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[57] ABSTRACT 

A fuel injection pump for a diesel-assisted ram, pile 
driver or the like having a cylinder in which a ram pis 
ton is adapted to strike a percussion head. The pump 
comprises a compression chamber, a pump piston 
movable therein, an inlet from a reservoir of fuel and 
an outlet to the ram cylinder. A lever pivoted within 
the plane of the wall of the ram cylinder to extend into 
the path of the ram piston. The lever is displaced by 
the ram piston to move the pump piston to force fuel 
from the chamber to ram cylinder. Means are pro 
vided for adjusting the path of movement of the lever 
to vary the stroke of the pump piston and the volume 
of discharged fuel. 

8 Claims, 4 Drawing Figures 
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FUELINJECTION PUMP FOR A DESELASSISTED 
RAM 

The present invention relates to a fuel injector pump - 
for a diesel and/or internal combustion assisted ram, 
pile driver or the like. 

Diesel-assisted or internal combustion assisted pile 
drivers, hammers, or the like (the terms are used inter 
changeably) are well known. Briefly, such apparatus 
comprises a housing mounted to be adjustable and/or 
movable on a vertical standard or scaffold. The housing 
defines a ram cylinder having a percussion piece at one 
end adapted to strike the pile or other work piece and 
ram piston movable to strike the percussion piece. The 
ram piston is generally lifted by a hoist or other pulley 
system and allowed to drop on the percussion piece. In 
diesel-assisted rams of this type, a combustion fuel is 
sprayed into the cylinder and is compressed by the 
downwardly moving ram piston until it explodes. The 
explosion forces the percussion piece with greater 
force on to the pile or workpiece while simultaneously 
lifting the ram piston upwardly, preparatory to another 
cycle. 

In diesel-assisted rams in which the fuel is to be atom 
ized in order to obtain the maximum explosion, the in 
jection of the fuel into the ram cylinder is to be care 
fully regulated. The splitting of the fuel stream in or by 
the nozzle must be avoided so that a deviation in pres 
sure or velocity is avoided. It is also desirable to have 
the fuel injected at a constant uniform and proportion 
ately low pressure. A suitable pump for dosing the fuel 
in such a way is required. A further advantageous need 
is to provide a fuel pump which has means for adjusting 
the stroke of the pump easily and simply. 

Injection pumps are known for use in diesel-assisted 
rams. The pumps comprise a chamber in which a mov 
able pump piston is arranged, the stroke of which is ac 
tivated by an upright lever which extends through the 
housing of the ram and which is displaced in each cycle 
by the downward movement of the ram piston itself. 
The pump chamber has an inlet from a fuel tank and 
an outlet leading to the spray nozzle. Conventionally 
the inlet from the tank lies in the circumferential area 
of the chamber and in the path of the stroking pump 
piston. 
The conventional pumps having a vertical lever for 

activating the pump piston, causes a high degree of 
wear and abrasion on the ram piston as well as on the 
lever itself, since the construction of the lever itself 
gives rise to the certain of large reactive shock and im 
pact forces. In retrospect, therefore, the lever must be 
built to be very strong; that is, very large and heavy. 
Therefore, in order to return the lever to its startingpo 
sition for each cycle, proportionately very large forces 
must be exerted on it. Further, additional disadvan 
tages must be taken into account, should a pump with 
an upright standing lever be provided with means for 
adjustment of the fuel discharge volume. Either an ad 
ditional adjustment displacement piston must be pro 
vided in the pump, or the path of the activating lever 
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vated. This campiece must have an enlarged or sharply 
increasing node or cam edge so as to be engaged by the 
piston at start-up and when the lever is, in fact, inserted 
at its furthest distance. As a result or providing the 
lever with the cam piece the lever is actually suscepti 
ble to even greater forces of acceleration creating, re 
sulting in stronger stresses on the pump and ending in 
the injection of the fuel at a higher and undesirable 
pressure. 

It is the object of the present invention to provide a 
fuel injection pump which avoids the difficulties of the 
prior art and which permits the simple and easy adjust 
ment of the fuel discharge volume. 
According to the present invention a pump is pro 

vided by which the pump piston is activiated in a con 
tinuous stroke by a lever displaced by the movement of 
the ram piston. The lever is provided with means for 
adjusting more or less the degree to which it enters into 
the ram cylinder and into engagement with the ram pis 
ton. The lever comprises a two arm bell crank and the 
adjustment means comprises an adjustable stop mem 
ber engaging one arm to limit and define the degree of 
pivoting of the crank. 
Furthermore, the inlet for the fuel to the pump cham 

