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[57] ABSTRACT

A fuel injection system for a diesel engine. An injection
rate control device, such as an auxiliary spring, 1S con-
nected in line with the conventional injection train
which operates the injector plunger in synchronism
with the rotation of the camshaft. When an auxiliary
spring is used as the injection rate control device, the
auxiliary spring has a lower spring rate than that of the
injection train so that the injector plunger is advanced
at a different rate when it is under the control of the
auxiliary spring. Means are included for rendering the
auxiliary spring ineffective during a portion of the
plunger advancement so that the rate of plunger ad-
vancement is controlled by the auxiliary spring during
the initial part of the advancing stroke, and by the con-
ventional part of the injection train during the balance
of the advancing stroke. The auxiliary spring automati-
cally varies ignition timing and injection rate as a func-
tion of engine speed and/or load.

11 Claims, 6 Drawing Figures
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FUEL INJECTION SYSTEM FOR DIESEL
ENGINES

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

DESCRIPTION OF THE INVENTION

The present invention relates generally to fuel injec-
tion systems and, more particularly, to an improved fuel
injection system for diesel engines.

It is a primary object of the present invention to pro-
vide an improved fuel injection system for diesel en-
gines which reduces undesirable engine emissions. In
this connection, a more particular object of one specific
aspect of the invention is to provide such an improved
fuel injection system which reduces the emission of
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15

unburned hydrocarbons by advancing the beginning of 20

injection, and reduces the emission of nitrogen oxides
by controlling the initial heat release via reducing fuel
injected in the ignition delay period.

Another object of the invention is to provide an im-
proved fuel injection system of the foregoing type
which automatically varies the injection timing in re-
sponse to variations in the engine speed and/or load.

It is a further object of the invention to provide an
improved fuel injection system for diesel engines which
reduces engine noise and mechanical stresses on the
engine by reducing the rate of pressure rise and the
maximum gas pressure in the engine cylinders.

Still another object of the invention is to provide such
an improved fuel injection system which reduces the
peak pressure and temperature of the engine cylinder,
thereby reducing peak structural loads on the engine as
well as the thermal load on the cooling system.

Other objects and advantages of the system will be
apparent from the following detailed description and
the accompanying drawings, in which:

FIG. 1is a side elevation, partially in section, of a fuel
injection system embodying the invention, with the
plunger of the fuel injector in its fully retracted position;

FIG. 2 is a side elevation, partially in section, of the
injector end of the system shown in FIG. 1 with the
plunger of the injector in a partially advanced position;

FIG. 3 is a side elevation, partially in section, of the
injector end of the system shown in FIG. 1, with the
plunger of the injector in its fully advanced position;

FIG. 4 is a graphic illustration of injection rate char-
acteristics of a hypothetical diesel engine cylinder sup-
plied with fuel by two different injection systems, one
with and one without the present invention, both at
high idle and at moderate to high engine load and/or
speed,;

FIG. § is a graphic illustration of the pressure charac-
teristics of a hypothetical diesel engine cylinder sup-
plied with fuel by two different injection systems, one
with and one without the present invention, along with
a compression curve (with no fuel injected) for the same
engine; and

FIG. 6 is a graphic illustration of the heat release
characteristics of a hypothetical diesel engine cylinder
supplied with fuel by two different injection systems,
one with and one without the present invention.

While the invention will be described in connection
with certain preferred embodiments, it will be under-
stood that it is not intended to limit the invention to
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these particular embodiments. On the contrary, it is
intended to cover all alternatives, modifications and
equivalent arrangements as may be included within the
spirit and scope of the invention.

Turning now to the drawings and referring first to
FIG. 1, there is shown an injection train for driving a
conventional fuel injector 10 and from a camshaft 11.
The fuel injector itself may be any conventional fuel
injector, such as those described in the assignee’s U.S.
Pat. Nos. 3,146,949 and 3,351,288. In the illustrative
example, the injector 11 includes a plunger 12 mounted
for reciprocating movement in a housing 13, for inject-
ing fuel through a nozzle 13a threaded onto the lower
end of the housing 13. A return spring 14 disposed
between the housing 13 and a flange 12a on the top of
the plunger 12 biases the plunger toward its retracted
position as illustrated in FIG. 1.

