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cylinder 6 to eliminate cavitation in the lower rod end of the
hydraulic cylinder during thé deceleration of the impact
member as it moves in the upward direction during the lift
portion of the operating cycle. The deceleration of impact
member 1 creates a vacuum in the lower end of the hydraulic
cylinder which permits flow from upper blind end 25 to
lower rod end 23 because the pressure in the lower rod end
is negative. Flow from the lower rod end to the upper blind
end of hydraulic cylinder 6 is prevented during the lift
portion of the operating cycle by replenishment check valve
18. The replenishment check valve may be a Rexroth check
valve model #RVP401/0.

Both pump 51 and tank 52 are located in a hydraulic
power source 65 which is remote from the impact member.
Pump 51 is rotatably driven by a standard prime mover (not
shown) which is also included in power source 65. The
power source may be either a self-contained unit or may be
integrated into a crane or similar lifting equipment used to
handle the impact member. Well-known apparatus for excess
pressure protection, fluid cooling and filtration are also
included into the power source.

A connection for conducting pressurized fluid from pump
51 to control valve 30 is provided in the form of an elongated
flexible hose having a length sufficient to permit the impact
member to be easily positioned above the piles to be driven.
A connection for conducting return fluid from upper blind
end 26 of hydraulic cylinder 6 is provided in the form of an
elongated flexible hose having a length sufficient to permit
the impact member to be easily positioned above the piles to
be driven.

A connection for conducting a pressurized pilot signal
from power source 65 to trip valve 22 to extend roller lever
21 out of the valve housing and move roller 20 toward the
short stroke position is provided in the form of an elongated
flexible hose having a length sufficient to permit impact
member 1 to be positioned above the piles to be driven.

Pump 51 in power source 65 is capable of pumping
hydraulic fluid at pressure up to 2500 psi in the present
embodiment. The size of the control valve and the size of the
hydraulic cylinder may be altered to accommodate other
pressures.

In the following explanation of the hydraulic control
circuit, the starting position of impact member 1 is assumed
to be the lower impact position. With no pressure in the
system, the spool in control valve 30 is held in its “normal”
position by spring 31. The spool in trip valve 22 is held in
the centered position by opposed springs 27 and 64 and
poppet 42 in drop valve 40 is held in the closed position by
spring 41. Both of the hydraulic fluid accumulators 50 and
60 are empty.

A complete operating cycle of impact member 1 consists
of the following three phases: 1) lift-acceleration, 2) lift-
deceleration, and 3) drop. The operating cycle proceeds
according to the following sequence.

Pressurized hydraulic fluid is introduced to control valve
30 through conduit 53 by pump 51. The hydraulic fluid is
directed by control valve 30 to port 24 at lower rod end 23
of hydraulic cylinder 6 through conduit 32. The pressurized
hydraulic fluid exerts an upward force on the lower surface
of piston 5 and moves the piston and piston rod 4 upwardly
which lifts impact member 1 at an accelerated rate due to the
increasing volume of fluid supplied to lower rod end 23 of
hydraulic cylinder 6. During the acceleration phase of the lift
portion of the operating cycle, piston 5 and impact member
1 initially move upwardly at a rate which is less than the rate
which would result from full flow of hydraulic fluid from
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pump 51. That portion of the hydraulic fluid which is not
used to lift piston 5 and impact member 1 is stored, under
pressure, in pressure accumulator 50. Therefore, the upward
movement of the impact member may-be accelerated to a
velocity which is greater than the upward velocity which is
obtainable from the pump flow alone because the hydraulic
fluid which is stored under pressure in pressure accumulator
50 supplements the flow of hydraulic fluid from pump 51.

The pressurized hydraulic fluid cannot flow from conduit
32 through replenishment check valve 15 because the valve
is a one-way valve which permits flow only from port 26 at
upper blind end 25 of hydraulic cylinder 6 to port 24 at lower
rod end 23 of the hydraulic cylinder. When the spool of
control valve 30 is in its normal position, a pilot flow of
hydraulic fluid having a pressure equal to the pressure of the
fluid discharged from pump 51 is directed to the rear surface
of spring-loaded poppet 42 in drop valve 40. The force
which the pressurized hydraulic fluid provides to the rear
surface of poppet 42 plus the force of spring 41 holds poppet
42 in the closed position to prevent hydraulic fluid from
flowing through drop valve 40.

