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73) Assignee: Bolt Associates, Inc., Norwalk, 
An airgun repeater powered pile driver embodying the 
present invention is capable of driving piles of various 
types and sizes including immense piles to be driven 
down into the earth and can be operated totally sub 
merged, partially submerged or entirely in the air. A 
first driving impulse down upon the pile commences 
when the airgun repeater is fired into a discharge 
chamber and continues for a relatively long time inter 
val while the discharge chamber wall of great strength 
remains effectively telescoped within a closely sur 
rounding sleeve as the massive weight above the air 
gun moves upwardly. Thereafter, the released high 
pressure gas intermixed with water can escape up 
wardly between the rim of the discharge chamber wall 
and the surrounding sleeve. A second driving thrust is 
provided when the rim of the discharge wall impacts 
down with respect to a driving head at the bottom of 

... the surrounding sleeve. The pile driver can also be op 
erated within the bore of very large diameter piles. 

10 Claims, 12 Drawing Figures 

3. 

N2 ta N2 
is 3 . 4- NZ fa 3. 2 NS EEZ 

  

  

  

    

  

  

  

  



PATENTEDJUN 181974 3.817,335 
SHEET 1 OF 5. 

S 
m nor 

. SS-H 

T 

  



PATENTED JUN 181974 3,817.335 
SHEET 2 OF 5 

N IYNNNNNW. 2 /7 
l: 27/ / 

saxa 
aara 

= 1 
afeSGSGS RX 

S. 
S. 

er will insteini starzzz z2222222 sz77, Syll HINElse, f/44 3/ 
%2,427 S Xyrazy D 

Serg Z/Zay 22 Z?a NY - 7? ANN NN A ?tateNS SNY is Aattizz.42 assessessers as 

ses 

7 2 bX/E Z37, Y&Z O SN 4. Sa-4CTAleez. A4 

  

  

    

  

  

  

  

    

  

  

  

  

  

    

  

  

  



PATENTEDJUN 81974 3.817.335 
SHEET 3 OF 5 

a Yaya excessant states waxaaavtah Nahayyyyyyavayavaasax 

  



zzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzzz!= 
&? 

3.817,335 

~ 

SHEET 4 OF 5 

--- - 

PATENTED JUN 181974 

  

    

  

    

  

  

  

  

  



3.817,335 PATENTEDJUN 181974 
SHEET 5 OF 5 

l/71467, 72. 

SAA/Mata/7 
--on 

g 

  

  



1. 
AIRGUN REPEATER POWERED PILE DRIVER 

DESCRIPTION 

This invention relates to an airgun repeater powered 
pile driver adapted to deliver two powerful downward 
thrusts to the pile being driven upon each actuation of 
the airgun repeater. It appears to me that this invention 
is an important technological forward jump in the art 
which is patentable with respect to my prior U.S. Pat. 
Nos. 3,604,519 and 3,646,598. 
Advantageously, the airgun repeater powered pile 

driver embodying the present invention is capable of 
driving piles of various types and sizes including im 
mense piles to be driven down into the earth and can 
be operated totally submerged, partially submerged or 
entirely in the air. A first driving impulse down upon 
the pile commences when the airgun repeater is fired 
into a discharge chamber and continues for a relatively 
long time interval while the discharge chamber wall of 
great strength remains effectively telescoped within a 
closely surrounding sleeve as the massive weight above 
the airgun moves upwardly. Thereafter, the released 
high pressure gas intermixed with water can escape up 
wardly between the rim of the discharge chamber wall 
and the surrounding sleeve. A second driving thrust is 
provided when the rim of the discharge wall impacts 
down with respect to a driving head at the bottom of 
the surrounding sleeve. 
The pile driver can also be operated to advantage 

within the bore of very large diameter piles. 
The airgun repeater in the pile driver is energized 

with high pressure gas, which is usually compressed air. 
However, other pressurized gases, steam under pres 
sure, or pressurized vapor, can be employed. Accord 
ingly, as used herein the term "pressurized gas' or 
"high pressure gas' is intended to be construed broadly 
to include compressed air, steam, gaseous products of 
combustion, or other pressurized gas or vapor. In the 
illustrative embodiment, it is my preference to utilize 
compressed air as the pressurized gas for energizing the 
airgun repeater. 
The various features, aspects and advantages of the 

airgun repeater powered pile driver of the present in 
vention will become more fully appreciated from a con 
sideration of the following detailed description in con 
junction with the accompanying drawings, in which: 

