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[57] ABSTRACT

A pneumatically operated impaction mechanism for
forming holes in the ground or the like in which a hous-
ing has a pointed working end and receives a reciproca-
ble impact member to successively impose impact-
force on the housing through a compressed air me-
dium; and an air supply sleeve insulated from the hous-
ing by a shock-damping bush threadingly engaged with
an internal wall of the housing; and means for reversing
the direction impact is imposed on the housing for fa-
cilitating removal of the housing from a formed hole or
when it becomes lodged in a rock, for example.

8 Claims, 4 Drawing Figures
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PNEUMATICALLY OPERATED IMPACT-ACTION
SELF-PROPELLED MECHANISM

This is a Continuation-in-Part of applicants’ co-
pending U.S. Pat. application Ser. No. 72,723, filed
Sept. 15, 1970, now abandoned in favor of the present
application.

The present invention relates to self-propelled im-
pact-action pneumatically-operated mechanisms, and,
more particularly, it relates to pneumatically-operated
impact-action self-propelled mechanisms for making
holes in the earth by compacting the soil about the hole
being made.

Known from U.S. Pat. No. 3,410,354 to Svonish-
nikou et al. is a pneumatically-operated, impact-action,
self-propelled mechanism for driving holes in the earth
by compacting the soil about the hole being made,
comprising a housing with a pointed (front) end por-
tion, which accommodates an impact member recipro-
cating thereinside; delivering impacts upon the housing
in the direction of its front portion and confining to-
gether therewith a front chamber of a variable volume;
a sleeve mounted in the rear end portion of the hous-
ing, which by its one end portion is connected to an air
pipe line and by the other.end portion enters the impact
member which is hermetically sealed therein, and
makes it possible for the impact member to slide rela-
tive thereto to form a rear chamber of a variable vol-
ume, which is adapted to let air through into said cham-
bers; and a shock-damping means coupled with the

sleeve and designed to decrease impact loads acting on
the sleeve.

The sleeve is of a stepped configuration, and with the
aid of the shock-damping means fitted about the small-
er-diameter portion, is suspended from a metal disc
having an aperture made therethrough for exhaust of
air into the atmosphere, this disc being received in a
special socket in the housing and being retained in the
socket by means of a nut. Thus, the shock-damping
means, which is disposed between. the larger diameter
portion of the sleeve and the disc is subjected to com-
pression load during successive impacts of the impact
member upon the housing.

The main disadvantages of the conventional mecha-
nism lies in that the disc and the threaded connection
between the housing and the nut are subjected to rapid
wear as a result of repeated impacts of the impact
member. Wearing-away of the threading and breakage
of the disc can be explained by the fact that the
threaded connection and the disc are subjected to the
pulse-type action of the inertia forces of the masses of
the disc and the nut, respectively.

Early break down of the disc may be also due to the
fact that the disc is weakened by the air exhaust pas-
sages. The threaded connection between the housing
and the nut is also overloaded because during the im-
pacts, this connection takes upon itself a relatively
great inertia load from the disc and the nut, as well as
from the sleeve as the latter is not sufficiently protected
against shock loads.

Besides, when the humidity of the air is great, the air
exhaust passages in the disc display a tendency toward
ice formation thereon, which adversely affects the per-
formance of the mechanism.

It is an object of the present invention to provide a
pneumatically-operated impact-action mechanism in
which the parts secured to the housing will not undergo
relatively great impact loads.
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This object is accomplished in an impact-action self-
propelled, pncumatically-operated mechanism for driv-
ing holes in the earth by compacting the soil about the
hole being made, comprising a housing with a pointed
front end portion, which accommodates an impact
member reciprocating thereinside, delivering impacts
upon the housing in the direction of its front end por-
tion and confining with said housing a front chamber of
a variable volume; a sleeve mounted in the rear end
portion of the housing, which by its one end is con-
nected with an air pipe line and by the other end enters
the impact member, is hermetically sealed therein and
makes it possible for the impact member to slide rela-
tive thereto to form a rear chamber of and a variable
volume, and adapted to let the air pass therethrough
into said chambers; a shock-damping means connected
with the sleeve and designed to decrease the impact
loads acting upon the sleeve, in which mechanism, ac-
cording to the present invention, the shock-damping
means is fashioned as a cylinder made from a resilient
material, is secured inside the rear end portion of the
housing and has longitudinal passages, as well as said
sleeve mounted inside thereof.

