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1

This invention pertains to an improvement in
svstems for timed metered injection of fuel as
used in connection with internal combustion en-
- gines. Such a system was disclosed in U. S. Pat-
ents Nos. 2,027,360: 2,069,744;: 2,075,949; 2,202,-
510; 2,223,580 and included means for opening
and closing the several injection nozzles by un-
balance of hydraulic pressure applied upon op-
nosite ends of reciprocabie valve operating
plunger,

'The earlier patented system includes a rotary
distributing valve for controlling the application
of valve actuating pressures sequentially on the
séveral injection mnozzles. Such rotary valves
present the hazard that stickage of the single
rotary member may cause failure of fuel injec-
tion from a plur ality of injection nozzles con-
trolled b'y the associated distributor. It is an ob=
ieet 0f this invention to avoid that hazard

In the earlier patented system the means con-
trolling the application o1 hydraulic pressure for

actuating the several injection nozzles mclhded_

no readily alterable adjustment for increasing or
decreasmg the guantity of fuel delivered from one
ngzzle independe ntl::; of all others.
ject of this invention to provide such a fuel quan-
tity adjustment. .

in the earlier patented system the means con-

trolling the application of hydraulic pressure for
actuatine the several injection nozzles included ;

aiterable adjustment for advancing or
the start of injection from one nozzle
It is an ob-

Nno readils
refarding
independently of the other nozzies.

ject of this invention to pr wﬂe such q nozzle-

timing adjustment. |

A further object of this invention is eCconomi-
cally to provide a source of fuel under a constant
pressure intermediate atmospheric pressme and
the total fuel injection pressure but of magmtude
predeterminedly related to the latter for use in

controlling the action of the fuel mmcumn noz-

Z].Eu
A still further object is economically to insure

complete cessation of injection when desired

without such waste of fuel pressure energy as was
heretofore encountered in relieving the fuel in-

jection tubing of pressure following each pressure
application thereto particularly when calling for
the injection of smaller or Zero quantztles of fuel
per cycle.

Referring to Fig. 1 I prowdﬂ a nmzle body i
including an axial bore 2 formed at one extremity

with a valve seat 3 which by coaction with a valve.

plunger -4 reciprocable in the bore 2 is adapted to

control the flow of fuel Irom an mJectlon con-_-;

It is an ob-
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2
duit 5 to a nozzle discharge orifice § which may
be single or multiple, annular or of any form
suited to the fuel spray characteristics favorable
to the associated engine (not shown). In the
open position of valve 3 the entire and area of
the plunger 4 which is then exposed to the pres-
sure of fuel in conduit 5 is effective to urge the
plunger toward its openmost position. In its
seated or closed position that area encircled by
the seat 3, which, illustratively, may well be ap-
proximately one fifth of the total end area of the
plunger, is not exposed to fuel pressure and, neg-
lecting such relatively insignificant pressure as
may be applied by engine cylinder gases beneath
the seat 3, the force, according to the present
exaraple, ‘whlch is apphed to lift the valve from
the closed position may be reckoned as 44 XP
where A represents the total area of the valve
plunger and P the pressure of the fuel in supply
coriduit 8. After the valve 4 has lifted from its

- seat 3 the force tending to hold the valve open is

XP. A cut-off valve later to be described is
adapted alfernatively to admit fuel at pressure
P to the remote enid of conduit b or to cut off such
communication. When so cut off eonduit 5 is
without openmg unless plunger 4 opens valve
seat 3.

