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This invention relates to a novel fuel injector, and more 
particularly relates to a unit fuel pump-injector. The in 
jector of the invention may be used to advantage, for 
example, in supplying the timed fuel requirements of a 
cylinder of an internal combustion engine. 
The invention has among its objects the provision of a 

novel fuel injector, such injector being particularly char 
acterized by its simplicity, the small number of its parts, 
and its economy of manufacture. 
A further object of the invention lies in the provision 

of an injector of the type described having improved 
means for adjusting the quantity of fuel delivered at each 
cycle of the injector. 

Another object of the invention resides in the provision 
of a fuel injector having novel mechanism for retaining 
the pump plunger of the injector in the housing thereof. 
Yet another object of the invention resides in the pro 

vision of a novel improved mechanism for laterally guid 
ing the outer free end of the pump plunger, whereby to 
relieve the pump plunger of lateral forces which might 
be imposed thereon by the plunger operating mechanism. 

Still a further object of the invention lies in the provi- 3 
sion, in a fuel injector of the type indicated, of an in 
proved check valve for insuring a sharp cut-off of the 
delivery of fuel at the end of each fuel injecting cycle. 
The above and further objects and novel features of 

the invention will more fully appear from the following 
description when the same is read in connection with the 
accompanying drawings. It is to be expressly understood, 
however, that the drawings are for the purpose of illustra 
tion only, and are not intended as a definition of the limits 
of the invention. 

in the drawings, wherein like reference characters refer 
to like parts throughout the several views, 

FIG. 1 is a view in perspective of an illustrative fuel 
injector made in accordance with the invention, the in 
jector being shown in combination with a cam for operat 
ing the pump plunger of the injector and a fragmentarily 
shown control linkage for the injector; 

FIG. 2 is a view in axial section on an enlarged scale 
through the injector of FiG. 1; 

FIG. 3 is a view in transverse section through the in 
jector, the section being taken along the line 3-3 of 
F.G. 2; 

FIG. 4 is a view in elevation of the illustrative injector, 
the view being taken in a direction from left to right in 
FiG. 2; and 

FEG. 5 is a view in perspective of the injector plunger 
and the plunger positioning and adjusting parts associated 
therewith, the injector casing and the fuel inlet and fuel 
bleeding ports of the injector being shown in phantom 
lines, the valve plunger being shown adjusted to a typical 
operating position and at the end of its fuel intake stroke. 
The illustrative fuel injector of the present invention 

ray be used to advantage, for example, to supply the 
timed fuel requirements of an internal combustion engine 
of the spark ignited or diesel type. One such fuel injector 
is provided for each of the cylinders of the engine, the 
pump plunger of the injector being operated at the proper 
time by means such as a cam either acting directly upon 
the pump plunger, as shown, or indirectly thereupon as 
through a push rod and rocker arm. The fuel injector is 
preferably mounted directly upon the engine block So that 
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chamber of the cylinder. For simplicity, the engine with 
which the injector is designed to be associated is omitted 
from the drawing. 
Turning now to the drawings, the illustrative fuel in 

jector, which is designated generally by the reference 
character 10, is shown as being actuated by a cam if 
mounted on a camshaft 12. If the engine to be supplied 
is of the four-stroke cycle type, the camshaft 2 is driven 
at 4 crank shaft speed. Cam has a rise or lobe 4 
thereon disposed at the proper angle with respect to shaft 
52 for the injector it to begin its fuel injecting operation 
at the proper time in the engine cycle. 

injector 0 has an elongated generally cylindrical body 
S5 having a central bore 6 therein. A reciprocable 
plunger 7 is accurately fitted in bore 6, such plunger 
reciprocating from its outermost position (FIG. 2) to its 
innermost position during each of its fuel injecting strokes. 
Fuel is supplied to bore 16 below the inner end of the 
plunger when the plunger is in the position of iFIG. 2 
through a fuel supply pipe 9 which is connected to a 
hollow boss 20 integral with casing 5 of the injector. A 
radially disposed fuel inlet port 2; connects the space 
between the lower end surface 22 of plunger 7 to the 
supply pipe 9 when plunger 17 is in its outer or raised 
position. The fuel supplied to the injector through pipe 
59 is preferably under a moderate pressure produced, for 
example, by a vaned pump or impeller. 
The lower end of casing E5 is provided with a coun 

