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(57) Abstract: A fuel injector, a method of mount-
ing a fuel injector, a combination injector and
clamping, and a clamp are all provided for ensuring
the fuel injector is mounted in a proper rotative po-
sition in an injector mounting bore of any one of
multiple internal combustion engine platforms re-
quiring different injector mounting positions. The
injector includes a first alignment feature having a
first geometry corresponding to a first engagement
feature of the first engine platform and adapted to
be engaged by the first engagement feature to se-
cure the injector to the first engine platform. The
fuel injector further includes a second alignment
feature having a second geometry different from,
and incompatible with, the first geometry and cor-
responding to a second engagement feature of the
second engine platform thereby ensuring the fuel
injector is circumferentially oriented in a correct ro-
tative position required by a given engine platform.
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. INJECTOR, CLAMPING ASSEMBLY AND METHOD OF MOUNTING
A FUEL INJECTOR

TECHNICAL FIELD

[0001] The present invention generally relates to internal combustion engine fuel
injection systems. More particularly, the present invention relates to a fuel injector and a fuel
injector hold-down clamping system for circumferentially orienting, and securing, the fuel

injector within the fuel injector mounting bore of the engine’s cylinder head.

BACKGROUND

[0002] In many diesel engine platforms, or configurations, it is desirable, or necessary, to
specifically orient a given cylinder’s fuel injector to accommodate the positioning of the fuel line
inlet connection, to position the injector’s fuel spray orifices to obtain a desired fuel

disbursement pattern within the cylinder, or to properly position an electrical connection.

[0003] It is known in the industry to employ mechanical means to obtain such fuel
injector orientation such as taught in U.S. Patent No. 3,343,798, issued to Karl Senft, wherein

mating indexes are used to properly position the fuel injector within the cylinder.

[0004] In an engine manufacturing facility producing engines having various engine
configurations, or platforms, it is common to use a given fuel injector type for all engines.
However, because of the differing engine platforms often having different fuel injector
packaging requirements, such as the location of the fuel supply plumbing relative to the fuel
injector, it is necessary to correctly position the fuel injector in accord with the particular
engine’s platform. For example, the fuel injector’s fuel inlet may require a differing injector
orientation for each of the various engine platforms being manufactured. With the teachings of
Senfit, a distinct injector configuration, and respective part number, would be necessary for each
engine platform and possibly for each individual cylinder of a given cylinder head resulting in

numerous injector configurations and part numbers.
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ARY OF THE INVENTION

[0005] The various advantages of the present invention may be achieved by providing, in
a fuel injected internal combustion engine, a method of mounting a fuel injector in a proper
rotative orientation in an injector mounting bore of any one of multiple internal combustion
engine platforms capable of receiving the fuel injector where the engine platforms require
differing fuel injector orientations. The method comprises providing a fuel injector having a first
alignment feature with a first geometry corresponding to a first engagement feature of a first
engine platform and a second alignment feature having a second geometry different from the
first geometry and corresponding to a second engagement feature of a second engine platform.
The method also includes inserting the fuel injector into the mounting bore of the first engine
platform; providing a fuel injector hold down clamp attached to the internal combustion engine
and including the first engagement feature which is compatible with the first alignment feature;
and positioning the fuel injector with the first alignment feature in alignment with the first
engagement feature and engaging the first alignment feature with the first engagement feature

thereby rotatively orientating the fuel injector for the first engine platform.

[0006] The present invention is also directed to a fuel injector mountable in a mounting
bore of a first engine platform and a mounting bore of a second engine platform of fuel injected
internal combustion engines, comprising a fuel injector body including a first alignment feature
having a first geometry corresponding to a first engagement feature of the first engine platform
and adapted to be engaged by the first engagement feature to secure the injector to the first
engine platform. The fuel injector further includes a second alignment feature having a second
geometry different from the first geometry and corresponding to a second engagement feature of
the second engine platform, wherein the second alignment feature is adapted to be engaged by

the second engagement feature to secure the injector to the second engine platform.

