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(57) Abstract

A fuel injector valve assembly primarily for use with a diesel
engine similar to the Cummins diesel engines employing type ‘D’
and "K' fuel injectors has been improved by constructing the barrel
unit (500) using annular, generally cylindrical bodies (510, 520, 530)
welded together to form a plurality of internally-disposed, trans-
versely and longitudinally-arranged passageways (551, 552, 553,
555, 556, 557, 558, 559, 562) for the flow of fuel through the injector
valve assembly. The internal fuel passageways (551, 552, 553, 555,
556, 557, 558, 559, 562) of the barrel, the scavenger port (560) and -
the spiil port (561) are rectangular in cross-section resulting in grea-
ter fluid flow through the device and a lower operating temperature.
This lower injector temperature produces lower exhaust smoke
emissions, better fuel economy and better horsepower output.
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MODULAR BARREL FUEL INJECTION APPAPRATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

The present invention is a modification of my
"IMPROVEP FUEL INJECTION APPARATUS FOR INTERNAL CoMBUS-
TION ENGINES" disclosed and claimed in application serial
number 829879 filed September 1, 1977, and still pending
before the United States Patent and Trademark Office.

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

The field of the invention is diesel engine injectors.

DESCRIPTION OF THE PRIOR ART

Prior to the present invention the use of diesel engine

injectors was known. One type of dieésel engine injector is

the Cummins Diesel Engine Injector tvpe “p" and "K" "fuel

injector.
Fuel injectors similar to that of Cummins utilize a

plunger, and injector body, a nut, and a barrel. The barrel

in the prior art comprises an annular, generally_cylindrical

body having a plurality of internallv-disposed, transversely
and 1ongitudinally—érranged nassageways for the flow of
tfﬁel therein. The prior art barreis of this type have fuel
passageways which are circular, because they are drilled

into a blank. The presence of circular passagewavs inside

the blank permits fuel to flow in a fuel circuit and the
presence of ports in the barrel enable the plunger to meter

a specific amount of fuel and to inject that fuel into

the combustion chamber of the diesel engine.
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A major object of the brésent invention is to provfde
for substantially rectangular fuel passageways throughout’
the barrel, and to provide for substantially rectangular
ports. The inventor noticed that by having more’ fuel flow 1
from the scavenging port to the spill port the ba;rel and
the plunger and nearby parts operate at a remarkably lower
temperature. In order to obtain higher fuel flow through
the constricted area of the barrel, the inventor has con-
ceived of the use of rectangular ports and rectangular
internal passageways to permit that increased flow.

Another object of the invention.was to obtain smoother
wall surfaces to decrease fluid friction resistance to the
flow of fuel through the injector assembly.

Another object of the invention is to-reﬁucé.exﬁaust
smoke emissiqns, to obtain better fuel operating economy,
and to obtain more horsepower at a lower rpm.

SUMMARY OF THE INVENTION

The present invention is an improved fuel injector
valve assembly primarily for use with diesel engine fuel
-winectqrs similar to that of a Curmins diesel engine
‘emploving type "D" and "K" fuel injectors. The structural

changes disclosed herein are found in the barrel unit of

the fuel injector. The invention is also found in the

Ay

"fluid circuit cbncept wherein the flow of fuel into the-

injector assemblv and back to the fuel tank is substantially :
increased and thereby the temperature of the fuel injector

is lowered, and as an unexpected result the exhaust smoke

emissions are reduced dramatically (laboratorv tests
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indicate a 30% reduction of smoke), and the unexpected-
result of higher horsepower and better torque output at
a lower range of rpm's.