terbore coaxial with bore 6, the sidewall of the counter 
bore being threaded at 24. The upper transverse end 25 
of such counterbore is fiat, and sealingly interfits with 
the upper surface of a flat disc or plate 26 which is thrust 
upwardly thereagainst. Plate 26 has a central passage 27 
therein, such passage being of somewhat smaller diameter 
than bore 16. Mounted coaxially of casing 15 and plate 
26 is a nozzle and valve body generally designated 29. 
Body 29 has a lower or inner end 39 of somewhat smaller 
diameter than its upper end 3; end 33 of body 29 is of 
cup-like shape and contains a check valve to be described. 
Member 29 is held in the position shown by a retaining 
nut or sleeve 32 having an externally threaded upper end 
34 received in the counterbore at the lower end of casing 
25 and threadedly engaging threads 24 on the Sidewall 
thereof. The lower end of sleeve 32 is necked inwardly 
so as accurately to fit about portion 30 of the nozzle and 
valve body. The plate 26 is snugly received within the 
upper end of portion 34 of the sleeve, and is thrust up 
wardly by engagement therewith by the upper end of por 
tion 3 of the nozzle and valve body. When the sleeve 
32 is screwed upwardly into the casing 15, plate 26 is 
thrust into sealing engagement with Surface 25 of the 
counterbore in the casing and the upper end of member 
31 sealingly engages the lower surface of plate 26. A 
packing 36 disposed in an annular groove about the upper 
end of member 34 precludes the leakage of fuel through 
the threaded joint between member 34 and the casing. 
The chamber 37 within the upper end of the nozzle and 

valve body has a lower end 39 formed in Such body, the 
upper end of the chamber being defined by the flat trans 
verse bottom surface of plate 26. A vertically movable 
check valve member, generally designated 40, has an en 
1arged head 41 having a flat upper end surface 42 which 
sealingly engages the lower surface 44 of plate 26 about 
the passage 27 when the valve member is thrust upwardly 
into the position shown in FIG. 2 by a coil compression 
spring 46. Spring 45, which is telescoped about the 
valve member, has its upper end engaged beneath the 
shoulder on head 41 of the valve member, a central stem 
35 on the valve member 40 being telescoped within the 
spring. When the upper end of the valve member 40 is 
subjected to sufficient pressure of fluid upon an injecting 
stroke of plunger 17, the valve member moves down 
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wardly against the upward bias of spring 46 sufficiently for 
fuel to flow downwardly through passage 27 into chamber 
37 and thence outwardly through a further passage 47 in 
the inner or lower portion 30 of the nozzle and valve 
member to the still smaller nozzle outlet 49 which sprays 
the fuel into the engine cylinder. It will be seen that the 
described check valve is formed between flat surfaces (the 
lower surface of plate 26 and the upper surface of the 
head 41 of the valve member) and that the valve member 
is permitted a substantial freedom of motion both laterally 
and angularly in its chamber during the unseating and 
seating of the valve member. Such flat surfaces are par 
ticularly easy to form with great accuracy; this, taken 
with the freedom of motion of the valve member, provides 
a check valve which is not only simple and economical to 
make but which functions reliably to cut off the flow of 
fuel sharply upon cessation of fuel injection by the plunger 
17. 
The upper end of casing 15 is provided with a smooth 

walled counterbore 5) of relatively large diameter. Ac 
curately and slidably fitting within counterbore 50 is an 
inverted cup-like member 51 having a circular cylindrical 
outer surface. A coil compression spring 52 disposed 
between the inner transverse end of counterbore 59 and 
the upper transverse end of guide member 51 constantly 
urges the guide member toward its upper or outer posi 
tion shown in FIG. 2. The upper end of pump plunger 
7 is of reduced diameter as shown at 54, portion 54 of 