FIG. 1 is a longitudinally sectional view of an airgun 
powered pile driver embodying the present invention, 
and particularly adapted for operation underwater, al 
though the embodiment of FIG. 1 can also be used to 
advantage in the air; 
FIG. 2 is an enlarged sectional view of the lower por 

tion of the pile driver of FIG. 1 showing further aspects 
of the cooperative relationship of the elements and de 
tails of construction; 
FIG. 3 is a cross-sectional view taken through the 

plane 3-3 in FIG. 2; 
FIG. 4 is a cross-sectional view taken through the 

plane 4-4 in FIG. 2; 
FIG. 5 is a view similar to FIG. 2 and showing the pile 

driver operation with the airgun and massive weight in 
their raised position after the airgun has been "fired" 
in a cycle of operation; 
FIG. 6 is another view similar to FIG. 5 and showing 

the shockdamping occurring during the delivery of the 
second driving impulse occurring near the end of a 
cycle of operation; 
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FIG. 7 is an enlarged longitudinal, sectional view of 
the upper portion of the pile driver of FIG. 1 showing 
further aspects of the flexible supply lines and hoses of 
the pile driver; 
FIG. 8 is a view similar to FIG. 7 showing the raised 

position of the massive weight after the airgun has been 
"fired' in a cycle of operation; 
FIG. 9 is a longitudinal, sectional view taken through 

the plane 9-9 of FIG. 7 showing the manifold and flex 
ible hoses in further detail; 
FIG. 10 is a longitudinal, sectional view similar to 

FIG. 7 showing a modified embodiment of the inven 
tion in which the flexible hose lines are replaced by a 
sliding seal telescoping manifold; 
FIG. 11 is a longitudinal, sectional view of the upper 

portion of a modified embodiment of the present inven 
tion which is particularly adapted for operation in the 
air, and 
FIG. 12 illustrates the pile driver of FIG. 1 being used 

underwater to drive a long hollow pipe pile in the inter 
ior thereof near the center of the pile itself for driving 
the pile into the earth beneath a body of water. 
Referring to FIGS. 1 and 2 of the drawings in greater 

detail, the airgun-powered pile driver 10 of the present 
invention includes a massive cylindrical weight 12 
which is movable up and down within an elongated cy 
lindrical housing 14 for driving a pile 15, only the upper 
end of which is shown in FIG. 1. Secured to the lower 
end of the massive weight 12 is an airgun repeater 16. 
This airgun repeater 16 may advantageously be such as 
is described in my U.S. Pat, Nos. 3,310,128 and 
3,379,273. The airgun repeater may be repetitively ac 
tuated (hereinafter called "fired'). Each time the air 
gun is fired, it abruptly releases a charge of very high 
pressure gas, e.g., compressed air. This pressurized gas 
for the airgun repeater is supplied through a high pres 
sure airline 18 from a suitable source, such as a multi 
ple stage air compressor 20 (for example, as illustrated 
in FIG. 11) connected to a compressed air storage tank 
or receiver 22, associated with a filter and shut off and 
bleed valves generally indicated at 24. 
As described in these patents, fuel may be mixed with 

a charge of compressed air in the airgun repeater 16 
and burned in it for further raising the pressure therein 
before the abrupt discharge of high pressure gas, which 
occurs each time it is fired. When the airgun 16 is fired, 
the pressurized gas is abruptly discharged, as shown by 
the arrows 25 in FIG. 5, through a plurality of ports 26 
(only one is seen in FIGS. 1, 2 and 5). 
During operation of the pile driver, the airgun re 

peater 16 is typically charged with compressed air at 
high pressures, for example, in the range from 1,000 to 
3,000 pounds per square inch; however, higher or 
lower pressures may be used. The actual pressure em 
ployed to operate the airgun depends upon its size, the 
size of the massive weight 12, the size of the pile, and 
the characteristics of the earth material into which the 
pile is being driven, and this pressure provides a conve 
nient parameter for control of the pile driving opera 
tion. 
Secured to the lower end of the massive weight 12 is 

a cylindrical wall 28 which completely encircles the air 
gun 16 and defines a discharge chamber 30 having an 
open mouth 32 facing downwardly. The cylindrical 
wall 28 extends down below the lower end of the air 
gun. This cylindrical wall 28 is formed of strong mate 
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rial because it serves a number of functions as will be 
explained further below. 

In order to secure the strong cylindrical wall 28 to the 
lower end of the massive weight 12, there is an annular 
recess 34 formed near the lower end of the weight 12 
defining a flange 36. A plurality of attachment bolts 38 
pass through holes in this flange 36 and are screwed 
into the top of the wall 28. 
For holding the airgun repeater 16, there is a mount 

ing ring 40 which surrounds the upper end of the airgun 
with a plurality of bolts 42 screwed through this ring 
into the lower end of the massive weight 12. Within the 
mouth 32 of the chamber wall 28, there are a plurality 
of radial struts or vanes 44 connected to a centrally lo 
cated retainer socket element 46. This retainer 46 has 
a well 48 therein for holding the lower end of the airgun 
repeater 16. Shock absorbing pad means 50 of resilient 
material, for example of polyurethane, rubber or other 
shock absorbing resilient material are seated in the 
socket 48 beneath the lower end of the airgun. If de 
sired, similar shock absorbing pad means (not shown) 
may be located within the mounting ring 40 between 
the upper end of the airgun 16 and the lower end of the 
cylindrical weight 12. 

