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of Delaware
Filed Dec, 7, 1959, Ser. No. 857,630
I Claim. (CL 123—139)

This invention relates to fuel injection apparatus for
internal combustion engines, and particularly to timing
the injection for engines of the compression ignition type.

Automatic “advancing” of the beginning of injection has
heretofore been proposed which requires mechanism such
as flyweights to move in proportion to engine speed.
Such prior advancing mechanisms, however, have had the
disadvantage of being very large and heavy in order to
minimize effects of friction and to withstand the power
required to drive the injection equipment. Also, such
proportionate advance with engine speed is not essential,
and it is one of the objects of this invention to simplify
and minimize the size and weight of the apparatus by pro-
viding for only the required specific points of injection
timing, i.e., one setting for engine speeds below that at
which minimum fuel consumption occurs and one setting
for speeds above this point. Such a two-point setting has
been found sufficient for present day engines of the
0-2300 r.p.m. speed range, however, the principles of
the invention would apply equally to higher speed en-
gines as might require a third injection timing setfing.

In accordance with the preferred embodiment of the
invention a hydraulically extensible link is incorporated
in the conventional follower which rides on the engine
driven cam or eccentric to actuate the injector plunger.
Another feature of the invention is the use of an engine
driven pump such as the lubricating 0il pressure pump to
provide the fluid pressure to extend the two position fol-
lower automatically at the predetermined engine speed
for which the timing of injection is to be advanced. In
the follower, there is a piston or plunger element against
which the oil pressure acts, and its effective area can be
chosen so that it will move through a predetermined dis-
tance when the oil pressure corresponding to the desired
engine speed is attained.

Other objects and advantages of the present invention
will be more clearly understood from the following de-
scription, having reference to the drawings, wherein:

FIGURE 1 is a sectional view of a portion of the cylin-
der head and upper cylinder structure of an internal com-
bustion engine and its fuel injection apparatus, showing
the parts in their relative positions for operation at the
“low speed” injection timing.

FIGURE 2 is a fragmentary view of the two position
eccentric follower of FIGURE 1, but showing the paris
in their relative positions for “high speed” injection tim-
ing.

FIGURE 3 is an enlarged fragmentary view of the fuel
injector, showing the position of the plunger in solid lines
at the end of its effective pumping stroke under condi-
tions of “low speed” injection timing, and its correspond-
ing position in broken outline under conditions of “high
speed” injection timing.

FIGURE 4 is a view similar to FIGURE 3 except with
the positions of the plunger at the actual end of its stroke,
shown in solid and broken outline under conditions of
“low speed” and “high speed” timing, respectively.

Referring now in detail to the drawings, and first to
FIGURE 1, a combustion chamber structure for a com-
pression ignition type engine is shown comprising a cylin-
der block 1 to which is attached the usual cylinder head
2. Suitably journaled in the block 1 is an engine driven
shaft 3 with an eccentric 4 therecon. Exiensible link
means in the form of a two position follower 5 rides on
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the eccentric 4 and is slidably guided in the cylinder head
2 for actuating a push rod 6. The upper end of the push
rod is, in turn, linked to a rocker 7 journaled on its shaft
8 and drivably engaging a slide piece 9 in the body 10
of a unit type fuel injector designated gemerally by the
numeral 1. The slidepiece 9 transmits its movement to
the injector plunger member 12. The lower end of this
member 12 slidably reciprocates in a pump cylinder mem-
ber 13 which is rigidly secured in the injector body 10 by
a nut 14 threaded to the latter as at 15. Surrounding the
nut 14 is a sleeve 16 which forms a passage through the
cylinder head in which the injector is mounted so that
the inner end of its spray tip 27 may discharge into the
combustion chamber.

