of the valve plate does not extend closer
to the combustion chamber when the valve plate is in the
extended (i.e., the smaller cross-section) position, reducing
the effectiveness of increasing air fuel velocity in the com-
bustion chamber. Such design requires a larger mounting
flange at the head intake port surface to accommodate the
mounting surface seal and have the valve plate tip near the
combustion chamber. Accordingly, there is a need for
improvement in the art.

SUMMARY

In one form, the present disclosure provides an intake
control system for controlling a CMCYV to increase the veloc-
ity of the air-fuel mixture. More particularly, the system pro-
vides a lower intake manifold with variable area intake run-
ners. The system includes a plurality of control valves, i.e.,
flapper valves, that are actuated to reduce the cross-sectional
area of the intake runners. By doing so, the control system
takes advantage of the higher charge inertia developed in low
cross-sectional area passages at low engine speeds and gas
flow conditions, while also providing for increases in cross-
sectional area for high performance at high engine speeds and
load conditions where charge flow rates are sufficiently high.
The manufacturer can define the control system to engage or
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retract the flapper valves based on varying driving condition
variables including engine speed, engine load, and the like.

In the exemplary embodiment, the lower intake manifold
includes an inner frame assembly that can be inserted into the
lower manifold after partial assembly (i.e., assembly and
testing of the inner frame assembly) producing greater manu-
facturing control. The inner frame assembly includes the
flapper valves that are actuated by a four-bar link design. Each
flapper valve is coupled to a drive link that is driven by a
hypoid gear-set. The hypoid gear-set is in turn driven by a
worm drive gear-set that is powered by a DC electric motor.
The control system controls the DC electric motor to actuate
the system to either engage or retract the flapper valves based
on predefined and/or variable conditions set by the manufac-
turer.

Further areas of applicability of the present disclosure will
become apparent from the detailed description and claims
provided hereinafter. It should be understood that the detailed
description, including disclosed embodiments and drawings,
are merely exemplary in nature intended for purposes of
illustration only and are not intended to limit the scope of the
invention, its application or use. Thus, variations that do not
depart from the gist of the invention are intended to be within
the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are perspective views of the inner frame
assembly of the intake manifold in accordance with an exem-
plary embodiment;

FIG. 2 is a perspective view of the lower manifold in
accordance with an exemplary embodiment;

FIG. 3 is a perspective view of the internal actuating com-
ponents of the inner frame assembly in accordance with an
exemplary embodiment;

FIG. 4 is an enlarged, perspective view of the internal
actuating components of the inner frame assembly in accor-
dance with an exemplary embodiment;

FIGS. 5A and 5B are two-dimensional, cross-sectional
views of the inner frame assembly in accordance with an
exemplary embodiment; and

FIGS. 6A and 6B are cross-sectional perspective views of
the inner frame assembly installed into the lower manifold in
accordance with an exemplary embodiment.

DETAILED DESCRIPTION

FIG. 1A illustrates a perspective view of the inner frame
assembly 100 of the intake manifold in accordance with an
exemplary embodiment. In particular, the inner frame assem-
bly 100 includes a main body molded from a plastic, a metal,
or the like, that includes six flapper valves 102(a)-102(f) that
are positioned within six intake air runners 104(a)-104(f),
respectively. It is noted that the structure of the intake air
runners 104(a)-104(f) is defined partially by the inner frame
assembly 100 (as curved or substantially regular-shaped
indentations/recessions in the main body—see, e.g., intake
runners 104(a) and 104(5) in FIGS. 6 A and 6B) and com-
pleted when the inner frame assembly 100 is installed into the
lower manifold 200, as will be described in more detail below.
Also, it should be appreciated that while inner frame assem-
bly 100 is provided as an exemplary embodiment for a V6
engine, it is contemplated that the design described herein can
be employed for any applicable V-type combustion engine
(e.g., V8 engine) or other multi-cylinder combustion engine
such as a multi-cylinder inline engine, a W-type engine or the
like. Moreover, the number of flapper valves in the inner
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frame assembly preferably corresponds to the number of
intake runners. For example, a V8 engine would have an inner
frame assembly with a main body having eight flapper valves
in the exemplary embodiment. Provided herein is an intake
manifold system with an improved mechanism for reducing
the cross-sectional area of the intake runners at low engine
speeds.

