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2,859,733 
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23 Claims. (Cl. 121-30) 

This invention relates to a fluid actuated impact tool 
of the type, which is particularly, adapted to be operated 
by a pneumatic medium such as: compressed air or steam. 
in One of its aspects, it relates to a tool of such type 
particularly adapted for digging holes in quarrying opera 
-tions and the like. . 

The improved impact tool of this invention is of the 
type which employs a compressible fluid to power the 
tool and to drive a hammer in both its power and return 
-Strokes. The tool is also characterized by its construc 
ition which permits, it to have a cutting tool such as a bit 
connected to its anvil at a relatively short distance from 
the impact face of the anvil so that in operation, the tool 
..can follow the cutting bit down abore hole of substan 
tial depth as the latter is dug so that increased efficiency 
of energy delivery to the bit is realized. In accordance 
With one feature of the tool, the flow of fluid there 
through is controlled by a novel valving arrangement 
and the exhaust fluid is directed through the bit-to-apoint 
adjacent the Working face of the hole in order to carry 
cuttings from the hole. 
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2 
tered which may, despite the best efforts of the operator, 
permit the bit to drop or drill away from the supporting 
structure until the sliding connection is extended to its 
limit so that the bit is supported by the supporting struc 
ture. The same thing may happen if the drilling rate 
exceeds the rate at which the supporting structure (e. g. 
drill string) is fed into the hole so that the bit drills away 
'from the supporting structure until its sliding connection 
therewith is fully extended. As a result, continued beat 
ing of the hammer on the anvil causes the percussive 
energy to be delivered through the connection to the 
supporting structure with consequent damage to the same. 
This should be avoided. However, at the same time, 
provision should be made to conduct the exhaust power 
fluid to the bit so that it can sweep earthen cuttings from 

Accordingly, special provision must be 
made to do this while at the same time not aggravating 
or preventing the solution of the other problems, encoun 
tered in the operation of a percussion tool in a bore hole. 

Also, it is usually desirable and in many cases nec 
-essary to rotate the bit during the drilling operation so 
that it is indexed to take a new bite out of the bottom 
of the bore hole. The torque for rotation of the bit must 
be transmitted from the drill string across the impact tool 
to the bit and such transmission should be accomplished 
without causing the hammer to bind. At the same time, 
the hammer, the power fluid supply conduit and the anvil 
must be maintained in proper axial alignment. These 
problems of torque transmission and axial alignment, if 
not properly solved, can cause considerable difficulty, par 

º ticularly in quarry operations. For example, the bit may 

35 
In the past, many types of pneumatic tools have been 

devised for various purposes such as pavement breakers 
and the like. In the-main, these tools have been used to 
perform certain operations at the earth's surface but some 
haye been used to drill holes in the earth, particularly 
holes having a very small gauge and which are shallow. 
Such tools usually embody a hammer which remains at 
the surface of the earth, and impact energy from the ham 
mer is transmitted to the bit by means of a rod which 
extends into the hole between the bit and the percussion 
tool. As the drilling operation proceeds, additional 
lengths. of rod are needed to permit the percussion tool 
to remain at the surface. Accordingly, the efficiency of 
these tools decreases as the depth of drilling increases 
due to the greater, amounts of impact-energy lost in the 
increasing length of rods. Also, the use of such rods 
definitely limits the amount of energy which can be 
delivered to the bit since increasing energy input results 
in rod failure, usually by fatigue. 
When a conventional impact tool is lowered into a 