ber is arranged at the end of the chamber facing the 
pump piston or beyond the stroke of the piston, so that 
on varying the pump stroke on activation of the lever 
the amount of fuel discharged can be changed. 
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In this arrangement the lever is a double arm device, 
having one arm which projects from a fixed pivot point 
on the wall of the ram cylinder into the ram cylinder. 
This arm engages the ram piston and also engages and 
operates the pump piston. The other arm of the lever 
engages the stop member and defines the limit of move 
ment and stroke. The arm projecting into the ram cylin 
der is preferably made with an inclined edge or drag 
surface which is progressively and gradually engaged 
by the ram piston into its full compression stroke. Thus 
the piston is caused to also operate in smooth gradual 
strokes forcing the fuel into the spray nozzle under a 
steady uniform pressure. Since the lever is easily ad 
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must be changed, that is, it must be possible to adjust . 
the projecting distance of the lever into the path of the 
ram piston. It is just this technique which creates seri 
ous problems in connection with upright extendingle 
vers. The lever should not be permitted to project en 
tirely into the ram cylinder and it must, therefore, be 
provided with a cam piece by which it is to be acti 
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justed and pivots into the chamber at varying angles de 
termined by the stop means, the length of the pump 
stroke may be correspondingly changed. However, 
since the edge of the lever is continuous and linearly 
inclined the smooth gradual pump stroke and pressure 
of discharge is not effected. The entire edge of the lever 
comprises a cam surface, and the increase in pressure 
stroke is proportionately constant. Creation of sudden 
shock and large uneven reactive forces etc., are fully 
avoided. 

In connection with the provision of this drag lever 
construction, there arises a very special advantage in 
that a more roomy or commodious construction is ob 
tained. The pump piston can be arranged perpendicu 
larly to the axis of the ram cylinder and therefore be 
more easily activated by the lever. The width of the en 
tire pump need be significantly no larger than the entire 
assembly of pump piston and pump chamber. The ad 
justment means, may be arranged to the side or top or 
bottom of the pump piston and chamber and be offset 
from it since it no longer is dependent upon it to effect 
adjustment of the stroke. 
The adjustment mechanism comprises a stop mem 

ber formed of a plunger, one end of which engages the 
activating lever, the other end of which engages the pe 
ripheral edge of a cam plate. The cam plate is fixed to 
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a rotatable shaft on which a pulley is also fixed and over 
which a manually operable cable is trained. A locking 
pawl mechanism may engage either the cam plate or a 
separate ratcheted disk mounted on the rotatable shaft. 
By pulling on the cable the cam plate may be caused to 
rotate thereby moving the plunger and the lever. The 
cam is contoured with a varying radius to provide for 
a wide range of movement of the activating lever and 
is provided with means for selective indexing to adjust 
the position of the lever during operation. 
This particular arrangement of adjusting mechanism 

has a decided advantage in insuring normal operation 
and in the feeding of the fuel in a consistent uniform 
manner, since once the stop plunger is adjusted it re 
mains secure during operation, and is not dependent on 
variable displacement pistons or the like. Sometimes, 
on startup of the ram of the prior art, an upright lever 
fails to retract sufficiently or the pump piston fails to 
return to its initial position, after the rise of the ram pis 
ton after the first explosion. Thus the pump may fail to 
operate on the next downward stroke of the ram piston 
and will fail to feed a supply of combustion fuel to the 
ram cylinder. Should this occur then it is desirable to 
be able to manually induce the feeding of the fuel, (i.e., 
manually operate the pump). Here, the provison of the 
cable to rotate the cam plate enables this to be done. 
Simply by contouring the periphery of the cam plate 
with a high point directly adjacent the normally operat 
ing cam surface a tug or pull on the cable will momen 
tarily displace the lever its maximum distance and 
cause it to activate the pump piston regardless of the 
condition it was in. Thus, a maximum amount of fuel 
can be injected into the ram cylinder during the intake 
phase of the explosion cycle. This can be done, as will 
be obvious, at any time, when the ram piston is ascend 
ing from the percussion piece. 

In the previously known devices employing a station 
ary lever the lever enters the slot wall of the cylinder 
but the pump housing lies beneath the slot. The cre 
ation of the slot itself weakens the wall of the ram cylin 
der and sometimes leads to a rupture of the cylinder 
wall and may cause serious breakdown and injury. This 
problem is avoided with the present invention. Since 
the lever comprises a drag lever extending the length of 
the slot, and is not activated from above the pump. The 
pump housing may be made to lie all around the slot 
particularly to either side of it. Since also the lever lies 
in front of the pump and not to its sides, the pump 
housing may be securely attached to the cylinder by 
screw bolts which will not only secure the pump but 
strengthen the entire cylinder wall. 