For driving the plunger 12 from its retracted position
to its advanced position (during which fuel 1s injected
into the engine) the injection train includes the follow-
ing conventional elements: a cam 15 keyed to the cam-
shaft 11, a cam follower 16 riding on the cam 185, a push
rod 17 connected to the cam follower 16, and a rocker
arm 18 pivoted on a shaft 19 and connected at one end
to the push rod 17. It will be appreciated that this train
of elements has an inherent spring rate which is a princi-
pal factor affecting the rate at which the injector
plunger 12 is advanced and, therefore, the rate at which
fuel is injected into the engine. This inherent spring
characteristic of the injection train is due to flexing of
the various elements of the train, and play between the
interconnected elements, when they are subjected to
the driving force exerted on one end of the train by the
cam 15 and the opposed resistance of the fuel injector at
the opposite end of the train. In a conventional injection
train of the type illustrated, the inherent spring rate of
the train is normally proportional, i.e., the deflection of
the train varies in proportion to variations in the load on
the train.

When the fuel injector 10 is driven by an injection
train composed of the conventional elements described
thus far, the fuel is normally injected into the engine
cylinder by the plunger 12 travelling at a substantially
constant rate determined in part by the spring rate of
the injection train. During the initial portion of the
period during which fuel is injected into the cylinder,
the injected fuel is not ignited and simply accumulates
within the cylinder while the piston advances toward
the injector to increase the gas pressure and tempera-
ture in the combustion region of the cylinder. This
pre-ignition interval of the injection period is com-
monly referred to as the “ignition delay” interval. More
specifically, the term “ignition delay” refers to the time
interval between the beginning of injection of fuel into
the combustion chamber and the point at which cylin-
der pressure rise due to combustion 1s detected on a
cylinder pressure time record. This interval 1s also
sometimes referred to in the art as the ‘‘pressure rise
delay”. After the fuel is ignited, which s caused by
compression of the atomized fuel and other gases in the
cylinder in a diesel engine, injection of fuel continues
for an interval which is normally much shorter than the
ignition delay interval. That is, ignition occurs before
the advancing or injecting stroke of the injector plunger
i1s completed.

In accordance with one important aspect of the pres-
ent invention, the injector plunger is advanced at a first
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rate during one portion of the advancing stroke, and at
a different second rate during another portion of the
advancing stroke. By selecting the particular rates at
which the plunger is advanced, and the changeover
point at which the rate of plunger advancement is
changed, this vanable rate system may be used to pro-
vide a number significant improvements in various op-
erating characteristics of the engine, with little or no
increase in cost. For example, the fuel may be injected
into the cylinder at a first relatively slow rate during at
least a substantial initial portion of the ignition delay
interval, and at a second relatively fast rate during the
balance of the injecting stroke of the injector plunger;
thus, sufficient fuel is injected during the early portion
of the injection period to permit ignition to occur at the
selected time, and yet the total quantity of fuel injected
prior to ignition is sufficiently low to reduce the rate of
pressure rise, maximum gas pressure, and maximum gas
temperature below the values that these parameters
would have if the fuel were injected at the normal rate
during the entire injection period. During the latter
portion of the injection period, the fuel is injected at a
faster rate so that the total quantity of fuel injected
during the entire injection period is the same as the
amount that would be injected if the normal injection
rate were maintained throughout the entire injection
period, thereby providing the same amount of energy
for driving the piston. By injecting less fuel during the
early portion of the injection period, and more fuel
during the later portion, the shape of the pressure and
temperature curves is altered while maintaining the
same areas under the curves as would be obtained with
a normal injection rate during the entire injection per-
10d.

In accordance with one specific aspect of the inven-
tion, an auxiliary spring means connected in line with
the injection train is used to control the rate of plunger
advancement, and thus the fuel injection rate, during a
predetermined early portion of the injection period.
Thus, in the particular embodiment illustrated in FIG.
1, an auxiliary coil spring 20 is disposed around a rod 21
connected to the injector plunger 12 at its lower end.
Actually the lower end of the rod 21 is merely seated in
a recess formed by the plunger 12 with the plunger
return spring 14 continuously urging the plunger 12 up
against the rod 21. At its upper end the rod 21 forms an
integral flange 22 fitted within a cylinder 23 forming an
integral bottom wall 23a and closed at the top by a cap
24. The axial dimension of the flange 22 is less than that
of the internal cavity formed by the cylinder 23 to per-
mit limited axial movement of the rod 21 and the cylin-
der 23 relative to each other. When the injector plunger
1s retracted, the auxiliary spring 20 urges the rod 21
downwardly relative to the cylinder 23 so that the un-
derside of the flange 22 abuts the bottom wall 23a of
cylinder 23. To provide this biasing action, the upper
end of the spring 20 bears against the cylinder bottom
wall 23a, while the lower end of the spring bears on an
annulus 23 supported by a snap-ring 26 set into a groove
in the rod 21.