As shown, the six flapper valves 102(a)-102(f) illustrated
in FIG. 1A are in a retracted position resulting in substantially
consistent cross-sections of the intake runners. Driven by a
hypoid gear-set that is shown in FIGS. 3 and 4 and described
below, the flapper valves 102(a)-102(f) can be actuated to
reduce the cross-sectional area of the intake air runners 104
(a)-104(f) to effectively increase air velocity as the air enters
the combustion chambers of the engine during intake. This
effect is particularly useful when the engine is operating at
lower RPMs and the intake air velocity is lower. As will be
described in more detail below, the increased air velocity
creates additional tumble and swirl to the charge motion
within the combustion chamber. Furthermore, it is noted that
although the exemplary embodiment described herein
employs specific gear sets, including a hypoid gear set and a
worm-drive gear-set, to actuate the flapper valves, it is con-
templated that a variety of drive mechanisms can be used to
actuate the flapper valves of the CMCV manifold depending
on factors including function, packaging, costs, required
accuracy, manufacturability, and other market factors. Such
drive mechanisms include direct drive with electric motor,
direct drive with vacuum actuator, only spur gear sets, only
worm-drive gear-set, rack and pinion drives, lever-arm
mechanisms, screw thread and nuts, helical gear sets, cam
type mechanisms, and vacuum or electric motor actuation for
all mechanical mechanisms. It should be appreciated to one
skilled in the art based on the disclosure herein that such
mechanisms can be implemented within the inner frame 100
to drive the four-bar link design and effectively actuate the six
flapper valves 102(a)-102(f) according to design require-
ments based on the particular engine configuration and/or
factors mentioned above.

FIG. 1B illustrates the inner frame assembly 100 with the
six flapper valves 102(a)-102(f) in an extended or engaged
position. As will be described in detail below, each of the
flapper valves 102(a)-102(f) is constructed as part of a four-
bar link mechanism in which the drive link or upper link is
rotated about its pivot by the hypoid gear-set. Specifically, in
operation the hypoid gear-set rotates causing each flapper
valve to extend into the passageways of the respective intake
runners, effectively reducing the cross-sectional area. As will
be shown in FIGS. 6A and 6B, by using a four-bar link design,
the flapper valves extend outwardly and downwardly into the
intake runner. As a result, the tip of the flapper valve is
preferably positioned upstream of a seal groove, for example,
an O-ring seal groove (discussed below with respect to refer-
ence numbers 240(a) and 240(b)) at the head mounting sur-
face when in the retracted position, but also positioned close
to the tip of the fuel injector when it is in the engaged position.
Moreover, by using the four-bar link design as opposed to a
single pivot, the flapper valves create a lower approach angle
for the air velocity when it is flowing into the intake runner,
creating a more efficient nozzle at the injector tip with a
higher air velocity at the injector tip. Preferably, the approach
angle is 25° or lower, although the exemplary embodiment
should in no way be limited to this angle and as discussed
below, the engine designer can adjust the lengths of the links
to the flapper valves to adjust the movement and positioning
of the flapper valves within the intake runners.
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FIG. 2 illustrates the lower manifold 200 in accordance
with an exemplary embodiment. It is contemplated that inner
frame assembly 100 can be manufactured and assembled
separately from lower manifold 200 and subsequently
inserted within lower manifold 200. Upon insertion, inner
frame assembly 100 can be sealed to the lower manifold 200
using any appropriate welding process such as friction weld-
ing or the like.

As shown, lower manifold 200 includes six intake ports
204(a)-204(f) that correspond to the intake runners 104(a)-
104(f) of inner frame assembly 100 discussed above with
respect to FIGS. 1A and 1B. Each intake port is positioned in
the lower manifold 200 to align substantially or completely
with each correspond intake runner once inner frame assem-
bly 100 is inserted and sealed. As noted above, the intake
runners are fully defined once the inner frame assembly 100
is installed into the lower manifold 200. As should be appre-
ciated to one skilled in the art, air enters intake ports 204(a)-
204(f) during engine operation and travels downward through
intake runners 104(a)-104(f) before exiting into respective
intake ports in the heads and then to combustion chambers.
Moreover, six seal grooves, such as O-ring grooves, 216(a)-
216(f) are provided around each of the six intake ports 204
(a)-204(f), respectively. Advantageously, these seals are con-
tinuous so as to prevent air leakage during engine operation.
In the exemplary embodiment, the grooves are shown as
O-ring grooves, but the disclosure should in now way be so
limited.