Thoucrh the valve plunger 4 may be biased to-
ward its closed p051t10n by a spring, not shown,
such is not essential. The end of valve plunger

‘4 oppesite that which coacts Wlth seat 3 is of area

A and under all mrcumstances is acted upon by
the pressure of fuel in a control conduit T which

is in constant commumcatwn therewith. The

pressure applied on the remote end of conduit 7 -

~ and therefore on this end of the plunger 4 is

alterna,ted by a distributor valve presently to be

described, between the full injection pressure P

and, accordmg to this example, an 1ntermed1ate -

pressure of approximately 25P.
The forces tending to move plunger 4 toward

- its seated position are thus seen 1o a,lterna,te be-—

45

tween AX P and 2 AXP. |
It may now be seen that an any time the re-
mote-end of conduit 5 becomes cut off from the

U supply of fuel at pressure P even the minimum

available force of %AxP acting to move valve 4
toward its closed position will be effective to do

- so and iniection of fuel from orifice 6 will

50

pmmptly be cut off by closule of valve 3. |
It may also be seen that, so long as the full
fuel pressure P is applied to the remote end of

- conduit T the foree effective to close valve 3 is

55.3

AXP. It therefore follows that 5o Iong as valve

"3 1s closed full fuel pressure P may be apphed |
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to the remote end of conduit 5 without lifting
plunger 4 as the effective opening force then 1is
but 454X P which is less than the closing force
A% P: however, upon applying the alternative in-
termediate pressure 24P to the remote end of
conduit 1 the closing force at once crops to
2o AX P which, being less than 45A4AXP, allows
piston 4 immediately to move to that position
which opens valve 3 and initiates injection of
fuel.

Summarizing: In each cycle of operation full
fuel pressure P is applied to the remote end of
conduit 7 an appreciable time before initiation
of fuel injection is desired. At a later time, but
still appreciably bhefore initiation of injection is
desired, full fuel pressure P is applied to the re-
mote end of fuel injection conduit 5.

To initiate fuel inijection the remote end of
conduit 7 is alternated from communication with
the source of full fuel pressure P to an interme-
diate pressure 24P. This unbalances the forces
which have held plunger 4 in its valve closing
position and valve seat 3 lifts exposing the full
lower area A to the fuel pressure P.

To terminate injection the remote end of in-
jection conduit 5 is cut off from the source of
fuel pressure. There is thereafter no force effec-
tive to hold piston 4 and valve 3 in open position
and the opposed force of 244X P acts immediately
to elose the valve. Note that in closing the plung-
er 4 acts as a pump plunger to inject its displace-
ment volume at a pressure 24P. At any conven-
ient time in the cycle subsequently to closing tha
valve 3 the pressure applied to the remote end
of conduit 7T may be alternated to the full pres-
sure P without other incident and at any con-
venient time between this last and the initiation
of the next iniection the remote end of fuel in-
jection conduit 5 may be connected to full fuel
pressure P without incident thus completing
preparation for the next injection.

In practice I prefer to mainfain the durations
of alternative conditions on conduits 5 and 7 of
fixed durations in relation to the length of one
complete c¢ycle of valve operations but to vary
thie phase relation of the cyclical occurrences at-
fecting these respective conduits to effect ad-
vance or retard of the peint in the cycle at which
injection is initiated and to variably control the
duration of injection between the limits of zero
and the maximum permissible.

In Irig. 2 the times before and after top dead
center (I'DC) have bheen expresed in degrees of
engine crank travel as for a two stroke cycle
engine, dotted curve i080—A440 represents the
magnitude and timing of one condition of pres-
sure aprlications, as in conduit 71, which contin-
uously but with varying force influence plunger
4 toward its valve closing position. Curve
585—3860 represents one condition of pressure ap-
rplication, as on conduit §, which influences plung-
er 4 toward its valve opening position. The oc-
currence of pressure reduction on conduit 7 at
point A which here occurs 5° before TDC denotes
an unbalance of forces on plunger 4 which in-
itiates injection at this point in the engine cycle
and the ocourrence of cut off of fuel supply at
the remote end of conduit § as at point B, which
here takes place 15° after TDC, denotes termi-
nation of injection at that point in the engine
cycle.