Typically, the spring 20 has a spring rate of about
2500 pounds per inch and is compressed by a biasing
force of about 450 pounds in the position shown in FIG.
1, with the cam follower 16 riding on the lower level of
the cam 18. Thus, it would take an upward force of
about 450 pounds on the rod 21 to lift its flange 22 off
the bottom wall 23a of cylinder 23.
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As the cam follower 16 rides up the ramp 15a of the
cam 18§, the injector train pushes the plunger 12 down-
ward. During the period before the bottom tip 12a of
the plunger 12 hits the fuel to be injected through noz-
zle 13a, the speed of the tip 12a is governed almost
entirely by the slope of the cam ramp 15a and by the
geometrical relationships of the various parts of the
mnjector train, assuming all of such parts to be perfectly
rigid. This assumption is valid except for a very slight
flexing of the injector train caused by the inertia of the
accelerating plunger 12; the speed of the downward
moving plunger tip 12a is thus reduced to a very small
degree, but this reduction is extremely small compared
to the reduction that takes place later on in the injection
process.

When the plunger tip 12a hits the body of the fuel
metered into the chamber at the bottom of the plunger
bore, the plunger 12 begins to force the fuel through the
nozzle 13a. This causes a large reaction force on the
push rod 17, rocker arm 18, plunger rod 21 and the
other parts of the injector train. As a result, there is a
measurable amount of flexing of the injector train parts,
even with conventional injector trains where all the
parts are relatively rigid. For instance, the effective
spring rate of a typical, conventional injector train is
about 50,000 pounds per inch measured on the injector
side of the rocker arm. This means that the length of a
conventional injector train is shortened by roughly
1/50,000 of an inch for every pound of force applied to
the injector plunger 12 when it hits the fuel. If this force
is 500 pounds, then the injector train is shortened 1/100
of an inch. The net result is that even with conventional
injector trains, the plunger pushes against the fuel at a
rate somewhat slower than would be expected from a
theoretically rigid injector train.

With the present invention using the auxiliary spring
20, and with the engine running under a moderate or
heavy load, the injector train does more than merely
“flex” when the plunger hits the fuel. The action is
better described as one of “collapsing.” Providing the
reaction force on the plunger during fuel injection,
added to the force exerted on the plunger by the return
spring 14, is enough to overcome the preloading or
biasing force of the auxiliary spring 20, the flange 22
moves upwardly away from the bottom wall 23a of the
cylinder 23, thereby compressing or “collapsing” the
spring 20 until the top of the flange 22 abuts the cap 24.
From the time downward movement of the plunger 12
begins until the flange 22 abuts the cap 24, therefore, the
only connection between the plunger rod 21 and the
cylinder 23 is through the coils of the auxiliary spring
20. Thus, while the flange 22 is moving from the cylin-
der bottom wall 23a to the cap 24, the auxiliary spring
20 determines the spring rate of the entire injector train.

The spring 20 thus becomes a very influential link in
the injector train. The rule that “the chain is only as
strong as 1ts weakest link” is very apparent under these
circumstances, because the effective spring rate of the
entire injector train is reduced to that of the spring 20.
As was mentioned earher, the spring 20 has a rate that
1s preferably about 2500 pounds per inch, or only about
1/20 of the 50,000 pounds per inch rate of the conven-
tional injector train. With the injector train having such
a reduced spring rate, the plunger tip 12a slows down to
almost a standstill practically from the beginning of fuel
injection (FIG. 1) until the plunger rod 21 contacts the
cap 24 (FIG. 2). Consequently, during this initial period
of injection, the plunger 12 is forcing fuel through the
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nozzie 13a at a relatively slow rate, compared to the
rate at which fuel would be forced through the nozzle
by the standard injection train without the auxiliary
spring 20. In addition to beginning the fuel injection at
a slower rate, the plunger 12 also starts the fuel injection
earlier in the combustion cycle than the plunger of a
standard injection train. This is because the auxiliary
spring 20 lengthens the injector train slightly, and the
plunger tip 12a is thereby advanced so that it hits the
fuel at an earlier time. After the flange 22 abuts the cap
24, the pin 27 and the cap 24 form a direct rigid connec-
tion between the rocker arm 18 and the rod 21 so that
the injection train is connected directly to the rod 21
and plunger 12 rather than through the auxiliary spring
20. Thus, further advancing movement of the rod 21
and the plunger 12 proceeds at a rate determined by the
effective spring rate of the conventional portion of the
injection train (e.g., 50,000 pounds per inch), which is a
rate substantially greater than that of the spring 20. That
1s, the auxiliary spring 20 is bypassed, or rendered inef-
fective, when the rocker arm 18 and the rod 21 become
rigidly connected by abutment of the cap 24 and the
flange 22. Of course, the increased rate of advancement
of the plunger 12 increases the fuel injection rate so that
the required amount of fuel is injected into the engine
during the balance of the injection period.

