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APPARATUS FOR GENERATING A PRESSURE 
WAVE IN AN ELONGATED BODY OPERATIVELY 

CONNECTED TO A DROP HAMMER 

BACKGROUND OF THE INVENTION 

The present invention refers to a method and a 
means for generating a pressure wave in an elongated 
body, one end which is acted upon by a drop hammer 1 
through the intermediation of an impact cap designed 
to be elastically deformed in the direction of the im 
pact, to bring about a driving of piles, sheet pilings, 
tubes or the like into the ground. 

Piles are usually driven by means of repeated strokes 
of short and heavy drop hammer acting upon the top 
of the pile, called the pile head. If the drop hammer is 
permitted to contact the pile head directly the stresses 
therein during each moment of the impact will be pro 
portional to the speed of the hammer. As the latter is 
rapidly braked by the counteraction of the pile, the 
pressure wave brought about by the impact will show 
a short and steep peak, the curve thereafter decreasing 
exponentially. As the resistance to entrance (and thus 
the carrying capasity, or the breaking load of the pile) 
presupposes a certain amount of resistance in the pile 
to be overcome, while simultaneously the peak stress 
must not endanger the strength of the pile, it is evident 
that the exponentially falling stress curve is unsatisfac 
tory, and that the portion of the pressure wave, useful 
for the driving of the pile, is very small indeed. Such an 
arrangement, thus, has a very low efficiency. 
By fitting an impact cap between the pile and the 

drop hammer the shape of the impact wave may be 
changed in an advantageous manner. Usually a block 
of soft wood is introduced between the hammer and the 
pile. This type of cap will however never be ideal, as the 
properties of the wooden block will be altered during 
the piling operation and makes the calculation of the 
result of the hammering, and of the carrying capacity 
of the driven pile difficult. 

SUMMARY OF THE INVENTION 

The aim of the present invention is to propose a 
method, which on the one hand makes it possible to 
drive piles in a more safe and efficient manner than 
hitherto, and on the other hand provides a better base 
for calculating the carrying capacity of the pile after 
driving. In order to reach this aim the impact cap is pro 
vided with means for adjusting the impact force in ac 
cordance with the occasional working conditions. The 
movements of the head of the pile, or the changes of 
stresses in said head, during and after the impact are 
measured by ocular inspection or by an instrument. and 
the impact force is adjusted according to these read 
ings. The impact force is selected in such a manner that 
the head of the pile will be at rest and the stresses 
therein will be constant, when the pressure wave has 
passed. 
The means according to the invention is character 

ized in that the cap is designed as a cylinder in which 
a piston is movable due to the action of the drop ham 
mer against the action of a body of gas, the volume and 
pressure of which is determined by readings of the 
movements of the head and/or the changes of the 
stresses therein. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will below be described with reference 
to the accompanying drawings, which refer to theoreti 
cal background and shows some preferred embodi 
ments. ' 

FIG. 1 shows the main component of one embodi 
ment of the invention, as utilized for pile driving, 
FIG. 2 is a diagram showing the cooperation between 

0 drop hammer, impact cap and pile, 
FIG. 3 schematically shows one embodiment of an 

impact cap, 
FIG. 4 shows a second embodiment of an impact cap, 
FIG. 5 shows a modi?ed embodiment of the upper 

part of the impact cap according to FIG. 4, and 
FIG. 5 shows a further embodiment of the impact 

cap. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the theoratically ideal case the force transfering 
the inertia of the 13 134/71 hammer to a pressure Wave 
withinithe-pile ‘shall be constant during thentime of the 
impact. The pressure wave within the pile will then ob 
tain the rectangular shape most suitable for pile driv 
ing. Under such conditions the head of the pile will 
move with constant speed in the direction of impact, as 
long as the impact remains. - 
The dropping moving of the hammer will simulta 