The invention is also found in a unique approach to
manufacturing'ﬁhe barrel unit. Instead of manufacturing
the barrel unit on a screw machine in one piece from one
blank of metal, ﬁhe invention includes a method of manu-
facture wherein povdered metal is formed in three separéte
portions of the barrel unit. -Each of the three portions
of the barrel unit is formed iﬁ its own die and at that
timé internal square or rectanqular passages are formed
in the powdered metal form. After the powdered metal is
squeezed in the die, it is called "green" and the."green"

metal -form is then sintered at red hot.teﬁpéré&ures
at which time it becomes a hard piece of metal. Part of
the unique process is_to coin the grecen pawdered metal form
while it is at red heat temperature.

Because the barrel unit consists of three pieces,
the three piéces are then assembled and weided into one
_piece.

. The result of the manufacturing method described
above is that substantially rectangular fuel passagewavs
and fuel ports can be formed within a metal structure
which metal structure can then be utilized in the tens
of thousands of existing diesel enaines which utilize
standard-sized barrel units in tﬁeir diesel engine injectors.

Because there are tens of thousands of diesel engines

which presentlv have standard-sized barrel units as part

OMPL
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of their diesel engine injecéqrs, it is not practical éo
replace the entire engine or the entire injector body in order
to make larger fuel ports in the existing injector assembly.
Therefore, it is impractical to take advantage of the dis- .
coveries of the inventor that lower injector temperatures

result in dramatically lower exhaust smoke and significantly
better fuel economy and better horsepower output and better

torque output; unless more fuel could be caused to flow

through the barrel units. The invention solves the problem

of rétro—fitting those tens of thousands of diesel engines

by utilizing a barrel unit which has the same outside

dimensions as barrel units which are standard in the industry

and then obtaining higher fuel flow through the parrgl unit

by means of rectangular ports in place of circular fuel ports

and by utilizing rectangular passageways instead 5f circular
passageways. As was described above, the method of

manufacturing also leads to the result that the walls of
_the fuel passages and ports are significantly smoother than

those formed by machining and drilling, which is the present
~-practice in the industry. The smoothness of the inventor's
.Barrel unit results in less friction resistance to the flow

of fuel. Because the walls are smoother, the friction is

xRy

less, and therefore more fuel can pass through the barrel
uhit, particularlv from the "scavenging port" to the "spiil
port" and exit the injector. The increase in fuel flow
carries away with it more of the heat of the injector. The

heat of the injector has two sources, the first from the
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combustion chamber where fhé burning air and diesel fuel
mixture produces tremendous heat, the second, is from the
, friction and compressional heating due to the action of
the plunger slidipg in the injector body.

BRIEF DESCRIPTION OF THE DRAWIMNG

Figure l. is a cross-section showing a fuel injector
valve assemblv similar to that found in a Cummins Diesel
Engine emploving type "D" and "K" fuel injectors.

Figure 2. is a perspective view of the barrel unit’
which is found in the injector valve assembly.

Figure 3. shows views of the top, bottom, and a
sectional view taken along the lines 3-3 of one portion of
the barrel unit.

Figure 4. is a view of the top, a view of the bottom,
and a sectional view taken along the lines 4-4 of the middle
portion of the barrel unit.

Figure 5. is a view of the top, a view of the bottom,
and ‘a sectional, view taken along the lines 5-5 of the lower

portion of the barrel unit.

DESCRIPTION OF THE PREFERRED EMBODIMENT

A cam 100 is shown in Figure 1., in rotating contact

with cam follower 101, and connecting rod 102. Connecting

rod 102 is attached to and operates on rocker arm 103 which

in turn is attaéhed to and operates on-plunger 200 and rod 105.
Plunger ‘200 operates in a reciprocating fashion and

is biased by spring 300. Spring 300 and a major portion of

the plunger 200 is housed within the injector valve body 400.
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The injector valve body is mounted in a diesel engine, not

shown.

iy

The injector valve body 400 has mounted in axial
alignment with it barrel unit 500 and a cover nut 600, and
a nozzel unit 700. |

"Q" rings located at 410, 420, 430 provide for fluid-
tight connections between the injector body 400 and the diesel
engine not shown.