Full details of the present invention follow herein and 
will be seen from the accompanying drawings where a 
preferred embodiment thereof is depicted. 

In the drawings: 
FIG. 1 is a side elevational view of a diesel-assisted 

ram, pile driver, or the like, 
FIG. 2 is an enlarged exterior view of the fuel injec 

tion pump of the present invention, 
FIG. 3 is an enlarged sectional view along lines 3-3 

of FIG. 2, and 
FIG. 4 is a sectional view along lines 4-4 of FIG. 3. 

Before turning to the description of the preferred em 
bodiment of this invention, reference is made and in 
corporation made of copending applications of the as 
signee hereto Ser. No. 303,394 and Ser. No. 303,395 
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4 
both filed on even date hereof, corresponding respec 
tively to German Applications P 2155306.0 and G 
7142034.3, which show other aspects of a ram or pile 
driver or type hereunder discussion. Reference can also 
be made to Hennecke, Ser. No. 258,896, filed June 1, 
1972 and to German Pat. Nos. 2,040,924, and 
1,030,915. 
While in general, the present invention may be ap 

plied to conventional apparatus of the type earlier de 
scribed, reference can be made to the above for any de 
tails thereof, not deemed necessary to be shown herein. 

A tubular vertical scafford or support 10 is seen in 
FIG. 1, on which a diesel and/or internal combustion 
assisted pile driver or ram 12 is movably supported by 
guide brackets 14. The ram is provided with a fuel in 
jection pump 16 seen from the exterior of FIG. 2. As 
seen in FIG. 2, a portion of the cylinder wall of the ram 
12 is formed with a vertical slot 20 extending parallel 
to its central axis. One arm of a double armed activat 
ing lever 22 of the injection pump 16 passes through 
the slot and is adapted to engage the ram piston mov 
able in the cylinder 18. The housing 24 of the injector 
pump is fastened by means of a not shown gasket or 
spanning sleeve and a plurality of screw bolts 26 to the 
outer surface of the cylinder 18, on both sides of the 
slot 20. The housing 24 extends partially into the slot 
20 but is large enough to sufficiently cover the slot 
completely. Therefore, the housing and the bolts act to 
enclose and strengthen the wall of the cylinder. Extend 
ing outwardly of the housing 24 is a cable 28 by which 
means the pump may be manually operated to vary and 
cause instantaneous discharge of fuel, as will be later 
described. Combustion fuel is delivered via a conduit 
30 from a reservoir tank 32 built onto the outer housing 
or cylinder wall. A second conduit 31 between the 
pump and the tank is used for removing air out of the 
pump, e.g., after filling of the empty tank. 
The construction of the injection pump is seen in 

greater detail in FIGS. 3 and 4. The activating lever 22 
is pivoted about a pin 40 secured in the upper end of 
the housing 24 along the vertical wall of cylinder 18. 
The lever comprises a bell crank having an elongated 
lever arm 42 and a short lever arm 44. In the area near 
the end of the long arm 42, the pump housing 24 is 
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formed with a bore 46, which extends at right angles, 
perpendicularly to the longitudinal axis of the ram cyl 
inder. The inner end of the bore 46 is provided with a 
cylinder sleeve or lining 48 in which a pump piston 50 
is arranged. Extending outwardly of the open end of the 
bore 46 is a hollow plug cap 52 secured to the end of 
a piston rod 54 which is itself secured to the piston 50. 
The piston rod 54 has a head 56 at its end adjacent the 
bottom of the plug 52. Surrounding the piston rod and 
supported by it is a disk 58 which is normally urged 
against the head 56 by a spring 60, the rearmost end of 
which abuts against a second disk 62. The spring 60 
acts to normally bias the piston 50 and the plug 52 out 
wardly of the pump cylinder (i.e., toward the left, as 
seen in FIG. 3) and to return the piston 50 after each 
inward pumping action. The cylinder liner 48 and the 
disk 62 form an enclosed compression chamber 64 into 
which a fuel inlet line 66 debauches. The fuel inlet line 
66 leads from conduit 30 and includes a non-return 
valve of conventional design to insure unidirectional 
flow of fuel. The inlet line 66 enters into the compres 
sion chamber at the end of the bore 46 opposite the 
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normal position of pump piston 50 thereby being fully 
open during the entire stroke of the pump piston. 
Lastly a combustion fuel outlet 68 extends radially 
from the compression chamber 64 into a unidirectional 
non-return valve 70 from which combustion fuel is led 
via a bore 71 to a nozzle 72 located in the slot 20. The 
nozzle is directed to spray the fuel onto the surface of 
the not shown percussion piece. The nozzle is also pro 
vided with a non-return valve 74 which can be opened. 
by the pressure of the combustion fuel in bore 71 acting 
on shoulder 74a of the valve. 
The long lever arm 42 has a shaped edge extending 

