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«1)) ABSTRACT

A diesel hammer system for driving a pile, comprising a
housing, an anvil member supported by the housing. a clamp
assembly adapted to connect the anvil member to the pile,
and a ram member disposed within the housing. A fuel pump
system injects fuel into a combustion chamber defined by
the housing, anvil member, and the ram member. A coupling
system detachably engages the ram member to raise the ram
member from an impact position to an upper position. the
coupling system comprising a trigger member that, when
engaged, causes the coupling system to release the ram
member. A trigger projection mounted is on the housing to
engage the trigger member to cause the coupling system to
release the ram member at the upper position. The diesel
hammer further comprises a pre-trigger system comprising
a pre-trigger member movable between an extended position
and a retracted position.

10 Claims, 10 Drawing Sheets
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FIG. 11 is a somewhat schematic front elevation view of
the prior art fuel pump of FIGS. 2-4;

FIG. 12 is a somewhat schematic front elevation view of
an exemplary housing that may be used with a fuel pump of
the present invention;

FIGS. 13A-F are somewhat schematic section views of
yet another exemplary diesel hammer of the present inven-
tion: and

FIG. 14 is a somewhat schematic section view of still
another exemplary diesel hammer of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The first section of the following discussion will describe
the basic construction and operation of diesel hammer pile
driving systems. The next section will contain will be a more
detailed discussion of prior art variable fuel pumps. The
following section will contain a discussion of the variable
fuel pump of the present invention.

1. Construction and Operation of Conventional Diesel Ham-
mer

Turning to the drawing. depicted at 20 in FIGS. 1A-1E is
a diesel hammer system that may use a variable fuel pump
constructed in accordance with, and embodying, the prin-
ciples of the present invention. The diesel hammer system
20 is designed to insert a pile 22 into the ground. The diesel
hammer system 20 will include a spotter, crane, or other
equipment as necessary to hold the hammer system 20 in a
desired orientation with respect to the ground. Such struc-
tural components of the hammer system 26 are conventional
and will not be described herein.

The diesel hammer system 20 comprises a ram member
30, an anvil member 32, a housing member 34, a clamp
assembly 36. and a fuel pump system 38. The ram member
30 is guided by the housing member 34 for movement
between a lower position (FIG. 1B) and an upper position
(FIG. 1D). The anvil member 32 is guided by the housing
member 34 for movement between a rest position (FIG. 1A)
and an impact position (FIG. 1B). The anvil member 32 is
rigidly connected to the clamp assembly 36. The clamp
assembly 36 is detachably fixed relative to the pile 22.

A combustion chamber 40 is formed within the housing
member 34 between a lower surface 42 of the ram member
30 and an upper surface 44 of the anvil member 32. Seals 50
and 52 are arranged in gaps 54 and 56 between an inner
surface 46 of the housing member 34 and the ram and anvil
members 30 and 32, respectively. When the scals 50 and 52
tunction properly, fluid is substantially prevented from flow-
ing out of the combustion chamber 40 through these gaps 54
and 56.

A fuel port 60 and an exhaust port 62 are formed in the
housing member 34. The fuel port 60 is arranged to allow the
fuel pump system 38 to inject fuel into the combustion
chamber 40. The exhaust port 62 is arranged to allow
exhaust gasses to be expelled from the combustion chamber
40 and 1o allow air to be drawn into the chamber 40.

The fuel pump system 38 comprises a pump lever 70. The
pump lever 70 is biased into a ready position in which at
least a portion of the pump lever 70 is within the housing
member 34 (FIGS. 1D and 1E). When the ram member 30
drops below a trigger point A, the ram member 30 engages
the pump lever 70 and moves the pump lever 70 from the
ready position into a pump position (FIGS. 1A~1C). Forcing
the pump lever 70 from the rcady position into the pump
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position causes diesel fuel to be injected into the combustion
chamber 40 through the fuel port 60.

The diesel hammer system 20 operates in a combustion
cycle that will now be described with reference to FIG. 1.
Referring initially to FIG. 1A, the hammer system 20 is
shown in a pump state in which the ram member 30 is
dropping and has forced the pump lever 70 from the ready
position (FIGS. 1D and 1F) into the pump position (FIGS.
1A-1C). When the pump lever is forced from the ready
position into the pump position, diesel fuel is injected as
shown at 72 through the fuel port 60 into the combustion
chamber 40 where it is mixed with air.