[0007] The present invention is also directed to the combination of a fuel injector
mountable in a mounting bore of a first engine platform and a mounting bore of a second engine
platform of fuel injected internal combustion engines, and a fuel injector hold down clamp,

comprising the fuel injector hold down clamp adapted to secure the fuel injector in the mounting
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a internal combustion engine wherein the clamp includes a first engagement feature.
1ws wvention also includes the fuel injector including a first alignment feature having a first
geometry corresponding to the first engagement feature of the first engine platform and adapted
to be engaged by the first engagement feature to secure the injector in the mounting bore of the
first engine platform. The fuel injector further includes a second alignment feature having a
second geometry different from the first geometry and corresponding to a second engagement
feature of the second engine platform. The second alignment feature is adapted to be engaged by

the second engagement feature to secure the injector on the second engine platform.

[0008] The present invention is also directed to a fuel injector hold down clamp for use

on a fuel injected internal combustion engine comprising a main body, a device for attaching the
main body to the engine, and a lever arm extending outward from the main body. The lever arm
includes at least one prong for straddling a fuel injector and at least two convex bosses extending

from said at least one prong to engage two associated concave notches upon a fuel injector.

[0009] In one or more of the inventions described above, the first alignment feature may
be incompatible with the second engagement feature, and the second alignment feature may
incompatible with the first engagement feature. Also, the first alignment feature may include a
pair of notches and the first engagement feature may include a pair of bosses adapted to engage
the pair of notches. Alternatively, or additionally, the second alignment feature may be a single
notch and the second engagement feature may be a single boss. The first alignment feature may
include a depth and the second alignment feature may include a depth greater than the depth of
the first alignment feature. In addition, or alternatively, the first alignment feature may include a
width greater than a width of the second alignment feature. The injector may include at least one
alignment feature in addition to the first and the second alignment feature, and these
combinations of features may be any combination of the disclosed features and equivalents

thereof.
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DESCRIPTION OF THE DRAWINGS

[0010] Fig. 1 presents a partial pictorial view of a diesel engine head assembly
embodying our invention.

[0011] Fig. 2A presents a close-up pictorial view of the circled area in Fig. 1.

[0012] Fig. 2B presents a close-up pictorial view similar to Fig. 2A illustrating the head
assembly of a second engine platform with the same injector of Fig. 1.

[0013] Fig. 3 presents a top view of the fuel injector shown in Fig. 2.

[0014] Fig. 5 a present top view similar to that of Fig. 3 illustrating an alternate
embodiment of the present invention.

[0015] Figs. 4A and 4B present graphical representations of the alignment features of the
present invention.

[0016] Figs. 5 and 6 present additional top views similar to that of Fig. 3 illustrating
alternate embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0017] Referring to Figs. 1, 2A, and 3, an engine cylinder head 10, of a fuel injected,
internal combustion engine such as a diesel engine, is illustrated having a fuel injector 12
inserted into a fuel injector mounting bore 14 corresponding to a first type of engine platform.
Fuel injector 12 is held in place by fuel injector retaining clamp assembly 20. Fuel injector
clamp assembly 20 is affixed to cylinder head 10 by any convenient means known within the art,

such as bolt 16.

[0018] Clamp assembly 20 includes a main body and a cantilever arm 22 extending from
the main body to contact, and apply a mounting force to, the injector. In the exemplary
embodiment, cantilever arm 22 is a fork-style clamp terminating in a first prong 24 and a second
prong 26. Prongs 24 and 26 may extend generally parallel to one another and may extend around
approximately 180 degrees of the fuel injector’s periphery as illustrated in Fig. 1 thereby
positioning the fuel injector 12 within the fuel injector mounting bore14. Fuel injector 12
includes a radially extending, peripheral shoulder 28. Alternatively, clamp assembly 20 may be

any shape and style capable of incorporating at least one of the engagement features of the
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invention for engaging at least one of the alignment features of the present invention as
uwscussed below. For example, a clamp assembly may extend completely around and/or

completely over the injector.

[0019] In the exemplary embodiment of the Figs., when assembled, prongs 24 and 26,
extending astride the fuel injector, rest upon peripheral shoulder 28 and apply a downwardly
applied force to shoulder 28 thereby securely clamping fuel injector 12, in place, within fuel
injector bore 14. The injector of the present invention includes an injector body having a first
alignment feature having a first geometry for mating engagement by a first engagement feature
of a clamp assembly 20 associated with the first type of engine platform, and a second alignment
feature having a second geometry, different than the first geometry of the first alignment feature,
for mating engagement by a second engagement feature of a clamp assembly associated with a
second type of engine platform different from the first type. In an exemplary embodiment, a first
alignment feature may include a pair of notches, or slots, 30 formed in peripheral shoulder 28
and preferably positioned at the peripheral edge of shoulder 28 as illustrated in Figs. 1, 2A, and
3. The first engagement feature of this embodiment may include a pair of engagement bosses 32
extending downward from forked prong 24 for engaging slots 30 thereby aligning fuel injector
12 in a predetermined orientation within fuel injector bore 14 as required by the particular engine
platform, i.e., the first type of engine platform. The first engagement feature may alternatively

extend from second prong 26 or from the portion of the clamp between the prongs.