Operatively associated with the airgun 16 and the 
chamber wall 28 is a movable impulse transmitting 
member 52 including a driving head 54 with an up 
standing cylindrical sleeve 56. This sleeve 56 closely 
surrounds the outer surface of the chamber wall 28. 
Above the cylindrical sleeve 56 and integral therewith 
is a tapered sleeve 58 having an inner surface 59 which 
progressively recedes in an upward direction from the 
outside surface of the wall 28. 
The impulse transmitting member 52 has a circum 

ferential groove 60 adapted to be connected by a ring 
clamp 62 secured by clamp bolts 63 to a groove 64 in 
a detachable pile driving adapter 66 which engages the 
pile 15 being driven. The pile 15 is shown as a large 
pipe pile being driven underwater. 

In FIG. 1, the pile 15 and the entire pile driver 10 are 
assumed to be submerged underwater (not shown) with 
the pile driver being suspended from the top by a chain 
sling 68 supported from a large crane (not shown) on 
a barge or ship. 
Although a pipe pile 15 is shown, it is to be under 

stood that this is illustrative and that the pile driver 10 
of this invention can be used to drive any type of driv 
able pile, such as an H-beam pile, timber pile, etc. 
Moreover, in addition to being capable of driving piles 
from their upper ends, attention is invited to FIG. 12, 
which shows that the pile driver 10 embodying the 
present invention can be used to drive hollow piles by 
being placed in the interior of such piles. When it is de 
sired to drive a different size of pile or a different type 
of pile, then the ring clamp 62 is temporarily discon 
nected and a different adapter 66 is inserted for provid 
ing the desired coupling to the pile to be driven. 

In order to control the firing of the airgun repeater 
16, there is an electrical control cable 70 connected to 
a solenoid operated valve 72 mounted on the airgun. 
By transmitting an electrical signal through the cable 
70, the valve 72 is actuated to fire the airgun 16, as will 
be understood by reviewing the two patents discussed 
above. In this way the pile driver 10 can be remotely 
controlled to produce cycles of operation which are re 
peated at frequent intervals, as may be desired by the 
user, for example, approximately every 2 seconds. 
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4 
Alternatively, the pile driver 10 can be arranged to 

be self-operating. This is accomplished by replacing the 
solenoid operated valve 72 by a pressure-responsive re 
lease valve which is set at a predetermined release pres 
sure as desired by the user. Thus, the airgun 16 be 
comes self-firing. As soon as the pressure of the pres 
surized gas therein has reached this pre-set release 
pressure, the airgun fires. An advantage of making the 
airgun self-firing is that the control cable 70 and asso 
ciated connections can be omitted. The repetition rate 
of the cycles of operation when the airgun is self-firing 
is controlled by the user by controlling the rate at 
which pressurized gas is fed through the high pressure 
line 18 into the airgun. The faster this gas is supplied 
to the airgun, the sooner it will fire, and the more fre 
quent will be the cycles of pile driver operation, and 
vice versa. 
The massive weight 12 is provided with an axial 

through-bore 74 for accommodating the firing control 
cable 70 and the high pressure airline 18. The airgun 
repeater 16 is located adjacent to the lower end of the 
bore 74 for connection to the electrical cable and to 
the high pressure supply line 18. 
The discharge chamber 30 is normally filled with 

water prior to the firing of the airgun 16. To supply 
water to this chamber for maintaining the airgun sub 
merged during operation, a continuous flow of water is 
pumped down through the axial passage 74. To feed 
this liquid from passage 74 into the chamber 30, there 
are four radial distribution passages 76 (please also see 
FIG. 4). which branch off from the axial passage 74 
near the lower end of the weight 12. These radial pas 
sages 76 communicate with four vertical passages 78 
feeding down into the top of the discharge chamber 30 
around the airgun 16. Thus, water is continuously fed 
down into the discharge chamber. This liquid flow also 
serves to purge any trapped air out of the discharge 
chamber before the airgun repeater 16 is fired. 

In order to feed water down into the central passage 
74 and to support the electrical cable 70 and the high 
pressure line 18, there is an upstanding pipeline 80 at 
tached to the top of the cylindrical weight 12. A flange 
82 is connected by screws 84 to the weight 12. At its 
upper end, the standpipe 80 has a watertight end cap 
86 secured to it. The control cable 70 is supported by 
an electrical connector 88 held by a clamp 90 on the 
end cap 86. 
A flexible control cable 70A extends down into the 

top of the cylindrical housing 12 with a slack loop and 
is attached by a connector 92 to the other connector 
88. The connectors 92 and 88 can be disconnected by 
unscrewing a threaded collar 94. Between these con 
nectors, there is a gasket to provide a watertight con 
nection when the collar 94 is tightened. 
A flexible high pressure gas supply line 18A also runs 