bore hole, several problems immediately arise, which 
problems are not existent when the tool remains at the 
Surface of the earth. In the first place, the tool is down 
the hole where it cannot be observed by an operator to 
control it. The operator must feed the drill string into 
the hole at a rate. Substantially equal to the drilling rate. 
If he feeds too fast, the increase in bottom hole weight 
on the bit is apt to cause a crooked hole and make.in 
dexing (rotation) of the bit difficult. If he feeds, too 
slowly, the hammer delivers energy to the tool housing 
rather than to the bit. Thus, for example, it is desirable 
that the anvil have a limited sliding.connection with the 
Supporting structure.therefor instead of a fixed.connection 
so that in operation the impact energy generated by the 
hammer is delivered through the anvil, to the bit instead 
of to the supporting structure. In many-drilling opera 
tions, fissures or caverns or soft formations are encoun 
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encounter a sharply inclined face of a formation so, that 
it tends to follow such face and dig acrooked hole. To 
maintain the bit in proper alignment imposes consider 
able laterally acting stresses on the tool and these stresses 
should not interfere with the hammer's operation. Fur 
ther, the bit may encounter a cavernor fissure of such 
size that the bit becomes wedged therein to an extent 
it cannot be rotated. In such case, the hammer must 
remain substantially free to deliver percussive energy to 
the bit and yet be under complete, control of the oper 
ator at all times. One reason why the hammer should 
always be substantially unhindered in its action despite 
difficulties the bit may encounter is that in drilling a hole 
by means of percussion while rotating a bit, the actual 
size, of the hole must be somewhat larger than the gauge 
of the bit so that the latter remains free to be rotated. 
The drilling of the oversize holes is accomplished when 
the hammer delivers, at each blow, sufficient percussive . 
energy to the bit; delivery of lesser energy causes the 
hole size to decrease. In view of this, it is desirable that 
the hammer be able to deliver substantially undiminished 
percussive energy to the bit despite the latter encounter 
ing wedging fissures, inclined formations or the like. 
Another problem encountered when an impact tool is 

lowered into a bore hole is that of earthen cuttings inter 
fering with the tool's operation. For example, if a cutting 
falls on the anvil face, much of the force of the hammer 
is concentrated at the cutting since it represents a "raised” 
area on the anvil. Also, cuttings can build up unevenly 
on the anvil face so that the hammer cannot properly 
distribute the energy it delivers across the entire area of 
the anvil face. This can result in spalling of the anvil 
and hammer faces. Also, cuttings may lodge in valves 
or between the piston and cylinder surfaces of the tool 
and thereby interfere with the proper operation of the 
tool. Accordingly, it is desirable to. exclude cuttings from 
the-impact tool at all times. 

Thus, it can be seen that in addition to mechanical 
problems there is the very real problem of controlling the 
delivery of impact energy to the bit in such a manner 
that not only is such delivery under the control of the 
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operator at all times but also, in the event unforeseen 
hole conditions are encountered or the operator fails to 
control the tool in a proper manner, the energy is pre 
vented from damaging the tool. 

It is therefore an object of this invention to provide a 
compressible fluid powered impact tool with respect to 
which tool the above problems have been solved without 
complicating its structure or operation and which can 
be employed in a bore hole to follow the bit down the 
same for increased efficiency of percussive energy delivery 
to the bit. 
Another object is to provide a compressible fluid pow 

-ered impact tool constructed and arranged so that the per 
cussive energy delivered by the hammer to the anvil is 
automatically decreased should a working face to which 

...the anvil delivers percussive energy decrease its resistance 
to movement of the anvil to thereby avoid transmission 
of excessive percussive energy to the supporting structure 
for the anvil. 
Another object is to provide such a tool in which move 

ment of the anvil to extend a sliding connection thereof 
with the supporting structure for the anvil not only per 

, mits variation in the amount of percussive energy deliv 
ered by the hammer but also permits torque to be trans 
mitted from the supporting structure to the anvil with 
out substantially interfering with the hammer's operation 
in such a manner as to reduce the energy delivered there 
by so that the tool can be easily and safely operated under 
many conditions. 
Another object is to provide such an impact tool in 

which such connection not only accomplishes the fore 
going functions but also maintains the anvil in proper 
axial alignment with the remainder of the impact tool 
without imposing binding stresses on the hammer so that a 
desired quantum of percussive energy can be delivered to 
the anvil at all times despite lateral stresses applied to a 
working tool carried by the anvil which stresses tend to 
cause axial misalignment of the parts of the impact tool. 
Another object of the invention is to provide a com 

pressible fluid powered impact tool in which provision 
is made to exhaust power fluid through the anvil from 
an enclosure preventing cuttings or the like from falling 
upon the anvil face so that the exhausted fluid can carry 
the cuttings from the vicinity of the tool as such cuttings 
are loosened by the tool from a working surface to which 
the tool is delivering percussive energy. 
Another object is to provide a compressible fluid pow 

ered impact tool in which the hammer is enclosed in a 
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case carried by the fluid supply conduit to be reciprocated 
in both its power and return strokes by the power fluid 
which is ultimately exhausted through the anvil, such 
exhaust and the application of power fluid to the hammer 
being controlled by valve means in such a manner that 
the timing of the impulses applied to the hammer by the 
power fluid to move the hammer are made dependent 
upon the extent of movement of the hammer with respect 
to the anvil so that by making the anvil movable relative 
to the case, the beating frequency of the hammer can be 