At the end of the injection period, the tip of the
plunger 12 is fully seated in the injector nozzle, as illus-
trated in FIG. 3, with the auxiliary spring 20 still com-
pressed. The injection train and the plunger 12 remain
in this position until the cam follower 16 rides down the
ramp 135b to return to the lower cam level, at which
time the return spring 14 retracts the plunger 12, and the
spring 20 expands to return the rod 21 and cylinder 23
to their starting positions as illustrated in FIG. 1. At this
point the injection system is ready for another advanc-
ing stroke when the cam follower 16 rides up the ramp
15a again.

It will be appreciated that the injector train will col-
lapse as described above only when the upward force
on the injector plunger 12 is great enough to cause such
a collapse. This upward force consists of two compo-
nents. One 1s the force of the return spring 14 and the
other is the reaction force on the plunger tip 12a caused
by the injection of the fuel. The force of spring 14 is the
same for all engine operating conditions, but the reac-
tion force caused by the injection of fuel through the
nozzle holes increases as either the engine load or en-
gine speed increases. An engine load increase means
that the fuel in the metering chamber is at a higher level
before injection, and the plunger will thus hit the fuel
sooner and at a time when it is travelling faster (due to
the shape of the cam 15). The faster the plunger travels,
the faster the fuel injection rate becomes, and this in-
creases the reaction force on the plunger. Similarly, an
increased engine speed also results in an increased
plunger speed, increased fuel injection rate, and an in-
creased reaction force on the plunger. Thus, whether
the injector train collapses is determined primarily by
whether there is a large enough reaction force on the
plunger tip 12a, and this reaction force is in turn propor-
tional to the speed and/or load of the engine.

As an example of a typical set of conditions that will
cause the collapse of injector train as described above,
consider the case of an auxiliary spring 20 preloaded
with a force of 450 pounds (downward on the plunger
12), and a plunger return spring 14 exerting an upward
force of 100 pounds at the time the plunger tip 13a hits
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the fuel. In order to lift the flange 22 off the bottom wall
23a of cyhinder 23, there must be an additional upward
force of 350 pounds in reaction to the plunger pushing
the fuel through the nozzle 13a. A reaction force of this
magnitude is normally not generated when the engine is
idling or running at a low speed and a low load.

The amount of load on the engine required to bring
the spring 20 into operation as described above will
depend on the preloading of the spring 20. If there is a
high preloading on the spring 20, the load and/or speed
of the engine must also be high before the spring 20 has
an effect on the fuel injection rate, and even for such
high engine loads and/or speeds, the overall effect on
the fuel injection rate is less than when the spring has a
low preloading.

The effect of the spring 20 on the fuel injection rate
also depends on the exact distance a (FIG. 1) which the
flange 22 must travel before it hits the cap 24. The
greater the distance «, the longer the initial period of
reduced fuel injection.

In FIGS. 4-6 there are illustrated three different
operating characteristics of a hypothetical diesel engine
equipped with a fuel injection system of the type illus-
trated in FIGS. 1-3, both with and without the auxiliary
spring 20. More specifically, FIG. 4 illustrates the fuel
injection rate characteristic, FIG. 5 illustrates the cylin-
der pressure characteristic, and FIG. 6 is a heat release
diagram. In each of the three figures, the solid line
curve represents the characteristics obtained when the
fuel injection system includes the auxiliary spring 20 as
shown in FIGS. 1-3, while the broken line curve repre-
sents the characteristic obtained without the auxiliary
spring 20 and with the rocker arm connected directly to
the injector plunger. In addition, the lowest curve of
FIG. 5, consisting of alternately short and long dashes,
shows the cylinder pressure when no fuel is injected
into the cylinder. All of these curves are intended to be
merely qualitative representations of the respective
characteristics, and the curves are not intended to be
quantitatively representative of any particular diesel
engine.