down into the pile driver housing 12 with a slack loop. 
The line 18A is fastened to a horizontal elbow hose fit 
ting 96 with a downward leg secured through the end 
cap 86 having a hose connection 98 to the top end of 
the line 18 within the standpipe 80. 
As shown most clearly in FIGS. 7, 8 and 9 on the side 

of the upper end of the standpipe 80, there is a water 
manifold box 100. This manifold 100 has a plurality of 
elbow pipe connections 102. A plurality of flexible 
water hoses 104 are attached by connections 106 to the 
downwardly extending legs of the multiple pipe con 
nections 102. These hose lines 104 each has a slack 
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loop and they are positioned in side-by-side relation 
ship, being connected at their upper ends by connec 
tors 108 attached to a second stationary water manifold 
110. A large diameter water supply hose 112 feeds into 
this stationary manifold 110, and a pump (not shown) 
serves to feed water through the hose 112. 
The reason for utilizing the multiple hoses 104 in 

side-by-side relationship is to provide the desired deliv 
ery capacity for the water while at the same time pro 
viding a high degree of flexibility and clearance within 
the cylindrical housing 14 to accommodate up and 
down motion of the stand pipe 80 which occurs during 
each driving cycle. 
To provide for servicing of the components, namely, 

the electrical, water and high pressure gas supply lines, 
fittings, and connectors in the upper end of the pile 
driver housing 14, there is a removable sleeve 114 
which closely fits into the housing 14 and is removably 
secured in position by a plurality of attachment screws 
116. When it is desired to service these components, 
the screws 116 are removed and the sleeve 114 is 
pulled up out of the housing 14 to expose such compo 
nentS. 
The chain sling 68 is connected to a pair of eyes 

welded to heavy steel pads 120 on opposite sides of the 
pile driver detachably secured by multiple screws 116 
to both the sleeve 114 and to the housing 14. 
As the water flows down through the central passages 

74 and branch passages 76 and 78, this flow pushes a 
check valve member 122 down against an annular stop 
shoulder 124 on the mounting 40. Thus, the water has 
free access, as seen most clearly in FIG. 2, to enter into 
the discharge chamber 30. The check valve member 
122 is in the form of a ring which encircles the mount 
ing 40. An annular channel 126 interconnects the 
lower ends of the vertical passages 78 to facilitate en 
tering flow of the water into the discharge chamber. 
As will be explained further below, when the air gun 

16 is fired, the sudden surge of pressure in the dis 
charge chamber 30 pushes the check valve 122 up to 
block momentarily the channel 126 and to block pas 
sages 78. Thus, the abrupt pressure rise in the chamber 
30 is confined and is directed downwardly through the 
open mouth 32. 
The operation of the pile driver 10 will be explained 

in further detail: When the pile driver members are sit 
ting in their normal rest position (as shown in FIGS. 1, 
2, 7 and 9) immediately before firing of the airgun 16, 
water fills the chamber 30, and the lower rim 128 of the 
cylindrical wall 28 is seated down in an annular groove 
130 in the driving head 54. In this initial position, the 
wall 28 is closely telescoped within the surrounding 
sleeve 56 while the rim 128 seats down in the groove 
130 to provide an essentially closed discharge chamber 
30 in which the water is confined by the rigid wall 28. 
This water in the discharge chamber is confined below 
the lower end of the weight 12 and above the driving 
head 54. 
The air gun repeater 16 may be electrically fired or 

may be self-firing, as discussed in detail above. Immedi 
ately after the airgun has been fied, high pressure gas 
is abruptly released through the ports 26 into the dis 
charge chamber 30 producing a sudden or violent in 
crease of pressure in this chamber. This sudden surge 
of pressure thrusts down against the top surface 132 of 
the driving head 54, and also pushes up against the 
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6 
check valve ring 122 and against the lower end of the 
weight 12. 
As shown in FIG. 5, an immense thrust is delivered 

downwardly onto the driving head 54. At the same 
time, an upward driving force is delivered up against 
the massive weight 12 causing this weight to jump up 
wardly, as illustrated in FIG. 5. 
The advantageous telescoping relationship between 

the cylindrical wall 28 and the closely surrounding cy 
lindrical sleeve 56 maintains the confined relationship 
of the water and of the released high pressure gas in the 
region 136 above the driving head 54. This confined 
relationship is continued until such time as the rim 128 
has raised above the line of demarkation 134 between 
the cylindrical inner surface 135 of the sleeve 56 and 
the outwardly sloping generally conical surface 59. 
This confinement by these telescoping parts produces 
a protracted downward thrust upon the driving head 
54. 

