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57 ABSTRACT

An intake manifold assembly includes an intake manifold
having an inlet configured to receive an air/fuel mixture from
a carburetor, an outlet configured to discharge the air/fuel
mixture into a combustion chamber, an interior wall at least
partially defining an intake passageway fluidly communicat-
ing the inlet and the outlet, and an aperture in the interior wall.
The aperture is positioned between the inlet and the outlet.
The intake manifold assembly also includes a first regulator
received in the aperture and at least partially positioned in the
intake passageway to effectively decrease the cross-sectional
open area of the intake passageway. The first regulator is
selectable from a plurality of regulators configured to each be
at least partially positionable in the intake passageway. The
first regulator is configured to be removed and replaced by a
second regulator from the plurality of regulators without dis-
assembly of the intake manifold from the carburetor.

20 Claims, 15 Drawing Sheets
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INTAKE MANIFOLD REGULATORS FOR
INTERNAL COMBUSTION ENGINES

RELATED APPLICATIONS

This application is a continuation of co-pending U.S.
patent application Ser. No. 11/639,764 filed on Dec. 15, 2006,
the entire content of which is incorporated herein by refer-
ence.

2

FIG.5is an assembled plan view of the intake manifold and
regulator of FIG. 4, illustrating a partial cutaway of the intake
manifold to expose the regulator positioned in an intake pas-
sageway.

FIG. 6 is a cross-sectional view of the intake manifold of
FIG. 5 through section 6-6 in FIG. 5.

FIG. 7 is a cross-sectional view of the intake manifold and
regulator of FIG. 5 through section 7-7 in FIG. 5.

FIG. 8 is an exploded perspective view of a portion of the

10 engine of FIG. 1, illustrating a second construction of an
FIELD OF THE INVENTION intake manifold and a second construction of one of a group
or family of differently-sized intake manifold regulators.
This invention relates generally to internal combustion F_IG' 9 isan exploded perspective view Of‘? portion .ofthe
engines, and more particularly to intake manifold regulators engine of FIG. 1, }]]ustratmg a'thlrd construction of an 1ntgke
for internal combustion engines. 15 mamfold and a Fhqu construction of one of a group or family
of differently-sized intake manifold regulators.
BACKGROUND OF THE INVENTION FIG.10isa perspfzctive Vi?W ofa fourﬂl cor}struction of one
of a group or family of differently-sized intake manifold
regulators.
. Regulators are often u‘sed to reduce th‘? power output ofg % 20 FIG. 11 is an assembled view of the regulator of FIG. 10
internal combqs tion engine. When used in combination with and a fourth construction of an intake manifold, illustrating a
carbureted engines, such regulators are configured to not be . . .
. partial cutaway of the intake manifold to expose the regulator
easily removable. positioned in an intake passageway of the intake manifold.
FIG. 12 is a perspective view of a fifth construction of an
SUMMARY OF THE INVENTION 25 intake manifold assembly according to the present invention.
FIG. 13 is atop view of the intake manifold used in the fifth
The present invention provides, in one aspect, an intake construction.
manifold assembly configured for use with an internal com- FIG. 14 is an exploded perspective view of the fifth con-
bustion engine having a carburetor and combustion chamber. struction, and illustrates a group or family of differently-sized
The intake manifold assembly includes an intake manifold 35 intake manifold regulators used in the fifth construction.
having an inlet configured to receive an air/fuel mixture from FIG. 15 is a side cross sectional view of the fifth construc-
the carburetor, an outlet configured to discharge the air/fuel tion, taken along line 15-15 of FIG. 12.
mixture into the combustion chamber, an interior wall at least Before any embodiments of the invention are explained in
partially defining an intake passageway fluidly communicat- detail, it is to be understood that the invention is not limited in
ing the inlet and the outlet, the intake passageway having a 35 s application to the details of construction and the arrange-
cross-sectional open area, and an aperture in the interior wall. ment of components set forth in the following description or
The aperture is positioned between the inlet and the outlet. illustrated in the following drawings. The invention is capable
The intake manifold assembly also includes a first regulator of other embodiments and of being practiced or of being
received in the aperture and at least partially positioned in the cartied out in various ways. Also, it is to be understood that
intake passageway to effectively decrease the cross-sectiongl 40 the phraseology and terminology used herein is for the pur-
open area of the intake passageway. The first regulator is pose of description and should not be regarded as limiting.
selectable from a plurality of regulators configured to each be The use of “including,” “comprising,” or “having” and varia-
at least partially positionable in the intake passageway. The  tions thereof herein is meant to encompass the items listed
first regulator is configured to be removed and replaced by a thereafter and equivalents thereof as well as additional items.
second regulator from the plurality of regulators withoutdis- 45 Unless specified or limited otherwise, the terms “mounted,”
assembly of the intake manifold from the carburetor. “connected,” “supported,” and “coupled” and variations
Other features and aspects of the invention will become thereof are used broadly and encompass both direct and indi-
apparent by consideration of the following detailed descrip- rect mountings, connections, supports, and couplings, Fur-
tion and accompanying drawings. ther, “connected” and “coupled” are not restricted to physical
50 or mechanical connections or couplings.
BRIEF DESCRIPTION OF THE DRAWINGS
DETAILED DESCRIPTION
FIG. 1 is a perspective view of an internal combustion . . .
engine of the present invention. FIG. 1 111ustr{ites a sma!l, alr—c_ooled, fqur—stroke internal
FIG. 2a is a partial cross-sectional view of the engine of 55 combustion engine 10 havmg a single cylinder 12 (see FIG.
FIG. 1 through section 2a-2a in FIG. 1. 2a) and.a Venlcally-onented c.rankshaft or output shaft 14.
. . . . .. The engine 10 also includes a piston 15 coupled to the output
. FIG. ,2b is a partial cros.s-sectlopal view 51m.11ar to FIG. 2q, shaft 14 by a connecting rod 17 for reciprocating movement
111ustrat1ng a second engine having substantially the same in the cylinder 12, and a combustion chamber 16 in fluid
configuration of the engine of FIG. 1. 60 communication with the cylinder 12. The engine 10 may be
FIG. 3 is an exploded perspective view of a portion of the  configured to operate, among other things, engine-driven out-
engine of FIG. 1, illustrating a first construction of an intake door power equipment (e.g., lawn mowers, lawn tractors,
manifold and a first construction of a group or family of  spow throwers, generators, pressure washers, etc.). When
differently-sized intake manifold regulators. used in combination with a walk-behind lawn mower, for
FIG. 4 is an exploded perspective view of the intake mani- 65 example, the engine 10 may be supported by a mower deck