The pumping cylinder 13 is in the form of a bushing,
and between it and the surrounding nut 14 is an annular
fuel reservoir 17 which communicates with a fuel supply
connection 18. A fuel inlet and bypass port 19 inter-
connects the interior of the pumping cylinder with the
reservoir 17, and this port is traversed to close the same
by the land means 20 on the plunger member during the
pumping stroke. An external relief groove 21 on the
plunger member is subsequently registerable with the port
19 during the pumping stroke, and this groove is in
communication at all times with the lower or pumping
end of the plunger member via a passage 22 in the
latter. Accordingly, during each downward or pumping
stroke, fuel is trapped in the pumping cylinder and
sufficient pressure of the fuel therein is developed to
unseat a spring biased check valve 23 which normally
closes the outlet or lower end of the pumping cylinder
13. This check valve 23 is shown in the form of an
ammular sleeve which is disposed in an accumulator
chamber 24 immediately below the pumping cylinder, and
is biased closed by a compression spring 25.. The spring
25 also acts to normally hold an ejection needle valve
26 seated in closed position against the lower end of the
spray tip 27. The upper portion of the spray tip forms
the accumulator chamber 24 which extends down around
the reduced diameter lower portion of the needle valve 26
and thereby defines a fuel delivery connection betweenk
the pumping cylinder and the outlet orifices 27’ in the
lower end of the spray tip. Fuel pressure within the
pumping cylinder acts against the upper end of the needle’
valve, which extends through the check valve 23 as
shown, A flange 28 intermediate the ends of the needle
valve serves to seat the spring 25, and when both the
check valve and needle valve are in their closed positions
this flange 28 is spaced slightly from the lower end of the
check valve 23 as shown. . . :

The particular injector illustrated also has an upper.
fuel inlet and bypass port 29 in the side of the cylinder
member 13, and this is closed by the upper edge of the
relief groove 21 during the downward stroke of the
plunger member. Such closing of the port 29 occurs
subsequent to the lower inlet and bypass port 19 being
closed by the plunger land 20. Between such sequential
closings of the ports 19 and 20 fuel is addmonally by-
passed from the lower end of the pumping cylinder via
the plunger passage 22 and groove 21 through the port
29 to the reservoir 17. The amount of such additional
bypassing of fuel as occurs through the upper port 29
determines the quantity of fuel trapped, and hence the
pressure developed in the pumping cylinder (and in the
accumulator chamber 24 after the check valve 23 opens),
and consequently the length of time the check valve 24
remains open is likewise dependent on the time of closing
of the upper port 29. This is regulatable by reason of
the helical shape of the upper edge of the relief groove
21 and the fact that the plunger member may be adjust-
ably rotated about its axis in the pumping cylinder to
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vary the closifig time for the port 20 relative to that of
thé poit 19. Rotation of the plunger member for this
purpose is adjustable by a rack gear 30 shdabily guided
in the injector body 10 and meshing with a pinion gear
31 keyed to the plunger member 12.

With the parts in their positions shown in FIGURE 1,
fuél supplied from a suitable transfer pump (not shown)
to the conmection 18 passes through the fuel filter 18’
and down through the injector body and nut 14 to the
reservoir 17. From thence it may flow into the pumping
¢ylindér via the side ports 19 and 20 and plunger groove
21 and passage 22, preparatory to the start of the injec-
tion cycle. Thus, with each lift stroke of the eccentric 4
the plunger member 12 moves downwardly to first close
port I¥ and thence port 29, trapping fuel in the pumping
cylinder ‘below the plunger member. As the pressure of
this frapped fuel increases it causes the check valve 23
to open, allowing the fuel under pressure in the pumping
cylinder to enter the accumulator chamber 24 (which
also contains fuel under a residual pressure from a
previous. injection cycle). As the plunger member con-
tinues its downward movement the fuel pressure in both
the pumpmg cylindér and the accumulator chamber con-
tinues to increase, but no opening of the meedle valve 26
can occur because it is biased closed by the spring 25.
When, however, the relief groove 21 on the plunger mem-
ber starts (as shown in solid lines in FIGURE 3) fo un-
cover the lower side port 19 a sudden pressure drop in
the form of a sonic wave will travel from the relief groove
21 through the plunger member passagé 22 and into the
Toweér end of the pumping ¢ylinder 13. This sudden‘
preesure drop when felt by the check valve 23 will allow
spring 25 to return check wvalve 23 to its seat, thereby
trapping a desired amount of fuel under pressure in the
accumiijator chamber 24. The pressure of this fuel will
thence act on the differential area that exists between
the respectively larger and smaller diameter upper and
lower portions of the needle valve 26 and cause it to
raise this valve and uncover the spray tip orifices 27".
Fuel will then flow out of the spray tip orifices to the
combustion chamber of the engine. When pressure of
the fuel in the accumulator chamber 24 decreases suffi-
ciently as the result of this injection the spring 25 will
return the neédle valve to ifs seat, terminating the
mjectlon.