the plunger extending axially through spring 52 and being 
connected to guide member 5 in the following manner: 
The outer end of plunger 17 beyond portion 54 thereof is 
provided with an enlarged head 55. Head 55 is of such 
diameter as freely to pass through a central passage 56 
in the upper end wall 57 of member 51. The upper or 
outer surface of end wall 57 is provided with a shallow 
circular cylindrical seat 59 which receives a pump plunger 
retainer and cam follower 60. Member 60 is generally 
in the form of an inverted cup having an upper end wall 
61, which is engaged by cam 1, and a depending skirt 62. 
The skirt is slotted at one side thereof, as shown at 65, 
and is provided with an inwardly directed flange 64 
throughout its unslotted portion. The space 66 within 
member 60 receives head 55 on the plunger, member 60 
being mounted on the plunger by depressing guide mem 
ber 51 while maintaining the plunger 7 in its elevated 
position, following which the member 60 may be slid lat 
erally onto head 55. When member 5 is then released, 
the bottom end of cam follower 60 fits accurately within 
seat 59 therein. As a result of such construction, the 
upper or outer end of plunger 17 is accurately maintained 
coaxial of housing 15, and any side thrust imposed upon 
cam follower 60 by the cam F is borne by the broad 
engaging surfaces of counterbore 50 in housing 15 and the 
outer peripheral surface of guide member 51. 
The injector of the present invention is provided with 

means whereby the quantity of fuel injected thereby at 
each operative stroke of the plunger 17 may be varied. 
Such variation is effected by releasing fuel injecting pres 
Sure from the chamber beneath the inner end of the 
plunger at varying times during the injecting stroke of the 
plunger. Such pressure releasing means are shown as 
including a passage 67 disposed axially of pump plunger 
17 from the inner face 22 thereof, passage 67 communi 
cating with a short radial passage 69. Other suitable 
known means, such as a longitudinal slot in the surface of 
the plunger, may be used in lieu of passage 67, 69. A 
helical or angular slot 70 is provided on plunger 17, the 
slot being positioned to connect with the outer end of 
passage 69 or with the upper end of such longitudinal 
slot. A pressure releasing or by-passport 7 is disposed 
in the sidewall of housing 15 above inlet port 2 and in 
position to be covered by the imperforate portion of the 
plunger when the plunger is retracted into its uppermost 
position shown in FIG. 2. In such position of the plunger 
the lower face 22 thereof lies above inlet port 21. When 
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the plunger is impelled downwardly by cam 11, the 
chamber beneath the plunger is closed once the lower end 
22 of the plunger has passed the lower edge of inlet port 
25. Fuel in the chamber is then subjected to injecting 
pressure which overcomes the opposition of check valve 
4 and forces the fuel past the valve outwardly through 
passage 47 and nozzle opening 49. Such injection of the 
fuel continues until at least a portion of the helical slot 70 
on plunger 7 overlaps a part of port 71; when this oc 
curs, the fuel remaining in the chamber beneath the 
plunger escapes therefrom through passages 67, 69, groove 
76, and port 7, so that the check valve 49 again closes. 
The time in the injecting cycle at which the fuel in the 

pump chamber is thus released may be varied by the 
turning of the plunger 17 to vary the point in the stroke 
at which groove 70 overlaps port 71. Such turning of 
the plunger therefore provides a means for varying the 
amount of fuel delivered by the injector at each stroke 
of plunger 7. 

Turning of the plunger is effected by the following novel 
simplified mechanism. Housing 15 is provided with a 
transverse slot 72 of appreciable axial width, such slot 
being located in the housing at a substantial distance axial 
ly cutwardly of the chamber beneath the plunger. Slot 
72, which extends from the outer surface of the housing 
in Wardly thereof somewhat past the cylindrical bore 16 
therein, is generally of sector shape in its radially outer 
portion and is generally of circular cylindrical shape in 
the portion thereof surrounding bore 6. The plunger 
37 is provided with a flat axially extending surface 74 on 
one side thereof, surface 74 terminating at its bottom end 
at a right angle shoulder 75. Snugly received within slot 
72 in the housing is a bifurcated control plate 76, the 
inner end 77 of which is in the form of a part of a circular 
cylinder and the outer part of which is in the form of an 
arm 80 extending radially of portion 77 of the plate. 
Portion 77 of the plate is provided with a notch or slot 
79 extending parallel to arm 80 but which is offset some 
what from the arm so as to receive the portion of the 
plunger 7 located at the flatted surface 74. The con 
nection thus afforded between portion 77 of the control 
plate and the plunger is such as to connect the plate and 
plunger together for turning about the axis of the plunger 
While leaving the plunger free for reciprocation along its 
axis normal to the broad extent of the control plate. The 
circular inner end of slot 72 and the circular portion 77 
of the control plate are of such size that the former forms 
an accurate bearing for the plate while parmitting the 
plate to be turned throughout its range of adjustment 
Which, in the embodiment shown, is on the order of 90°. 
Not only does control plate 76 permit turning of the 