neously be braked. The braking force is constant, as is 
the retardation. The desirable constant speed at retar 
dation. pile head prohibits a direct contact between 
drop hammer and pile. The inertia must be transferred 
to the pile by means of a body, which permits deforma 
tion in the direction of impact, and which in the ideal 
case, above referred to, has such properties that the 
force causing the deformation also is constant. 
The aims of the invention are explained by the fol 

lowing analysis, which describes the theoretical quali? 
cations for an efficient utilization of the inertia of the 
drop hammer during the work to overcome the resis 
tance of the ground to the entrance of the pile. The 
method according to the invention is illustrated by the 
principal arrangement according to FIG. 1, in which 
guides and operating means are removed. 
The drop hammer 1, the weight of which is H, drops 

against the elastic member 2 (here called the impact 
pile cap) which is compressed by a constant, or almost 
constant, force P. This force P will also act upon the 
pile 3 and causes a compression (or a pressure wave) 
which moves from the head of the pile towards the 
point thereof with the velocity of sound, c, within the 
material of the pile, and the potential energy of which 
is utilized for overcoming the resistance of the ground 
to the entrance of the pile. 
The hammer 1 is during the movement towards the 

cap accelerated by the force H, said acceleration being 
the same as the acceleration due to gravity, g. At the 
moment of impact the hammer 1 has the velocity v,,. 
During the impact the hammer l is ?rst retarded and 
then accelerated in a direction upwards. The force 
which acts upon the hammer 1 is composed partly of 
the force F from the cap 2, directed upwards, and 
partly of the weight H of the hammer l, which is di 
rected' downwards. The acceleration of the hammer 1 
during the impact is a” = P- H/HD. For a normal case 
duringpile driving the value of 1-7 is small when com 



3,797,585 
3 

pared to P, and the acceleration a” can simply be writ 
ten as a” E (P/H)g. 

The velocity‘of the hammer l at the point after the 
moment of impact is v" = v, — a” t. When the velocity 

of the hammer 1 is zero it has transferred all its inertia 
to the cap 2. This means that the time of impact t1 = 
vo/aH is a condition for optimum utilization of the iner 
tia of the hammer. 
The part w’ of the total energy, which at the point of 

time, t, is transferred to the cap 2, is w’ = t/tl (2—t/t,) 
and the distance over which the hammer 1 moves after 
the moment of impact is obtained by SH = v,, t —- a” t2/2. 
During the impact the head of the pile is acted upon 

by the force P from the compression of the cap. The ve 
locity of the head will then be vp = Pc/EA. The velocity 
is constant and will, beside by P, be determined by the 
velocity of sound, c, within the pile the cross sectional 
area A of the pile, and the modulus of elasticity E of the 
material in the pile. The movement of the head after 
the moment of impact Sp=vpt. 
The compression of the cap corresponds to the dif 

ference between the distance of movement of the ham 
met and of the pile, respectively, i.e. S = SH —- Sp = (v0 
—— v,,) t —— aHUZ/Z). This means that the compression is 

O at point T= 2/aH (v0 — v,,), and it is evident that v, 
must be bigger than v,, in order to bring about a com 
pression. So the desired force P is obtained. 
At the point T= 2/aH (v, — v,,) the compression of the 

cap has returned, to the position before the impact. 
This means that no energy transferred to the cap by 
way of the impact remains therein. 

If this point coincides with the movement when the 
inertia of the drop hammer 1 is 0, i.e. when the velocity 
of the hammer is zero all the inertia possessed by the 
hammer 1 at the moment of impact has been trans 
ferred to the pile. The condition for this optimum trans 
fer of energy between hammer and pile is that v0 = 2 
v,,, i.e. the velocity of the hammer l at the moment of 
impact must be twice as big as the velocity of the head 
of the pile, brought about by the action of force P from 
the cap. 
The inertia of the hammer is now completely trans 

ferred to a potential energy in the pile and appears as 
a pressure wave with the pressure force P and the 