The lower manifold 200 also comprises six ducts (e.g.,
three shown as 206(a)-206(c)) that are provided for fuel injec-
tors for each of the combustion chambers of the engine and
are positioned adjacent to each of the intake runners 104(a)-
104(f), respectively. The lower manifold 200 further includes
cover 208 that is affixed to the lower manifold 200 and to the
inner frame assembly 100, which seals the two components
together. Preferably, cover 208 includes an aperture 212 (not
necessarily shown to scale) that is provided for power cables
to connect an internal DC electric motor (discussed below) to
an external power source, such as the electronic system of the
vehicle. As further shown, an outer surface 210 of the inner
frame assembly 100 is illustrated in FIG. 2 after the inner
frame assembly has been inserted into of the lower manifold
200. It should further be appreciated that the lower manifold
200 includes additional holes that are provided to secure it,
via bolts or the like, to the inner frame assembly 100 after it is
inserted. For example, apertures 214(a) and 214(b) are pro-
vided such that bolts can be inserted to secure and seal the
lower manifold 200 to inner frame assembly 100. By manu-
facturing inner frame assembly 100 as a separate mechanism
from the lower manifold 200, the manufacturer is able to
assemble and test the inner frame assembly, including the
multiple gear-sets and flapper valves, before final installation.

FIG. 3 illustrates a perspective view of the internal actuat-
ing components of inner frame assembly 100 in accordance
with an exemplary embodiment. For illustrative purposes,
FIG. 3 illustrates only four of the six flapper valves 102(c)-
102(f). Flapper valves 102(a) and 102(b) are not shown in
FIG. 3 so as to more clearly illustrate the internal actuating
components. As shown, inner frame assembly 100 generally
comprises two actuating members 106(a) and 106(5) that
each include horizontal shafts each coupled to three arms
108(a), 110(a), 112(a) and 108(5), 110(b), 112(b), respec-
tively, that, preferably, are evenly positioned from one
another. These arms serve as the drive links (i.e., upper links)
for the four-bar link mechanism and are coupled to respective
flapper valves. For example, as shown in FIG. 3, drive link
112(a) is coupled to flapper valve 102(c), drive link 108(b) is
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coupled to flapper valve 102(d), drive link 110(5) is coupled
to flapper valve 102(e), and drive link 112(5) is coupled to
valve/flapper 102(f). Moreover, each drive link is coupled to
its respective flapper by any mechanical pin, as would be
understood to one of ordinary skill in the art, to create a pivot
such that the drive link can rotate about its pivot with respect
to the flapper valve. In the exemplary embodiment, it is con-
templated that each of the actuating members 106(a) and
106(5) and its respective set of three drive links is manufac-
tured as a single component using any suitable material such
as aluminum, plastic, magnesium or the like. As a result,
tolerance accumulation issues are reduced during operation
and over time, which also effectively allows for larger manu-
facturing tolerances and less costs on individual pieces. How-
ever, it is also noted that in an alternative embodiment, the
actuating members 106(a) and 106(5) may be manufactured
separately and the respective sets of drive links can be sub-
sequently affixed to the actuating members 106(a) and 106(5)
by any suitable techniques.

As further shown, the two actuating members 106(a) and
106(b) are driven by a hypoid gear-set. Specifically, each
actuating members 106(a) and 106(5) includes a shaft and a
respective driven wheel 116(a) and 116(b) (i.e., a driven
wheel of the hypoid gear-set) that is coupled to the hypoid
drive gear 118 (i.e., a driver wheel) of the hypoid gear-set. In
the exemplary embodiment, the shafts of the two actuating
members 106(a) and 106(b) are preferably positioned at a 90°
angle from the shaft of the hypoid gear-set. More particularly,
the hypoid drive gear 118 includes a vertical shaft 120 that
extends downward at a 90° angle from the driver gear 118 and
itself is coupled to a driven wheel 122 extending in a hori-
zontal plane from the vertical shatft 120. The hypoid drive gear
118 and each of the driven wheels 116(a) and 116(5) form a
hypoid gear set and are collectively referred to herein as the
hypoid gear set.