Turning first to the fuel injection curves in FIG. 4 for
moderate to high engine loads and/or speeds, it can be
seen that the fuel injection begins earlier with the auxil-
1ary spring 20 in the injection train, because the train is
slightly longer and the plunger tip 12a is lowered a
corresponding distance. More important, less fuel is
injected during the portion of the 1gnition delay interval
when the plunger is advancing at a slower rate deter-
mined by the auxiliary spring 20. Just before ignition
occurs, the injection rate is sharply increased due to the
faster rate of advancement of the injector plunger as
determined by the spring rate of the injection train. As
can be seen in FIG. 4, the total amount of fuel injected
by the two different systems is approximately the same,
1.€., the areas under the two curves are approximately
the same. However, the fuel injected by the system of
this invention is injected over a longer time period,
unless the cam profile is changed to shorten the injec-
tion duration. Such change in the cam profile might be
desired so that the length of the injection period will
remain the same,

Retferring to the fuel injection curves in FIG. 4 for
the engine operating at high idle, it will be seen that the
insertion of the auxiliary spring 20 has no effect on the
shape of the curve, because there is not enough force
prior to the end of injection on the injector plunger to
collapse the train to the position shown in FIG. 2. The
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the rate of plunger advancement throughout the entire
injection stroke.

As can be seen from the foregoing detailed descrip-
tion, the improved fuel injection system provided by
this invention reduces undesirable engine emission, re-
ducing the emission of unburned hydrocarbons at low
engine speeds and/or loads, while reducing the emission
of nitrogen oxides at high engine speeds and/or loads.
Thus, the improved injection system alleviates the par-

7

timing of the injection is advanced, however, because
with the spring 20 the injection train is slightly longer,
and the plunger tip 12a 1s lowered a corresponding
distance.

Turning next to FIG. 5, the lower amount of fuel 5
present in the combustion zone of the cylinder at the
time of ignition reduces the rate of gas pressure rise and
the maximum pressure produced in the cyhnder. That
is, the rate of pressure rise and the maximum pressure

produced without the auxiliary spring 20, which are 10 ticular emission problem that is most prevalent at any
indicated by the curve 32 in FIG. §, are both higher given speed and/or load. Moreover, by reducing the
than the rate of pressure rise and maximum pressure rate of pressure rise and the maximum gas pressure in
produced with the auxiliary spring 20, indicated at 33 in the engine cylinders, the injection system provided by
FIG. 5. A lower rate of gas pressure rise and lower this invention reduces engine noise and mechanical
maximum pressure in the cylinder are desirable because !? stresses on the engine. Furthermore, by reducing the
they reduce engine noise and mechanical stresses on the maximum gas temperature in the engine cylinders, this
engine. imjection system also reduces the temperature and ther-

FIG. 6 illustrates that the maximum temperature mal stressing of the cylinder walls in the engine, thereby
produced in the engine cylinder is also reduced because reducing the thermal load on the cooling system.
of the smaller amount of fuel contained in the cylinder 20 1 claim as my invention:
at the time of ignition. Thus, the heat released following 1. A fuel injection system for a diesel engine, said
ignition in the normal engine system rises sharply to a system comprising an injection train connected between
maximum 34, and then drops sharply. When the auxil- the camshaft of the engine and the plunger of a fuel
1ary spring 20 is employed, however, the temperature " injector for operating said plunger in synchronism with
rises at a slower rate, reaching a lower maximum point the rotation of said camshaft, said fuel injector having a
35, and then drops at a slower rate. Consequently, the single nozzle that is continuously open during metering of
use of the auxiliary spring 20 results in a smaller initial the fuel with a fixed open area and said injection train
heat release, as indicated by the shaded area 36 in FIG. having a predetermined spring rate, auxiliary spring
6, but releases more heat later in the cycle, as indicated 3o Mmeans connected in series with said injection train and
by the shaded area 37 in FIG. 6. having a spring rate substantially different from that of