In effect, the region 136 within the cylindrical sur 
face 135 forms an extension of the discharge chamber 
30 thereby providing an expandable chamber which 
confines the released pressurized gas and water therein 
for a significant interval of time after the pressurized 
gas is initially released into the chamber 30. The arrows 
139 (FIG. 5) illustrate the downward flow of the re 
leased pressurized gas and water from the chamber 30 
into the extension chamber 136. 
As shown in FIG. 5, after the rim 128 has moved 

above the line of demarkation 134, the immense pres 
sure within the combined extended chamber 30-136 
drives the water and air (or other pressurized gas) up 
wardly, as indicated by the elongated flow arrows 137. 
This expulsive flow 137 is very rapid, as indicated by 
the length of the arrows 137, for it occurs through the 
clearance space 138 between the rim 128 and the slop 
ing surface 59. Initially, this clearance space is small 
and so the initial expulsive flow 137 is of high velocity. 
As the discharge chamber wall 28 continues to move 
upwardly, the clearance space 138 progressively en 
larges, the pressure in the chamber 30-136 falls, and so 
the expulsive flow 137 diminishes in velocity. 
The force of gravity slows the upward motion of the 

massive weight 12 and causes it to fall back down 
wardly toward its initial position. As shown in FIG. 6, 
when the rim 128 of the chamber wall 28 falls back 
down into the shock-damping groove 130, a second 
powerful driving impulse is delivered to the driving 
head 54 for thrusting the pile downwardly into the 
earth. As shown in FIG. 6, the water which remained 
trapped in the groove 130 produces a dashpot shock 
damping action because the inner wall 140 of this 
groove 130 slopes inwardly progressively restricting the 
upward flow 142 of the trapped water as the rim 128 
enters this groove. 
Thus, in summary, it will be understood that two 

powerful driving thrusts are delivered during each 
cycle of operation of the pile driver 10. The first of 
these driving impulses is longer in duration than the 
second one. The first driving impulse occurs during the 
time interval after discharge of the pressurized gas from 
the airgun 16 into the discharge chamber 30. This first 
driving impulse continues until after the rim 128 has 
passed above the transition line 134, thus releasing the 
expulsive flow 137. The second driving impulse occurs 
when the lower edge 128 of the wall 28 strikes down 
into the shock-damping groove 130. By virtue of the 
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fact that water has been expelled along with the re 
leased gas, as indicated in FIG. 5 by the arrows 137, the 
massive weight 12 falls back down relatively quickly 
under the pull of gravity to deliver the second powerful 
driving thrust. FIG. 6 illustrates occurrence of this sec 
ond driving thrust upon impact of the wall 28 down into 
the shock-damping groove 130. The chamber wall 28 
is made very strong to withstand the sudden surge of 
pressure occurring upon discharge of the airgun re 
peater 16. It is also strong to withstand the compressive 
stress occurring when the rim 128 impacts down into 
the shock-damping groove 130. It is possible to omit 
the groove 130, thus causing the rim 128 to strike upon 
the top surface of the driving head 54 if such an impact 
driving action is desired. It is preferable, in my opinion, 
to include the shock-damping groove 130 to increase 
the operating life of the various parts. 

If the pile is being driven into softer soil or sedimen 
tary material, a larger downward motion of the driving 
head 54 occurs during the first driving thrust; whereas, 
if the pile is being driven into harder soil or more resis 
tant strata, then the downward motion of the driving 
head 54 is lesser during this first driving thrust. Accord 
ingly, when the pile is being driven into such harder 
material, the weight 12 tends to jump higher and conse 
quently an increased force tends to occur during the 
second driving thrust, because the weight 12 has fallen 
from a somewhat greater height in the housing 14. 
There are a plurality of vertically elongated guide 

shoes 142 and 144 at spaced positions around the lower 
and upper ends, respectively, of the massive weight 12. 
For example, there are six each of these guide shoes 
142 and 144. Their lower and upper ends are tapered 
as indicated at 145. The outer surfaces of these shoes 
142 and 144 are covered with wear runners 146 of 
bearing material. For example, when the cylindrical 
housing 14 is made of steel, the wear runners 146 are 
made of bronze bearing material. Thus, these runners 
146 absorb most of the wearing action, and they are re 
moved and replaced on the shoes 142 and 144 when 
they become worn out. 

Alternatively, the runners 146 can be made of ex 
tremely hard wear resistant material. In this latter case, 
the housing 14 absorbs most of the wear and is replaced 
when it becomes worn out. 
As shown in FIG. 8, the slack loops in the lines 18A, 

70A and multiple lines 104 accommodate the upward 
movement of the standpipe 80 which occurs during 
each cycle of operation of the pile driver. 