As the combustion cycle continues, the ram member 30
drops to a level where both the fuel port 60 and exhaust port
62 are covered by the ram member 30. At this point, the
combustion chamber 40 is effectively sealed, and continued
dropping of the ram member 30 compresses the air/fuel
mixture within the combustion chamber 40.

Referring now to FIG. 1B, the hammer system 20 is
shown in an impact state in which the lower surface 42 of the
ram member 30 contacts the upper surface 44 of the anvil
member 32. In the impact state, the ram member 30 drives
the anvil member 32 towards the pile 22 relative to the
housing member 34 as shown by a comparison of FIGS. 1A
and 1B. The anvil member 32 thus drives the pile 22
downward through the clamp assembly 36. In addition, the
housing member 34 will immediately fall onto the anvil
member 32. thereby applying additional driving forces onto
the pile member 22.

When the system 20 is in the impact state, the diesel fuel
within the combustion chamber 40 ignites in the highly
compressed air. The explosion resulting from the ignition of
the air/fuel mixture forces the ram member 30 up and the
anvil member 32 down. This explosion thus further drives
the pile member 22 into the ground.

After the ignition occurs, the anvil member 32 is raised to
an upper position as shown in FIG. 1C. As the anvil member
32 moves into the upper position, the lower end of the ram
member 30 passes the fuel and exhaust ports 60 and 62.
Expanding exhaust gasses are thus forced out of the com-
bustion chamber 40 through the exhaust port 62.

As the ram member continues on to its upper position,
fresh air is drawn into the combustion chamber 40 through
the exhaust port 62. In addition, the ram member 30 disen-
gages from the pump lever 70. As soon as the ram member
30 disengages from the pump lever, the bias on the pump
lever 70 returns the pump lever 70 to the ready position from
the pump position and the fuel system 38 readies another
quantity of fuel for the next cycle.

After the ram member 30 reaches the upper position as
shown in FIG. 1D, the ram member 30 is allowed to drop
again. The system 20 then enters a pre-injection state as
shown in FIG. 1E. In the pre-injection state, the combustion
chamber 40 is filled with fresh air and the fuel pump system
38 is primed to deliver another quantity of fuel. As the ram
member 30 continues to drop, the system 20 enters the pump
state as described with reference to FIG. 1A and the cycle
begins again.

Referring now to FIGS. 24, depicted at 120 therein is a
prior art variable fuel pump system that may be used as the
fuel pump system 38 described above. In particular, the fuel
pump system 120 comprises a source 122 of fucl. a fuel
pump cylinder assembly 124, a fuel pump lever 126. and a
travel limiting assembly 128. The pump lever 126 is used as
the pump lever 70 described above.

The fuel pump cylinder assembly 124 comprises a fuel
pump housing 130, a piston 132, and a pump spring 134. The



US 6,988,564 B2

7

Referring now to FIG. 10, depicted at 210 therein is a
modification to the variable fuel pump system 120 described
above. The modification 210 eliminates the cam member
184. cam roller 186. control pulley 188, and control rope 190
of the travel limiting assembly 128 described above. Instead.
the modification 210 comprises an actuator assembly 212
that is connected to the link arm 180 through the link spring
182. The actuator assembly 212 comprises a fixed housing
214 and a shaft member 216. The actuator assembly 212 is
operated to extend the shaft member 216 out of or retract the
shaft member 216 into the housing 214. Operation of the
actuator assembly 212 thus can change the effective volume
of fuel pump chamber 150. However. the operator on the
ground is provided with no visual feedback indicating the
volume of the fuel pump chamber 150. Accordingly, while
some commercial diesel hammers incorporate the modifi-
cation 210, this modification 210 has thus not been generally
adopted for use on variable fuel pump systems for diesel
hammers.

II. Remote Controlled Variable Fuel Pump

Referring now to FIGS. 4-8: depicted at 220 therein is a
variable fuel pump system constructed in accordance with,
and embodying, the principles of the present invention. The
variable fuel pump system 220 may be used as the fuel pump
system 38 described above.