In addition, a worm-drive gear-set is provided to drive the
hypoid gear-set. Specifically, the worm-drive gear-set com-
prises the driven wheel 122 and a worm-drive gear 124.
During operation, the worm-drive gear 124 is driven by a DC
electric motor 126. As would be understood by those skilled
in the art, DC electric motor 126 provides power causing the
worm-drive gear 124 to rotate the driven wheel 122, and, in
turn, drive the hypoid gear-set actuating the flapper valves to
an engaged position. Likewise, to withdraw the flapper valves
to a retracted position, the DC electric motor 126 actuates the
worm-drive gear 124 to rotate in the opposite direction. It is
further noted that the flapper valves are not only configured to
bein an engaged or retracted position. Rather, the worm-drive
gear 124 can rotate to varying degrees which in turn would
cause the flapper valves to actuate to a partially-engaged
position (e.g., 50% engaged—50% extended into the intake
runner). This result may be desired by the vehicle manufac-
turer if the vehicle engine is operating at a medium speed, for
example. Moreover, in the exemplary embodiment, it is not
necessary for the DC electric motor 126 to continuously
provide power to the worm-drive gear 124 to maintain the
flapper valves in an engaged position. Instead, power is only
applied during the extending or retracting process, which has
the effect of minimizing the load on the alternator.

FIG. 4 illustrates an enlarged perspective view of the inter-
nal actuating components of inner frame assembly 100 in
accordance with an exemplary embodiment and discussed
above with respect to FIG. 3. Specifically, three flapper valves
102(a), 102() and 102(e), for example, are shown as being
coupled to the actuating components by respective driving
links 108(a), 110(a) and 110(b), respectively. In turn, the
drive links are respectively coupled to actuating members
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106(a) and 106(b), which are driven by the hypoid gear-set as
discussed above. As further shown, plug 128 is provided on
top of the hypoid gear-set and a pilot block 130 is positioned
between the plug and the top of the hypoid gear-set. An
internal spring (see FIG. 3) within the pilot block 130 is
further provided to increase downward pressure on the
hypoid gear-set. This spring loaded pilot block 130 preferably
results in zero backlash for the drive mechanism of the hypoid
gear-set even after considerable wear during engine opera-
tion.

As further illustrated in FIG. 4, the worm-drive gear 124
extends from the DC electric motor 126 and is coupled to the
driven wheel 122. A mechanical wedge 132 having a spring
134 can be positioned external to the worm-drive gear 124,
effectively applying pressure inward on the worm gear-set.
This spring loaded wedge preferably provides zero backlash
for the drive mechanism of the worm-drive gear 124. Further,
as would be understood to one skilled in the art, the combi-
nation of vertical, downward pressure being applied by the
spring loaded pilot block 130 on hypoid gear-set and hori-
zontal, inward pressure being applied to worm-drive gear
driver 124 by the mechanical wedge 132 minimizes any back-
lash that would otherwise exist in such mechanical gear sys-
tems.

Moreover, in the exemplary embodiment, the inner frame
assembly 100 is also preferably provided with a spur gear 136
positioned on the end of the worm-drive gear 124 adjacent to
the DC electric motor 126. The spur gear 136 serves as a
driver wheel for an encoder 142 (see FIGS. 5A and 5B) which
has the driven wheel 140 of the spur gear-set and can be
positioned adjacent to and driven by the spur gear 136.
Advantageously, the encoder 142 is rotated by the spur gear-
set to read positions of the valves for variable positioning
throughout the entire operation range. In the exemplary
embodiment, the gear ratio between the spur gear 136 and the
driven wheel 140 of the encoder 142 is preferably 4:1 or
higher to provide for an accurate yet relatively inexpensive
encoder.

FIGS. 5A and 5B represent two-dimensional, cross-sec-
tional views of the inner frame assembly 100 in accordance
with an exemplary embodiment. As shown in FIG. 5A, the
flapper valves 102(a) and 102(d) are illustrated in the
retracted position. Likewise, in FIG. 5B, the flapper valves
102(a) and 102(d) are illustrated in the engaged position. It
should be appreciated that while flapper valves 102(a) and
102(d) are shown in FIGS. 5A and 5B, this is for illustrative
purposes as a cross-sectional view is being portrayed. Alter-
natively, flapper valves 102(b) or 102(c) could be provided on
the right bank of inner frame assembly 100 and flapper valves
102(e) or 102(f) could be provided on the left bank of inner
frame assembly 100 for this cross-sectional view.