fold and one regulator, chosen from the group or family of
differently-sized regulators in FIG. 3.

and the output shaft 14 may be coupled to a blade positioned
beneath the mower deck. It should be understood that alter-
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native constructions of the engine 10 may also include mul-
tiple-cylinder configurations or a horizontal output shaft con-
figuration.

With continued reference to FIG. 1, the engine 10 also
includes a blower housing 18 for providing a cooling airflow
over the external components of the engine 10 (e.g., an outer
housing or engine housing 22 and a cylinder head 26), an air
cleaner 30 coupled to the blower housing 18 for providing a
filtered airflow to the engine 10, a fuel system including a
carburetor 34 that receives the filtered airflow from the air
cleaner 30 and adds fuel to the filtered airflow to create a
fuel/air mixture, and an intake manifold 38 coupled to the
carburetor 34 for delivering the fuel/air mixture to the cylin-
der head 26. It should also be understood that the engine 10
may include any of a number of different configurations of
blower housings for providing the cooling airflow over the
external components of the engine and/or air cleaners for
providing the filtered airflow to the engine 10.

With reference to FIGS. 3 and 4, the intake manifold 38

—

0

—

5

4

second piston 154 that may be substantially similar to the
piston 15, a second connecting rod 17a that may be substan-
tially similar to the connecting rod 17, a second engine hous-
ing 22a that may be substantially similar to the engine hous-
ing 22, a second cylinder head 264 that may be substantially
similar to the cylinder head 26, and a second air cleaner 30a
that may be substantially similar to the air cleaner 30. Second
fuel system or carburetor 34a is preferably substantially simi-
lar to the carburetor 34. Second intake manifold 38a may be
substantially similar to the intake manifold 38. The second
engine 10a, however, utilizes a different regulator 62a from
the group 58 than the engine 10. The engine 104, therefore, is
operable to achieve a second power output different from the
first power output of the engine 10 at the same selected speed.
As will be discussed in greater detail below, other compo-
nents of the engine 10a, such as the cylinder 12a, the output
shaft 14a, the piston 154, the connecting rod 17a, the engine
housing 22a, the cylinder head 26a, the air cleaner 30q, the
carburetor 34a, and the intake manifold 38a may be changed,