- length Tc. The pressure wave is so long that the Weight 
of the part of the pile, which is covered by the wave, is 
equal to twice the weight of the hammer, i.e. TcAy=2H 
(y=the weight ofa unit of volume of the material in the 
pile). This further means that the relation above re 
ferred to is invalid if the weight of the hammer 1 is big 
ger than that of the pile 3. If the hammer is too heavy 
the .velocity of the pile head will be disturbed during the 
later part of the impact period by waves reflected from 
the point of the pile. 
The cooperation between hammer, cap and pile is il 

lustrated gra?cally in FIG. 2. The hammer moves from 
the moment of impact (t=0) along a parabolic curve 
A-B-C. Derivatives of this parabola determine the ve 
locity of the hammer at each point of time. The inclina 
tion of line A-A‘, which is a tangent to the parabola at 
point A, shows the velocity of the hammer at the mo 
ment of impact v,,. If line A-B represents the movement 
of the pile head as a function of time, the difference be' 
tween the parabolic curve A-B and the straight line A-B 
represents the compression of the cap, and the inclina 
tion ofline A-B denotes the velocity v,, of the pile head. 
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4 
It is evident that if v,, = va/2, then line A-B‘ will inter 

sect the parabola at vertex (point B), where the veloc 
ity of the hammer is zero, (and the compression of the 
cap also is zero). 

If v,, < vo/2, which is illustrated by line A-D‘, it is evi 
dent that the compression of the cap is zero only when 
the hammer has got an upwardly directed movement 
with a velocity which is de?ned by the derivative of the 
parabola at point D. This velocity corresponds to iner 
tia which is loast, if it cannot be transferred to work for 
lifting the hammer towards a new stroke. 

lf v,,/2 <v,,<v0 it is evident that the compression of 
the cap has returned to zero while the hammer-still 
moves downwards. The pressure wave in the pile will 
then be determinated by an exponentially falling pres 
sure curve, which brings about a lower strain in the 
pile. 

If v,,> v0 no compression will occur in the cap and the 
pile driving will occur as if no cap was at hand. 
Concerning the cooperation of the pile and the 

ground when the potential energy of the pressure is uti 
lized for driving the pile into the ground reference is 
made to H C Fischer “On Longitudinal Impact,” Upp 
sala 1960. In volume III Fischer refers to a case, where 
the resitance of the ground is supposed to consist of a 
frictional force F, which is concentrated to the point of 
the pile. Fischer introduces the idea of relative friction, 
f, which is de?ned as f = F/P.,, where R, is the force ap 
pearing at the point of the pile when the pressure wave 
is re?ected against a solid substrate. With the symbols 
used above P4 = 2P. 

Fischer further shows that the part w" of the energy 
of the pressure wave, which is utilized for the driving, 
depends upon f according to the equation w" = 4f 
( l——f). ' 
lff>l then w" will be negative. This means that the 

frictional force F is too big, and no entrance of the pile 
is obtained. The energy of the pressure wave is re 
flected and appears at an upwardly directed pressure 
wave. For each value of the resistance to entrance, F, 
there thus is a minimum value of force P, which must 
be exceeded in order to make the pile sink during the 
stroke. 

is l>f>1/z then O<w”< 1. Part ofthe energy will then 
be used for forcing the pile into the ground., while the 
remaining part of the energy (l~w") is reflected up 
wards along the pile. 

If the length of the pressure wave Tc > 2L, where L 
is the length of the pile, the re?ected wave will reduce 
the impact pressure P during the latter part of the pe 
riod of impact T. As above explained Tc>2L when 
H>ALy. 
For the value FVz is w"=l , which means that all im 

pact energy transferred to the pile has been utilized for 
the driving work. 