plunger 17, but it retains the plunger against outward 
eScape from the housing 15 once the parts have been 
assembled by reason of engagement of the shoulder 75 
with the lower surface of control plate 76. Preferably, 
the injector is so located relative to the cam 3 or other 
actuating means therefor so that at the outer end of the 
Stroke of plunger E7 the shoulder 75 does not quite engage 
the control plate. 
The control plate 76 is turned for adjustment of the 

quantity of fuel injected by plunger 57 by the following 
mechanism. Extending around housing 5 centrally of 
plate 76 there is a shallow peripheral groove 81. Oppo 
sitely disposed part-circular spring arms 32 of a control 
lever 34 are Snapped into groove 81 to hold the lever 
stably in place and free for rotation about housing 15. 
Lever 84 has a shallow Tadially extending seat 85 therein 
which accurately receives the outer end of arm 89 of 
the control plate 76. Lever 84 has a radially extending 
an 86 aligned with seat 85 provided with a longitudinally 
disposed slot 87 therein. A control link generally shown 
at 89 is adjustably connected to arm 86, a finger on the 
link passing through a sleeve adjustably mounted in the 
slot 87 and being fixedly held with respect to the arm at 
the desired distance from the axis of the plunger. Link 
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39 is connected to a suitable control mechanism such 
as a throttle lever or pedal for the engine. The throttle 
linkage (not shown) is arranged so that when the throttie 
lever or pedal is advanced, members 76 and 84, and thus 
plunger E7, are turned in such direction as to relieve the 
fuel injecting pressure from the chamber in the injector at 
an increasingly later time in the fuel injecting stroke of 
the plunger. The injector may conveniently be provided 
with means whereby the angular position of plunger 7 
may be readily ascertained from the exterior of the 
injector. Thus an index mark 91 is shown provided on 
the housing 5 immediately adjacent groove 81 (FG. 4). 
The slight gap S3 between the confronting ends of Spring 
arms 82 is aligned with passage 69 in the plunger 7. 
index mark 91 may be positioned, for example, so that 
the pump delivers a calibrated minimum of fuel at each 
injecting stroke of the plunger when the gap 90 is aligned 
with the index mark 95. 

Although only one embodiment of the invention has 
been illustrated in the accompanying drawings and 
described in the foregoing specification, it is to be espe 
cialiy understood that various changes, such as in the 
relative dimensions of the parts, materials used, and the 
like, as well as the suggested manner of use of the appa 
ratus of the invention, may be made therein without 
departing from the spirit and Scope of the invention as 
will now be apparent to those skilled in the art. 
What is claimed is: 
1. A fuel injector comprising a housing having a cyl 

inder therein, a plunger reciprocable in the cylinder, a 
chamber in the housing axially inwardly of the plunger 
and communicating with the cylinder, means to feed fuel 
into the chamber, means to reciprocate the pillinger, means 
to release injecting pressure in the chamber at the end 
of the fuel injecting stroke of the plunger, means oper 
ated by the turning of the plunger about its axis to vary 
the timing of such pressure release, and means to turn 
the plunger about its axis comprising a member extend 
ing generally radially of the plunger at a Zone axially 
outwardly of the chamber in the housing, a transverse 
slot in the housing receiving the plunger turning member 
and permitting its oscillation through a substantial angle 
about the axis of the pilinger, means connecting the finem 
er to the plunger comprising formations on the plunger 

and member non-rotatably connecting them together 
while permitting the plunger to reciprocate with respect 
to the member, and means comprising a band slidably 
embracing and angularly oscillatable on the housing and 
connected to the member for turning the member and 
the plunger about the axis of the latter. 