One of the significant advantages of the invention is said injection train for advancing said plunger at a first
the reduction of undesirable engine emissions. More rate determined by the spring rate of said auxiliary
specifically, the emission of unburned hydrocarbons, spring means in response {0 a predetermined reaction
which is a primary emission problem at low engine ;5 force on the tip of said plunger, and means acting in
speeds and/or loads, is reduced by advancing the begin-  parallel with said auxiliary spring means for [rendering ]}
ning of injection; and the emission of nitrogen oxides, bypassing said auxiliary spring means [ineffective]} in
which is a principal emission problem at high speeds response to a predetermined deflection thereof so that
and/or loads because of the higher temperatures pro- satd plunger is thereafter advanced at a second rate
duced, 18 reduced by decreasing the amount of fuel 45 determined by the spring rate of said injection train.
tnjected in the ignition delay period, thereby reducing 2. A fuel injection system as set forth in claim 1 which
the 1nitial heat release and lowering the peak tempera- includes a return spring biasing said plunger toward its
ture in the cylinder. retracted position.

While the present invention has been described with 3. A fuel injection system as set forth in claim 1
specific reference to the use of an auxiliary coil spring 45 wherein said auxiliary spring means is mounted for
arrangement to control the rate of advancement of the deflection in response to said predetermined reaction
plunger 12 during a portion of its advancing stroke, it is force on the tip of said plunger whereby the force ap-
to be understood that other types of rate control devices plied by said spring to said plunger to advance the same
may be used in alternative embodiments of the inven- increases with increasing reaction forces.
tion. For example, the fuel cavity beneath the tip of the 55 4. A fuel injection system as set forth in claim 1
plunger may be provided with a restricted exit port to wherein said auxiliary spring means is preloaded to
permit the bleeding off of a portion of the fuel in the exert an initial biasing force on said plunger.
cavity when the plunger begins to advance, with a ball 5. A fuel injection system as set forth in claim 1
valve In the port closing after a predetermined time wherein said injection train comprises a cam follower
interval; or a hydraulic dashpot may be connected in 55 riding on a cam on said camshaft, a push rod operatively
line with the imjection train; or other types of springs connected to said cam follower, and a rocker arm oper-
such as a Belleville spring may be used in place of the atively connected at one end to said push rod, and
coil spring 20. It is also to be understood that the spring, wherein said auxiliary spring means is operatively con-
or other rate control device, may be connected in line nected between the other end of said rocker arm and
with the injection train at some point other than be- 60 said plunger.
tween the rocker arm and the plunger, such as between 6. A fuel injection system as set forth in claim 5
the cam follower and the push rod, or between the push wherein said auxiliary spring means is a coil spring.
rod and the rocker arm. Furthermore, although the 7. A fuel injection system as set forth in claim 1
invention has been described in connection with a sys- wherein said means for [rendering) bypassing said
tem which provides only two different rates of ad- 65 auxiliary spring means [ineffective] comprises means

vancement of the mjector plunger, more than two dif-
ferent rates may be provided if desired, or a continu-
ously varnable rate control device can be used to vary

for effecting a direct connection between said injection
train and said plunger in response to a predetermined
deflection of said auxiliary spring means.



Re. 30,189

9

8. A fuel injection system as set forth in claim 6
wherein said means for [rendering] bypassing said
auxiliary spring means [ineffective}] comprises means
for effecting a direct connection between said rocker
arm and said plunger in response to a predetermined
compression of said coil spring.

9. A fuel injection system as set forth in claim 1
wherein said auxiliary spring means is positioned to
advance the ignition timing relative to the same injec-
tion train without said auxiliary spring means.

10. A fuel injection system as set forth in claim 1
wherein said auxiliary spring means is preloaded to
apply to said plunger an advancing spring force greater
than the maximum opposing forces applied to said
plunger at low engine speeds or loads, but substantially
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less than the maximum opposing forces applied to said
plunger at high engine speeds or loads.

11. In a fuel injection system for a diesel engine hav-
ing an injection train connected between the camshaft
of the engine and the plunger of the fuel injector for
operating said plunger in synchronism with the rotation
of said camshaft, said fuel injector having a single nozzle
that is continuously open during metering of the fuel with
a fixed open area and said injection train having a prede-
termined rate, the improvement comprising auxiliary
spring means connected in series with said injection
train and having a spring rate substantially lower than
said predetermined spring rate of the balance of said
injection train, and means acting in parallel with said
auxiliary spring means for bypassing said auxiliary
spring means in said injection train in response to a

predetermined deflection of said auxiliary spring means.
» . B i %
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