If 1/2>_f>0 the reflected pressure of the wave at the 
point of the pile causes a tensile stress in the pile. The 
resulting pressure wave is again re?ected from the head 
of the pile and a new pressure wave runs towards the 
point of the pile. This secondary pressure wave may, if 
the intencity thereof is sufficient, assist in the sinking 
of the pile. If Tc>2L the secondary pressure wave will 
assist the primary pressure wave, the impact period of 
which has not yet termnated. 
Such a hard hammering may bring about a good effi 

ciency. The pulling stresses appearing in the pile will, 
however, on certain occasions, be detrimental and they 
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will with concrete piles be acceptable only if the piles 
are strengthened by longitudinal reinforcements to 
such an extent that a detrimental cracking is prevented. 
This short resume of Fisher's paper gives at hand that 

the full impact energy will be utilized for the driving 
work only if force F in the cap is equal to the resistance 
to entrance. Neither a bigger force, nor a smaller force 
will provide the same advantageous shall utilisation of 

- the energy. At the head of the pile this advantageous 
utilisation of the energy may be observed thereby that 
the head of the pile will remain at rest after the impact, 
and will not be disturbed by any reflected pressure 
wave, neither in the direction of the stroke nor in the 
opposite direction. This paper thus con?rms the earlier 
postulation that in the theoretically ideal case the force 
P in the cap shall be constant during the time of impact. 

In his paper Fischer later on relates a case, where the 
resistance to entrance of the ground is considered as 
frictional forces distributed along the length of the pile, 
and cases where the resistance to entrance is combined 
with an elastic resistance. All these cases may be re 
ferred back to the ?rst mentioned report. 
To sum up it may be veri?ed that for each combina 

tion of ground conditions, resistance to entrance and 
weight of pile and hammer, respectively, there are de? 
nite values of the drop height ha of the hammer, and of 
the impact force P from the cap, which combined with 
each other provide a maximum utilisation of the energy 
supplied by the impact for driving the pile. 
As the conditions of the ground, as well as the resis 

tance to entrance, will vary during the driving of each 
pile means must be provided at the cap for altering the 
pressure force P in such a manner that this will be 
suited to the occasional conditions. An amendment of 
P will also mean adjustment of the drop height h0 of the 
hammer in order to make the energy transfer as high as 

possible. I 

In a earlier method for driving piles an elastic body 
was introduced between the hammer and the pile, or 
alternatively a device was used, which beforehand was 
biased by a pressure sufficient to guarantee that the 
force transferred to the piles during the impact is at 
least as big as the resistance of the ground and also less 
than the highest force accepted by the pile without 
damage. 
From the statements above it is evident that a cap, 

which before the driving operation is biased to have 
these properties, will not provide a guarantee for a high 
efficiency during all driving operations. In order to ob 
tain this desired high efficiency the cap shall, beside the 
above mentioned properties, be designed in such a 
manner that the biasing of the cap is suited to the 
ground conditions in such a manner that the force 
transferred to the pile during the impact is equal to the 
resistance and also so the drop height of the hammer 
(or the velocity thereof at the moment of impact) is 
suited to the biasing of the cap, whereby the velocity at 
the moment of impact v,J is equal to twice the velocity 
v,, of the pile head. 
The method for driving piles according to one em 

bodiment of the invention presupposes an impact cap, 
which permits a deformation in the direction of impact 
and which transfer an impact force of predetermined 
magnitude to the pile. The suitability of the magnitude 
of the impact force utilized is derived from the move 
ment of the pile head after the impact, or from the 
stresses in the pile when the pressure wave has passed 
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6 
once. These readings, which may be made ocularly or 
by means of an instrument, provide a basis for the se 
lection of thyimpact force with respect to the occa 
sional working conditions, and the impact cap is pro 
vided with means for bringing about this adjustment. 
The drop height of the hammer is observed ocularly or 
by means of an instrument to ascertain that the ham 
mer is at rest when the deformation of the cap has re 

turned to the starting point. 
An impact cap according to this embodiment of the 

invention will be explained below with reference to 
FIG. 3. 
One end of a cylinder 4 is closed by a piston 5, the 