2. A fuel injector as claimed in claim , wherein the 
transverse slot in the housing converges radially inwardly 
and has an inner end which at least partially surrounds 
the plunger, and the plunger-turning member is a plate 
having an inner bifurcated end portion straddling the 
plunger aind having rotatable bearing engagement with 
the inner end of the slot, 

3. A fuel injector as claimed in claim 2, wherein the 
portion of the slot at least partially surrounding the 
plunger has an arcuate cylindrical side wall coaxial of the 
plunger, and wherein the inner end of the plunger-turning 
plate has arcuate cylindrical bearing Surfaces engaging 
the arcuate cylindrical sidewal of the slot. 

4. A fuel injector comprising a housing having a cyl 
inder therein, a plunger reciprocable in the cylinder, a 
chamber in the housing axially inwardly of the plunger 
and communicating with the cylinder, means to feed fuel 
into the chamber, means to reciprocate the plunger, 
means to release injecting pressure in the chamber at the 
end of the fuel injecting stroke of the plunger, means 
operated by the turning of the plunger about its axis to 
vary the timing of Such pressure release, means to turn 
the plunger about its axis coin prising a member extending 
generally radially of the pluinger at a zone axially out 
wardly of the chamber in the housing, a transverse slot 
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6 
in the housing receiving the plunger turning member and 
permitting its osciliation through a substantial angle about 
the axis of the plunger, means connecting the member 
to the plunger comprising at least one axially extended 
fiat outer Surface on the plunger and a generally radially 
directed notch in the member, the plunger being received 
within said notch with the fiat outer surface of the pitinger 
slidably but not rotatably engaging one inner side Surface 
of the member at the noich for non-rotatably connecting 
said plunger and member together while permitting the 
plunger to reciprocate with respect to the member, and 
means connected to the member for turning the member 
and the plunger about the axis of the latter. 

5. A fuel injector as claimed in claim 4, comprising 
resilient ineans constantly urging the plunger axially 
outwar{ily of the housing, and a shoulder on the plunger 
bounding the axially inner end of the fiat surface on the 
plunger, the shoulder lying beneath a portion of the 
member and preventing the outward escape of the plunger 
from the housing. 

6. A fuel injector comprising a housing having a cylin 
der therein, a plunger reciprocable in the cylinder, the 
axially outer end of the plunger projecting beyond the 
outer end of the cylinder, a counterbore in the outer end 
of the housing surrounding and coaxial with the outer end 
of the plunger, guide means in the form of a cylindrical 
guide member accurately fitting and reciprocable in the 
counterbore, said member having a central opening in 
a transverse wall thereof through which the outer end of 
the plunger extends, and means connecting the plunger 
adjacent its outer end to the guide means to cause the 
guide means to reciprocate with the plunger and to trans 
mit to the wall of the counterbore lateral thrusts imposed 
by actuating means for the plunger, said connecting means 
comprising a tappet removably connected to said plunger 
for transmitting axial forces thereto and accurately seated 
in a recess in the outer end of said guide member, where 
by said tappet is held against radial movement relative 
to the guide member. 

7. A fuel injector as claimed in claim. 6, comprising a 
coil compression spring telescoped about the plunger with 
in the counterbore and abutting a transverse surface of 
the guide member and the transverse end of the counter 
bore at its opposite ends, said spring constantly urging 
the plunger outwardly of the housing. 

8. A fuel injector comprising a housing having a cyl 
inder therein, a plunger reciprocable in the cylinder, the 
axially outer end of the plunger projecting beyond the 
Outer end of the cylinder, a counterbore in the outer end 
of the housing surrounding and coaxial with the outer 
end of the plunger, guide means in the form of a cylin 
drical guide member accurately fitting and reciprocable 
in the counterbore, means connecting the plunger ad 
jacent its outer end to the guide means to cause the guide 
means to reciprocate with the plunger and to transmit 
lateral thrusts imposed on the outer end of the plunger 
to the wall of the counterbore, said means connecting the 
guide means to the plunger comprising an enlarged head 
on the Outer end of the plunger, a central opening in the 
guide member through which the outer end of the plunger 
extends, and plunger retaining means mounted on the 
plunger beneath the head thereon and engaging the outer 
transverse end of the guide member to center the outer 
end of the plunger with respect to the guide member and 
to prevent the axially inward withdrawal of the plunger 
from the guide member. 