.d??? ?? ?^? ???? 
Another object is to provide such a tool in which move 

ment of the fluid supply conduit with respect to the anvil 
to increase the beating frequency of the hammer is limited 
So that the tool can be simply operated at a fixed beating 
frequency. 
Another object is to provide such a tool in which the 

anvil can move relative to the supply conduit between a 
limit which defines a desired beating frequency and 
therefore power delivery of the hammer and another 
limit at which the hammer delivers very little, if any, 
energy to the anvil whereby operation of the tool is made 
safe yet flexible without necessarily mechanically altering 
its component parts. 
- Another object is to provide a compressible fluid 
powered impact tool in which the application of such 
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4 
fluid to the hammer to move it in its return stroke is 
controlled by a finger type valve element fixed to the 
hammer and cooperating with an exhaust port in the anvil 
to control such application. whereby not only is the beat 
ing frequency controllable as aforesaid but also it is 
possible by suitable manipulation to prevent the hammer 
from delivering substantially any energy to the anvil 
even though the full pressure of the actuating fluid con 
tinues to be applied. 
Another object is to provide such a tool in which there 

is an arrangement for preventing the finger from fatiguing 
and yet the valve action is decisive and sharp so as to 
prevent "mushing' of the hammer in its operation. 

Another object is to provide a compressible fluid 
powered impact tool which in its normal operation only 
has one moving part so that it is simple in construction 
and which can be merely set down on a working surface 
and operated with a predetermined energy output and 
yet if the resistance of the working surface Suddenly 
decreases, the energy output likewise decreases. 
Another object is to provide such a type of tool where 

in the sliding connection between the anvil and support 
ing structure therefor is such that the anvil can be made 
unitary with the bit so as to eliminate any joint therebe 
tween which could fail when enormous amounts of per 
cussive energy are delivered to the bit. 

Other objects, advantages and features of this inven 
tion will be apparent to one skilled in the art upon a con 
sideration of the written specification, the appended 
claims and the attached drawings wherein: 

Figs. 1, 2 and 3 are schematic illustrations of the opera 
tion of an impact tool constructed in accordance with 
this invention; 

Figs. 4A and 4B illustrate, partially in section and 
partially in elevation, one embodiment of an impact tool 
constructed in accordance with this invention; it being 
understood that these figures are continuations of one of 
the other with Fig. 4A showing one end of the tool and 
Fig. 4B showing the other end; 

Fig. 5 is a cross-sectional view taken on line 5-5 of 
Fig. 4B; 

Fig. 6 shows a more preferred an alternative form for 
the lower portion of the tool, the portion of the tool in 
Fig. 6 being substitutable for the portion shown in Fig. 
4B; - 

Fig. 7 shows a more preferred and alternative form for 
the upper valve means and the illustrated portion is sub 
stitutable for the corresponding portion in Fig. 4A; 

Fig. 8 shows an alternative arrangement of the lower 
end of the hammer; 

Fig. 9 illustrates an arrangement permitting the tool 
of this invention to be submerged in water or other liquid 
during its operation; and 

Fig. 10 is a perspective of a valve shown in Fig. 9 in 
cross-section. 

Like characters of reference are used throughout the 
several views to designate like parts. 

Generally, the illustrated apparatus of this invention 
includes a hammer 10 mounted for reciprocation within 
and relative to a fluid supply conduit means, designated 
generally by the numeral 11, to deliver impact blows 
to an anvil 12 by striking hammer face 13 against anvil 
face 14. In the preferred form, the tool includes an upper 
and a lower valve means 15 and 16 preferably arranged 
So that upon closing the upper valve means and opening 
the lower valve means, the hammer is moved by the pres 
sure of resilient (compressible) fluid from supply conduit 
means 11 in a power stroke to ultimately deliver a blow 
to the anvil. Then upon opening of the upper valve 
means and with the lower one closed, the pressure of the 
power fluid acts to move the hammer in a return stroke 
to complete the cycle. In order to conserve power fluid, 
the arrangement is such, as will be explained in detail 
below, that at least one of the valve means restricts flow 
through the tool at Substantially all times so that free flow 



of fluid without exerting a desired äctuating force on the 
hammer is prevented. . . - 
"Turning now to a detailed. description of the tool illus 