outwardly movement of which is determined by a 
shoulder 6 at the cylinder 4. The opposite end of the 
cylinder is closed by a piston 7, the position of which 
is determined by a volume of liquid in a chamber 10 de 
?ned in the cylinder 4 by a shoulder 8, the piston 7 and 
a rod 9 connected thereto. The chamber which is de 
?ned within cylinder 4 by pistons 5 and 7 is partly ?lled 
with a gas 11 under high pressure and partly by liquid 
12. The volume of liquid 12 communicates with the 
volume of liquid in chamber 10 by way of an adjustable 
valve 13 and two passages provided with nonreturn 
valves 14, which are designed in such a manner that 
they for a certain position of valve 13 permits liquid to 
pass in the direction from 12 to 10 and for another po 
sition of valve 13 permits liquid to pass from 10 to 12. 
Valve 13 can be moved to a fully closed position, in 
which it prevents communication between 10 and 12. 
Sealing means 15 are provided between cylinder 4 and 
pistons 5, 7 and rod 9. i 
The pile driving is brought about by permitting the 

hammer 1 to drop from height 11,, above piston 5, and 
it will meet the latter with a velocity vo= 2 3 h,,. The 
piston 5 will be forced into cylinder 4 the interior of 
which is partly ?lled with gas 11 under high pressure. 
When piston 5 by hammer l is forced from its out~ 
wardly position shown on the drawing, the gas 11 will 
act on the one hand against the hammer 1, which is re 
tarded, and on the other hand by way of the liquid 12 
and piston 7 — 9 against the pile 3. A pressure wave will 
be generated in the pile 3, which brings about a down- . 
wardly movement at the head of the pile with the veloc 
ity v,,, the magnitude of which is proportional to the 
pressure of the gas 11. The value of the drop height ha 
and the pressure of the gas 11 is selected in such a man 
ner that v,, E 2vp. For each value of the pressure of the 
gas 1 l a certain value of the drop height ho may be cal 
culated, which provides the best utilization of the im 
pact energy during the pile driving operation. In prac 
tice this optimum energy transfer may be checked by 
observing the movements of the hammer after the im 
pact. If too big a drop height ho is utilized then v‘, >2 
v1, and the hammer 1 will leave the piston 5 after the 
impact and perform an upwardly directed movement, 
the energy consumed thereby being lost to the pile driv 
ing. The hammer 1 will in other words bounce back - 
from piston 5. The energy transfer will be w’ = 4 vp/vD 
(l — vp/vo). If the height of the fly back is denoted by 
h, the energy transfer may also be explained as w’ = l 
hulho. The values of h,J and h, may be observed during 
the driving operation, and h a be selected in such a 
manner that 11, will be small and approaches zero. The 
checking hereof may occur with or without an instru 

ment. 
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The pressure wave generated in pile 3 will pass with 
the velocity of sound towards the point of the pile. 
When the pressure in the gas 11 is selected in the 
proper way with respect to the conditions of the ground 
all potential energy of the pressure wave will be utilized 
for the driving operation and the pile head will remain 
at rest when the impact period has passed. 

If on the other hand the pressure of gas 11 is too high 
the pile head at point t= 2L/c after the moment of im 
pact will be pulled downwards by a pressure wave de 
flected from the point of the pile. This may be observed 
during the driving operation thereby that the hammer 

' 1 will be suspended free during a moment before it 
once again falls towards the pile. 

If the pressure in the gas 11 is too low the re?ected 
wave will appear as a pressure wave which, when it 
reaches the pile head, will knock the cap 2 away in the 
direction upwards. 
A proper pressure of gas 11 is thus a condition to en 

sure a high efficiency. The pressure is adjusted by 
means of valve 13. If the gas pressure at 11 is too high 
valve 13 is adjusted in such a manner that liquid may 
pass from 10 to 12, which is possible between the im 
pact periods when the pressure at 10 is higher than the 

' pressure at 12. The piston 7 will then be displaced in 
such a manner that the volume 11 of the gas will be big 
ger and the pressure reduced. 

If the pressure of the gas 11 is too high to suit the 
ground conditions valve 13 is adjusted in such a man 
ner that liquid may pass from 12 to 10, which is possi 
ble during the time of the impact. The pressure at 10 
is then lower that at 12. 