Fuel under high pressure enters at adjustment screw

440, and passes through passageway 450 to the barrel unit

500.

Barrel unit 500, in fact, consists of three cylindri-
cal bodies 510,: 520, and 530, corresponding to the top,
middle, and bottom portions of barrel unit 500. Barrel
unit 500 is an axially aligned assembly of 510, 520, and 530,
which parts are welded together.

A more detailed description of the flow of the fuel
and the internal channels of barrel unit 500 is shown below.

Locating pins 480 alién the barrel unit 500 and the
_injector body 400 and provide for circular alignment of
‘fﬁel passage 450 and fuel passage in the barrel 551.

With reference to Figure 3., fuel passage in the barrel 551

is shown at the top portion of the bartrel unit shown in

)

perspective.

Fuel passage slot 552 is shown in Figure 1., and
again in the bottom view of Figure 3. That slot provides
for communication of the fuel from fuél passageway in the

barrel 551 over to ball valve fuel passageway 553 in the
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barrel. Ball valve fuel éasSageway 553 is shown in Fiéure
1., and again-in the top, bottom, and sectional views in-
Figure 3.
| A substantially spherical ball 554 is seated above
the fuel passagéay 553, and said ball 554 opefates as a
one-way check valve. | |
Ball valve slot 555 provides for communiéation of

fuel from the fuel passageway 553 over to fuel passageway
556, which extends the entire length of the Sarrel unit SOO.
Fuel passageway 556 'is shown in all views of Figures 3., 4.,
and Figure 5. Generally, high pressure fuel passes
through the ball check valve 554 and all the wav down through

the barrel unit to-'circular channel 557. Fuel in circular

channel 557 accumulates heat present in nozzle 700 and

barrel unit 500. Circular channel 557 is shown in the

bottom view of Figure 5. With reference to the bottom view

of Figure 5., fuel flows from 556 into the circular channel
557, and flows in two directions around the circular channel
to the fuel passage 558.

Fuel passage 558 is shown in Fiqure 1., and again in
‘all views of Figure 4., and all views of Fiqure 5.

Fuel from fuel passageway 558 passes bv means of
fuel metering slot 559 into that portion of the fuel injector
‘from which the metered fuei is moved into position in nozzle
700 to be sprayed through holes 701 into the diesel engine
combustion chamber.

Some of the fuel from fuel passacewav 558 passes

through the scavenger slot port 560 from which position it
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moves around one portion of the plunger 200 and across to

spill port slot 561. The scavenger slot port 560 is shown

i

in the top view. of Figure 4., and in the sectional view of
Figure 4. The séavenger slot port 560 is shown in the .
bottom view of Fiqure 3.
Fuel which passes through spill slot port 561
passes vertically through fuel passagewav 562 as shown in
all views of Figure 3., and in the perspective view of_Figure
2., and in the sectional view of Figure 1. -
Fuel outlet passagewav 460 permits fuel to flow from
fuel passageway 562 out Ehrough,460‘to the fuel outlet 461.
Fuel outlet 461 is in communication with the fuel tank of
the diesel engine , not shown, where the fuel cools.
In summary, the fuel circuit includes, fuel i;lct 440,
the various passaaqcways within the injector asscmbly, and

fuel outlet 461. In the invention, a major portion of the"

fuel entering through the fuel inlet 440 will be expelled

from fuel outlet 461, and only a minor oportion of the fuel
entering through fuel inlet 440 will be expelled through
"the fuel nozzle 700 and fuel spray holes 701.