trated in Figs. 4A and 4B, the fluid supply conduit means 
can comprise an upper valve sub 17 having a central bore 
18 therethrough and being provided with a box or other 
connecting means at its upper-end (not shown) for cont 
nection with a drill string to that not only can power fluid 
be conducted to the tool through the drill string but the 
latter can act to lower the tool into the bore hole, rotate 
it and otherwise governits operation therein. Also in 
cluded as a part of the fluid supply conduit means is a 
cylinder or an extending casing portion made up of an 
upper cylinder sub 19 and a lower cylinder Sub 20, both 
fixedly connected to upper valve sub.17 as by means of 
threads 21 and 22. 
Hammer 10 is preferably of one-piece construction 

and is reciprocally disposed within the upper and lower 
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cylinder subs 19 and 20. It is provided with smaller 
diameter piston portion 23 and larger diameter piston 
portion 24 respectively disposed in bores .25 and 26 of 
the upper and lower-cylinder subs so that pressure can 
act against the piston portions to urge the hammer in 
opposite directions. . 
Means are provided for slidably connecting, anvil 12 

to the casing or cylinder portion of fluid supply conduit 
means 11, more specifically...to lower cylinder sub 20, in 
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25 

such a manner that the fluid supply conduit means and . 
anvil can have limited longitudinal movement.relative to 
each other and yet relative rotation therebetween is sub 
stantially prevented. The purpose of such type connec 
tion is at least fourfold: (1) it provides a torque. transmit 
ting connection for rotating, the anvilland a Working tool, 
such as bit 12a carried thereby, by rotation of the drill 
string in order that the bit can be indexed rotationally 
to take a new bite at the working face of the bore hole 
without applying such torque,to the hammer in a manner 
as to interfere with its reciprocation; (2) it permits, the 
bitto drop away ordrillaway.from the fluid supply con 
duit means when the latter is being - moved too, slowly to 
keep up with the bit so.as to reduce the impact energy of 
the hammer to thereby avoid damaging the connection 
or the fluid supply conduit means; (3) it provides a 
means, for supporting the anvil-and bit as the tool is being 
lowered into the bore hole until the bit encounters the 
working face thereof; and (4) it permits changing the 
beating frequency of the hammer without withdrawing 
the tool from the bore hole as will be explained in more 
idetail below. 

In a preferred form, the connecting means comprises 
a nut 27 having a threaded connection 28 to the lower 
or anvil end of the lower-cylinder sub; 20. The nut is 
provided with longitudinally extending splineways 29, 
here illustrated as being four in number, which are ra 
dially aligned with corresponding splineways 30 in the 
anvil. Bridging elements, such as roller bearings 31, 
are disposed in the splineways to transmit torque between 
lower cylinder Sub 20 and the anvil while permitting 
relative longitudinal movement therebetween. 

In order to hold the anvil in proper axial alignment 
with the lower cylinder sub without imposing any sub 
stantial aligning stresses on the bridging elements or 
splineways, the anvil can be provided with an upper-piston 
part.32 and another portion.33 having a close sliding fit 
within the lower cylinder sub, and nut 27. Since piston 
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part.32 and portion.33 are longitudinally spaced apart, 
they provide axially aligning bearing points maintaining 
the anvil in taxial alignment when the telescoping joint 
is: collapsed, as shown in Fig. 4B. As a result, the anvil 
cannot only be kept in much better axial alignment than 
would be the case if such alignment were to be main 
tained solely by bridging elements 31 cooperating with 
their splineways" but also aligning stresses are removed 

70 

75 

the joint is easily contracted and extended. 
from the bridging elements and splineways. As a result, 

In order that the anvil can be of one-piece construction 
and of sufficient cross-section as to withstand the blows 
of the hammer, nut, 27 is employed to permit assembly 
of the tool and is longitudinally split into two or more 
sections. 27a (Fig. 5) which have abutting faces 27b. 
Splineways:29 in the nut and anvil are arranged, so that 
the bridging elements can be placed in anvil splineways 
30 and then the nut sections properly positioned to retain 
them in place. Thus, one pair of splineWays can be 
placed at the split between the nutssections and another 
pair on a diameter normal to the diameter through the 
splineways at the split. This permits the nut sections to 
be moved into place and yet to have all of the splineways 
provided with a close fit around the bridging elements. 
Then as the nut is screwed into the lower cylinder sub, 
faces 27b.are brought into close: abutment with each other 
to hold the nut, sections in place without imposing ex 
cessive binding stresses. on the bridging elements. Faces 
27b are preferably disposed on a diameter of the nut so 
as to avoid one section of the nut urging the other-in 
wardly as the nut is tightened into the cylinder Sub. Pins 
27c can be used to aid in holding the nut sections in 
place as the nut is being assembled. 
As will be more fully explained below, the beating 