includes an inlet 42 configured to receive the fuel/air mixture 20 eitherindividually orin combination, to achieve the second or
from the carburetor 34, an outlet 46 configured to discharge another different power output.
the fuel/air mixture into the cylinder head 26, an interior wall With reference to FIG. 3, the intake manifold 38 includes a
48, and an intake passageway 50 defined by the interior wall wall 64 defining an aperture 66, positioned between the inlet
48, through which the fuel/air mixture passes, extending 42 and the outlet 46, exposed to the intake passageway 50 for
between the inlet 42 and the outlet 46. With additional refer- 25 receiving one regulator selected from the group 58 (see also
ence to FIG. 5, the intake passageway 50 has a non-linear FIG. 5). In the illustrated construction of the intake manifold
longitudinal axis 54, such that the fuel/air mixture passing 38 and group 58 of regulators, the aperture 66 is configured as
through the intake passageway 50 travels a substantially arcu- a stepped aperture 66 for receiving different portions of the
ate flow path moving from the inlet 42 to the outlet 46. regulator. Each of the regulators in the group 58 includes an
Alternative constructions of the intake manifold 38 may 30 interior portion (e.g., interior portions 70, 70a of regulators
include any of a number of different configurations, in which 62, 62q) that is at least partially positioned within the intake
the longitudinal axis 54 of the intake passageway 50 is sub- passageway 50, and a base or an exterior portion 74 that is
stantially arcuate or substantially straight or linear. external to the intake passageway 50. As shown in FIG. 5, the
With reference to FIG. 3, a family or a group 58 of inter- exterior portion 74 includes a groove 78 extending around the
changeable, differently-sized regulators is shown, any of 35 outer periphery of the exterior portion 74, in which a seal 82
which may be at least partially positioned in an airflow pas- (e.g., an O-ring) is received to seal against the wall 64 to
sageway or a fuel/air mixture passageway in the engine 10. In inhibit outside air from leaking into the intake passageway 50
the illustrated construction of the engine 10, any regulator through the aperture 66. Alternative constructions of the
from the group 58 may be coupled to the intake manifold 38. intake manifold 38 and the regulators may include stepped or
Alternatively, any regulator from the group 58 may be posi- 40 non-stepped apertures and corresponding stepped or non-
tioned in an airflow passageway in the engine 10 upstream of stepped surfaces on the regulators.
the carburetor 34. For example, any regulator from the group With reference to FIGS. 3 and 4, both the interior portions
58 may be positioned in an airflow passageway in the air (e.g., interior portions 70, 70a) and the exterior portions 74 of
cleaner 30, or any regulator from the group 58 may be posi- the respective regulators have a generally cylindrical shape.
tioned in an airflow passageway between the air cleaner 30 45 Particularly, the interior portions (e.g., interior portions 70,
and the carburetor 34. As such, the term “intake passageway” 70a) of the respective regulators are configured as cylinders
should not be limited to the passageway through the intake having a spherical or dome-shaped distal end 84, a longitu-
manifold 38, but rather should include any airflow passage- dinal axis 86, a length dimension D1 along the longitudinal
way upstream of the carburetor 34, or any fuel/air mixture axis 86, and a width dimension D2 transverse to the longitu-
passageway through the carburetor 34 or downstream of the 50 dinal axis 86 (see FIG. 5). Because the interior portions are
carburetor 34. Further, rather than selecting a single regulator configured as cylinders having a curved outer surface (e.g.,
from the group 58, a combination of two or more regulators curved outer surface 90 of the regulator 62), the width dimen-
from the group 58 (or from other groups of regulators) may be sion D2 is equal to the outer diameter of the interior portions
positioned in an airflow passageway in the engine 10 70 (see also FIG. 3).
upstream of the carburetor 34 or a fuel/airflow passageway in 55  Alternative constructions of the regulators may include
the engine 10 downstream of the carburetor 34 to achieve a interior portions having any of a number of different shapes.
desired decrease in power output by the engine 10. For example, alternative constructions of the regulators may
With reference to FIGS. 1 and 2a, the engine 10 is shown include interior portions, or portions of the regulators
having one of the regulators 62 from the group 58 coupled to exposed to the intake passageway 50, configured as substan-
the intake manifold 38. The engine 10, therefore, is operable 60 tially flat plates oriented substantially transversely to the lon-
to achieve a first power output at a selected speed. With gitudinal axis 54 of the intake passageway 50. In such a
reference to FIG. 25, a second engine 10a which may have— configuration, the regulator and/or the intake manifold may
but need not have—substantially similar internal components include an alignment feature to ensure proper alignment and
as the first engine 10, is shown. Specifically, the second orientation of the regulator in the intake passageway 50. Also,
engine 104 includes a second cylinder 12a that may be sub- 65 alternative constructions of the regulators may include sub-

stantially similar to the cylinder 12, a second output shaft 14a
that may be substantially similar to the output shaft 14, a

stantially conical-shaped interior portions having a longitu-
dinal axis generally aligned with the longitudinal axis 54 of
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the intake passageway 50. Many other configurations of regu-
lators can be used, because it is the effective regulator surface
area exposed (i.e., the portion of the regulator that comes into
contact with the airflow or air/fuel mixture) to the airflow
compared to the total cross-sectional area of the intake pas-
sageway 50, not the shape of the regulator, which primarily
determines the change in engine power output.