9. A fuel injector as claimed in claim 3, wherein the 
plunger retaining means comprises a laterally slotted 
radially inwardly extending flange lying beneath and en 
gaging the head, and comprising a central seat on the 
outer transverse surface of the guide member receiving 
and centering the plunger retaining means. 

16. A fuel injector as claimed in claim 9, wherein the 
central seat on the outer transverse surface of the guide 
member receives, centers, and closes the outer end of 
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the slot in the flange of the plunger retaining means. 
fi. A fuel injector as claimed in claim 9, wherein the 

lever means comprises a band embracing the housing of 
the injector generally in the plane of the member, a gen 
erally radially outwardly projecting arm on the band, and 
a seat receiving the outer end of the arm on the member. 

12. A fuel injector as claimed in claim 1, wherein the 
housing has a peripheral groove receiving and guiding the 
band, and the band is resilient and is split at a Zone gen 
erally diametrically opposite the seat in the lever means. 

i3. An injection pump comprising a casing having a 
bore therein, a plunger reciprocable in said bore, port 
means in the wall of said casing adapted to be opened and 
closed by said plunger, means for angularly adjusting said 
plunger comprising a plate-like member mounted in a 
radial slot in the wall of said casing for angular move 
ment about the axis of said bore, said member including 
a bifurcated portion through which said plunger extends 
for angular movement therewith and axial movement rela 
tive thereto and an arm extending radially from said slot, 
means for reciprocating said plunger in the casing, and 
means for controlling the discharge of fuel from the 
pressure chamber in the bore. 

24. An injection pump as defined in claim 13, wherein 
said means for reciprocating the plunger comprises a guide 
in an enlarged portion of said bore, resilient means be 
tween said guide and casing, and means between said 
guide and the plunger for limiting the movement of the 
guide relative to the plunger by said resilient means and 
for transmitting pressure axially to said plunger for actu 
ation of the latter in opposition to said resilient means 
while transmitting radial forces to the casing through said 
guide without transmitting such radial forces to said 
plunger. 

15. An injection pump as defined in claim 3, where 
in said fuel discharge control means comprises a valve 
and nozzle assembly secured to said casing and including 
a spray tip and check valve means for controlling flow 
from the pressure channber to said spray tip, said last 
named means comprising an orificed plate having a flat 
seat engaged by a resiliently supported valve member with 
a flat surface engaging said seat. 

16. A reciprocating plunger pump comprising a hous 
ing having a bore therein, a plunger reciprocable in Said 
bore, the axially outer end of the plunger projecting be 
yond the outer end of the bore, a counter-bore in the 
outer end of the housing surrounding and coaxial with 
the plunger adjacent the outer end thereof, a guide mem 
ber reciprocable in said counter-bore, resilient means be 
tween said guide member and said housing for actuating 
said plunger and guide member axially outwardly, and 
tappet means between said guide member and the plunger 
for limiting such axially outward movement of the guide 
member relative to the plunger by said resilient means 
and for transmitting pressure axially to said plunger for 
actuation of the latter in opposition to said resilient means 
while transmitting radial forces to the housing through 
said guide member without transmitting such radial forces 
to said plunger. 

17. A reciprocating plunger pump comprising a hous 
ing having a bore therein, a plunger reciprocable in said 
bore, the axially outer end of the plunger projecting be 
yond the outer end of the bore, a counterbore in the 
outer end of the housing surrounding and coaxial with 
the plunger adjacent the outer end thereof, a guide mem 
ber reciprocable in said counter-bore, resilient means 
between said guide member and said housing for actuating 
said plunger and guide member axially outwardly, and 
tappet means interlocked with the plunger and telescoped 
with the guide member for transmittting the axial force 
of the resilient means from the guide member to the 
plunger and for transmitting axial forces to the plunger 
for actuating the latter axially inwardly, said tappet means 
being adapted to limit said axially outward movement of 
said guide member relative to the plunger by said resilient 
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3. 
means and to transmit radial forces directly through said 
guide member to the walls of said counterbore. 

