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57 ABSTRACT 
A method and apparatus for reducing noise of a diesel 
pile hammer characterized by controlling the effective 
volume of a combustion chamber defined by a diesel 
cylinder, a ram reciprocably received in the cylinder 
and an anvil forming an end face of the cylinder in a 
manner that the combustion of the fuel-air mixture is 
always begun just before the ram comes into contact 
with the anvil, regardless of the operating condition of 
the pile hammer, atmospheric temperature and/or 
pressure, the kind of fuel used, or other conditions, 
whereby noise due to the mechanical striking of the 
ram against the anvil is nullified and a substantial re 
duction of noise is thereby accomplished. 

6 Claims, 2 Drawing Figures 
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METHOD FOR REDUCING NOSE OF A DESEL 
PILE HAMMER 

BACKGROUND OF THE INVENTION 
1. Field Of The Invention 
This invention relates generally to diesel pile ham 

mers and more particularly to a method and apparatus 
for reducing the characteristic noises of a diesel pile 
hammer. 
2. Description Of The Prior Art 
The conventional diesel pile hammers usually make 

deafening noises. Therefore, when they are operated in 
city areas, their noise often causes serious public criti 
cism. Various countermeasures have been employed 
for reducing the noises generated by diesel pile ham 
mers, such as, for example, enclosing the body of the 
diesel pile hammer in a muffling cover, or mounting a 
muffler on the exhaust tube of the diesel cylinder. How 
ever, these countermeasures have not satisfactorily 
solved the problem of noise being caused by the diesel 
pile hammers. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present invention 

to provide a diesel pile hammer which can operate qui 
etly enough to avoid public criticism while satisfying 
regulations regarding the noise levels. 
Another object of this invention is to provide a 

method of reducing the noise characteristically gener 
ated by a diesel pile hammer in the operation of the 
Sae. 

In studying the mechanics of noise generation in con 
ventional diesel pile hammers, it has been found that a 
substantial part of the noises heretofore generated by 
such devices is due to the direct contact of the rams 
thereof with their anvils, as in striking a blow. 

In a diesel pile hammer, a ram which has been pushed 
upward by combustion gases drops in the next moment 
due to its gravity while compressing an amount of fresh 
air in a diesel cylinder. When the ram approaches the 
end of its downward stroke, the temperature of the 
compressed air reaches the natural ignition tempera 
ture of the fuel being injected into the compressed air. 
Then, the combustion stroke takes place, exerting a 
driving force on the bottom end face of the diesel cylin 
der or the anvil under the reaction of the ram being 
pushed upward by the combustion gases. In this man 
ner of operation, it is noted that, in the conventional 
diesel pile hammers, the ram usually comes into direct 
contact with the bottom end face of the diesel cylinder 
in a relatively strong blow-striking manner before the 
ram is pushed back upward by the combustion gases, 
whereby a loud noise due to the mechanical pounding 
is generated. The noise due to the mechanical pound 
ing is more serious in a starting period of the diesel pile 
hammer wherein the diesel cylinder and the ram are 
still cold or in the seasons of cold atmospheric tempera 
ture, because in such cases, the compressed air takes 
longer to attain the natural ignition temperature of the 
fuel, and therefore, the cushioning of the ram by the 
combustion gases at the lowest end of the stroke is less 
effective. 
Based upon the aforementioned recognition of the 

noise generating mechanism in diesel pile hammers, the 
object of this invention is accomplished by constructing 
a diesel pile hammer in such a manner that mechanical 

O 
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2 
contact of the ram with the bottom end face of the die 
sel cylinder or anvil is always avoided regardless of the 
operating condition of the pile hammer, the atmo 
spheric temperature and/or pressure, the kind of fuel 
used, and the like, without sacrificing the high operat 
ing efficiency of the diesel cycle of the diesel pile ham 
her. 

More particularly, it is proposed according to this in 
vention that the combustion of the fuel-air mixture is 
begun before the ram contacts the bottom end face of 
the diesel cylinder or the anvil. 
According to a further feature of this invention, it is 

proposed that the effective volume of the combustion 
chamber be varied according to the operating condi 
tion of the pile hammer, the atmospheric temperature 
and/or pressure, the kind of fuel used or other condi 

20 

tions, to obtain the highest operating efficiency of the 
diesel cycle of the diesel pile hammer. 
According to a particular feature of this invention, 

the effective volume of the combustion chamber is var 
ied by fluidly connecting the combustion chamber with 
an auxiliary combustion chamber through a controlled 
throttling means. 
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According to another particular feature of this inven 
tion, the effective volume of the combustion chamber 
is varied by fluidly connecting the combustion chamber 
with an auxiliary combustion chamber of variable vol 
Ue. 