[0020] Fig. 2B shows the second type of engine platform which is different from the first
type of engine platform in that the injector must be oriented in a different rotative position to
properly align certain features of the injector with features of the engine, such as fuel passages in
the injector with passages in the bore, the injector spray orifices with the combustion
chamber/piston arrangement, an electrical connection, and/or any other alignment requirement.
The second alignment feature of the exemplary embodiment of the injector of the present
invention may include a notch 31 formed in shoulder 28. The second engagement feature
associated with the second type of engine platform may include a single boss 33 having a
geometry configured to be complementary to the geometry of notch 31 such that boss 33 closely

mates with notch 31 to ensure the fuel injector is positioned in a predetermined aligned rotative
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1 in the mounting bore. Notch 31 has a uniquely different geometry than that of one and
vou vt slots 30 such that the first engagement feature, i.e. engagement bosses 32, are
incompatible with, and thus will not mate with, the second alignment feature, i.e. notch 31.
Likewise, the second engagement feature, i.e. boss 33, will not mate with the first alignment

feature, i.e. slots 30.

[0021] Thus as illustrated in Figs. 4A and 4B, the first alignment feature 1 and the second
alignment feature 2 are mutually exclusive of one another in that they cannot be engaged by the
same single engagement feature of a particular engine platform. Engagement boss 32 will be
physically compatible with, and thus engage, alignment slot 30 (alignment feature 1) but will be
physically incompatible with, and thus not engage, alignment slot 31 because of physical or
geometrical interference. Likewise engagement boss 33 will engage alignment slot 31, but will

not engage alignment slots 30 because of physical or geometrical interference.

[0022] Fig. 4A graphically illustrates first and second alignment features 1 and 2,
respectively, showing the compatibility of engagement bosses 32 with alignment slots 30 and the
compatibility of engagement boss 33 with alignment slot 31; while Fig.4B shows the
incompatibility (i.e., geometrical interference and thus inability to effectively mate/engage with
each other) of engagement boss 33 and engagement bosses 32 with alignment slots 30 and 31,
respectively, thus preventing inadvertent matching and mating of these features. Thus, the
present system, injector and method ensures the correct alignment of the fuel injector on each
engine platform 1 and 2 whereby fuel injector 12 is properly oriented in the correct rotative
position required for each engine platform by only permitting the mating, keyed matching,

and/or effective engagement of compatible alignment and engagement features.

[0023] By selectively locating engagement boss 32 and/or 33 circumferentially upon
prong 24, or by selectively locating boss 32 and/or 33 upon prong 26, or by selectively locating
boss 32 and/or 33 between the prongs, a selected orientation of fuel injector 12 of the present
invention may be achieved to accommodate the given engine platform upon which the fuel

injector is being applied.
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Thus the same fuel injector 12 may be used on a variety of different engine
prauonns having different circumferentially oriented injector mounting positions, while ensuring

the injector is properly mounted in the respective mounting position of each engine platform.

[0025] As illustrated in Figs. 3, 5, and 6, various combinations of different injector
alignment features, each corresponding to a compatible engagement feature of a particular
engine platform, may be formed on a single injector to prevent mounting the injector in an
incorrect misaligned circumferential position on a particular engine platform. Also, using two or
more different alignment features on a single injector in accordance with the present invention
permits a particular injector to be mounted on multiple engine platforms in correct
rotative/circumferential alignment without requiring different injector models/part numbers for

each engine platform.