As shown in FIG. 3, the diameter or the width dimension
D2 of each of the interior portions (e.g., interior portions 70,

6

FIG. 7 illustrates a cross-section of the intake passageway
50 and regulator 62, taken through a plane 98 containing the
longitudinal axis 86 of the interior portion 70 and oriented
substantially transversely to the longitudinal axis 54 of the
intake passageway 50. As discussed above, the presence of
the interior portion 70 of the regulator 62 in the intake pas-
sageway 50 effectively decreases the cross-sectional open
area A1 of the intake passageway 50. Specifically, the pres-
ence of the interior portion 70 of the regulator 62 in the intake

70a) of the respective regulators in the group 58 is substan- 10 passageway 50 defines a cross-sc—j:ctlonal open area A2 sub-
tially equal, while the length dimension D1 (see FIG. 5) of stantially less than the cross-sectional open area Al. In one
each of the interior portions of the respective regulators in the combination of the intake manifold 38 and one of the regula-
group 58 is different. Further, each of the exterior portions 74 tors selected from the group 58, the cross-sectional open area
of'the respective regulators in the group 58 is substantially the A2 may be no more than about 60 p e.rcem of the Ccross-
same size. As such, any one of the regulators in the group 58 15 sectl.onal open area Al. In another combination of the intake
may be selected to be received within the stepped aperture 66 manifold 38 and one of the regulators selected from the group
because the regulators share commonly-shaped exterior por- 58, the cross-sectional open area A2 may be bejtween about 25
tions 74, and interior portions (e.g., interior portions 70, 70a) gelrcent and about 85 percent of the cross-sectional open area
may have a common width dimension D2 that conform to the - . .
sha}l;e of the stepped aperture 66. A visual indicator (e.g., a 2° Wl.tl}referenceto FIGS. 3 and 4, a coupling device 102 may
distinctive color, a symbol, etc.) may be utilized on the regu- be utilized to secure one Of the regulators §elef:ted fr‘om t.he
lators to differentiate the regulators according to their respec- group 58 to the intake manifold 38. and Jnaintain the interior
five restriction on engine power output. portion of the? regul.ator (e.g., the interior porpon 70 (?f the
. regulator 62) in the intake passageway 50. Particularly, in the
With reference to F1G. 3, one 9f the regulators (e.g.‘ the 25 construction of the intake manifold 38 and regulators of
regu !ator 62) from the group 58 is se{lectc?d to be_. recelqu FIGS. 3 and 4, the coupling device 102 includes a coupler or
Wl,thm the.ste':pped ?penure 66. The interior portion 70 is a finger 106 extending from the exterior portion 74 of the
oriented within the intake passageway 50 such that the lon- regulator 62 and a groove or slot 110 formed in the intake
gitudinal axis 86 of the ipterior . portion 70 'is substantially manifold 38 around the aperture 66 and configured to receive
transverse to the longitudinal ax1s.54 of the 11.1take Passage- 5, tho finger 106. In positioning the regulator 62 in the intake
Way450. Asa result,.at least a portion of the air/fuel mixture passageway 50, the regulator 62 is oriented such that the
e e is] o B e e e oy w0 g finger 106 s aligned with an opening 114 that leads into the
o ) . . slot 110, the regulator 62 is inserted through the aperture 66,
the interior portion 70 of the regqlator 62 bc?fore being dis- and the finger 106 is passed through the opening 114 and into
charged from the outlet 46 of the intake manifold 38. 35 the slot 110. To secure the regulator 62 to the intake manifold
In other words, the presence of the interior portion 70 of the 38, the regulator 62 may be rotated about its longitudinal axis
regulator 62 in the intake passageway 50 effectively 86, causing the finger 106 to move within the slot 110 away
decreases the width or height of the intake passageway 50, from the opening 114. An abutment surface 118 at least par-
causing a localized restriction in the flow path of the air/fuel tially defining the slot 110, therefore, inhibits the uninten-
mixture as it passes from the inlet 42 to the outlet 46. The 49 tional removal of the regulator 62 from the intake manifold 38
spherical or dome-shaped distal ends 84 allow the regulators, without the required rotation of the regulator 62 to align the
particularly those in the group 58 having the longest length finger 106 with the opening 114 in the slot 110.
dimensions D1, to be positioned in close proximity to the With reference to FIG. 8, another construction of a regula-
interior wall 48. By configuring the regulators in the group 58 tor 162 with another construction of a coupling device 122 is
with the spherical or dome-shaped distal ends 84, as opposed 45 shown, with like features and components having like refer-
to flat ends with sharp corners that disrupt flow, tighter control  ence numerals. The coupling device 122 includes a coupler or
of the pressure drop over the interior portions (e.g., interior g resilient tab 126, having an abutment surface 128, extending
portions 70, 70a of FIG. 3) may be achieved. Tighter control from the exterior portion 74 of the regulator 162, and an
of the power output of the engine (e.g., engines 10, 10 of abutment surface 130 on the intake manifold 38 configured to
FIGS. 2a and 2b, respectively) and more precise control of the 5o be engaged by the abutment surface 128 of the resilient tab
power output of the engine may be achieved utilizing the 126 to inhibit unintentional removal of the regulator 162 from
regulators with the spherical or dome-shaped distal ends 84 the aperture 66. In positioning the regulator 162 in the intake
because of the absence of sharp corners (which can disrupt passageway 50, the regulator 162 is oriented such that the
flow) on the interior portions. resilient tab 126 is aligned with the abutment surface 130 and
With reference to FIG. 6, a cross-section of the intake 55 the regulator 162 is inserted through the aperture 66. To
passageway 50 at a location upstream of the regulator 62 is secure the regulator 162 to the intake manifold 38, continued
shown. In the illustrated construction of the intake manifold insertion of the regulator 162 causes the resilient tab 126 to
38a, 38b, the intake passageway 50 is configured with a deflect by sliding contact between a ramp surface 134 on the
substantially circular cross-sectional shape through a plane resilient tab 126 and an engagement surface 138 on the intake
94 positioned upstream of the regulator 62 and oriented sub- 60 manifold 38. When the regulator 162 is fully inserted into the
stantially transversely to the longitudinal axis 54 of the intake stepped aperture 66, the resilient tab 126 snaps back to its
passageway 50. The substantially circular cross-sectional undeflected shape, such that mutual abutment of the surfaces
shape of the intake passageway 50 with respect to the plane 94 128, 130 on the resilient tab 126 and the intake manifold 38
defines a cross-sectional open area Al. Alternative construc- inhibit unintentional removal of the regulator 162 from the
tions of the intake manifold 384, 385 may include an intake 65 intake manifold 38.