The greater the number of degrees by which
the point B lies to the right of point A, the greater
the duration of injection. This may be con-
trelled by means to be shown. By this last means
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4
curve 500—800 may be shifted bodily with re-
spect to curve 100—400 without altering the forin
of either. In like manner if point B be caused (o
come earlier in the cyele than point A, or to
fall to the left of point B on the diagram of ¥ig.
2, a condition of absence of injection is indicated.
Means also will later be shown whereby both

curves 100—400 and 500-—800 may ke shifted hod-
ily in relation to TDC and without disturbing

their mutual relation. This denotes an advance
or retard of injection with resnect to the engine
cycle without altering the duration (or quantity>
of fuel injected.

At 10 in Fig, 1 is shown a drive shaft running
at equal speed with the crank of the associated
(two stroke cycle) engine. To enable phase

shift of events A and B with respect to TDC (Fig.

2) cam shaft 13 is driven from shaft {8 thrcugh
a well known phase change coupling {! under
the control of means 2. The cams (T on shaft
13, which is rotatable in bearings {4 may, through
adjustable tappets 5 give reciprocation to valves
{6 for the purpose of alternating the hydraulic
pressures applied on the so-called remote ends
of fuel control conduits T by which, when this
pressure suffers reduction as at point A in Fig.
2, injection of fuel from the associated nozzle
is initiated. Thouzh only one valve 16 is de-
tailed one for each engine cylinder is provided
and each, by proper positioning of its actuating
cam {7 on shaft {3, closely co-ordinates the valve
movements with the piston movements of the
associated engine cylinder. This co-crdination
may be more exactly determinahle by adjustment
of the tappets 15.

Specifically control means {2 permits all timed
functions of the entire injection system to occur
earlier or later in resrect to events of the engine
cycle (such as TDC of a reference pistcn) without
alfering the duration of the injection period.

To permit the valves 16 to operate at high re-
ciprocating speeds without requiring excessive
return force as by spring pressure to insure that
the valves and their tappets will follow the cams,
I prefer that the cams shall closely approximate
simple eccentrics which impart to the valves a
substantially harmonie reciprecation. By so do-
ing the application of fuel pressure on the upper
ends of the valve stems may exert sufficient force
to eliminate the necessity for valve return
Springs.

Each of the several valves {6, of which there
are one for each engine cylinder served by the
injection system, reciprocates in a co-acting bore
19 in g block 19a. The bores |9 are open at their
upper or innermost ends to the full fuel pressure
P applied through a passage (8. Spaced from the
passage I8 is a second parallel passage (8a inter-
secting all bores (8 which is continuously open
to fuel at an intermediate pressure such as 24P.
Intermediate these parallel passages the plunger
bore 19 which receives valve {6 1s recessed as at
20, the so-called remote ends of concuits 7 are
connected respectively to these recesses. The
upper ends 21 of valves 16, for a length substan-
tially equal to or but slightly greater than the
axial length of recesses 20, are a close fit in their
surrounding bores. Below the end portions 21
the valves 16 have a portion 22 of reduced diame-
ter, When the lower edge of head end portion
21 of any valve 16 is above the lower end of its
co-acting recess 20 the associated conduit T com-
municates reduced pressure, as at 24P, to be
applied on associated nozzle plunger 4 to urge
it toward closed position. When the upper edge
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of end portion 21§ is below the upper end of recess
20 conduit T communicates full fuel pressure P
to be similarly applied on plunger 4.
As I prefer that the change from one to the
other of the two pressures alternatively applied

to conduit T shall take place as rapidly as may
be, I prefer to cause this change to occur when.

the movement of the valve is taking place at ifs
highest velocity or approximately at the mid
point of its strokes. This also causes the change
in events accomplished by this valve to be sepa-
rated from each other by approximately 180° of
engine crank iravel as indicated on Fig. 2.