‘ The result is that the heat which is generated
within the injector assembly due to the reciprocating action

of the plunger 200 and springs 300, as well as the heat

%,

which is communicated to the injector assembly by heat
transfer to the nozzle 700 and other parts of the assembly
from the combustion chamber, is carried away primarily by

the fuel exiting the injector at fuel outlet 461.
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Focusing on the plunger 200, the plunger as shown,
is part of the prior art. The plunger is biased upwards:
as shown in Figure iﬁ, by the spring 300, and it is biased
downward by rocker arm 103. Focusing on the nozzle 700 as
shown in Figure 1., when the plunger moves upward, a chamber
is formed betheen the inner surfaces of the nozzle body
700 and the pointed portion of plunger 200. Fuel from the
fuel metering slot 559 flows into that space created by the
upward movement of'nlunger 200 and by the inner walls of
nozzle 700, and when plunger 200 moves down, the fuel metering
slot 559 is cut off from the fuel which has moved into the
region near the inner wall of nozzle 700 and the pointed

portion of plunqer 200. The fucl in that reaion has no place
to go except to move through the holes in the lower tip of

nozzle 700. From those holes 701, the fuel is sprayed into

the cémbustion chamber of the diesel engine.

As the plunger moves down towards nozzle 700,
scavenger slotted port 560 and that portion of the plunger
200 shown as 210 interact to pérmit the flow of fuel from
port 560 around portion 210 and out slottéd spill port 561.

Unlike the prior art, the preferred embgodiment of
this inventién calls for the axial alignment of slotted
scavenger port 560 with slotted spill port 561. As shown
in Figure 1., slotted scavenger port 560 is formed by a
slot in the top portion of the harrel unit 530 and the
lower face of tbe middle portion 520 of barrel unit 500.

As shown in Figure 1., slotted spill port 561 is

formed by a slot in the lower face of the middle portion
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520 of barrel unit 500, and the top face of middle portion

530 of barrel 500. Thus both the scavenger port 560 and-

Ry

the spill port 561 have a common parting line S590.

The prior art utilizes a scavenger port and a spill %
port separatéd by a substantial distance along the axis of
the plunger 200. The prior art designs are believed to be
intended to restrict the flow and reduce the flow of fuel
from the port 560 across to port S561. The present invention
teaches just the opposite. The placement of bcrts'SEO and
561 in close axialralignment promotes the increased flow of
fuel and thus further oromotes the cooling factor desired
by the present invention.

While only a preferred cmbeodiment of the invention
has been disclosed, it will be readilvy appérent that certain
variations in the same can be made without deéarting from
the spirit of tHe invention, and it is, therefore, to be
understood that. the invention is not to be limited to the
same, but only by the scope of the appended claims.

Having now described the invention, what is claimed

as new and -subject to being protected by Letters Patent of

i%ﬁe United States of America, is:




WO 83/03638 ' ' PCT/US83/00538

-11- : -

I claim: - -
1. An imp:oved'fuel,injectorﬁassembly for inject-
ing fuel into a cﬁmbustion chamber of an internal
» combustion engine, said fuel injector assembly
cbmprising a substantially cylindrical housing,
a barrel unit, a nozzle means,rand a cover nut,
a spring, a plunger, and rocker arm means,

said housing is removably attached
to said internal combustion engine, in close
proximity to said combustion chamber,

said barrel unit is axially aligned
with said housing in abutting relationship with
said housing, and has fgrmed in it a ball valve
metering port, a scavenging port, a spiil pgrt;
and fuel passageways,

said nozzle means -is axially aligned
with said barrel and in abutting relationship
with said barrel,

said cover nut is axially aligned with
sa{d barrel and said nozzle and is removably
attached to said housing,

said housing has a supply fuel passage-
way formed within said housinag, and a return fuel
passagcway formed with said housing, said passage-
ways are adapted to supply fuel to said barrel
unit, and to receive fuel from said barrel unit,

said rocker arm means is arranged to

cause reciprocating movement of the plunger, in

PUREAT
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synchronization with said internal combustion

engine,

&=

said plunger is axially aligned with
the housing, the spring, the barrel unit, and
the nozzle means, and is in close, liquid-tight
sliding relationship with said housing, said
barrel unit, and said nozzle means,