As a result of the present invention there is provided
a pneumatically-operated impact-action self-propelled
mechanism which, while having the same power-
engineering parameters, as the prior art is character-
ized by a longer service life.

It is expedient to secure the shock-damping means to
the housing with the aid of a nut which is rigidly fas-
tened outside the shock-damping means and is screwed
into the rear end portion of the housing, which im-
proves the technology of manufacture of the mecha-
nism.

The present invention envisages another variant of
embodiment of an impact-action, self-propelled mech-
anism for driving holes in the earth by compacting the
soil about the hole being made, comprising a housing
with a pointed (front) end portion, which accommo-
dates an impact member reciprocating there inside, de-
liver impacts upon the housing in the direction of its
front end and confining together therewith a front
chamber of a variable volume; a sleeve mounted in the
rear end portion of the housing, which by its one end
is rigidly connected with an air pipe line and by the
other end enters the impact member, is hermetically
sealed therein to provide for their mutual sliding, is ca-
pable of rotating relative to the impact member to form
together with the latter a rear chamber of a variable
volume, and adapted admit compressed air into said
chambers; a shock-damping means coupled with the
sleeve and designed to decrease impact loads acting on
the sleeve, in which mechanism, according to the pres-
ent invention, the shock-damping means is fashioned as
a cylinder made from a resilient material, is rigidly se-
cured inside the rear end portion of the housing and has
longitudinal passages, while said sleeve is mounted in
it in a threading so that it is capable of displacing along
the axis of said housing owing to selective rotation of
the air pipe line, as a result of this, displacement the
sleeve changes its position relative to the housing,
which results in a change of the direction of the impacts
delivered by the impact member, thereby changing the
direction of movement of the mechanism. This makes
it possible to reverse the mechanism;

It is expedient to provide the sleeve and the shock-
damping means with external projections which, while
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thrusting one against another, limit the selective rota-
tion of the sleeve relative to the shock-damping means,
which ensures a reliable reversing of the mechanism
and precludes wedging of the screw pair.

It is also expedient to provide the shock-damping
means with a casing rigidly connected thereto and hav-
ing an internal thread-providing for its threaded con-
nection with the sleeve, which makes it possible to use
soft resilient materials for manufacturing the shock-
damping means.

It is no less expedient to secure the shock-damping
means to the housing with the aid of a nut rigidly fas-
tened outside the shock-damping means and screwed
into the rear end portion of the houring to improve the
technology of manufacture of the mechanism.

The following description of an exemplary embodi-
ment of the present invention is given with reference to
the accompanying drawings, in which:

FIG. 1 shows a longitudinal section of a pneumati-
cally operated, impact-action, self-propelled mecha-
nism made in accordance with the present invention;

FIG. 2 is a section taken along line II—II of FIG. 1;

FIG. 3 shows a longitudinal section of another em-
bodiment of the invention including a reversible
pneumatically-operated, impact-action, self-propelled
mechanism, in accordance with the present invention;

FIG. 4 is an enlarged fragementary view of a sleeve
of the mechanism with a housing screwed thereon, i.e.,
a reversing device.

The pointed front end portion of a hollow cylindrical
housing 1 ( FIGS. 1, 3) accommodates an impact mem-
ber 2 resting upon.the internal surface of the housing
1 at shoulders 3 and 4. The forward space defined by
the housing 1 and the impact member 2 constitutes a
front chamber 5 of a variable volume.

The impact member 2 has a rear space 6 telescopi-
cally receiving a sleeve 7 that is hermetically sealed
therein. The space 6 of the mechanism closed by the
sleeve 7 is essentially a rear chamber of a variable vol-
ume.

The wall of the impact member 2 is provided with
transverse passages 8 adapted to intercommunicate the
chambers 5 and 6. The sieeve 7 is pressed into a shock-
damping means 9 which is pressed into a nut 10, the lat-
ter being screwed into a housing 1. The mutual axial
disposition of the sleeve 7, the shock-damping means
9 and the nut 10 is fixed by flanges 11 on the sleeve 7
and flanges 12 on the nut 10 respectively.

The shock-damping means 9 is made from a resilient
material and has passages 13 used for exhausting air
into atmosphere.