[0026] For example, Fig. 5 illustrates a fuel injector having a pair of incompatible boss
engaging notches. As illustrated in Fig. 5, fuel injector 12, in addition to having slot or notch 35,
further includes slot or notch 34. Notch 35 has a depth 35b greater than its width 35a. While the
depth 34b, of notch 34, is less than its width 34a. Therefore, an engagement boss corresponding
to the configuration of alignment notch 35 will indexingly mate with alignment notch 35 but will
not seat within notch 34 since the engagement boss will have a depth greater than the depth 34b
of notch 34. An engagement boss configured to alignment notch 34, will indexingly mate with
alignment notch 34 but will not seat within notch 35 since the engagement boss will have a width
greater than the width 35a of notch 35. Thus a single fuel injector 12, having alignment notches
35 and 34, may be used with two engine platforms by appropriately geometrically configuring,
i.e. dimensioning, sizing and/or shaping, the engagement boss, on prong 24 or 26, associated
with each engine platform, for engagement with its associated alignment notch. That is, the
engagement bosses are preferably dimensioned, sized, and shaped to correspond to the
dimensions, size, and/or shape of a respective notch to enable the boss to mate with and engage
the similar notch, while preventing engagement with other notches having a dissimilar

dimension, size, and/or shape.
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Various key type arrangements (alignment and engagement feature combinations)
arc pussible to accommodate a wide range of engine platforms by one fuel injector type or part
number. For example, as illustrated in Fig. 6, two additional notch/boss configurations 36 and
38 have been added whereby fuel injector 12 may accommodate four differing engine platforms.
It should be noted that alignment notch 38 has not been placed upon a radial line from the center
of the fuel injector but is offset a distance 40 from an otherwise radial line, and that notch 36

comprises converging side walls.

[0028] Again, care must be taken to assure that each of the engagement bosses for
notches 30, 31, 34, 35, 36 and 38 is geometrically incompatible with all other notches. As noted
above, this may be accomplished by geometric sizing of the boss-notch configurations such that
structural geometrical/physical interference between the boss and notch prevents incorrect
orientation of the fuel injector. Thus a single fuel injector, having alignment notches as
illustrated in Fig. 6, may be used on, at least, four differing engine platforms by rotatively
positioning the injector in the mounting bore such that alignment feature, i.e. notch or notches,
corresponding to the particular engine platform of the engine, is aligned with the engagement

feature, i.e. boss or bosses, on the clamp assembly of the engine.

[0029] Further a fifth engine platform may be additionally accommodated by employing
two or more alignment notches with two respective compatible bosses thereby forming a key-
type arrangement wherein the bosses on the clamp prongs simultaneously key-into their

associated notches on the fuel injector.

[0030] Thus, as illustrated in Figs. 3, 5, and 6, a given fuel injector type, having one part
number, may include a prearranged multiplicity (two or more) of alignment features, i.e., slots or
notches, thereby allowing the injector to be used on various engine platforms by providing the
prongs of the fuel injector clamp assembly of each engine platform with a designated
engagement feature, i.e., boss or bosses, for keyed/matched engagement with the corresponding
alignment feature to ultimately ensure the injector is in the properly aligned rotative or
circumferential position associated with each engine platform. Also, it should be noted that any

two or more of the alignment and engagement feature combinations may be used beyond the
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ations shown herein. Further, the two or more alignment/engagement feature
cuwvwiations disclosed by this invention may include other sizes, shapes and/or dimensions
beyond the specific examples provided herein as long as the features ensure secure positioning of
the injector in a proper rotative position in an engine platform while also permitting secure
positioning of the same injector in a different rotative position in a different engine platform. For
example, the features may have rounded or curved portions. Further, the notches may be formed

on the clamp while the bosses may be formed on the injector.

[0031] While the invention has been described by reference to various specific
embodiments it should be understood that numerous changes may be made within the spirit and
scope of the inventive concepts described, accordingly, it is intended that the invention not be
limited to the described embodiments but will have full scope defined by the language of the

following claims.
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im:

1. In a fuel injected internal combustion engine, a method of mounting a fuel injector in a
proper rotative orientation in an injector mounting bore of any one of multiple internal
combustion engine platforms capable of receiving the fuel injector, the engine platforms
requiring differing fuel injector orientations, the method comprising:

a) providing a fuel injector having a first alignment feature with a first geometry
corresponding to a first engagement feature of a first engine platform and a second alignment
feature having a second geometry different from said first geometry and corresponding to a
second engagement feature of a second engine platform;

b) inserting said fuel injector into the mounting bore of the first engine platform;

c) providing a fuel injector hold down clamp attached to the internal combustion
engine and including the first engagement feature, said first engagement feature being
compatible with said first alignment feature for engaging said first alignment feature;

d) positioning the fuel injector with said first alignment feature in alignment with
said first engagement feature and engaging said first alignment feature with said first

engagement feature thereby rotatively orientating the fuel injector for said first engine platform.
2. The method of claim 1, wherein said first alignment feature is incompatible with the
second engagement feature, and said second alignment feature is incompatible with said first

engagement feature.