frequency of the hammer can be made to vary with the 
distance between upper valve sub 17 and anvil 12. In 
order to facilitate field operation of the tool at a desired 
hammer frequency (i.e. at a desired horsepower input 
to the bit), stop parts :are provided limiting relative 
longitudinal movement, between the anvil and the fluid 
supply conduit, and can take, the form of an endwise 
shoulder 34 comprising the lower end of the nut and 
an outturned shoulder 35 on the anvil. Then by merely 
applying enough force to keep stop parts 34 and 35 
in engagement, the beating frequency of the hammer is 
fixed, the properties of the power fluid remaining con 
stant, at a predetermined maximum frequency, and a mini 
mum of control is required to maintain it, at such maxi 
mum over long operational periods. 
The upper end of spline 30 forms an outturned shoul 

der 36 on the anvil engageable with the upper end 37 
of the bridging elements, 31 to support the anvil in the 
lower cylinder sub as the tool is being lowered into the 
bore hole. 
To actuate the hammer, it is provided with an area 

disposed so that pressure fluid from the supply con 
duit means can effectively act (here shown to act con 
stantly) thereagainst to move the hammer in a power 
stroke toward the anvil and also with another and larger 
area disposed in an opposite manner so that pressure 
fluid derived from the supply conduit, means can act to 
urge the hammer in a return stroke away from the anvil. 
Valve means are also provided to vary the degree of fluid 
communication between: the supply conduit and the larger 
area and between the larger area and the exterior of 
the tool. By proper sequential operation of these valve 
means, the pressure of the fluid exerted on the larger 
area can be increased to move the hammer in its return 
stroke against the force exerted by pressure fluid acting 
on all or a part of the smaller area and then decreased 
to permit movement of the hammer in its power stroke 
by pressure fluid acting on the smaller area. 

Thus, the annular area shown as the upper end .33 
of hammer piston portion 23 can serve as the smaller 
area against which fluid from bore 18 and passages 39. 
acts to urge, the hammer downwardly during its power 
stroke. In the construction shown, pressure is exerted 
on the smaller area at all times. Piston portion 23 can 
have a plurality of labyrinth grooves 40 to aid in limiting 
flow past the piston from valve chamber 4 into cham 
ber 42. Leakage past the piston portion can be per 
mitted to such an extent that flow will always. occur from 
chamber 42 outwardly through passages 42a irrespective 
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of whether the hammer is moving upwardly or down 
wardly. This prevents any cuttings from being sucked 
into chamber 42 when the hammer moves in its power 
stroke. In a preferred form, passages 42a are closed 
with a check valve which is shown in Fig. 4A as an 
O-ring 42b held in place in groove 42c by its own 
resiliency. The O-ring should fit snugly in its groove 
to prevent backflow through passages 42a and yet should 
not be stretched so tautly that an appreciably higher 
pressure can exist in chamber 42 than exists exteriorly 
of the tool. 
As a part of the valve or flow control means, piston 

portion 23 is provided with a bore 43 which acts as a 
valve element by receiving a valve element 44 therein to 
restrict flow into passage 45 through the piston. Valve 
element 44 has a sufficiently close fit with bore 43 as to 
substantially block flow therethrough and labyrinth 
grooves 46 can be provided in bore 43 to aid in this 
stoppage of flow. It will be noted that valve element 
44 is in the form of a finger-like part fixedly connected 

O 
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to upper valve sub 17 in coaxial alignment with bore 
43 so that when the hammer moves to within sufficient 
proximity to the upper valve sub, valve element 44 will 
enter bore 43 and remain therein until the upward 
hammer movement is reversed and the hammer moved 
through a predetermined portion of the power stroke. 
In this manner, the supply of power fluid, via passage 
45 and branches 47, to the lower end of the hammer to 
act against the larger pressure area of the hammer is 
made intermittent. The fluid so supplied must be re 
tained within the lower cylinder Sub for a predetermined 
time and then exhausted so that power fluid acting on 
the smaller area of the hammer can move it in its power 
stroke. For this, valve member 49 is provided on the 
hammer in axial alignment with bore 50, which also 
serves as a valve member, leading to an exhaust passage 
in the anvil. Upon the hammer moving through its 
power stroke to be within predetermined distance from 
the anvil, valve member 49 will enter passage 50 and 
restrict flow therethrough and will continue such restric 
tion as the hammer delivers its blow to the anvil and 
moves away therefrom in its return stroke through a 
predetermined portion thereof. Bore 50 can be pro 
vided with labyrinth grooves 51 to aid in the restriction. 