The fuel pump system 220 comprises a source 222 of fuel,
a fuel pump cylinder assembly 224, a fuel pump lever 226,
and a travel limiting assembly 228. The pump lever 126 is
used as the pump lever 70 described above. The fuel pump
cylinder assembly 224 comprises a fuel pump housing 230,
a piston 232, and a pump spring 234. The fuel pump housing
230 defines a longitudinal axis B. The piston 232 comprises
a piston head 240 and a piston shaft 242. The axis of the
piston shaft 242 is aligned with the housing axis B such that
the piston 232 moves along the housing axis B.

The fuel pump housing 230 defines a fuel pump chamber

.250, and the piston head 240 divides the fuel pump chamber
250 into a fuel portion 252 and a reserve portion 254. A seal
(not shown) prevents the flow of fluid between the fuel
portion 252 and reserve portion 254.

The fuel source 222 is connected through a first conduit
260 1o the fuel portion 252 of the fuel pump chamber 250.
A first check valve 262 arranged in the first conduit 260
allows fluid to flow only from the source 222 to the fuel
pump chamber 250. The fuel portion 252 of the fuel pump
chamber 250 is also connected by a second conduit 264 to
the fuel port 60 in the housing member 34. A second check
valve 266 arranged in the second conduit 264 allows fluid to
flow only from the fuel pump chamber 250 to the fuel port
60.

A spring landing 270 is formed on the fuel pump housing
230. and a spring retainer 272 is formed on the piston shat
242. The pump spring 234 is a compression spring arranged
between the spring landing 270 and the spring retainer 272.
The pump spring 234 thus biases the spring retainer 272
away from the spring landing 270.

The fuel pump lever 226 is pivotably connected at one end
to a pivot point 274 on the housing member 34. The pump
lever 226 thus rotates between the ready (FIGS. 2 and 3) and
pump (FIG. 3) positions relative to the housing member 34.
The other end of the fuel pump lever 226 held against the
piston shaft 242 by the travel limiting assembly 228 as will
be described in detail below.

Accordingly, rotational movement of the fuel pump lever
226 about the pivot point 274 is translated into displacement
of the piston 232 along the housing axis B. In particular,
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clockwise rotation of the fuel pump lever 226 causes the
pump head 240 to move within the pump chamber 250 to
decrease the volume of the fuel portion 252 thereof, while
counter-clockwise rotation of the fuel pump lever 226
allows the pump spring 234 to move the pump head 240 in
the opposite direction, thereby increasing the volume of the
fuel portion 252 of the pump chamber 250. The pump spring
234 thus assists movement of the fuel pump lever 226 in the
clockwise direction and opposes movement of the fuel pump
lever 226 in the counter-clockwise direction.

A comparison of FIGS. 2 and 3 shows that the descending
ram member 30 engages the pump lever 226 to rotate this
lever in the counter-clockwise direction against the force of
the pump spring 234. As shown in FIG. 2, the descending
ram member 30 thus indirectly forces any fluid within the
fuel portion 252 of the pump chamber 250 out of the pump
chamber 250 and into the combustion chamber 40 through
the fuel port 60.

Further, as shown in FIG. 3. when the ram member 30
moves above the pump lever 226, the pump lever 226
returns to the ready position under the force of the pump
spring 234. The movement of the piston head 240 as the
pump lever 234 returns to the ready position draws fuel from
the fuel source 222 to refill the fuel portion 252 of the pump
chamber 250.

The amount of fuel delivered by the variable fuel pump
system 220 is determined by the volume of the fuel portion
252 of the pump chamber 250. The travel limiting assembly
228 is used to adjust the angular position of the pump lever
226 when the lever 226 is in the ready position. Because the
pump lever 226 is connected to the piston 232 as described
above, the travel limiting assembly 228 thus determines the
volume of the fuel portion 252.

The travel limiting assembly 228 comprises a link arm
280. a link spring 282, a cam member 284. a cam roller 286,
a control pinion 288, and a control rack assembly 290. The
cam member 284 rotates about a cam axis C. The control
pinion 288 is attached to the cam member 284 such that
rotation of the pulley 288 causes rotation of the cam member
284 about the cam axis C. The control rack assembly 290
engages the control pinion 288 to cause the control pinion
288 to rotate, which in turn causes the cam member 284 to
rotate about the cam axis C.

The cam member 284 is eccentric such that the distance
between a cam surface 292 and the cam axis C varies from
a first location 294 to a second location 296 on the cam
surface 292. The cam roller 286 rides on the cam surface 292
such that the distance between the cam roller 286 and the
cam axis C varies with angular rotation of the cam member
284. The cam axis C is fixed relative to the housing member
34; therefor, rotation of the cam member 284 causes the cam
roller 286 to move relative to the housing member 34.