BRIEF DESCRIPTION OF THE DRAWING 

Various other objects, features and attendant advan 
tages of the present invention will be more fully appre 
ciated as the same becomes better understood from the 
following description when considered in connection 
with the accompanying drawings, wherein like refer 
ence numerals designate like or corresponding parts 
throughout the several views, and in which: 

FIG. 1 is a longitudinal sectional view of an embodi 
ment of a diesel pile hammer constructed according to 
this invention; and 
FIG. 2 is a similar view to that shown in FIG. 1, illus 

trating a second embodiment of a diesel pile hammer, 
constructed according to this invention. 

DESCRIPTION OF THE LLUSTRATED 
EMBODIMENTS 

Referring now to the drawings and more particularly 
to FIG. 1, a ram 1, of which only its lower essential por 
tion is shown, is adapted to freely reciprocate vertically 
in a diesel cylinder 1. The lower end face of the cylin 
der 2 is defined by the upper end face of an anvil 3 for 
driving a pile P downward. A space 4 between the ram 
and the anvil 3 in the cylinder 2 operates as the com 

bustion chamber for the diesel cycle of the pile ham 
mer, which is supplied with fresh air as well as ex 
hausted of combustion gases through a port 5 accord 
ing to the reciprocation of the ram 1. A fuel nozzle 6 
opens into a bottom portion of the combustion cham 
ber 4, being supplied with fuel from a fuel pump 7. 
Adjacent the bottom end of the combustion chamber 

4, there is provided an auxiliary combustion chamber 
8, which is fluidly connected with the combustion 
chamber 4 through a throttle opening 9 controlled by 
a throttling valve 10. 
The diesel pile hammer shown in FIG. 1 operates as 

follows: 
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When combustion occurs in the combustion chamber 
4, the ram 1 is pushed upward by the high pressure 
combustion gases. When the ram has moved so far up 
ward as to uncover the port 5, the combustion gases are 
exhausted through the port 5 to the atmosphere. As the 
ram 1 moves further upward due to its inertia, a vac 
uum is generated in the combustion chamber 4, 
whereby fresh air is drawn into the combustion cham 
ber through the port 5. In the subsequent downward 
stroke of the ram 1, the port 5 is first covered by the 
ram, and thereafter compression of the air contained in 
the combustion chamber 4 is effected. As the compres 
sion of the air in the combustion chamber 4 proceeds 
according to the downward movement of the ram 1, the 
temperature of the air rises and here it is so adapted 
that the temperature exceeds the natural ignition tem 
perature of the fuel before the ram 1 reaches the lower 
most position in the cylinder 2. In synchronization with 
the reciprocating movement of the ram 1, the fuel 
pump 7 is operated to inject a predetermined amount 
of fuel from the nozzle 6 into the combustion chamber 
4. Then combustion takes place and the ram 1 is again 
pushed upward while supporting the reaction of the 
combustion force being applied to the anvil 3. 

In the starting period of the pile hammer, wherein the 
ram 1, the cylinder 2 and the anvil 3 are still cold, the 
valve 10 is tightened to isolate the auxiliary combustion 
chamber 8 from the combustion chamber 4, whereby 
the effective volume of the combustion chamber is re 
duced to the primary combustion chamber 4. In this re 
duced volume of the combustion chamber, the air is 
compressed with a higher ratio than in the larger vol 
ume of the combustion chamber which can be obtained 
by opening the combustion chamber 4 to the auxiliary 
combustion chamber 8 through a loosened throttle 
opening 9. Therefore, an air temperature which is high 
enough to cause natural ignition of fuel is obtained be 
fore the ram 1 reaches the lowermost position of the 
downward stroke even when the combustion chamber 
is surrounded by relatively cold walls. Thus, the ram 1 
may be prevented from coming into contact with the 
anvil 3 such that it would generate a loud noise due to 
the mechanical contact there between. 
After a period of warming-up operation, the temper 

ature of the ram, cylinder, and anvil reaches a normal 
operating temperature. Then, the valve 10 is loosened 
to properly increase the effective volume of the com 
bustion chamber so that the stroke of the ram is elon 
gated to its maximum extent without coming into direct 
contact with the anvil, to obtain the highest efficiency 
of the diesel cycle. Since, in this condition, the air is 
confined in relatively hot walls defining the combustion 
chamber, the air reaches the natural ignition tempera 
ture of fuel with a lower compression ratio than ever. 

In the same manner, the throttling valve 10 is con 
trolled to adjust the effective volume of the combustion 
chamber according to temporary weather conditions, 
the kind of fuel being used or other operating condi 
tions of the diesel pile hammer. 

It is also to be noted that by controllably increasing 
the effective volume of the combustion chamber, heat 
damaging or sticking of the ram, cylinder or anvil due 
to overheating thereof under a particularly overloaded 
operating condition as sometimes occurs in the conven 
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4. 
fective volume of the combustion chamber to lower the 
compression ratio of the air when any overheating is 
observed. 
FIG. 2 shows another embodiment of the diesel pile 

hammer according to this invention, wherein the effec 
tive volume of the combustion chamber is varied by 
changing the effective volume of the auxiliary combus 
tion chamber 8, the latter volume being changed by dis 
placing a piston 11 along the cylindrical wall of the aux 
iliary combustion chamber 8. 