Upper blind end 25 of hydraulic cylinder 6 is continu-
ously connected to tank 52 and to tank accumulator 60, so
that as piston 5 moves rapidly upwardly, hydraulic fluid is
exhausted from blind end 25 of the hydraulic cylinder
through port 26 and flows to tank 52 through a return hose
55. Because of the difference in volume between lower rod
end 23 of hydraulic cylinder 6 and upper blind end 25 of
hydraulic cylinder 6, a larger amount of fluid exits the upper
blind end of the hydraulic cylinder through port 26 than
enters the rod end of the hydraulic cylinder through port 24.
Excessive back pressure results from trying to force the flow
of hydraulic fluid through return hose 55 to tank 52 and a
portion of the hydraulic fluid flows into tank accumulator 60.
This hydraulic fluid is subsequently exhausted from accu-
mulator 60 to tank 52 through return hose 55 during the drop
portion of the operating cycle. Tank accumulator 60 thus
serves to smooth out what would otherwise be an intermit-
tent flow through return hose 55 and thereby substantiaily
eliminates flexing of the hose which minimizes jumping and
jerking of the hose. Tank accumulator 60 also provides
hydraulic fluid to upper blind end 25 of hydraulic cylinder
6 during the drop portion of the operating cycle, and
replenishment flow to lower rod end 23 of the hydraulic
cylinder through check valve 15 during the lifi-deceleration
phase of the lift portion of the operating cycle.

As the movement of impact member 1 continues in the
upward direction, the cam surfaces on one of trip members
11 or 12 contact roller 20 on roller lever 22 of trip valve 21
to shift the lever relative to the valve housing to move the
trip valve spool toward the end of the trip valve housing
opposite spring 27 to compress spring 64. In this position the
trip valve spool directs hydraulic fluid at pump pressure to
the pilot piston on the end of the control valve spool opposite
spring 31. When a force greater than the force of spring 31
is generated by the pressure on the pilot piston, the spool is
shifted against the force of the spring. Fluid under pressure
in the pilot piston constantly leaks to tank 52 through orifice
35 located in the longitudinal axis of the spool. The orifice
has a diameter of 0.09 inch although the orifice size can be
varied in accordance with operating characteristics. The
leakage through orifice 35 is relatively small and is easily
compensated for by pump 51. Because roller 20 in trip valve
22 remains in contact with the flat cam surface on one of trip
members 11 or 12 throughout the deceleration phase of the
lift portion of the operating cycle (lift-deceleration), hydrau-
lic fluid under pressure is continuously applied to the pilot
piston during this phase in the cycle.
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When control valve 30 is in the shifted position, the spool
prevents hydraulic fluid from flowing from pump 51 to
hydraulic cylinder 6 and thereby initiates the lift-decelera-
tion phase of the lift portion of the operating cycle. When the
control valve spool is shifted, it removes pilot pressure from
the rear surface of poppet 42 in drop valve 40. The inertia of
the upwardly moving impact member prevents it from
stopping immediately when pressurized fluid is removed
from rod end 23 of hydraulic cylinder 6. Gravity decelerates
the movement of the impact member 1 from its lift velocity
to zero during the deceleration phase of the lift portion of the
operating cycle. During the deceleration phase of the upward
stroke, a vacuum is created in lower rod end 23 of hydraulic
cylinder 6 because no hydraulic fluid flows into the lower
rod end of the hydraulic cylinder from pump 51. Replen-
ishment check valve 15 prevents cavitation from occurring
in lower rod end 23 of hydraulic cylinder 6 because hydrau-
lic fluid is allowed to freely flow from upper blind end 25 of
hydraulic cylinder 6 to lower rod end 23 through the
replenishment check valve and the vacuum in the lower rod
end of the hydraulic cylinder is thereby relieved. The
replenishment check valve ensures that lower rod end 23 of
hydraulic cylinder 6 remains full of hydraulic fluid during
the entire deceleration phase of the lift portion of the upward
stroke of piston 5 and that no gas is trapped in lower rod end
23 during this deceleration portion phase of the lift portion
of the operating cycle of the impact member. Relieving the
negative pressure on piston 5 ensures free and efficient
upward movement of impact member 1 and ensures that
lower rod end 23 of cylinder 6 is completely full of fluid at
the end of the deceleration portion of the operating cycle.