The link arm 280 is rigidly connected to the pump lever
226 such that the link arm 280 also rotates about the pivot
point 274. The link arm 280 is arranged to apply a force on
the cam roller 286 that holds the cam roller 286 against the
cam surface 292, with the link spring 282 in compression
between the link arm 280 and the cam roller 286.

A comparison of FIGS. 2 and 4 shows that the angular
orientation of the cam member 284 determines the angular
location of the pump lever 226. With the cam member 284
in a first angular orientation as shown in FIG. 2, the cam
roller 286 engages the first location 294 on the cam surface
292. With the cam member 284 in a second angular orien-
tation as shown in FIG. 4, the cam roller 286 engages the
second location 296 on the cam surface 292.
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housing 200. As the cam member 184 rotates. the indicator
206 also rotates; the position of the indicator 206 can thus be
compared with the indicia on the housing face 202 to
determine the location of the cam member 184. The operator
can thus determine the location of the cam member 184, and
thus the amount of fuel to be injected by the fuel pump
system 120, by comparing the location of the indicator 206
with the indicia 204.

L. Pre-trigger System

Referring now to FIGS. 13A-F. these figures illustrate
that the diesel hammer system 20 conventionally comprises
a line 430 from which is suspended a coupling assembly
432. The coupling assembly 432 is detachably attached to an
upper end of the ram member 30. Accordingly, lifting the
line 430 lifts the ram member 30. In addition, the coupling
assembly 434 conventionally comprises a trigger member
434 that, when properly displaced. detaches the coupling
assembly 432 from the ram member 30. The coupling
assembly 432 comprises a trigger projection 436 that
extends from the housing member 34 to engage the trigger
member 434 and release the ram member 30 from the
coupling assembly 434. The coupling assembly 432 is
conventional and will not be described herein in detail.

Conventionally, the trigger projection 436 is located to
engage the trigger member 434 and cause the coupling
assembly 434 to release the ram member 30 after the ram
member 30 has disengaged from the pump lever 70 and
allowed the pump lever 70 to return to its ready position. In
this case, the location of the trigger projection 436 ensures
that fuel is injected into the fuel chamber 40 each time the
line 430 is raised and the ram member 30 dropped.

In some situations, however, it is desirable to usc the
diesel hammer system 20 in a mode in which energy is
applied to the pile 22 solely from the weight of the ram
member 30 and not from the ignition of the fuel in the
combustion chamber 40.

As shown in FIGS. 13A-F, the diesel hammer system 20
depicted therein comprises a pre-trigger system 450 that
allows the diescl hammer system 20 to operate in a conven-
tional ignition mode and in a ram mode. The pre-trigger
system 450 comprises a pre-trigger member 452 mounted on
the housing member 34. The pre-trigger member 452 is
movable relative to the housing member 34 between a
retracted position (FIGS. 13D-F) and an extended position
(FIGS. 13A-C).

When the pre-trigger member 452 is in the retracted
position. the diesel hammer system 20 incorporating the
pre-trigger system 450 operates in a conventional ignition
mode. As shown in FIG. 13D, the ram member 30 starts in
the impact state; the ram member 30 is subsequently raised
to an upper position as shown in FIG. 13E in which the
pump lever 70 is in the ready position. Then, as shown in
FIG. 13F, the trigger projection 436 ecngages the trigger
member 434 to cause the coupling assembly 434 to release
the ram member 30, thereby allowing the ram member 30 to
drop back into the impact position. Fuel is injected into the
fuel chamber 40 when the ram member 30 engages the pump
lever 70 as the ram member 30 moves towards into the
impact position. In the ignition mode, both the impact of the
ram member 30 and the ignition of the fuel drive the anvil
member 32.

When the pre-trigger member 452 is in the extended
position as shown in FIGS. 13A-C. the pre-trigger member
452 engages the trigger member 434 before the trigger
member 434 reaches the trigger projection 436. More spe-
cifically, the pre-trigger member 452 is arranged such that,
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as shown in FIG. 13B, the pre-trigger member 452 engages
the trigger member 434 to release ram member 30 before the
pump lever 70 has a chance to move into the ready position.
Because the pump lever 70 never reaches the ready position,
no {uel is injected into the combustion chamber before the
ram member 30 strikes the anvil member 32 as shown at
FIG. 13C. Accordingly, when the pre-trigger member 452 is
in the extended position, the forces applied to the anvil
member 32 are primarily due to the weight of the ram
member 30 and not to the combustion of fuel within the
combustion chamber 40.