passageway 50 having any of a number of different cross-
sectional shapes.

With respect to FIG. 9, yet another construction of a regu-
lator 262 with another construction of a coupling device 142
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is shown for securing the regulator 262 to the intake manifold
38, with like features and components having like reference
numerals. The coupling device 142 includes an insert 146
coupled to the intake manifold 38, a coupler or a mounting
flange 150 extending from the exterior portion 74 of the
regulator 262, and a fastener 154 (e.g., a bolt or screw)
inserted through an aperture 158 in the mounting flange 150
to threadably engage the insert 146 in the intake manifold 38.
Therefore, threading the fastener 154 into the insert 146 to

8

the interior portion 70 in FIG. 5, the counter-bore depth of the
stepped aperture 66 in FIG. 5, and the location of the shoulder
between the interior and exterior portions 70, 74 in FIG. 5). As
a result, tighter and more precise control of the power output
of the engine (e.g., the engines 10, 10a of FIGS. 2a and 25,
respectively) may be achieved.

With reference to FIG. 3, the regulators in the family or
group 58 may be sized to decrease the net horsepower of the
unrestricted engine 10 between about 5 percent and about 25

some predetermined torque value inhibits unintentional 10 percent or more. Such a reduction in the power output of the
removal of the regulator 262 from the intake manifold 38. In engine 10 is a function of the exposed area (i.e., the portion of
the illustrated construction of the coupling device 142 in FIG. the regulator 62 that comes into contact with the airflow or
9, the insert 146 is molded into the intake manifold 38. In an fuel/air mixture) of the regulator 62 in the intake passageway
alternative construction of the coupling device 142, the insert 50—i.e., as the length dimension D1 increases, the cross-
146 may be omitted such that the fastener 154 is threaded 15 sectional open area A2 (see FIG. 7) decreases, thus restricting
directly into a threaded aperture or bore in the intake manifold the amount of fuel/air mixture that can be effectively con-
38. sumed by the engine 10 during operation. Such a reduction in
Alternatively, the coupling devices 102, 122, 142 may be power output may be achieved without any modifications to
omitted, and an interference fit between the exterior portion the calibration of the carburetor 34 or other fuel system, and
74 and/or the interior portion 70 of the regulator 62, 162, or 20 without replacing the carburetor or other fuel system. In other
262 and the stepped aperture 66 may be utilized to maintain words, no changes in the amount of fuel metered to the airflow
the interior portion 70 of the regulator 62, 162, or 262 in the by the carburetor 34 would be necessary to achieve the result-
intake passageway 50. As a further alternative, the O-ring 82 ant decreases in power output for each engine-regulator com-
may provide the interference fit with the stepped aperture 66, bination.
such that the coupling devices 102, 122, 142 may be omitted. 25  With reference to FIG. 3, one regulator from the group 58
With reference to FIGS. 10 and 11, another construction of may be selected to achieve a power output of the engine 10
an intake manifold 338 and a regulator 362 is shown. The that is less than the unrestricted power output of the engine 10.
intake manifold 338 is similar to the intake manifold 38 of In deciding which of the regulators in the group 58 to select,
FIGS. 3-7, with like features having like reference numerals. the unrestricted power output of the engine 10 is determined,
The regulator 362 includes an interior portion 370 that is at 30 and adesired or arestricted power output is determined. Then,
least partially positioned within the intake passageway 50, knowing the horsepower drop caused by each of the regula-
and an exterior portion 374 that is external to the intake tors in the group 58 from empirical testing performed on an
passageway 50. The exterior portion 374 includes a groove engine having the same configuration as the engine 10, a
378 extending around the outer periphery of the exterior particular regulator may be selected to achieve the desired
portion 374, in which a seal 382 (e.g., an O-ring, see FIG. 11) 35 power output of the engine 10, without altering or changing
is received to seal against a wall 364 of the intake manifold the fuel calibration of the carburetor 34 and without changing
338 to inhibit outside air from leaking into the intake passage- the engine castings. It is also desirable to use the same con-
way 50 through a non-stepped aperture 366 defined by the figuration of the engine housing 22. While the same configu-
wall 364. The groove 378 and seal 382 also separates the rations of pistons 15, connecting rods 17, crankshafts 14, and
interior portion 370 from the exterior portion 374 of the 40 the valve train may also be used, different configurations of
regulator 362. Although the regulator 362 is illustrated with a the pistons, connecting rods, crankshafts, and the valve train
portion of the coupling device 102 (i.e., the finger 106), the may alternatively be used to achieve a greater number of
regulator 362 may be configured to utilize any of the coupling variations of power output for the engine 10.