When impact member 1 is moving downwardly during
the drop portion of the operating cycle, gravity accelerates
the rate of movement. Because the rear of poppet 42 in drop
valve 40 is connected to tank 52, the only force holding the
poppet closed during the drop portion of the operating cycle
is the 50 psi force of spring 41 in the drop valve. The drop
valve effectively provides a small, predetermined back pres-
sure in the conduit between hydraulic cylinder lower rod end
23 and hydraulic cylinder upper blind end 25. The short
duration high flow rate pulse of hydraulic fluid exiting lower
rod end 23 of hydraulic cylinder 6 is easily absorbed by
upper blind end 25 of hydraulic cylinder 6 during the drop
portion of the operating cycle. The partial vacuum generated
in the upper blind end of the hydraulic cylinder 6 during the
drop portion is filled by the fluid exiting from lower rod end
25 of the hydraulic cylinder and, if necessary, from fiuid
stored in tank accumulator 60.

During the drop portion of the operating cycle, hydraulic
fluid flows through drop valve 40 because the fluid pressure
is sufficient to open poppet 42 against the 50 psi force of
spring 41. The spring holds the poppet closed in normal
conditions and therefore the pressure of the hydraulic fiuid
which flows through drop valve 40 must be 50 psi greater at
port 43 of the drop valve than at port 44 of the drop valve
which is at tank pressure. When trip member 11 or 12 falls
below trip valve roller 20, hydraulic fluid at pump pressure
is no longer applied to the spool pilot piston. However, a 50
psi pressure difference still exists between lower rod end 23
of hydraulic cylinder 6 and the tank return hose or upper
blind end 25 of hydraulic cylinder 6 because of the flow
through drop valve 40. When the control valve is in the
shifted position, the lower rod end of hydraulic cylinder 6 is
connected to the control valve pilot piston at the end of the
spool opposite spring 31. The spring end of the pilot piston
at the spring end of the spool is continuously connected to
tank return hose 55. The 50 psi generated at drop valve 40,
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when connected to the pilot piston, is sufficient to hold the
spool shifted against the force of spring 31. Fluid in the pilot
piston constantly leaks to tank 52 through the 0.09 inch
diameter orifice in the longitudinal axis of the spool. This
leakage is relatively small and is easily made up by fluid
exhausting from lower rod end 23 of hydraulic cylinder 6.

The drop portion of the opérating cycle ends when impact
member 1 contacts the end of a pile or a pile adapter. The
elevation of the impact member when it contacts the pile or
the pile adapter is not critical to the operation of the system.
This is because hydraulic fluid no longer exits from the
lower rod end of hydraulic cylinder 6 when the movement
of the impact member stops, and therefore hydraulic fluid no
longer flows through drop valve 40. Stopping the flow of
hydraulic fluid eliminates the 50 psi pressure difference
between the ends of the control valve spool. The orifice in
the longitudinal axis of the spool of control valve 30 permits
fluid to leak from one end of the spool to the other end and
equalizes the pressure against the ends of the spool. Spool
spring 31 then shifts the spool in the valve housing back to
the starting position to begin another lift portion of the
operating cycle.

During the entire lift-deceleration phase of the lift portion
and the drop portion of the operating cycle, the flow of
hydraulic fluid from pump 51 is prevented from entering
hydraulic cylinder 6 and is stored in pressure accumulator
50. The energy of this stored pressurized hydraulic fluid is
used to supplement the acceleration of the impact member in
the lift portion of the cycle as described hereinabove.

While a specific embodiment of the invention has been
described in detail herein, it will be appreciated by those
skilled in the art that various modifications and alternatives
to this embodiment can be developed in light of the overall
teachings of the disclosure. Accordingly, the particular
arrangement is illustrative only and is not limiting as to the
scope of the invention which is to be given the full breadth
of the appended claims and any and all equivalents thereof.