said barrel unit has first fuel
passageway means formed in said barrel adapted
to roceive fuel from said housing fuel passagewavs,
and to deliver said fuel to a metering port formed
in the interior of said barrel unit,

said barrel unit has second fuel
passageway means. formed in said barrel unit adapted
to receive fuel from said first fuel passageway
means, and to deliver said fuel to a scavenging
port,

said barrel unit has third fuel passage-
way mcans formed in said harrel unit adapted to
. geceive fuel from a spill port and to deliver said

fuel to a fuel return passagewav,

said barrel unit has a ball valve
means formed in said barrel unit, and in fluid
connection with said first fuel passageway means,
wherein the improvement comprises:
(A).A barrel unit assemblyv of 3 seqgments,
which when assembled in axial and rotational

abutting alignment, define
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(a) a substantially rectangular

metering port,

(b) a substantially rectangular

scavenging port, and,

(c) a substantially rectangular
spill port,
by means of slots formed in the faces
of the 3 segments, said seqments adaoted to be

assembled in abutting relationship, and:

(B) . said segments further adaoted to be
axially aligned and rotationally aligned to permit
the flow of fuel by said <irst and second internal
passageway means from the supply fuel passageway-iq
the housing to the metering port and to the scavenging
port, rcspectively; énd to permit the flow of fuel
from the spill port through said third internal

passageway means tn the return fuel passaqgewyay in

the housing,

2.. The fuel injector assembly of claim 1.

Wwherein the first fuel passageway is substantially

rectangular in cross-section.

3. The fuel injector assembly of claim 2. .
wherein the second fuel passaqeway is substantially

rectangular in cross-section.

4. The fuel injector assembly of claim 3.

whercin the third fuel passageway is substantially

SUBSTITUTE SHEET
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rectanqular in cross-section.
S. The fuel injector assemblv of claim 1.
wherein the segments consist of sintered powder metal
of controlled porosity, wherebv the fuel impregnates
the interstices of the metal grains which comprise
each scgmént, whereby self lubrication of the close
sliding fit between the plunger and barrel unit produce
lower friction, less internal heat generation in
the fuel injector assemblv, and thereby less exhaust

smoke emissions and better engine performance.

5. The fuel injector barrelrunit of -claim 1 wherein
the scavenging port ( 560) and the spill port (561)
ire oriented in substantially the same plane whereby

they share substantially the same parting line (590)

whereby fuel flow from the scavenging
sort to the spill port is increased compared to
that ‘of barrel ‘units havigg circulat.ports, and
thereby the injector assembly is cooled due to

the increased fuel flow, said cooling- results in

~ ‘lower exhaust emissions, more horsepower, more

torque, and more fuel economy,

7. A method of manufacturing a barrel unit

]

for a fuel injector assembly for injection of

=
Fs
%

fuel into the combustion chamber of an internal
combustion engine comprising at least three

segments, said method comprising the steps of:

a8. Selecting powdered metal,
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b. Placing said powdered métal into
three separate dies, one die for each
segment of said barrel unit,

c. Compressing said powdered metal in
said dies, each of said dies adapted
to form in their respective powder
metal segments passageways and slots,

d. removing said compressed powdered metal |
segments from said dies,

¢. assembling said three-seqments in axial
alignment and rotational alignment adapted
to align internal passageways in the segments,
said assembling further adapted to place - - -
said scgments iﬁ abutting relationship,

{. hecating said asscmbly to a red hot tcmperature

adapted to produce sintering of the powdered

metal segments,

g. coining said assembly, thereby welding said

segments into one piece,

'~ . whereby a metering port, a scavenging port, and

a spill port are formed inside said barrel unit,
whereby said po}:ts are made in substantially
rectangular cross section, and without drilling
or milling,

whereby internal fuel passageways are forméd

witrhin said barrel unit without machining,
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and whereby said process produces passageways
and ports which have walls which are smoother

than those walls produced by machining.
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