An adjustment of the gas pressure 11 may usually be 
required several times during the driving of a single 
pile, depending upon the changes in the resistance of 
the ground and will generally increase with the depth. 
The means for adjusting valve 13 is not shown in FIG. 
3, but can be designed to operate with mechanical or 
hydraulical transfer and be adjusted manually or by 
means of a motor. 

The hammer will be lifted and released for each 
stroke, for instance by means of hoist or by an automat 
ically working device, for instance utilizing the exhaust 
gas pressure of a internal combustion engine, acting as 
working cylinder. 
Valve 13 may be substituted by a reversible pump 23, 

which transfers ?uid from 10 to 12, or in the opposite 
direction. Such an arrangement is illustrated in FIG. 4, 
which shows a modi?ed embodiment of the invention, 
in which the impact cap described in connection with 
FIG. 3 has been developed in such a manner that the 
lifting of the hammer may be obtained by way of the ex 
panding gas 11. 

FIG. 2 graphically shows how the hammer 1 from the 
moment ofimpact, in the time axis denoted by point A, 
moves along the parabola A-B-C under the influence of 
force P from the cap. At point C the hammer 1 has the 
same velocity v,,, as at the moment of impact, but oppo 
sitely directed. If the time of the impact is interrupted 
at point C the hammer 1 will be returned to the starting 
point of the dropping movement, and the cycle would 
be repeated. ’ 

During the time of impact t, represented by distance 
A-C, the head of the pile has been displaced the length 
vpz. In order to bring about an automatic operation of 
the pile driving the gas 11 in cap 2 before each stroke 
should be compressed to a value corresponding to the 

~- Operation 
. , . . 

The length of the impact time is 2v,,/a,,, i.e. twice as 
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deformation vpt. This biasing shall be released during 
the stroke and provides the hammer l with an addition 
of energy Iiypt, which is required“? for automatic 

big as the pressure time obtainable with the arrange 
ment according to FIG. 3. This means that the effi 
ciency of the pile driving is doubled. 
This embodiment of the invention will be explained 

more closely in relation to FIG. 4. 
One end of cylinder 4 is closed by a piston, arranged 

concentrically with the cylinder 4 and designed as a 
cylinder 16, one end of which is closed and the other 
end of which is open towards the space enclosed in cyl 
inder 4. Cylinder 16 is provided with sealing means at 
the end 6 of cylinder 4, as well as at an annular valve 
member 17, which may slide along and is sealed against 
the internal wall of cylinder 4. Valve member 17 coop 
erates with a shoulder 18 at cylinder 16. The opposite 
end of cylinder 4 is designed in principally the same 
manner as described in connection with FIG. 3. The 
valve means 13 of FIG. 3 is however substituted by a 
reversible pump 23 having driving means 24. Gas 1 1 of 
high pressure is enclosed in cylinder 16. The remaining 
spaces are ?lled with liquid. The pressure of gas 11 
forces cylinder 16 towards an upper position, in which 
member 17 abuts against shoulder 6 and seals against 
shoulder 18. . 

A further pump 19 driven by a further motor 20 
transfers ?uid from a chamber 12 to the annular cham 
ber 21, which is de?ned within cylinders 4 and 16 and 
by valve member 17. Cylinder 16 will then be forced 
into cylinder 4 by the pressure inchamber 21, during 
which the gas 11 will be further compressed. 
When a suitable additional energy has been trans 