It will be apparent that the diesel pile hammer shown 
in FIG. 2 operates exactly in the same manner as that 
shown in FIG. 1. 
Obviously many other variations and modifications 

of the present invention are possible in light of these 
teachings. It is to be understood, therefore, that within 
the scope of the appended claims, the invention may be 
practiced otherwise than as specifically described 
herein. Accordingly, 
What is claimed as new and desired to be secured by 

letters patent of the United States is: 
1. A method for continuously reducing hammering 

noise throughout the repeated operation of a diesel pile 
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tional diesel pile hammers, is avoided in this case. Such 
damages are prevented by properly increasing the ef 

hammer which is provided with a diesel cylinder pro 
viding a main combustion chamber, a ram reciprocably 
mounted in the cylinder and an anvil at one end of the 
cylinder normally adapted to be struck by said ram 
upon descent thereof, comprising the steps of: 
introducing combustible fuel into said main combus 

tion chamber during each descent of said ram 
toward said anvil, 

providing an auxiliary combustion chamber in com 
munication with said main combustion chamber 
through an adjustable throttling valve, 

continuously throttling the degree of effective com 
munication between said main combustion cham 
ber and said auxiliary combustion chamber during 
repeated descent of said ram toward said anvil, 
thereby continuously varying the combined volume 
of said main combustion chamber and of said auxil 
iary combustion chamber throughout the repeated 
operation of said diesel pile hammer, 

repeatedly descending said ram within said cylinder 
to create the pressure at which combustion of said 
fuel occurs within the varied combined volume of 
said main and said auxiliary combustion chambers, 
and 

continuously limiting the repeated stroke of said ram 
to stop short of said anvil during repeated descent 
of said ram toward said anvil by continuously vary 
ing said combined volume of said main and said 
auxiliary cylinders which is necessary to support 
the pressure at which combustion of said fuel oc 
curs before said ram strikes said anvil, thereby con 
tinuously preventing contact of said ram with said 
anvil throughout the repeated operation of said 
diesel hammer. 

2. The method as recited in claim 1, wherein said 
throttling valve comprises a variable size opening be 
tween said auxiliary and said main combustion cham 
bers, and further including the step of: continuously 
varying the size of said opening to continuously adjust 
said throttling means during repeated descent of said 
a. 

3. The method as recited in claim 1, wherein said 
throttling valve comprises a piston slidably displaceable 
within said auxiliary combustion chamber for varying 
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the volume of said auxiliary combustion chamber, and 
further including the step, of: 
continuously adjusting the position of said piston slid 
ably within said auxiliary combustion chamber to 
vary the volume of said auxiliary combustion 5 
chamber and thereby vary the degree of effective 
communication of said main combustion chamber 
with said auxiliary combustion chamber. 

4. The method as recited in claim 1, and further in 
cluding the steps of: 
communicating a fuel injector with said main com 

bustion chamber at a location remote from said 
auxiliary combustion chamber, and 

injecting fuel with said fuel injector directly into said 
main combustion chamber without injecting said 15 
fuel also into said auxiliary combustion chamber. 

5. The method as recited in claim 1, and further in 
cluding the steps of: 
closing said throttling valve to prevent communica 

tion of said auxiliary combustion chamber with said 20 
main combustion chamber during initial descent of 
said ram toward said anvil, and 

creating combustion in said main combustion cham 
ber before said ram contacts said anvil during the 
initial descent of said ram toward said anvil. 

6. A method for reducing noise in a diesel pile ham 

O 

25 

30 

35 

40 

45 

55 

65 

6 
mer having a diesel cylinder, a ram reciprocably re 
ceived in said cylinder, and an anvil forming an end of 
said cylinder and normally adapted to be struck by the 
ram upon descent thereof, comprising the steps of: 
creating combustion in said cylinder during each de 
scent of said ram and before said ram descends into 
contact with said anvil, 

varying the effective volume of a combustion cham 
ber defined in said cylinder between said ram and 
said anvil to maintain a pressure in said cylinder 
sufficient to support combustion of fuel during 
each descent of said ram, 

varying the effective volume of said combustion 
chamber defined in said cylinder between said ram 
and said anvil to maintain sufficient volume of air 
necessary to support the air pressure at which the 
natural ignition temperature of fuel within the cyl 
inder occurs before said ram descends into contact 
with said anvil, and 

continuously throttling the degree of communication 
between said combustion chamber and an auxiliary 
combustion chamber communicating with said cyl 
inder in order to vary the effective volume of the 
combustion chamber defined in said cylinder. 
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