into the ram cylinder. This edge comprises a smooth 
straight curve which forms an inclined drag surface so 
that the ram piston seen in dotted lines in FIG. 3 can 
cause it to be displaced in a smooth steady constant 
pressing. An adjusting device for limiting the path of 
movement of the activating lever 22 is shown by, gener 
ally, numeral 76 and comprises a rotatable axle shaft 78 
on which a curved camplate 80 is fixed. Rotatably sup 
ported on the shaft 78 is a pulley 82, over which the 
cable 28 is entrained, and a ratcheted or toothed disk 
84 is fixedly mounted on the shaft 78. A pair of locking 
pawls 86 are pivotably attached to the pulley and en 
gage in the teeth of disk 84. The cable 28 has a central 
fixed sleeve 28a which hooks on to the pulley. The pull 
ley is provided with a spring 82a to normally hold it in 
and return it to a mid-position shown in FIG. 4. The 
pulley is also provided with an arcuate slot 82b through 
which a pin 24a fixed to the housing wall, extends. This 
pin does not only limit the degree of movement of the 
pulley but also releases one of the pawls 86 when the 
ratchet disk 84 is rotated by pulling on the cable 28 in 
either direction so that the ratchet disk 84 together 
with the cam plate 80 is not returned to the initial posi 
tion when the pulley 82 together with the pawls 86 is 
returned in its mid-position by spring 82a. The pulley 
serves to permit the camplate to be indexed in defined 
increments or steps, predetermined by the interval be 
tween the teeth of the ratchet disk 84. It is to be empha 
sized that the locking pawls 86 permit the rotation of 
the cam 80 in both directions. 

In the pump housing 24 there is provided a further 
stepped bore 88 in which a plunger 90 is movably lo 
cated. The bore 88 is vertical and perpendicular to the 
pump piston 46. The plunger 90 has a head 92 lying in 
the enlarged portion of the bore 88 and between which 
and the shoulder of the bore 88 there is arranged a 
spring 94. The plunger 90 lies between the end of the 
short arm 44 of the lever 22 and the peripheral edge of 
the cam plate 80. Consequently, as a result of the 
urging of the spring 60 surrounding the pump piston 
54, the lever 22 is normally urged clockwise, forcing 
the plunger 90 directly into contact with the peripheral 
edge of the camplate 80. Of course, the spring rate or 
force of spring 60 is greater than that of spring 94 sur 
rounding the plunger. 
The form of the peripheral edge of the cam plate 80 

is seen in FIG. 4. The direction of swing of the activat 
ing lever 22, when contacted by the descending ram 
piston is greatest when the peripheral area of the cam 
plate 80 beneath the plunger 90 is of the smallest ra 
dius. This is indicated by the double arrow R. Gener 
ally, this position is selected on start-up operation of 
the pile driver or ram. The contour of the camplate 80 
increases in radius to the left of point R until the largest 
or high point 100 is obtained. This provides succes 
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sively decreasing loss of fuel since the stroke of the 
lever 22 will be lessened. However, the positioning of 
the high point 100 directly at the end of the area of low 
est radius R permits the camplate to be operated man 
ually to cause the lever 22 to provide a long stroke to 
thereby feed a maximum quantity of fuel to the nozzle. 
Thus, by pulling counter-clockwise on the cable 28, the 
plunger 90 can be made to go instantaneously from a 
position where it rides on the lowest cam surface to a 
position where it rides on the highest cam surface. This 
causes the lever to move in an extreme counter 
clockwise path depressing the pump piston 50 its full 
extent and causing it to feed a full dose of fuel to the 
nozzle 72. 
The fuel injector pump functions as follows: 
As the rampiston is caused to fall in the ram cylinder, 

it passes and runs against the edge of the long arm 42 
of the lever 22 and pushes it correspondingly, gradually 
and smoothly counter-clockwise to the right against the 
cap 52. This causes the pump piston 50 to force the 
combustion fuel previously fed to chamber 64 through 
the outlet 68 into the injector nozzle 72. The fuel is pre 
vented from exiting through conduit 66 by the non 
return valve and is thus injected into the nozzle 72 and 