ferred to gas 11 the hammer 1 will fall against cylinder 
16, whereby the gas 11 will be further compressed, 
while simultaneously the valve will open at 18 and 
valve member 17 will return to its upper position by 
means of a spring 22, while liquid passes between the 
external face of cylinder 16 and valve member 17, from 
21 to 12. The length of the stroke during the compres 
sion ofgas 11 during the action of hammer 1 will in this 
manner be stroke then the length of the stroke during 
the expansion of the gas. The hammer 1 will be thrown 
back towards its starting point for a new dropping 
movement, and is retained in this position by suitable 
means. Before the hammer 1 once again is released to 
move against cylinder 16 for a further impact pump 19 
has brought about the desired high pressure of gas 11, 
which means that piston 5 will be forced downwards in 
the cylinder. The cycle is repeated as long as the pump 
19 works and the ‘gas 11 recoils hammer l to such a 
height that the velocity v0 at the moment of impact is 
bigger than the velocity of the pile head v,, during the 
impact. This is a condition to make valve at 18 to open. 
An embodiment which works independently of the 

velocity of the drop hammer 110 is shown in FIG. 5. The 
valve at 12 (FIG. 4) is here substituted by a valve, gov 
erned by a spigot 25, which extends downwards 
through the end portion of cylinder 16 turned towards 
the hammer. This spigot 25 is connected to an annulus 
26, which may be brought to cover a number of pas 
sages 27 in the wall of cylinder 16. In the position 
shown in the drawing liquid is transferred from cham 
ber 12 to chamber 21 in the same manner as above de 
scribed. When hammer l forces the spigot 25 inwards 
the connection between 12 and 21 by way of passages 
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27 is opened, whereby the gas 11 may expand to act 
upon the hammer and the pile. If the product of gas - 
pressure 11 multiplied by the crossectional area of 
spigot 25 is smaller than the weight of the hammer it is 
evident that valve 27 will open independent of the ve 
locity of the hammer at impact. This embodiment will 
however not imply any limitation for the case where v, 

>v,,. 
A further modi?cation of the automatically driven 

hammer is also shown in FIG. 5. In the part of cylinder 
16 turned towards chamber 12 a valve body 28 is ?tted, 
which normally permits passage of liquid between the 
spaces within cylinders 16 and 4 (12). When cylinder 
16 is subjected to an impact, during which is pre 
supposed that v0 >vp, cylinder 16 will be forced into 
cylinder 4. Valve body 28 will due to its own inertia and 
to the difference in pressure between chambers 11 and 
12 seal between the end portion of cylinder 16. The re 
sult hereof will be an occasional increased impact, 
which later, during expansion of the gas 11, is trans 
ferred into an impact force, which is determined by the 
pressure of the gas 1 1. The embodiment is suitable with 
ground conditions providing a higher initial resistance 
for the pile than later on during its movement. 

In FIG. 4 it has been presupposed that the liquid is 
contained in different chambers within the cylinder, 
and is permitted to flow between the said chambers in 
governed quantities. The alternative embodiment 
shown in FIG. 6 includes a reservoir, within the impact 
cap, separated from the cylinder proper ll, 12. This 
cap is provided with a single piston 5, which is designed 
as a hollow cylinder 16, the enlarged end 31 of which 
seals against the internal wall of cylinder 4. The liquid 
is transferred from the reservoir to the cylinder, and 
vice versa, by means ofa reversible pump 23, driven by 
a motor 24. Valve member 32 is axially displaceable in 
the chamber, de?ned between piston 5 and the upper 
part of the cylinder, said member being designed in one 
position to seal against the upper face of the enlarged 
portion 31 of piston 5. The pump 19, driven by a motor 
20, transfers liquid from reservoir 30 to chamber 34, 
whereby the gas 11 is provided with additional energy, 
which will be released by the impact of the hammer. 
The cap operates in the same manner as described in 
connection with FIG. 4, with the difference that liquid 
is transferred during the impact from 34 to 30, passing 
between the outside of cylinder 16 and member 32 and 
through the one-way valve 33. 
FIG. 7 shows an alternative embodiment of FIG. 5. 

As in FIG. 6 a reservoir is built into the cap, separated 
from the chambers 11, 12. When the hammer forces 
the spigot 25 inwards valve body 26 is displaced and 
the connection from chamber 34 to reservoir 30 by way 
of passages 36, 37 and 33 is opened. 