Both FIGS. 5A and 5B illustrate plug 128, spring-loaded
pilot block 130, the spur gear-set (i.e., spur gear 136 and
driven wheel 140) and the encoder 142. Moreover, drive links
108(a) and 108(5) couple the respective shafts of the actuat-
ing members 106(a) and 106(5) to the flapper valves 102(a)
and 102(d) and lower links 138(a) and 138(5) couple the
flapper valves 102(a) and 102(d) to the inner frame assembly
100. As further shown, lower links 138(a) and 138(5) are each
attached at the middle of the respective flapper valves by a
pivot joint and also are attached at the lower end to the inner
frame assembly 100 by a pivot joint. Further, it should be
appreciated that each of the six flapper valves are all con-
nected to the inner frame assembly using the same or simi-
larly designed lower links.

As shown, FIG. 5B illustrates flapper valves 102(a) and
102(d) in an engaged position in which the hypoid gear-set
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has driven the shaft of actuating member 106(a) to rotate in a
clockwise direction and the shaft of actuating member 106(5)
to rotate in a counterclockwise direction. As a result, driving
link 108(a) has forced flapper valve 102(a) downward caus-
ing the tip of flapper valve 102(a) to also extend downward
and outward to the right. Likewise, driving link 108(5) has
also forced flapper valve 102(d) downward causing the tip of
flapper valve 102(d) to extend downward and outward to the
left.

It should be appreciated that the four-bar link design is
comprised of a first bar (i.e., the flapper valve), a second bar
(i.e., the drive link), a third bar (i.e., the lower link), and a
fourth bar (i.e., the inner frame assembly between the drive
link and the lower link). For example, referring to flapper
valve 102(a) in FIGS. 5A and 5B, the drive link 108(a) is
connected to the inner frame 100 by the first actuating mem-
ber 106(a) at a first connect point 144 and to a first pivot 146
of the flapper valve 102(a). It should be appreciate that the
first connection point 144 is shown as the center point of the
first actuating member 106(a). Furthermore, the lower link
138(a) is connected to the inner frame at a pivot 148 and at a
second pivot 150 of the flapper valve 102(a). As discussed
above, the drive link 108(a) drives the movement of the flap-
per value 102(a) and the pivot 146 of the flapper valve 102(a)
enables the drive link 108(a) to rotate with respect to the
flapper valve 102(a). Moreover, the second pivot 150 of the
flapper valve 102(a) and the pivot 148 of the inner frame 100
enables the lower link 138(a) to rotate with respect the flapper
valve 102(a) and to the inner frame 100, respectively. It
should be understood that the same configuration, although
not shown in FIGS. 5A and 5B, is used for each of the flapper
valves in the exemplary system.

Itis contemplated that the four-bar link mechanism enables
the flapper valve 102(a) to move with different compound
motions based on the needs of the particular engine configu-
ration. As noted above, these different engine configurations
can include inline, v-type, w-type, or the like, and can further
include variations within the type of engine, i.e., intake port
configuration, size and location and the like. It is also con-
templated that the four pivot points 144, 146, 148 and 150 of
the drive link 108(a) and the lower link 138(a), respectively,
can be adjusted relative to each other and relative to the main
engine axis system so that the CMCV system can be opti-
mized for the particular engine configuration. More particu-
larly, the lengths of the drive link 108(a) relative to the length
of the lower link 138(a) can be of different lengths as
designed by the engine designer to provide the effective travel
motion necessary with the purpose, as stated above, of simul-
taneously positioning the tip of the valve flapper 102(a) to be
closer to the opposing inner runner wall and to position the tip
closer to the intake port valve seat. By adjusting the position
of' the four pivot points 144, 146, 148 and 150, the motion of
the tip of the flapper valve 102(a) can vary greatly from one
engine configuration to another engine configuration as nec-
essary. In the exemplary embodiment, the motion of the flap-
per valve 102(a) upon actuation would be of a spline shape
rather than a true arc or a true ellipse, but usually changing its
momentary radius throughout its operating range.