Daring the remainder of the lift stroke of the eccentric
4 continued downward movement of the plunger member
will occur after its relief rOOVE UNCOVErs the port 19, as
indicated (in solid lines) in FIGURE 4, but since the
pumping chamber is vented to this port via the plunger
passage 22 and groove 21, the check valve 23 will be
maintained closed by iis spring and such further plunger
travel does not affect the injection. In any eveat, after
the eccentric 4 has completed its lift stroke and during
its return to the position shown in FIGURE 1 the fol-
lower 5 will be maintained in engagement with the ec-
centnc by the plunger return spring 32 acting in com-
pression between the injector body 10 and the slide piece
9. Correspondmg return. (upward) movement of the
plunger 12 is likewise assured by its connection 33 with
the lower end of the slide piece 9, to complete the
cycle.

Referring t6 FIGURES 1 and 2, it will be seen - that
the éxtensible follower 5 comprises an outer cylinder ele-
ment 34 whose Iower end rides on the eccentric 4, and
plStOn means in the form of a plunger element 35 which
slidably fits the boie of the cylider element 34. The
plunger élémeént 35 has the lower end of the push rod
6 séated theréin foif pivotal movement, and the lower
outer penphery of this plunger element is of reduced
¢ross section as indicated  at 36 whereby a longitudinally
éxpansible chamber 37 is formed between the elements
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34 and 35.. Fluid supply means for this chamber 37 is
provided adjacent its upper end by a side port 38 extend-
ing through the cylinder element 34, which port registers
with a fluid port 39 in the cylinder head 2 each time the
follower is returned to its lowermost position shown in
FIGURE 1. Fluid pressure means in the form of a suit-
able fluidd pump 49, such as the engine driven lubricating
oil pump, has its discharge side 41 connected to the
port 39.

By properly selecting the effective area of the plunger
element relative to the pressure developed by the engine
driven pump 40 at the engine speed at which an injection
timing advance is required, the plunger element 35 will
be. automatically elevated relative to the cylinder element
34 when this’ engme speed is reached. Such elevation
will, in turn, raise the push rod and rotate the rocker 7
to shift the injector plunger member 12 to a position in
advance of its corfesponding position for engine opera-
tion at lower speeds. A suitable stop 42 for limiting
such rélative elevation of the follower plunger member
35 is provided in the form of of a snap ring recessed in
the upper énd of the cylinder element 34 of the follower.
- Accordingly, when the predetermined engine speed is
reached at which the injection timing advance is to occur
the uncovering of the fuel inlet and bypass port 19 by the
injector plunger groove 21 will occur at an earlier point
in the engine operating cycle, with the result that conse-
quent venfing of the pumping cylinder 13 and reclosing
of the check valve 23 and opening of the injection needle
valve will all occur earlier in the engine operating cycle.
At reduced engine speed, the lubricating oil pressure in
the follower chamber 37 will automatically reduce, allow-
ing the injector plunger return spring 32 to return the
follower parts to their relatively retracted position shown,
retarding the beginning of injéction for “low speed” oper-
ation.
 'While only a single preferred embodiment of the inven-
tion has been disclosed, it is appreciated that numerous
minor changes in the construction and arrangement of the
parts may be miade without departing from the spirit and
scope-of the invention as hereinafter claimed.

T ¢laim:

In fuel injection apparatus for internal combustion en-
gines, a fuel injéctor including a pump cylinder having a
fuel outléet and a fuel bypass port, a plunger movable in
said cylinder in the direction t6 displace fuel through said
outlet, said plunger having land means operable during
said movement to initially block communication between
said outlet and port and thence to reestablish said com-
munication, a spring biased c¢heck valve controlling said
outlet and openable to pass fuel displaced from the cyl-
inder during said movement of the plunger while said
port is blocked, an accumulator chamber receiving fuel
passed by the check valve, said chamber having an out-
let, a valve within the chamber normally closing said
chamber outlet, said valve having fuel pressure responsive
surfaces exposed to the fuél in said cylinder and the fuel
in said ¢hamber respectively, whereby said valve is held
closed during plunger movement while said port is closed
and’ is' forced open by the fuel pressure in the chamber
after said port is openéd and said check valve closes,
actuating means for said plunger including driving means
adapted to be operated at a predetermined speed and an
extensible’ link interconnecting said phinger and driving
means, and means for extending said link whereby the
timing of said port closing and reopening is advanced
relative to the speed of said driving means.
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