In further embodiments the reservoir for the liquid 
may be separated from the cap and will communicate 
with the latter by way of liquid transferring conduits. 
The drop hammer l and the cap 2 have been de 

scribed as separate elements. Alternatively the drop 
hammer may be combined with, or connected to either 
the piston 5 or the cylinder 4, whereby the free part of 
the cap is designed to act upon the pile during the im 
pact. 
The additional energy transferred to gas 11 to pro 

vide an automatic operation may be obtained by de 
signing chamber 34 of FIGS. 6 and 7 as connected to 
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the working cylinder of an internal combustion engine, 
of a hot air engine. 
Common for these automatically operating embodi 

ments is that the lifting of the hammer is brought about 
by means of the expanding gas 11, and that the stroke 
of cylinder 16 compared to that of cylinder 4 is shorter 
during compression than during expansion of the gas 
1 l. > 

In the embodiments described gas at high pressure 
has been used the medium taking up the deformation 
during the impact period. Instead of compressed gas 
any other elastic medium or elastic body, or a combina 
tion of elastic materials of different kinds may be uti 
lized. 
The frequency of the drop hammer I may be in 

creased by an elastic device 29 (FIG. 1) which in 
creases the acceleration of the hammer during the drop 
movement. Braces for the forces from the device 29 
may be arranged in suitable manner in the pile driving 
rig or the guides thereof, which are not shown on the 
drawing. 

I claim: 
1. A device for generating a pressure wave in an elon 

gated body, one end of which, the “head” is acted upon 
by a drop hammer through the intermediation of a cap 
permitting an elastic deformation in the direction of 
impact, said cap comprising a cylinder and a piston bi 
ased by an elastic body enclosed in the cylinder and op 
erable therein by the action of the drop hammer, the 
improvement of 
means defining at least two chambers within the cap 
a body of liquid within said chambers and 
means for selectively governing the flow of liquid be 
tween the chambers for governing the volume and 
the pressure of the elastic body. 

2. The device as claimed in claim 1 in which two pis 
tons are operable towards and away from each other in 
the cylinder, a ?rst one acted upon by the hammer and 
the other acting upon the elongated body, said pistons 
de?ning between themselves a ?rst chamber enclosing 
the elastic body and a selected portion of the liquid. 

3. The device according to claim 2 in which the sec 
ond piston is provided with a first passage for commu 
nication with said ?rst chamber, and with two second 
passages for communication with a second chamber 
and with the first passage, the flow governing means 
being located intermediate all three passages to govern 
flow through them, each of the second passages being 
provided with a non-return valve, one being devised to 
prevent flow to the first chamber, and the other to per 
mit ?ow thereto. 

4. The device according to claim 2 in which the flow 
governing means includes a reversible pump for trans 
ferring liquid from the ?rst chamber to the second 
chamber, and vice versa. 

5. The device according to claim 2 in which the ?rst 
piston is designed as a hollow cylinder open towards 
the second chamber and adapted to receive a gaseous 
elastic body. 

6. The device according to claim 2, in which the ?rst 
piston is provided with an enlarged portion de?ning a 
third chamber within the cylinder, the ?ow govering 
means comprising a reversible pump for transferring 
liquid between the ?rst and the second chambers and 
a further pump being provided for transferring liquid 
from the ?rst chamber to the third chamber. 
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7. The device according to claim 6 in which an annu 
lar valve member operable by the liquid pressure is ?t 
ted in the third chamber, cooperating with the enlarged 
portion of the ?rst piston for govering flow of liquid be 
tween the second and the third chamber past said en 
larged portion of the piston 

8. The device according to claim 6, in which an annu 
lar valve member mechanically operable by the drop 
hammer is ?tted within the hollow ?rst piston for open 
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12 
ing a passage between the second and the third cham 
ber. 

9. The device according to claim 8; in which an auto 
matically operating valve member is ?tted in the hol 
low, ?rst piston to de?ne the portion of the second 
chamber containing the elastic body from the main 
portion of the chamber containing the liquid. 

* * * a: * 