Secured to the sleeve 7 on the end opposite to that
disposed near the impact member is a hose 14 for con-
nection to a compressed air source (not shown).

In accordance with the reversible variant of embodi-
ment shown in FIG. 3, the mechanism is provided addi-
tionally with a casing 16 pressed into the shock-
damping means 9. The sleeve 7 is mounted in the cas-
ing 16 or sleeve on threads in such a manner so that it
can be displaced in the casing within the limits allowed
by projections or stops 17 and 18 provided on the
sleeve 7 and projections or stops 19 and 20 provided on
the casing 16. The extreme front position of the sleeve
7 relative to the housing 1 is determined by the pair of
projections 18 and 20 (FIG. 4), whereas its extreme
rear position is determined by the pair of projections 17
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and 19 which, as it has been said before respectively,
contact onc another in pairs.

The mechanism functions as follows.

When compressed air is supplied from a source (not
shown) along the hose 14 and passage 15, disposed in-
side the stepped sleeve 7 into the chamber 6, the im-
pact member 2 moves in the housing 1 in the direction
of its pointed end portion and delivers an impact upon
the housing 1, whereby the latter is propelled forwardly
to penetrate into the soil.

When the impact member 2 moves a preset distance
from the extreme front position, the passages 8 are
opened to communicate the chamber 5 via the cham-
ber 6, the passage 15 and the hose 14 with the com-
pressed air source.

The rebound of the impact member and. the force
created by the air pressure in the chamber 5§ initiate the
impact member 2 toward performing a reverse stroke.

In the course of this reverse stroke, the passages 8 be-
come closed by the side surface of the sleeve 7, and
during the rest of the reverse stroke of the impact mem-
ber 2, the compressed air in the chamber 5 is expand-
ing. At this stage of the return stroke, the motion of the
impact member 2 meets the resistance of the com-
pressed air in the chamber 6 which is continuously con-
nected with the source of compressed air.

At the end of the return stroke of the impact member
2, the passages 8 thereof pass beyond the head portion
of the sleeve 7 to communicate the chamber 5§ with the
atmosphere through the passages 13 of the shock-
damping means 9.

Then, the above-described operating cycle is re-
peated.

As the herein disclosed mechanism propels itself
through the soil, every impact of the impact member 2
upon the housing 1 makes the sleeve 7 follow the mo-
tion of the housing 1, under the action of the pulse of
elastic forces produced in the body of the shock-
damping means 9, on account of the elastic deforma-
tion thereof, this elastic deformation of the shock-
damping means 9 ( which is essentially an axial shift)
is duc to very rapid displacement of the housing 1 rela-
tive to the stationary sleeve 7. The magnitude of this
deformation depends on the initial speed of the dis-
placement of the housing 1, on the mass of the sleeve
7 and on the characteristics of the shock-damping
means 9.

As a result of the elastic properties of the shock-
damping means 9, the pulse acting upon the sleeve 7 is
transformed, i.e., prolonged in time and thus the peak
load applied in the sleeve 7 is substantially cut down,
as compared with that applied to the shock-damping
means 9, and, therefore, destruction of the sleeve is
prevented.

The force of recoil ( i.e., the reaction force) which
appears in operation of the mechanism and is directed
opposite to the useful motion thereof, is counterbal-
anced by the friction between the housing 1 and the
soil.

A series of practical tests, carried out with the mech-
anism built in accordance with the present invention,
has shown that its service life is extended from 300
hours to 500 hours, with the weight, frequency and
force of impacts being the same.

Icing of the passages 13 in the shock-damping means
9 is precluded in the following way. As a result of its de-
formation, the shock-damping means 9 is heated, and
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its passages 13 change their shape, all this precluding
formation of ice in the passages.

The operation of the reversible mechanism during its
direct stroke, i.e., when a hole is being made, does not
differ from the above-described operation of the mech-
anism shown in FIG. 1.

In case the mechanism encounters an obstacle
(stones, cavities) that it cannot overcome, or the devia-
tion of the mechanism from the preset direction of
movement ot drilling of a dead hole is completed, the
mechanism is reversed, which is done by rotating the
hose 14 which is first disconnected from the source of
compressed air. The torque applied to the hose at the
mouth of the hole is transmitted to the sleeve 7 which
is unscrewed from the casing 16 to occupy its extreme
rear position determined by its projection 17 and the
projection 19 of the casing 16 after these projections
have engaged each other and thrusted against each
other.