A second set of plain cylindrical valves 30 are
similarly reciprocated in bores 31 formed in block
or body 32. A conduit 33, similar to conduit (&
connects the upper ends of these bores continu-
ously to full fuel pressure P. The bores 31 are
formed with g recess 34 similar to the recess 20
spaced irom their upper ends. The recesses 34
are constantly in communication with conduits
. When the upper edge of any valve 30 is below

the upper edge of recess ¢4 fuel under full pres-

sure P fiows through congauit d to be injected from
orifice 6 subject to the contrcel of vaive 3 as previ-
ously described. T prefer that this communica-
tion shall be established while valves 30 are sub-
stantially midway of their outward sirckes and
cut off at substantially the same point on thelr
inward strokes as indicated in Fig. 2.

Valves 30 are reciprocated by adjustable tap-
pets 38 acted upon by cams 385 on g shaft 39
which rotates in bearings 3%7. To permit the
phase of the valving events occasioned by valves
30 all to be simultaneously changed with respect
to those of valves 16 for the purpose of centrol-
ling the duration and thereby the quantity of
fuel injected per cycle as set forth in the discus-
sion of Fig. 2, shaft 386 is driven from shait (3
through a second phase change coupling 38 which
may be controlled by means £9.
ment means 1%z permits the events of an associ-
ated valve to be advaneced gr retarded independ-
ently of all others as for minute correction of the
duration of injection of individual nozzies.

Tappet adjust- -
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A fuel pump 160 of any suitable construction

may be arranged to draw fuel from a tank G4

through a conduit 182 delivering the samie under
pressure P through conduit (03 to the passages

I8 and 33 respectively of valve blocks i8¢ and 32.

A conduit 184 joins high pressure fuel passages

I8 and 83. A branch {85 from this condult sup-~

plies fuel at pressure P to be applied on the dif-

ferential area of a compound piston comprising
a head {85 of larger diameter ¢oaxially arranged
with a stem portion {87 of reduced diameter and
recinrocable in coaxiasl stepped bores (028 angd
[88c. A passage 188 is formed axially of the
composite piston. Spaced cross bores (5 and
{1 intersect bore 18§ and terminate respectively

o0

6
the upper edge of bore 108¢. The communica-
tion thus established will enable the deficiency to
be made up by fuel passing through bores 110
and 109, If there should be an excess of fuel
under pressure 23P groove Ilfa will be uncov-
ered at the lower edge of bore 108a and the excess
will pass through bores 109 and (lf, into recess
{{3 and may be returned to the fuel tank via
conduit 114.

In such a system it is not unknown, under.

conditions of long injection conduits B of large

diameter and more particularly if the tubing
walls are thin and resilient, for a very small
quantity of fuel to be injected upon decrease of
pressure in conduit T even though this reduction
should occur after the remote end of conduit 5
had previously been closed to fuel pressure as by
a valve 30. This is because of the release of
pressure energy stored elastically in conduits: 5.
The quantity of fuel which is injected in this
way may be progressively reduced by increasing
the intermediate pressure which, according to
the present example, is 25P. Obviously, accord-~
ing to the present example, as this pressure ap-
proaches 45P the force tending to lift plungers
4 upon reduction of pressure in conduits T, as
at event A in Pig. 2, approaches zero and if the
intermediate pressure available for application
to conduits T by valves 16 becomes anything in
excess of 45P the valves 3 in the injection nozzles
will not be opened.

The intermediate pressure may be mﬂuenceci
in the increasing direction by applying an up-
wardly acting force as on the extension 107a
of the composite piston 1068, 107. As this method
of completely eliminating all possibility of fuel
injection from the nozzles becomes . useful only
when desiring to completely stop the associated
engine I have shown a cam [ [5 and control means
[ 19a by which stem {0Ta may be raised until full
pressure fuel passes through:groove {10a, bores
110 and {09 to equalize hydraulic pressures on
either side of piston 106. When this is done full
pressure P is supplied continuously on conduits
1 by equalizing pressures between passages 18
and 18z. This will insure against the possibility
that any pressure which can be applied on in-
jection conduits 5 will be adequate to lift vaive
plungers 4. Transiently, while lifting member
181, resistance to motion will be experienced due
to the body of fuel trapped above piston 1056. As

‘& practical matter this is of little or no conse-

guence as the lifting force itself increases the

- intermediate pressure toward, or perhaps in ex-

00

the composite piston is midway of its axial poﬂz- __

tion in the stepped bores, groove {10a is spaced

from and covered by the innermost end of bore
{882 and eroove | tig is spaced from and covered

65
by the opposite end of this portion of the bore.