In the modified embodiment 10A of the pile driver of 
the present invention, the slack flexible lines and hoses 
18A, 70A and 104 and associated components are re 
placed by an end portion 80A of the standpipe 80 
which extends into a stationary cylindrical manifold 
110A. This manifold 110A is held in place by a plural 
ity of radial struts 150 and 152. The lower and upper 
struts 150 and 152, respectively, are attached as by 
welding to the removable sleeve 114. A seal ring 154 
is mounted in watertight relationship in the lower end 
of the manifold 110A and has a sealing element 156 
surrounding and engaging the standpipe 80-80A in 
sliding relationship. A second seal ring 158 is mounted 
watertight in the upper end of the manifold 110A with 
a sealing element 160 slidingly engaging the standpipe 
80-80A, 
Water is fed into the manifold 110A from the large 

diameter hose 112. A plurality of ports 162 drilled in 
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8 
the standpipe extension 80A permit the water to flow 
from the annular chamber 164 within the stationary 
manifold 110A into the standpipe 80-80A. 
The length of the stationary manifold 110A between 

the first and second sealing rings 154 and 158 is suffi 
cient to enable full travel of the movable standpipe 
80-80A to occur without permitting the ports 162 to 
move outside of the chamber 164. The end cap 86 seals 
the upper end of the standpipe extension 80A. 

In FIG. 11, there is shown a second embodiment 10B 
of the pile driver of the present invention in which an 
enclosure 170 is connected to the top of the housing 
14. This pile driver 10B is particularly adapted for driv 
ing operations carried out in the air, although it is possi 
ble to use this pile driver partially or completely under 
Water. 
The enclosure 170 serves to catch the water which is 

expelled up through the clearance space 172 around 
the massive weight 12. The water which is caught trav 
els out from the enclosure 170 through a large flexible 
hose line 174 extending to a water-air separator 176 
positioned remotely from the pile driver 10B. The hose 
line 174 has sufficient diameter to provide plenty of 
room for the air and water to rush out from the enclo 
sure 170. After the water has been separated from the 
air, the air is discharged back into the atmosphere 
through an outlet 178, while the water feeds through a 
line 180 extending to a reservoir 182. A pump 184 con 
nected to the reservoir feeds the water through the 
hose line 112 back to the pile driver. 

It is to be understood that the enclosure 170 can be 
used with either the embodiment of the pile driver 10, 
shown in FIG. 7, or the modified embodiment 10A, 
shown in FIG. 10. The enclosure 170 as sufficient head 
room to permit the full extent of upward travel of the 
standpipe 80 to occur without interference. 
FIG. 12 shows the pile driver 10 or 10A of this inven 

tion being used to drive a long hollow pipe pile 15. The 
adapter 66A connected to the lower end of the pile 
driver has an outwardly extending flange 186 which en 
gages down upon an annular shoulder 188 secured to 
the interior of the pile 15. It is to be appreciated that 
the pile 15 being driven may have an interior diameter 
up to 10 or more feet. The annular shoulder 188 is se 
cured in position by welding which can be accom 
plished on land in preparation for the driving operation 
by a man crawling into the interior of the pipe to weld 
the shoulder 188 in place. Thus, it will be understood 
that the shoulder 188 may be located at any appropri 
ate position within the pile 15. For driving very long 
piles, such as those having a length of several hundred 
feet, the driving operation can be facilitated by locating 
the annular shoulder 188 near the longitudinal center 
point of the pile, such as shown in FIG. 12. The pile 
driver is lowered by the cable 68 into the pile until the 
flange 186 engages the annular shoulder 188. Then, the 
high pressure gas supply to line 18A and the water sup 
ply to hose 112 are turned on, and the pile driving oper 
ation is commenced. 

Inviting attention back to FIG. 2, there are a plurality 
of relatively small passages 190 communicating with 
the top end of the discharge chamber 30. These pas 
sages permit the in-flow of water entering chamber 30 
from passages 78 to purge out any air (or other gas) re 
maining in the chamber 30 after the weight 12 has 
dropped down to its initial position. After the purging 
has occurred so that the chamber 30 is again substan 
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tially full of water to submerge the airgun 16, the cycle 
is ready to be repeated by again firing the airgun. These 
passages 190 are relatively small so that they do not 
permit the escape from chamber 30 of much of the 
pressurized gas released therein by the airgun. 
The movable impulse transmitting member 52 is re 

tained in the lower end of the housing 14 by a flange 
192 which is positioned above a stop shoulder 194 se 
cured in the lower end of the housing. The multiple 
vent holes 196 allow escape of water from between the 
flange 192 and the stop shoulder 194 when the member 
52 is being driven down. 
The various embodiments of the pile drivers of the 

present invention are particularly well adapted for driv 
ing enormous piles into the earth, either totally sub 
merged or partially submerged or on land. 
The massive weight 12 may, for example, lie in the 

range from 10,000 lbs. up to a quarter of a million 
pounds. The airgun repeater 16 may, for example, have 
a chamber volume from 300 cubic inches up to 10 
cubic feet. 