FIGS. 6A and 6B illustrate cross-sectional perspective
views of the inner frame assembly 100 installed into the lower
manifold 200 when the flapper valves are in a retracted posi-
tion (FIG. 6 A) and, alternatively, in an engaged position (FIG.
6B). It should be appreciated that many of the actuating
components discussed above are not shown in detail in FIGS.
6A and 6B and will not be described again with respect to
these figures.
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FIGS. 6 A and 6B are provided to illustrate the positioning
of the flapper valves within the respective intake runners.
First, as shown in FIG. 6 A, flapper valves 102(a) and 102(d)
are shown in a retracted position such that intake runners
104(a) and 104(d) are provided with a substantially uniform
cross sectional area. Accordingly, as air enters the intake ports
204(a) and 204(d) and travels downward through intake run-
ners 104(a) and 104(d), the air travels at a substantially equal
rate/velocity at the point it enters intake ports 204(a) and
204(d) to the point where it exits the intake runners into the
combustion chambers. The air flow path is illustrated, for
example, by a dashed line in intake runner 104(d). As further
shown, duct 206(a) is position on intake lower manifold 200
adjacent to intake runner 104(a). Although not shown in
FIGS. 6 A and 6B, fuel injectors are affixed into each of the six
ducts as discussed above. As is well known to those skilled in
the art, during the intake stroke of the engine combustion
cycle, fuel is injected into the combustion chambers and
mixed with the air that is exiting the intake runners at the head
mounting surface. It is noted that only duct 206(a) is shown in
this perspective drawing although it should be appreciated
that a duct for a fuel injector is also provided adjacent to
intake runner 104(d).

As further shown in FIG. 6B, flapper valves 102(a) and
102(d) are shown in the engaged position. As discussed in
detail above, the hypoid gear-set is provided to actuate the
flapper valves 102(a) and 102(d) into an extended position
using a four-bar link mechanism design. By extending the
flapper valves 102(a) and 102(d) into the intake runners 104
(a) and 104(d), the cross-sectional area of the intake runners
is effectively reduced. As a result, the intake air velocity is
increased, effectively creating additional tumble and swirl to
the charge motion within the combustion chamber. The air
flow path is illustrated, for example, by a dashed line in intake
runner 104(d) and the approach angle approximately 25° . in
the exemplary embodiment, although it is reiterated that the
disclosure should in no way be limited to this dimension. FIG.
6B illustrates the approach angle 250 (i.e., angle 250 is shown
as 155° -180 minus 25°). Additionally, it should be appreci-
ated that by positioning the tips of the flapper valves in close
proximity to the tips of the fuel injectors, the intake air is at its
highest velocity at the point of air-fuel mixture. Also, as
would be understood by one of skill in the art, the curvature
and shape of the flapper valves can be adjusted to vary the
swirl as warranted by the intake manifold design.

Finally, as shown in FIGS. 6A and 6B, continuous seal
grooves are provided that extend around the outer circumfer-
ence of each of the intake ports (e.g., 216(a) and 216(5)) and
the intake runners (e.g., 240(a) and 240(b)) and are provided
to seal them to the adjacent component to the lower intake
manifold 200. In the exemplary embodiment, continuous
O-ring seals are positioned within the seal grooves 216(a),
216(b), 240(a) and 240(b). By using continuous seal groove
surfaces (e.g., continuous O-ring seals) rather than split seal
groove surfaces, air leakage is prevented or minimized during
engine operation. Moreover, by implementing the four-bar
link mechanism design to actuate the flapper valves, the tips
of each flapper valve remain above the seal grooves 240(a)
and 240(b) in the retracted position (as shown in FIG. 6B) and
substantially adjacent to the tips of the fuel injectors in the
engaged position (as shown in FIG. 6 A). Itis reiterated that by
extending the tips of the flapper valves to be substantially
adjacent to the tips of the fuel injectors, there is minimal drop
in air velocity that otherwise occurs as the flapper valve tips
are farther away from the fuel injector tips as would be under-
stood by one of skill in the art.



US 9,038,591 B2

9

What is claimed is:

1. An intake control system for a multi-cylinder internal
combustion engine, comprising:

a manifold having a plurality intake ports; and

an inner frame assembly configured to be inserted into the

manifold, the inner frame assembly having:

a main body with a first plurality of recessions on a first
lateral side of the inner frame and a second plurality of
recessions on a second lateral side of the inner frame
opposite the first lateral side,

a first plurality of flapper valves that are each positioned
within the first plurality of recessions, respectively,
and a second plurality of flapper valves that are each
positioned within the second plurality of recessions,
respectively, wherein each of the flapper valves is
pivotally coupled to the inner frame assembly by
upper and lower mechanical links,

a first horizontal shaft coupled to at least one upper
mechanical link that is coupled to a respective one of
the first plurality of flapper valves and to at least one
upper mechanical link that is coupled to a respective
one of the second plurality of flapper valves, and

a second horizontal shaft coupled to at least one upper
mechanical link that is coupled to a respective one of
the first plurality of flapper valves and to at least one
upper mechanical link that is coupled to a respective
one of the second plurality of flapper valves,

wherein, when the inner frame assembly is inserted into the

manifold, the plurality of recessions of the inner frame
and the manifold together form a plurality of intake
runners that correspond to the plurality of intake ports of
the manifold.