The lower face of piston 186 is in continucus com-

munication with passage 104 through conduit :
i05. As the full area of piston 18§ bears to the

ai

erential area exposed to full fuel pressure P

the ratio of 3:2 the pressure applied on the unper

face of piston {05 will be 25P.

If, by reason of insufficient volume of fuel un- o

der pressure 24P the composite piston moves too
| _75

far upwardly, groove (10a will be uncovered at

cess of, the full pressure P. Even under unusual

conditions of elasticity in the injection conduits

5 such a resulting increase of the intermediate
pressure need persist only for a few seconds to

‘stop all injection of fuel and enable the associat-

60
in circumferential grooves [18q and ifie. When

ed engine to come to rest from that minimum
speed which is obtainable by causing event B
(Fig. 2) to occur before event A as influenced by
control means 49 (Fig 1).  Such normal mini-
mum injection, even under aggravated conditions
probably will be less than suﬂicmnt to mamtmn

- engine idling speed.

It is to be understood -that the means here de-
scribed for obtaining an intermediate pressure

proportionally related to the full fuel pressure
may be replaced by other known pressure regu-~
lator means suitable to maintain the pressure
relations of the present example.

Only one injection nozzle 4 Wlth its control-

Cling valves 16 and 30 have been shown. I have

however mdmated the condmts 5 and 1 for con-' j
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nection to additional injection nozzles 2, 3 and
§ as in g system adapted for use with a four
cylinder engine.

The sequence of operation of the injection
valve 4 is as follows:
At the end of injection flow to the lower face

of the valve is cut off by raising the plunger
(8 associated with the injection valve. Full
pressure is next applied through line 112 to the

top of the valve by further raising the plunger
i6 which has no effect on the movement of the
valve. Full pressure is restored beneath the
valve by lowering plunger 30 which also has no
effect on the movement of the valve. Injection
is then started by raising plunger (6 to reduce
pressure on the top of the valve by connecting
the space at the top of the valve to line 112 which
allows the valve to lift.

T claim: |
1. In a fuel injection system for internal com-

bustion engines, in combination, an injection
nozzle, a nozzle valve movable toward open or
closed position by unbalance of hydraulic pres-
sures cyclically and opposedly applied thereon,
first reciprocable valve means for alternatively
and sequentially applying full fuel injection pres-
sure and a fractional intermediate pressure to
urge said valve toward a closed position, means
for reciprocating said first valve means, second
reciprocable valve means for alternatively and
sequentially admitting and preventing admission
of fuel at full injection pressure to urge said
nozzle valve toward its open position, means for
reciprocating said second valve means, and means
for altering the phase relations of the cyclical
reciprocations of said first and second reciproca-
ble valve means.

2 In a fuel injection system for internal com-
bustion engines, in combination, an injection
nozzle, a nozzle valve movable toward open Or
closed position by unbalance of hydraulic pres-
sures cyclically and opposedly applied thereon,
first reciprocable valve means for alternatively
and sequentially applying full fuel injection pres-
sure and a fractional intermediate pressure o
urge said valve toward a closed position, means
for reciprocating said first valve means, second
reciprocable valve means for alternatively and
sequentially admitting and preventing admission
of fuel at full injection pressure to urge sald
nozzle valve toward its open position and means
for reciprocating said second valve means, mealis
for altering the phase relations of the cyclical
reciprocations of said first and second reciproca-
ble valve means, and additional means effective
at will simultanecusly to alter the timing of cy-
clical events of both said first and second valve
means in relation to any reference point in the
eyele of an associated engine without altering
the cycle of alternations accomplished by either
said first or second reciprocable valves and with-
out altering the phase relation of complete cycles
of events performed respectively by said first and
said second reciprocable valves in their relations
one {o the other.