With the sleeve 7 occupying this position, the impact
member 2 is not deliver impacts upon the forward end
of housing 1, since it does prevented by the compressed
air in the chamber § i.e., since the volume of the front
chamber 5 increases ( owing rearward to displacement
of the sleeve 7), during its reverse stroke, the impact
member 2 strikes the nut 10 and delivers impacts upon
the latter, the action of the impacts delivered upon the
nut 10, the mechanism is driven rearwardly and comes
out of the hole.

What we claim is:

1. A pneumatically-operated impact-action self-
propelled mechanism for driving holes in the earth by
compacting the soil about the hole being made, com-
prising, in combination, a housing with a front end por-
tion; means for supplying air; a sleeve mounted in the
rear end portion of said housing for communicating
with said means for supplying compressed air; an im-
pact member for reciprocating inside said housing and
delivering impacts in the direction of the front end por-
tion of said housing in the course of a hole making, said
impact member forming together with said housing a
front chamber of a variable volume and together with
said sleeve a rear chamber of a variable volume; said
sleeve sealingly entering said impact member for rela-
tive sliding movement and functioning to pass com-
pressed air into said chambers to effect reciprocation
of said impact member; passages in said impact mem-
ber for alternately communicating said front chamber
with said rear chamber and atmosphere when the posi-
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6

tion of the impact member changes relative to said
sleeve; and a resilient shock-damping means inside the
rear end portion of said housing and having longitudi-
nal passages for air pass from said front chamber into
the atmosphere, said sleeve being mounted inside said
shock-damping means.

2. A pneumatically-operated mechanism according
to claim 1, in which said shock-damping means in-
cludes a nut fixed outside thereof and screwed into the
rear end portion of said housing.

3. A pneumatically-operated mechanism according
to claim 1, in which said resilient shock-damping means
comprises a cylinder circumposed about said sleeve.

4. A pneumatically-operated mechanism according
to claim 1, including means on said sleeve for changing
the mode of operation of said impact member so that
the housing is driven rearwardly.

5. A pneumatically-operated mechanism according
to claim 4; said sleeve being selectively rotatable in said
impact member and screwed into said shock-damping
means in such a manner to be displaced along the axis
of said housing in such a manner that the position of the
sleeve relative to said housing can be altered to change
the direction of impacts delivered by said impact mem-
ber for causing reversal of the mechanism operation;
said impact member delivering impacts in the direction
of the front end portion of said housing when said
sleeve occupies a corresponding front position and de-
livering impacts in the direction of the rear end portion
of said housing when said sleeve occupies a corre-
sponding rear position.

6. A pneumatically-operated mechanism according
to claim §, in which said shock-damping means and
sleeve include external projections which coacting to
limit the selective rotation of said sleeve with respect
to said shock-damping means. :

7. A pneumatically-operated mechanism according
to claim 5, in which said shock-damping means in-
cludes a casing connected therewith and including
threads cooperating with a threaded connection on said
sleeve.

8. A pneumatically-operated mechanism according
to claim 5, in which said shock-damping means in-
cludes a nut secured outside thereof and screwed into
a rear end portion of said housing for receiving impacts
delivered by said impact member when the mechanism

is driven out of a hole.
) * & % % %
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[57] ABSTRACT

A pneumatically operated impaction mechanism for
forming holes in the ground or the like in which a hous-
ing has a pointed working end and receives a reciproca-
ble impact member to successively impose impact-force
on the housing through a compressed air medium; and
an air supply sleeve insulated from the housing by a
shock-damping bush threadingly engaged with an inter-
nal wall of the housing; and means for reversing the
direction impact is imposed on the housing for facilitat-
ing removal of the housing from a formed hole or when
it becomes lodged in a rock, for example.
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AS A RESULT OF REEXAMINATION, IT HAS
REEXAMINATION CERTIFICATE BEEN DETERMINED THAT:
ISSUED UNDER 35 U.S.C. 307 The patentability of claims 4, §, 6, 7 and 8 is con-
5 firmed.

THE PATENT IS HEREBY AMENDED AS

Claims 1, 2, and 3 are cancelled.
INDICATED BELOW.
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