I claim:

1. A method of operating a pile driver arrangement
having:

a) a reciprocal impact member having a lower contact end

and an upper end and contact means on said impact
member for operating a trip valve,

b) a hydraulic cylinder having a lower rod end and an
upper blind end located above said impact member
upper end,

c) a reciprocal piston axially movable in said hydraulic
cylinder,

d) a piston rod connecting said impact member upper end
to said reciprocal piston, whereby upward movement of
said reciprocal piston in said hydraulic cylinder lifts
said impact member,

e) a first hydraulic fluid conduit means connecting said
upper blind end of said hydraulic cylinder and said
lower rod end of said hydraulic cylinder,

f) a hydraulic fluid storage tank,

g) supplying hydraulic fluid under pressure via a pump
from said storage tank to said lower rod end of said
hydraulic cylinder to move said piston upwardly in said
hydraulic cylinder and thereby lift said impact member,

h) a second hydraulic fluid conduit means connecting said
pump and said lower rod end of said hydraulic cylinder,

i) controlling the flow of pressurized hydraulic fluid
through said second conduit means from said pump to
said lower rod end of said hydraulic cylinder via a
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control valve, a longitudinally spring loaded spool in
said control valve and an orifice in said spool to permit
a constant leakage of hydraulic fluid through said
control valve to said tank,

j) a third hydraulic fluid conduit means adapted to connect
said pump to an adjustable trip valve,

k) shifting the longitudinal position of said spring loaded
spool in said control valve via an adjustable trip valve
connected to said third conduit means to control the
flow of hydraulic fluid from said pump to said lower
rod end of said hydraulic cylinder and an adjustable
control member in said trip valve,

1) a fourth hydraulic fluid conduit means connecting said
trip valve and said control valve whereby movement of
said adjustable control member in said trip valve by
said contact means on said impact member shifts the
position of said spring loaded spool in said control
valve,

m) limiting the flow of hydraulic fluid via a replenishment
check valve in said first conduit means from only said
upper blind end of said hydraulic cylinder to said lower
rod end of said hydraulic cylinder to fill said lower rod
end of said hydraulic cylinder when said piston is
decelerating upward after said adjustable control mem-
ber in said trip valve is adjusted to permit hydraulic
pressure in said fourth conduit means to shift the
longitudinal position of said spring loaded spool in said
control valve,

n) additional hydraulic fluid conduit means connecting
said upper blind end of said hydraulic cylinder and said
tank,

o) a fifth hydraulic fluid conduit means connecting said
lower rod end of said hydraulic cylinder and said upper
blind end of said hydraulic cylinder,

p) a drop valve located in said fifth conduit means, said
drop valve having first and second ports connected to
said fifth hydraulic fluid conduit means and a third port
connected to a sixth hydraulic fluid conduit means,

@) said sixth hydraulic fluid conduit means connecting
said third port of said drop valve to said control valve,
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whereby a pilot pressure is supplied from said control
valve to said third port of said drop valve, and

r) holding said poppet in the closed position during the

upward movement of said impact member, whereby
during the drop portion of the operating cycle of said
impact member when said control valve is in the shifted
position, hydraulic fluid flow in said fifth conduit
means is sufficient to open said poppet of said drop
valve and flow into said upper blind end of said
hydraulic cylinder, said control valve being held in the
shifted position by differential hydraulic pressure as
generated by said biasing means on said drop valve
poppet in said fifth conduit means.

2. A method of operating a pile driver arrangement as set
forth in claim 1 including supplementing the flow of pres-
surized fluid via a pressure accumulator in fluid low com-
munication with said second conduit means for accumulat-
ing pressurized fluid from said pump to supplement the flow
of pressurized fluid through said second conduit means to
said lower rod end of said hydraulic cylinder to accelerate
the rate of upward movement of said piston in said hydraulic
cylinder in combination with the normal pump flow.

3. A method of operating a pile driver arrangement as set
forth in claim 1 including a plurality of spaced trip members
located on said impact member, each of said trip members
having an angled cam surface, contacting said adjustable
control member in said trip valve by one of said angled cam
surfaces as said impact member is lifted by raising said
piston in said hydraulic cylinder to control the pressurized
hydraulic fluid flowing from said trip valve to said control
valve thereby preventing pressurized hydraulic fluid from
flowing from said pump to said lower rod end of said
hydraulic cylinder to begin deceleration of the upward
movement of said piston in said hydraulic cylinder and of
said impact member connected to said piston.

4. A method of operating a pile driver arrangement as set
forth in claim 3 wherein said adjustable control member in
said trip valve is a lever extending from said trip valve and
a roller located on the distal end of said lever for contacting
an angled cam surface on one of said trip members as said
impact member is lifted.
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