3. In a fuel injection system including a fuel
injection nozzle valve movable alternatively to an
open or closed position by unbalance of two re-
lated hvdraulic pressures both greater than zero
onposediy applied thereto, a source of fuel at the
pressure applied on said nozzle valve during in-
jection, a source of fuel at a lesser intermediate
pressure of magnitude predeterminedly related to
said first pressure and supplied from said first
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source, means for deriving the fuel of said seconid 75
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source from said first source including in com-
bination, 3 housing formed with a stepped hore
of two diameters, a compound piston of two like
diameters slidable in said stepped bore, means for
closing the end of said major bore to enclose said
piston in said housing and to define a fluid cham-
ber between the major diameter of said niston
and the end thus closed, a conduit for passing
fluid at szaid intermediate pressure from or into
saild chamber, a second chamber defined hetween
the step in the bore and the major piston diam-
efer and defining an annular differential piston
area less than and opposed to the major area of
said piston, a conduit continuously communicat-
ing said second chamber to the source of fuel
under full pressure, means regulated by recipro-
cation of said piston whereby upon approaching
the extremity of its movement in the direction of
its major face fuel is admitted from the second
said chamber to the first said chamhber and upron
approaching the extremity of its movement in
the opposite direction fuel is released from the
piston face of major area.

4. In a fuel injection system inciuding a fuel
injection nozzle valve movable alternatively to
an open or closed position by unbalance of two
related hydraulic pressures both greater than
zero opposedly applied thereto, a source of fuel at,
the pressure applied on said nozzle valve during
injection, a source of fuel at g lesser intermediate
pressure of magnitude predeterminedly related to
sald first pressure and supplied from said first
source, means for deriving the fuel of =aid second
source from said first source including in com-
bination, a housing formed with a stervnad hore of
two diameters, a compound piston of tvwo like di-
ameters slidable in said stepved kore, meansg for
cl_osing the end of said major bore io encloss said
piston in said housing and to define a fluid cham-
ber between the major diameter of said piston
and the end thus closed, a conduit for passing
fiuid at said intermediate pressure from or into
said chamber, a second chamher defined between
the step in the bore and the major piston diam-
eter and defining an annular differential piston
area less than and opposed to the major arsa of
said piston, a conduit continuously communicat-
ing said second chamber to the source of fuel
under full pressure, means regulated hv recipro-
cation of said piston whereby upon approsching
1_;he extremity of its movement in the direction of
1ts major face fuel is admitted from the sseond
said chamber to the first said chambar and upen
approaching the extremity of its movenient in the
opposite direction fuel is released from the nizton
face of major area and means for aiblying at will
an additional force urging said compound piston
to move in the direction of its maior facs to in-
crease the magnitude of said intermediate nros-
sure to that extent determined by said additional
force.

8. In a fuel injection system for internal com-
bustion engines, in combination, an injeection
nozzle, a nozzle valve movable toward onen or
clesed position by unbalance of hydraulic npres-
sures cyclically and opposedly apnlied thereon, a
p_lurality of reciprocable valve msans for aitarna-
t}vely and sequentially applying full Tfuel iniec-
tion pressure and a fractional intermediate pros-
sure to urge said valve toward a closed position,
_and a like plurality of second recinrocable valies
1 accordance with the number of eylinders ¢f an
assoclated engine and means to recinrceate each
of said reciprocable valves in suitably timed rela-
tion _With the reciprocation of the piston in the
associated engine cylinder for alternatively and
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sequentially admitting and preventing admission
of fuel at full injection pressure to urge said
nozzle valve toward its open position and means
for reciprocating said second valve means, means
for altering the phase relations of the cyclical
reciprocations of said first and second recip-

rocable valve means, and additional means effec-l

tive at will simultaneously to alter the timing of
cyclical events of both said first and second valve
means in relation to any reference point in the
cycle of an associated engine without altering the
cycle of alternations accomplished by either said
first or second reciprocable valves and without
altering the phase relation of complete cycles of
events performed respectively by said first and
sald second reciprocable valveg in their relations
one to the other.