2. The intake control system of claim 1, wherein the first
horizontal shaft is configured to rotate in a first direction to
drive the flapper valves coupled thereto to an extended posi-
tion within the respective intake runners, and wherein the
second horizontal shaft is configured to rotate in a second
direction, opposite the first direction, to drive the flapper
valves coupled thereto to an extended position within the
respective intake runners.

3. The intake control system of claim 2, wherein the inner
frame assembly further comprises a hypoid gear-set config-
ured to rotate the first and the second horizontal shafts.

4. The intake control system of claim 3, wherein the inner
frame assembly further comprises a spring-loaded wedge
block positioned above the hypoid gear-set.

5. The intake control system of claim 3, wherein inner
frame assembly further comprises a worm-drive gear-set
actuated by a DC electric motor that is configured to drive the
hypoid gear-set.

6. The intake control system of claim 5, wherein the inner
frame assembly further comprises a spring-loaded wedge
block positioned adjacent to the worm-drive gear-set.

7. The intake control system of claim 1, wherein a four-bar
link mechanism is defined by the at least one upper mechani-
cal link, the at least one lower mechanical link, a correspond-
ing flapper valve and the main body of the inner frame assem-
bly.

8. The intake control system of claim 1, wherein the mani-
fold further comprises a plurality of fuel injection ducts adja-
cent to the plurality of intake runners, respectively, and each
fuel injection duct is configured to receive a fuel injector.

9. The intake control system of claim 8, wherein the plu-
rality of flapper valves are configured to extend into the
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respective intake runners such that the tip of each flapper
valve is substantially adjacent to a tip of a corresponding fuel
injector.

10. The intake control system of claim 1, wherein the inner
frame assembly further comprises a spur gear-set coupled to
an encoder configured to determine the position of the plu-
rality of flapper valves within the plurality of intake runners,
respectively.

11. The intake control system of claim 10, wherein the spur
gear-set has a 4:1 gear ratio.

12. The intake control system of claim 1, wherein the
plurality of flapper valves are configured to extend into the
respective intake runners.

13. The intake control system of claim 12, wherein the air
flow path in each of the plurality of intake runners has an
approach angle of 25° or less when the plurality of flapper
valves are in a fully extended position.

14. The intake control system of claim 1, wherein the
manifold further comprises a plurality of continuous seals on
the outer circumference of the plurality of intake ports,
respectively.

15. The intake control system of claim 1, wherein the
multi-cylinder internal combustion engine is a V-type com-
bustion engine.

16. An inner frame assembly for an intake manifold of a
multi-cylinder internal combustion engine, comprising:

a main body having a first plurality of recessions on a first
lateral side of the inner frame and a second plurality of
recessions on a second lateral side of the inner frame
opposite the first lateral side;

a first plurality of flapper valves that are each positioned
within the first plurality of recessions, respectively, and
a second plurality of flapper valves that are each posi-
tioned within the second plurality of recessions, respec-
tively;

a first horizontal shaft having a plurality of first upper
mechanical links respectively coupled to at least one of
the first plurality of flapper valves and to at least one of
the second plurality of flapper valves;

a second horizontal shaft having a plurality of second upper
mechanical links respectively coupled to at least one of
the second plurality of flapper valves and to at least one
of the first plurality of flapper valves; and

a plurality of lower mechanical links, each coupling a
respective flapper valve to the main body.

17. The inner frame assembly of claim 16, wherein a four-
bar link mechanism is defined by an upper mechanical link, a
lower mechanical link, a corresponding flapper valve and the
main body.

18. The inner frame assembly of claim 16, further compris-
ing a hypoid gear-set configured to drive the first and the
second actuating members.

19. The inner frame assembly of claim 18, further compris-
ing a worm-drive gear-set actuated by a DC electric motor and
configured to drive the hypoid gear-set.

20. The inner frame assembly of claim 18, wherein the DC
electric motor actuates a worm gear driver of the worm-drive
gear-set, which drives the hypoid gear-set causing the first
and the second actuating members rotates such that the plu-
rality of flapper valves are extended in an outward direction.

21. The inner frame assembly of claim 16, wherein the
multi-cylinder internal combustion engine is a V-type com-
bustion engine.