In the illustrative embodiment of FIG. 1, the weight 
12 is of steel having a length of 20 feet and a diameter 
of 2 feet and weighs in the order of approximately 
28,000 pounds. The chamber wall 28 is of solid steel 4 
inches thick and having an inside diameter of approxi 
mately 14 inches. The airgun repeater 16 has a volume 
of 1,000 to 2,000 cubic inches. 

| claim: 
1. An airgun repeater powered pile driver capable of 

being operated totally submerged, partially submerged 
or in air comprising an elongated cylindrical housing, 
an elongated cylindrical weight positioned entirely 
within this housing and movable up and down therein, 
said housing being longer than said cylindrical weight 
for permitting said weight to remain entirely therein 
while it moves up and down, a strong wall having an 
outer cylindrical surface and being attached to the 
lower end of said weight and extending downwardly 
therefrom defining a discharge chamber adapted to 
have an airgun repeater mounted therein for suddenly 
and repeatedly releasing pressurized gas into said dis 
charge chamber, said wall having a small diameter pas 
sage extending therethrough communicating with the 
top end of the discharge chamber, means for feeding 
water into said discharge chamber for purging the gas 
out through said small diameter passage, said cylindri 
cal wall having a lower rim, an impulse transmitting 
driving head movably mounted in the lower end of said 
housing beneath said rim, and an upstanding cylindrical 
sleeve connected to said driving head and extending 
upwardly therefrom in closely spaced telescoping rela 
tionship surrounding the outer cylindrical surface of 
said strong wall, said sleeve extending upwardly around 
said strong wall to the level of said small diameter pas 
sage when said strong wall is fully telescoped within 
said sleeve with said rim engaging down against said 
driving head. 

2. An airgun repeater powered pile driver capable of 
operating totally submerged, partially submerged, or in 
air, comprising an elongated cylindrical housing, an 
elongated cylindrical weight positioned within this 
housing and movable up and down therein, a strong 
wall having an outer cylindrical surface and being at 
tached to the lower end of said weight and extending 
downwardly therefrom defining a discharge chamber 
adapted to have an airgun repeater mounted thereinfor 
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suddenly and repeatedly releasing pressurized gas into 
said discharge chamber, said pile driver including 
means for admitting water into said discharge chamber 
and for permitting the escape of the gas therefrom, said 
cylindrical wall having a lower rim, an impulse trans 
mitting driving head movably mounted in the lower end 
of said housing beneath said rim, and an upstanding cy 
lindrical sleeve connected to said driving head and ex 
tending upwardly therefrom in closely spaced telescop 
ing relationship surrounding the outer cylindrical sur 
face of said strong wall, said cylindrical sleeve having 
an upward sleeve extension above it with an inner sur 
face which progressively slopes outwardly in an upward 
direction providing an increasing clearance space be 
tween said rim and the outwardly sloping surface of 
said upward sleeve extension when said massive weight 
and strong wall are moving upwardly. 

3. The airgun powered pile driver as claimed in claim 
2, in which said outwardly sloping surface of said up 
ward sleeve extension is conical with an outward up 
ward flare. 

4. An airgun repeater powered pile driver capable of 
operating totally submerged, partially submerged, or in 
air, comprising an elongated cylindrical housing, an 
elongated cylindrical weight positioned within this 
housing and movable up and down therein, a strong 
wall having an outer cylindrical surface and being at 
tached to the lower end of said weight and extending 
downwardly therefrom defining a discharge chamber 
adapted to have an airgun repeater mounted thereinfor 
suddenly and repeatedly releasing pressurized gas into 
said discharge chamber, said pile driver including 
means for admitting water into said discharge chamber 
and for permitting the escape of the gas therefrom, said 
cylindrical wall having a lower rim, an impulse trans 
mitting driving head movably mounted in the lower end 
of said housing beneath said rim, and an upstanding cy 
lindrical sleeve connected to said driving head and ex 
tending upwardly therefrom in closely spaced telescop 
ing relationship surrounding the outer cylindrical sur 
face of said strong wall, said driving head having an an 
nular groove therein engageable by said rim of said 
strong wall, said groove being adapted to retain water 
therein for providing a shock absorbing dashpot action 
when said rim impacts down into said groove. 

5. An airgun repeater powered pile driver capable of 
operating submerged, partially submerged or in air 
comprising an elongated cylindrical housing, an elon 
gated cylindrical weight positioned within this housing 
and movable up and down therein, a strong wall having 
an outer cylindrical surface and being attached to the 
lower end of said weight and extending downwardly 
therefrom defining a discharge chamber adapted to 
have an airgun repeater mounted therein to repeatedly 
abruptly release high pressure gas in said discharge 
chamber, said cylindrical wall having a lower rim, an 
impulse transmitting driving head movably mounted in 
the lower end of said housing beneath said rim, an up 
standing cylindrical sleeve connected to said driving 
head and extending upwardly therefrom in closely 
spaced telescoping relationship surrounding the outer 
cylindrical surface of said strong wall, said weight hav 
ing a central passage extending down therein, said 
weight having a plurality of branch passages in its lower 
end providing communication between the lower end 
of said central passage and the top of said discharge 
chamber for introducing water into said discharge 
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chamber, said pile driver including means for removing 
the released gas from said discharge chamber, and a 
ring shaped check valve adapted to engage up against 
the lower end of said weight to block said branch pas 
sages when the high pressure gas is abruptly released in 
said discharge chamber. 