3. The method of claim 2, wherein said first alignment feature includes a pair of notches and

said first engagement feature includes a pair of bosses adapted to engage said pair of notches.

4. The method of claim 3, wherein said second alignment feature includes is a single notch

and said second engagement feature is a single boss.

5. The method of claim 2, wherein said first alignment feature includes a depth and said

second alignment feature includes a depth greater than the depth of said first alignment feature.

10
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The method of claim 5, wherein said first alignment feature includes a width greater than

a wiuut of said second alignment feature.

7. The method of claim 1, wherein said injector includes at least one alignment feature in

addition to said first and said second alignment features.

8. A fuel injector mountable in a mounting bore of a first engine platform and a mounting
bore of a second engine platform of fuel injected internal combustion engines, comprising:

a fuel injector body including a first alignment feature having a first geometry
corresponding to a first engagement feature of the first engine platform and adapted to be
engaged by the first engagement feature to secure the injector to the first engine platform, said
fuel injector further including a second alignment feature having a second geometry different
from said first geometry and corresponding to a second engagement feature of the second engine
platform, said second alignment feature adapted to be engaged by the second engagement feature

to secure the injector to the second engine platform.

9. The injector of claim 8§, wherein said first alignment feature is incompatible with the
second engagement feature, and said second alignment feature is incompatible with said first

engagement feature.
10. The injector of claim 9, wherein said first alignment feature includes a pair of notches
and said first engagement feature includes a pair of bosses adapted to engage said pair of

notches.

11. The injector of claim 10, wherein said second alignment feature includes is a single notch

and said second engagement feature is a single boss.

12. The injector of claim 9, wherein said first alignment feature includes a depth and said

second alignment feature includes a depth greater than the depth of said first alignment feature.

11
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The injector of claim 12, wherein said first alignment feature includes a width greater

wan a width of said second alignment feature.

14. The injector of claim 8, wherein said injector includes at least one alignment feature in

addition to said first and said second alignment features.

15. In combination, a fuel injector mountable in a mounting bore of a first engine platform
and a mounting bore of a second engine platform of fuel injected internal combustion engines,
and a fuel injector hold down clamp, comprising:

a) the fuel injector hold down clamp adapted to secure the fuel injector in the
mounting bore of a internal combustion engine, said clamp including a first engagement feature;

b) said fuel injector including a first alignment feature having a first geometry
corresponding to the first engagement feature of the first engine platform and adapted to be
engaged by said first engagement feature to secure the injector in the mounting bore of the first
engine platform, said fuel injector further including a second alignment feature having a second
geometry different from said first geometry and corresponding to a second engagement feature
of the second engine platform, said second alignment feature adapted to be engaged by the

second engagement feature to secure the injector on the second engine platform.

16. The injector and clamp combination of claim 15, wherein said first alignment feature is
incompatible with the second engagement feature, and said second alignment feature is

incompatible with said first engagement feature.
17. The injector and clamp combination of claim 16, wherein said first alignment feature
includes a pair of notches and said first engagement feature includes a pair of bosses adapted to

engage said pair of notches.

18. The injector and clamp combination of claim 17, wherein said second alignment feature

includes is a single notch and said second engagement feature is a single boss.

12
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The injector and clamp combination of claim 16, wherein said first alignment feature
weruues a depth and said second alignment feature includes a depth greater than the depth of said

first alignment feature.

20. The injector and clamp combination of claim 16, wherein said first alignment feature

includes a width greater than a width of said second alignment feature.

21. The injector and clamp combination of claim 16, wherein said injector includes at least

one alignment feature in addition to said first and said second alignment features.

22. A fuel injector hold down clamp for use on a fuel injected internal combustion engine
comprising:

a) amain body,

b) means for attaching said main body to the engine,

c) alever arm extending outward from said main body, said lever arm
including at least one prong for straddling a fuel injector,

d) atleast two convex bosses extending from said at least one prong to engage

two associated concave notches upon a fuel injector.

13
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