devices 122, 142 illustrated in FIGS. 8 and 9, respectively. Another method or process of using the family or group 58
With continued reference to FIGS. 10 and 11, the regulator 45 of regulators with the engine 10 includes measuring the
362 includes an axial locating post 368 extending from a power output of the engine 10 using a first regulator from the
spherical or dome-shaped end 384 of the interior portion 370. group 58. If the measured power output of the restricted
The post 368 includes a substantially flat distal end 370 that is engine 10 does not match a desired power output, then the first
engageable with the interior wall 48 of the intake manifold regulator may be removed from the intake manifold 38 with-
338 (see FIG. 11). The post 368 has a length dimension D3 50 out disassembling the engine 10 or removing the intake mani-
that, when the regulator 362 is inserted through the aperture fold 38 from the cylinder head 26 or the carburetor 34. A
366, determines how much of the interior portion 370 is second regulator from the group 58 may then be chosen to
exposed to the air/fuel mixture in the intake passageway 50. replace the first regulator in the intake manifold 38. This
Like the family or group 58 of regulators illustrated in FIG. 3, method or process of using the group 58 of regulators reduces
the regulator 362 may be one of a family or group of regula- 55 the repair time or the rebuild time necessary for changing the
tors having axial locating posts of different length dimensions power output of the engine 10. Rather than changing internal
D3 to provide different amounts of restriction within the components of the engine 10 (e.g., the crankshaft 14, the
intake passageway 50. piston 15, the connecting rod 17, the valve train, the camshaft,
By providing the axial locating post 368, rather than a the cylinder head 26, etc.) to change the power output of the
combination of differently-sized bases or exterior portions 60 engine 10, which often requires a relatively large amount of
(e.g., exterior portions 74 in FIG. 3) and interior portions time, the existing regulator in the engine 10 may be replaced
(e.g., interior portions 70, 70a in FIG. 3), the tolerance stack- with another regulator from the group 58 to change the power
up of the resulting open area at the restriction may be reduced. output of the engine 10.
In other words, the tolerance of the open area (e.g., open area As used herein, “disassembly of the intake passageway”
A2 of FIG. 7) is affected by a single value—the tolerance of 65 includes removing or disconnecting any component forming

the length dimension D3 of the axial locating post 368—
rather than multiple values (e.g., the length dimension D1 of

a portion of the intake passageway, including the carburetor
34 and the intake manifold 38. In other words, the first regu-
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lator may be removed and replaced by the second regulator
merely by disconnecting the coupling device 102, 122, or
142, removing the first regulator from the aperture 66 along
the longitudinal axis 86 of the first regulator, inserting the
second regulator into the aperture 66 along the longitudinal
axis 86 of the second regulator, and re-connecting the cou-
pling device 102, 122, or 142. These steps to exchange the
first regulator for the second regulator may occur without
removing or disconnecting the carburetor 34 or the intake
manifold 38, for example, from the engine 10.

These processes may be used to manufacture engines 10,
each having a distinct desired power output, selectable from a
range of power outputs available from installing one of the
regulators in the group 58, from a common engine configu-
ration utilizing the intake manifold 38 and the same fuel
calibration in the carburetor 34. For example, first and second
production runs of engines 10, including substantially iden-
tical engine housings 22, output shafts 14, cylinders 12, pis-
tons 15, combustion chambers 16, carburetors 34, and intake
manifolds 38, may yield a first power output at a selected
speed and a second power output (different than the first
power output) at the selected speed, respectively, due to the
differently-sized regulators chosen for the first and second
production runs of engines 10. Also, an existing production
run of engines 10 incorporating one of the regulators from the
group 58 may be re-worked to remove the existing regulators
from the engines 10, which allowed the engines 10 to generate
the first power output at the selected speed, and replace them
with differently-sized regulators, which would allow the
engines 10 to generate the second power output at the selected
speed. In embodiments of the regulators utilizing visual indi-
cators (e.g., distinctive colors, symbols, etc.) on the regulators
in the group 58 to distinguish between the first and second
regulators, the visual indicators may facilitate identification
of the regulators on an assembly line during a production run
or during re-work (i.e., repairing or rebuilding) of already-
assembled engines so that the correct regulator is coupled to
the engine. Therefore, costs relating to tooling, assembly line
set-up changes, down time, and re-work of already-as-
sembled engines to change-out crankshafts, camshatfts, pis-
tons, connecting rods, cylinder heads, or carburetors to
change the power output of the engines may be reduced.