6. An airgun repeater powered pile driver capable of 
operating totally submerged, partially submerged, or in 
air comprising an elongated cylindrical housing, an 
elongated cylindrical weight positioned within this 
housing and movable up and down therein, a strong 
wall having an outer cylindrical surface and being at 
tached to the lower end of said weight and extending 
downwardly therefrom defining a discharge chamber 
adapted to have an airgun repeater mounted therein to 
repeatedly abruptly discharge high pressure gas into 
said discharge chamber, said cylindrical wall having a 
lower rim, an impulse transmitting driving head mov 
ably mounted in the lower end of said housing beneath 
said rim, an upstanding cylindrical sleeve connected to 
said driving head and extending upwardly therefrom in 
closely spaced telescoping relationship surrounding the 
outer cylindrical surface of said strong wall, said weight 
having a passage extending downwardly therethrough, 
a pipe connected to the top of said weight and extend 
ing upwardly therefrom, said pipe communicating with 
said passage, a stationary liquid supply manifold 
mounted on said housing, at least one slack flexible 
hose extending from the upper end of said pipe to said 
manifold for supplying liquid into the discharge cham 
ber, and said pile driver including means for releasing 
the discharged gas from the discharge chamber. 

7. An airgun repeater powered pile driver as claimed 
in claim 6, including an enclosure connected to the 
upper end of said housing for catching liquid expelled 
from said housing, a flexible hose extending from said 
enclosure, gas-liquid separator means connected to 
said hose, pump means for receiving the separated liq 
uid, and a second hose line extending from said pump 
means to said stationary liquid supply manifold. 

8. An airgun repeater powered pile driver comprising 
an elongated cylindrical weight, a strong cylindrical 
wall being attached to the lower end of said weight and 
extending downwardly therefrom defining a discharge 
chamber adapted to have an airgun repeater mounted 
therein, said cylindrical wall having a lower rim, an im 
pulse transmitting driving head positioned beneath said 
rim and being adapted to be coupled to a pile to be 
driven, said weight having a passage extending down 
wardly therethrough for feeding liquid into said dis 
charge chamber, a pipe connected to the top of said 
weight and extending upwardly therefrom, said pipe 
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communicating with said passage, a stationary liquid 
supply manifold mounted on said housing, and at least 
one slack flexible hose extending from the upper end 
of said pipe to said manifold. 

9. An airgun repeater powered pile driver capable of 
operating totally submerged, partially submerged or in 
air comprising an elongated cylindrical weight, a strong 
wall having an outer cylindrical surface and being at 
tached to the lower end of said weight and extending 
downwardly therefrom defining a discharge chamber 
adapted to have an airgun repeater mounted thereinfor 
abruptly and repeatedly releasing a charge of high pres 
sure gas into the discharge chamber, said cylindrical 
wall having a lower rim, an impulse transmitting driving 
head positioned beneath said rim adapted to be cou 
pled to a pile to be driven, and an upstanding cylindri 
cal sleeve connected to said driving head and extending 
upwardly therefrom in closely spaced telescoping rela 
tionship surrounding the outer cylindrical surface of 
said strong wall, said cylindrical weight having a pas 
sage extending vertically therethrough for feeding liq 
uid into said discharge chamber, a pipe attached to the 
top of said weight and extending upwardly therefrom, 
means for feeding liquid into said pipe coupled to the 
top of said pipe and means for removing the released 
gas from the discharge chamber. 

10. An airgun repeater powered pile driver capable 
of operating totally submerged, partially submerged, or 
in air comprising an elongated cylindrical weight, a 
strong cylindrical wall being attached to the lower end 
of said weight and extending downwardly therefrom 
defining a discharge chamber adapted to have an air 
gun repeater mounted therein for abruptly and repeat 
edly discharging high pressure gas into the discharge 
chamber, said cylindrical wall having a lower rim, an 
impulse transmitting driving head positioned beneath 
said rim and being adapted to be coupled to a pile to 
be driven, said weight having a passage extending 
downwardly therethrough for feeding liquid into said 
discharge chamber, a pipe connected to the top of said 
weight and extending upwardly therefrom, said pipe 
communicating with said passage, a stationary liquid 
supply manifold surrounding the upper end of said pipe 
and having first and second spaced sealing means slid 
ingly engaging said pipe and defining a manifold cham 
ber in said manifold surrounding said pipe, said pipe 
having at least one opening therein providing commu 
nication between said manifold chamber and the inter 
ior of said pipe for feeding liquid into said pipe, and 
means associated with the discharge chamber for re 
moving the discharged gas from the chamber. 
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