The pre-trigger member 452 may be hand operated or,
more conveniently, may be remotely operated by a hydrau-
lic. pneumatic, or electrical actuator.

A diesel hammer system incorporating the pre-trigger
system 450 may thus operate as a diesel hammer and as a
conventional drop hammer. The user of such a diesel ham-
mer system thus has more options when driving the piles 22
than with either a conventional diesel hammer system or a
conventional drop hammer system.

Referring now to FIG. 14, depicted at 460 therein is a
housing extension member that may be used in connection
with the diesel hammer system 20 described above. The
housing extension member 460 extends from the housing

s member 34 of the system 20. The ram member 30 extends

at least partly into the extension member 460 when the ram
member 30 is in its upper position. The extension member
460 inhibits entry of dirt and other debris into the housing
34. Preferably, one or more slots such as slots 464 and 466
are formed in the extension member 460 to allow the user on
the ground to see the travel of the ram member 34 as it is
raised and lowered.

From the foregoing, it should be clear that the present
invention may be embodied in forms other than those
described above. The above-described systems are therefore
to be considered in all respects illustrative and not restric-
tive. the scope of the invention being indicated by the
appended claims rather than the foregoing description. All
changes that come within the meaning and scope of the
claims are intended to be embraced therein.

I claim:

1. A diesel hammer system for driving a pile, comprising:

a housing;

an anvil member supported by the housing;

a clamp assembly adapted to connect the anvil member to
the pile;

a ram member disposed within the housing:

a fuel pump system for injecting fuel into a combustion
chamber defined by the housing. anvil member, and the
ram member: and

a coupling system that detachably engages the ram mem-
ber to raise the ram member from an impact position to
an upper position, the coupling system comprising a
trigger member that, when engaged, causes the cou-
pling system to release the ram member;

a trigger projection mounted on the housing to engage the
trigger member to cause the coupling system to relcase
the ram member at the upper position; and

a pre-trigger system comprising:

a pre-trigger member movable between an extended
position and a retracted position; wherein

when the pre-trigger member is in the extended posi-
tion, the pre-trigger member engages the trigger
member as the ram member moves from the impact
position towards the upper position to cause the
coupling system to release the ram member at a
pre-trigger position; and
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when the pre-trigger member is in the extended position,
the pre-trigger member engages the trigger member as
the ram member moves from the impact position
towards the upper position to cause the coupling system
to release the ram member: and

when the pre-trigger member is in the retracted position.
the pre-trigger member does not engage the trigger
member as the ram member moves from the impact
position to the upper position.

10. A diesel hammer system for driving a pile, compris-

ing:

a housing;

an anvil member supported by the housing for movement
between rest and impact positions;

a clamp assembly adapted to connect the anvil member to
the pile;

a ram member disposed within the housing;

a fuel pump system for injecting fuel into a combustion
chamber defined by the housing, anvil member. and the
ram member, the fuel pump system comprising
a pump housing defining a fuel chamber,

a pump piston disposed partly within the fuel chamber,
a pump lever that engages the pump piston,
a cam member, where an angular position of the cam

member acts on the pump lever to determine a 2

position of the pump piston within the fuel chamber
and thus determine an effective volume of the fuel
chamber; and

16

an actuator assembly arranged to change the angular
position of the cam member; whereby a fuel pump
housing on which indicia are formed; and

an indicator fixed relative to the cam member; and

an extension member engaged with the housing member.
where the ram member is disposed at least partly within
the extension member when the ram member is in an
upper position; wherein

movement of the ram member from the upper position
into an impact position causes the ram member to act
on the fuel pump system to force fuel into the com-
bustion chamber:

as the ram member reaches the impact position. the anvil
member moves from the rest position to the impact
position the indicator extends out of the fuel pump
housing adjacent to the indicia to indicate the effective
volume of the fuel chamber; and

at least one opening is formed in the extension member to
allow a position of the ram member within the exten-
sion member to be seen from outside of the extension
member.