6. In o fue] injection system for internal com-
bustion engines, in combination, an injection
nozzle, a nozzle valve movable toward open or
closed position by unbalance of hydraulic pres-
sures cyclically and opposedly applied thereon, a
plurality of reciprocable valve means for alterna-
tively and sequentially applying full fuel injec-
tion pressure and a fractional intermediate pres-
sure to urge said valve toward a closed nosition,
and a like plurality of second reciprocable valves
in accordance with the number of cylinders of
an associated engine and means to reciprocate

each of said reciprocable valveg in suitably timed |

relation with the reciprocation of the piston in
the associated engine cylinder for alternatively
and sequentially admitting and preventing ad-
migsion of fuel at full injection pressure to urge
sald nozzle valve toward its open position and
means for reciprocating said second valve means
and adjustable means for altering minutely the
relation ¢f the timing of the occurrence of a given
valving event of one of said first reciprocable
valve means in relation to the piston of its asso-
clated cylinder without altering the timing of
others of said first reciprocable valves in relation
to their respective asscciated engine pistons.

7. In a fuel injection system for internal com-
bustion engines, in combination, an injection noz-
zle, a nozzle valve movable toward open or closed
position by unbalance of hydraulic pressures
cyclically and opposedly applied thereon, a plu-
rality of reciprocable valve means for alterna-
tively and sequentially applying full fuel injection
pressure and a fractional intermediate pressure
to urge said valve toward a closed position, and
a like plurality of second reciprocable valves in
accordance with the number of cylinders of an
associated engine and means to reciprocate each
of said reciprocable valves in suitably timed re-
lation with the reciprocation of the piston in the
associated engine cylinder for alternatively and
sequentially admitting and preventing admission
of fuel at full injection pressure to urge said noz-
zle valve toward its open position, means for re-
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ciprocating said second valve means, and means
for altering the phase relations of the cyclical
reciprocations of said first and second recipro-
cable valve means, and adjustable means for al-
tering minutely the relation of the timing of the
occurrence of a given valving event of one of said
first reciprocable valve means in relation to the
piston of its associated cylinder without altering
the timing of said first reciprocable valves in
relation to their associated engine pistons.

8. In a fuel injection system for internal com-
bustion engines, in combination, an injection noz-
zle, a nozzle valve movable toward open or closed
position by unbkalance of hydraulic pressures
cyclically and opposedly applied thereon, a plu-
rality of reciprocable valve means for alterna-
tively and sequentially applying full fuel injec-
tion pressure and a fractional intermediate pres-
sure to urge said valve toward a closed position,
and a like plurality of second reciprocable valves
in accordance with the number of cylinders of an
associated engine and means to reciprocate each
of said reciprocable valves in suitably timed re-
lation with the reciprocation of the piston in the
associated engine cylinder for alternatively and

sequentially admitting and preventing admission

of fuel at full injection pressure to urge said
nozzle valve toward its open position and means
for reciprocating said second valve means, means
for altering the phase relations of the cyclical
reciprocations of said first and second recipro-
cable valve means, and additional means effective
at will simultaneously to alter the timing of
cyclical events of both said first and second valve
means in relation to any reference point in the
cycle of an associated engine without altering the
cycle of alternations accomplished by either said
first or second reciprocable valves and without
altering the phase relation of complete cycles of
events performed respectively by said first and
said second reciprocable valves in their relations
one to the other and adjustable means for alter-
ing minutely the relation of the timing of the
occurrence of a given valving event of one of said
first reciprocable valve means in relation to the
piston of its associated cylinder without altering
the timing of others of said first reciprocable
valves in relation to their respective associated
engine pistons. | |
CARROLL R. ALDEN.
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