FIGS. 12-15 depict another construction of the present
invention. Referring to FIGS. 12-15, intake manifold assem-
bly 438 includes a main body 439 having an inlet 442 and an
outlet 443. Body 439 includes an intake passageway 450
defined by a wall 448.

Intake assembly manifold assembly 438 also includes a
regulator 462 that is disposed in a slot or aperture 466 (See
FIG. 13) formed within wall 464. In this construction, regu-
lator 462 has a substantially planar outer surface 463 as part of
its exterior portion 474, and an interior portion 470 having a
fluid flow aperture 471 therein. Interior portion 470 is con-
figured as a plate-like member in the depicted embodiment,
although other constructions could be used.

As best shown in FIGS. 12 and 15, regulator 462 is retained
by a coupling device that interconnects the exterior portion
474 of the regulator 462 to the intake manifold body 439. The
coupling device includes a post 435 having a ramped surface
434 attached to body 439. Post 435 receives an aperture 430
of a resilient tab 426 that extends from exterior portion 474,
and more particularly from outer surface 463 of regulator
462. As best shown in FIGS. 14 and 15, a seal 482 (such as an
O-ring) is received in a groove 478 formed in the end or
exterior portion 474 of regulator 462.

The regulator 462 is retained in place by having its end 484
disposed within a slot or recess 485, which in turn is formed
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in intake manifold body 439. See FIG. 15. This configuration
reduces the tolerance stack-up issues discussed above in con-
nection with the construction of FIGS. 8-11.

FIG. 14 depicts a group or family 458 of regulators, each
designed to achieve a different horsepower for the engine by
varying the size of the effective fluid flow aperture 471 in the
interior portion 470. The larger the size of the aperture, the
less restriction there is to fluid flow through intake passage-
way 450. Conversely, the smaller the size of the aperture 471,
the greater the surface area of the solid portion of interior
portions 470, and consequently the greater the restriction to
fluid flow through the intake passageway 450.

Although reference is made to a fluid flow aperture as part
ofthe interior portion, it is apparent that the aperture as shown
is more accurately depicted as a cylinder in that it has a length
in the direction of fluid flow. Of course, non-cylindrical aper-
tures could also be used, such as conical or polygonal shaped-
openings; in general, it is the total amount of restriction to
fluid flow which determines the amount of regulation, not the
particular shape or configuration of the aperture.

Referring again to FIG. 14, the group or family of regula-
tors 462 is comprised of regulators 462a through 462/. Each
of these regulators 462a through 462/ has respective interior
portions 4704 through 470/%. Each of the interior portions has
formed therein a respective aperture 471a through 4714. Each
of the apertures 471a through 471/ has a different size, as
clearly shown in FIG. 14. Thus, each of the regulators 462a
through 462/ results in a different horsepower for the engine.

Various features of the invention are set forth in the follow-
ing claims.

What is claimed is:
1. An intake manifold assembly configured for use with an
internal combustion engine having a carburetor and combus-

. tion chamber, the intake manifold assembly comprising:

an intake manifold including
an inlet configured to receive an air/fuel mixture from
the carburetor;
an outlet configured to discharge the air/fuel mixture
into the combustion chamber;
an interior wall at least partially defining an intake pas-
sageway fluidly communicating the inlet and the out-
let, the intake passageway having a cross-sectional
open area;
an aperture in the interior wall, the aperture positioned
between the inlet and the outlet and not defining any
portion of the intake passageway; and
a first regulator received in the aperture and at least par-
tially positioned in the intake passageway to effectively
decrease the cross-sectional open area of the intake pas-
sageway, the first regulator selectable from a plurality of
regulators configured to each be at least partially posi-
tionable in the intake passageway;
wherein the first regulator is configured to be removed and
replaced by a second regulator from the plurality of
regulators without disassembly of the intake manifold
from the carburetor.
2. The intake manifold assembly of claim 1, wherein the
first regulator includes
a first portion exposed to the air/fuel mixture in the intake
passageway to effectively decrease the cross-sectional
open area of the intake passageway, the first portion
selected such that the engine operates at a first power
output at a selected speed when the first portion is
exposed to the air/fuel mixture; and
a second portion received within the aperture and remov-
ably coupled to the intake manifold.
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3. The intake manifold assembly of claim 2, wherein the
second regulator includes

a first portion configured to be exposed to the air/fuel

mixture in the intake passageway to effectively decrease
the cross-sectional open area of the intake passageway,
the first portion of the second regulator selected such that
the engine operates at a second power output at the
selected speed when the first portion of the second regu-
lator is exposed to the air/fuel mixture in the intake
passageway; and

a second portion configured to be received within the aper-

ture and removably coupled to the intake manifold.