25 the ram cylinder where it is compressed and exploded 
by the converging ram piston and percussion head, 
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forcing the percussion head and ram piston apart. As 
the ram piston rises, as a result of the explosion, it frees 
the long lever arm 42. The spring 60 and the pump pis 
ton 50 are again forced to the left to the original start 
ing position. As a consequent, the piston 50 creates a 
vacuum in the chamber 64 causing a fresh supply of 
combustion fuel to be sucked in via inlet 66. The path 
of lever 22 and therewith the stroke of the pump 50 is 
limited and defined by the plunger90 and is selectively 
obtained by adjustment of the camplate 80. If after the 
first explosion in the ram cylinder, the lever 22 is not 
freely released to cause pumping in the next cycle, then 
fuel can be manually admitted easily during the next 
intake phase of the ram by simply pulling counter 
clockwise on the cable. 28, with a strong movement. 
The swift jerk of the cable 28 causes the cam plate to 
move from its small radial area to the high point 100. 
A spring 84a biasing the right hand pawl permits this to 
happen since both pawls will remain engaged with the 
toothed disk. The pulley is returned to its starting posi 
tion by action of spring 82a. Thus should the cam plate 
be at its smallest radius, as at the start-up movement of 
the cable counter-clockwise causes it to immediately, 
to be moved to the high point 100, which forms its 
boundary, as noted in FIG. 4. The high point 100 of the 
cam plate causes the plunger 90 to move the lever 22 
counter-clockwise and consequently move the pump 
piston 50 to the right forcing the fuel in the compres 
sion chamber 64 into nozzle 72. The pump operation 
proceeds automatically and cyclically and requires lit 
tle attendance. 

It will also be seen that the pump provides a secure 
and effective means for dosing and delivering a quan 
tity of fuel. Each stroke of the pump piston supplies a 
consistent and uniform quantity as each other stroke, 
and the quantity changed only when the cam plate is 
moved and placed in a new adjusted position. 
Various changes, modifications and alterations can 

be made as indicated in the previous disclosure of the 
preferred embodiment and as will be obvious to those 
skilled in this art. The present disclosure is intended to 
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be illustrative only and not limiting of the scope of the 
invention. 
What is claimed is: 
1. A fuel injection pump for a diesel-assisted ram, 

pile driver or the like having a cylinder in which a re 
ciprocating ram piston is adapted to strike a percussion 
head, the pump comprising a compression chamber, a 
pump piston movable therein, said chamber having a 
fuel inlet from a reservoir of fuel and a fuel outlet to the 
ram cylinder, a pivotal lever extending into said cylin 
der along the path of the ram piston, said lever being 
displaced by said ram piston to move said pump piston 
to force fuel from said chamber through said fuel out 
let, and an adjustable stop abutting against said lever 
regulating the path of movement of said lever to vary 
the stroke of said pump piston and the volume of dis 
charged fuel. 

2. The pump according to claim 1 wherein said inlet 
for fuel is arranged at the end of said chamber opposite 
the pump piston. 

3. The pump according to claim 1, wherein the ram 
cylinder has a slot through which said one arm of the 
drag lever extends, the other arm of said drag lever 
being housed in a pump housing secured to said ram 
cylinder on both sides of said slot. 

4. The pump according to claim 1 wherein said lever 
comprises a bell crank having a pair of arms pivoted at 
its center, one of said arms having a surface adapted to 
drag against said ram piston, the other arm being 
adapted to abut against said adjustable stop. 

5. The pump according to claim 4 wherein the pump 
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8 
piston lies perpendicular to the longitudinal axis of the 
a. 

6. The pump according to claim 4 wherein the adjust 
able stop comprises an elongated plunger having one 
end abutting said other arm of the lever and the other 
end abutting the periphery of a rotatable cam plate. 

7. The pump according to claim 6, including a manu 
ally operable adjusting mechanism for the cam plate, 
the latter having a peripheral surface with a portion 
corresponding to a maximum of discharged fuel and 
with an additional projection for discharging additional 
fuel through said fuel outlet, said projection being ar 
ranged adjacent said portion. 

8. A fuel injection pump for a diesel-type ram, pile 
driver or the like, having a cylinder in which a ram pis 
ton is reciprocating, the pump comprising a compres 
sion chamber, a pump piston movable therein, a fuel 
inlet from a reservoir of fuel and a fuel outlet to the ram 
cylinder, said fuel inlet being arranged beyond the path 
of the pump piston, a drag lever having a pair of arms, 
said lever being pivoted between said arms and having 
one arm extending into said cylinder and along the path 
of the ram piston, said one arm being displaced by said 
ram piston to move said pump piston to force fuel into 
said fuel outlet, and means for adjusting the path of 
movement of said drag lever to vary the stroke of said 
pump piston and the volume of discharged fuel, said 
means comprising an adjustable stop abutting against 
the second of the arms of said drag lever. 
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