i8. A reciprocating plunger pump comprising a hous 
ing having a bore therein, a plunger reciprocable in said 
bore, the axial outer end of the plunger projecting be 
yond the outer end of the bore, a counterbore in the outer 
end of the housing surrounding and coaxial with the 
plunger adjacent the outer end thereof, a guide member 
reciprocable in said counterbore, resilient means between 
Said guide member and said housing for actuating said 
plunger and guide member axially outwardly, tappet 
means to which forces may be applied for actuating the 
plunger axially inwardly in opposition to said resilient 
means, said tappet means being associated with the outer 
end of said plunger and said guide member so as to limit 
outward movement of said guide member relative to said 
plunger and so that components of such forces acting 
radially with respect to the axis of the plunger are trans 
mitted from said tappet means directly through said guide 
member to the walls of said counterbore, and means for 
angularly oscillating said plunger about its longitudinal 
axis comprising a plate oscillatably mounted in a radial 
slot in said housing inwardly of said guide member and 
operably connected with the plunger and an operating 
member mounted on the housing for oscillating said plate. 

19. A fuel injector comprising a housing having a cyl 
inder therein, a plunger reciprocable in the cylinder, a 
chamber in the housing axially inwardly of the plunger 
and communicating with the cylinder, means to feed fuel 
into the chamber, means to reciprocate the plunger, means 
to release injecting pressure in the chamber at the end of 
the fuel injecting stroke of the plunger, means operated 
by the turning of the plunger about its axis to vary the 
timing of such pressure release, means to turn the plunger 
about its axis comprising a member extending generally 
radially of the plunger at a Zone axially outwardly of the 
chamber in the housing, said member having a generally 
radially outwardly disposed arm thereon, a transverse slot 
in the housing receiving the plunger turning member and 
permitting its oscillation through a substantial angle about 
the axis of the plunger, means connecting the member to 
the plunger comprising formations on the plunger and 
member non-rotatably connecting then together while 
permitting the plunger to reciprocate with respect to the 
member, and lever means mounted on the housing for 
rotation about the axis of the plunger and having a driv 
ing connection with the arm for turning the member and 
plunger about the axis of the latter. 

20. A reciprocating plunger pump comprising a hous 
ing having a bore therein and a radial slot intersecting 
said bore, a plunger reciprocable in said bore, the axially 
outer end of the plunger projecting beyond the outer end 
of the bore, a counterbore in the outer end of the housing 
surrounding and coaxial with the plunger adjacent the 
outer end thereof, a guide member reciprocable in said 
counterbore, resilient means between said guide member 
and said housing for actuating said plunger and guide 
member axially outwardly, tappet means for transmitting 
axial forces to the plunger for actuatting the latter axially 
inwardly, said tappet means being adapted to limit axial 
movement of said guide member relative to the plunger by 
said resilient means and to transmit radial forces directly 
through said guide member to the walls of said counter 
bore, and means including an element oscillatable in Said 
slot and operably associated with the plunger for angul 
larly oscillating the plunger about its axis and for limiting 
outward movement of the plunger by said resilient means. 

21. A reciprocating plunger pump comprising a unitary 
housing having a bore and a transverse slot in the wall 
thereof intersecting said bore, the inner end wall of said 
slot being arcuate and being concentric with and having 
a radius greater than the radius of said bore, a plunger 
in said bore bridging said slot, means for oscillating said 
plunger angularly about its longitudinal axis in the bore 
while permitting the plunger to be reciprocated in the 
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bore, said means comprising a member inserted trans 
Versely into said slot for mating engagement with said 
arcuate end wall, said member having non-rotatable con 
nection with said plunger and being angularly oscillatable 
With said plunger about said axis, and means oscillatably 
mounted on the housing for angular oscillation relative 
thereto about Said axis for actuating said member to angu 
larly oscillate the plunger. 

22. A reciprocating plunger pump comprising a unitary 
housing having a bore and a transverse slot in the wall 
thereof intersecting said bore, a plunger in said bore 
bridging Said slot, means for oscillating said plunger angu 
larly about its longitudinal axis in the bore while permit 
ting the plunger to be reciprocated in the bore, said means 
comprising a member inserted transversely into said slot, 
Said member having a non-circular passage for slidably 
but non-rotatably receiving said plunger for non-rotatable 
connection therewith and being angularly oscillatable with 
said plunger about said axis, and means oscillatably 
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O 
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mounted on the housing for angular oscillation relative 
thereto about said axis for actuating said member to 
angularly oscillate the plunger. 
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