4. The intake manifold assembly of claim 2, wherein the
interior wall of the intake manifold includes a slot positioned
in the intake passageway, and wherein the first portion of the
first regulator is at least partially received within the slot.

5. The intake manifold assembly of claim 2, wherein the
first portion includes a flow aperture configured to permit the
air/fuel mixture in the intake passageway to pass there-
through.

6. The intake manifold assembly of claim 1, wherein the
intake passageway includes a longitudinal axis, and wherein
the first regulator includes a longitudinal axis oriented sub-
stantially transversely to the longitudinal axis of the intake
passageway.

7. The intake manifold assembly of claim 1, further com-
prising a coupling device configured to maintain the first
regulator in the intake passageway.

8. The intake manifold assembly of claim 7, wherein the
coupling device includes a projection extending from one of
the first regulator and the intake manifold, the projection
configured to engage a groove in the other of the first regulator
and the intake manifold to maintain the first regulator in the
intake passageway.

9. The intake manifold assembly of claim 7, wherein the
coupling device includes a flange extending from one of the
first regulator and the intake manifold configured to be
secured to the other of the first regulator and the intake mani-
fold by a fastener to maintain the first regulator in the intake
passageway.

10. The intake manifold assembly of claim 7, wherein the
coupling device includes a resilient tab extending from one of
the first regulator and the intake manifold configured to be
secured to a post extending from the other of the first regulator
and the intake manifold to maintain the first regulator in the
intake passageway.

11. An intake manifold assembly configured for use with
an internal combustion engine having a carburetor and com-
bustion chamber, the intake manifold assembly comprising:

an intake manifold including

an inlet having a first opening configured to receive an
air/fuel mixture from the carburetor;

an outlet having a second opening configured to dis-
charge the air/fuel mixture into the combustion cham-
ber;

an interior wall at least partially defining an intake pas-
sageway fluidly communicating the inlet and the out-
let, the intake passageway having a cross-sectional
open area;

a third opening in the interior wall, the third opening
positioned between the first opening and the second
opening; and

a first regulator received in the third opening and at least

partially positioned in the intake passageway to effec-

tively decrease the cross-sectional open area of the
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intake passageway, the first regulator selectable from a
plurality of regulators configured to each be at least
partially positionable in the intake passageway;

wherein the first regulator is configured to be removed and
replaced by a second regulator from the plurality of
regulators without disassembly of the intake manifold
from the carburetor.

12. The intake manifold assembly of claim 11, wherein the
first regulator includes

a first portion exposed to the air/fuel mixture in the intake

passageway to effectively decrease the cross-sectional
open area of the intake passageway, the first portion
selected such that the engine operates at a first power
output at a selected speed when the first portion is
exposed to the air/fuel mixture; and

a second portion received within the third opening and

removably coupled to the intake manifold.

13. The intake manifold assembly of claim 12, wherein the
second regulator includes

a first portion configured to be exposed to the air/fuel

mixture in the intake passageway to effectively decrease
the cross-sectional open area of the intake passageway,
the first portion of the second regulator selected such that
the engine operates at a second power output at the
selected speed when the first portion of the second regu-
lator is exposed to the air/fuel mixture in the intake
passageway; and

a second portion configured to be received within the third

opening and removably coupled to the intake manifold.

14. The intake manifold assembly of claim 12, wherein the
interior wall of the intake manifold includes a slot positioned
in the intake passageway, and wherein the first portion of the
first regulator is at least partially received within the slot.

15. The intake manifold assembly of claim 12, wherein the
first portion includes a flow aperture configured to permit the
air/fuel mixture in the intake passageway to pass there-
through.

16. The intake manifold assembly of claim 11, wherein the
intake passageway includes a longitudinal axis, and wherein
the first regulator includes a longitudinal axis oriented sub-
stantially transversely to the longitudinal axis of the intake
passageway.

17. The intake manifold assembly of claim 11, further
comprising a coupling device configured to maintain the first
regulator in the intake passageway.

18. The intake manifold assembly of claim 17, wherein the
coupling device includes a projection extending from one of
the first regulator and the intake manifold, the projection
configured to engage a groove in the other of the first regulator
and the intake manifold to maintain the first regulator in the
intake passageway.

19. The intake manifold assembly of claim 17, wherein the
coupling device includes a flange extending from one of the
first regulator and the intake manifold configured to be
secured to the other of the first regulator and the intake mani-
fold by a fastener to maintain the first regulator in the intake
passageway.

20. The intake manifold assembly of claim 17, wherein the
coupling device includes a resilient tab extending from one of
the first regulator and the intake manifold configured to be
secured to a post extending from the other of the first regulator
and the intake manifold to maintain the first regulator in the
intake passageway.
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