In many uses to which the tool of this invention can 
be put, it is desirable to use the exhaust fluid from 
the tool to achieve a further function. For example, in 
the drilling of bore holes with a bit attached to the tool, 
the exhaust fluid can be ejected against the working 
face of the bore hole to lift cuttings therefrom and thence 
out of the bore hole. In order to permit proper expulsion 
of the exhaust fluid through the bit and yet permit the 
tool to operate satisfactorily, a passage 52 is provided 
through the anvil to communicate with passages 53 in bit 
12a So that fluid can be eventually discharged through 
eyes 54 in the bit. 
For the construction shown in the drawings, it will 

be seen that with valve means 6 open and valve ele 
ment 48 disposed in bore 43, fluid from bore 18 and the 
drill string acts on an area equal to the cross-sectional 
area of piston portion 23 minus the cross-sectional area 
of valve element 44 to urge the hammer toward the anvil; 
the force exerted on the hammer by the fluid being equal 
to the differential pressure across the piston portion 23 
multiplied by the difference in cross-sectional areas men 
tioned above. 

However, with valve means 5 open and valve member 
49 inserted in bore 50, pressure from the supply con 
duit will act through passage 45 against an annular area 
equal to the cross-sectional area of piston portion 24 
less the cross-sectional area of valve member 49 to urge 
the hammer away from the anvil. At such time, the 
pressure fluid also acts across an area equal to the 
total cross-sectional area of piston portion 23 to urge 
the hammer toward the anvil. However, since the annu 
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a situation (with upper valve means 15 open), the effec 
tive differential area must at least be large enough that 
the force exerted by the pressure fluid acting thereagainst 
is greater than the weight of the hammer. 
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8 
lar area on piston portion 24 is made larger than the 
total cross-sectional area of piston portion 23, there 
thereby exists a net differential area acted upon by the 
pressure fluid to move the hammer away from the 
anvil. 
Another area equal to and oppositely disposed from 

this differential area is of course isolated from the 
pressure of the power fluid and is exposed within cham 
ber 42 to a much lower pressure (usually substantially 
atmospheric). 

Thus, from the foregoing, it will be apparent that with 
valve means 15 open and valve means 16 closed, the 
total effective area of all surfaces on the hammer which 
are exposed to pressure fluid from the supply conduit 
and which are also disposed so that such fluid can act 
to urge the hammer away from the anvil must be 
larger than the total area of all surfaces simultaneously 
exposed to such pressure fluid and disposed to permit 
fluid to urge the hammer toward the anvil. It will also 
be apparent that this differential in area upon which 
the pressure fluid effectively acts to move the hammer 
in its return stroke is situated upstream of valve means 
16 and downstream of valve means 15 so that by alter 
nately opening and closing these valve means, the pres 
sure on the effective differential area increases and de 
creases to respectively move the hammer in its return 
-stroke and then to permit it to move in its power stroke 
under the influence of pressure fluid acting on the smaller 
aI ?a. 

In order to lift the hammer against gravity in such 

However, 
in a preferred form of this invention, the upper valve 
means 15 closes while the hammer is in its return stroke 
and before the lower valve means is opened in order 
to trap pressure fluid between the closed valve means 
as shown in Fig. 2. At the instant the upper valve means 
closes, there does not exist any pressure differential 
across the cross-sectional area of piston portion 23. 
However, continued upward movement of the hammer 
increases the volume of the space occupied by the fluid 
trapped between the upper and lower valve means (due 
to an increase in the volume of cylinder portion 48 
between the hammer and anvil as the hammer moves 
upwardly) and consequently, the trapped fluid expands 
and decreases in pressure with resultant corresponding 
delivery of energy to the rising hammer. As a result, 
a pressure differential develops across the net cross 
sectional area of piston portion 23 tending to resist 
upward movement of the hammer and this differential 
of pressure will increase as the hammer moves upwardly. 
Accordingly, the above-noted differential area must be 
large enough relative to the volumetric change in the 
trapped fluid that at the minimum pressure of the latter, 
sufficient upward force is still developed to move the 
hammer upwardly against the ever increasing differen 
tial across piston portion 23, until such movement of 
the hammer causes the lower valve means to open. Of 
course, the arrangement could be such that the net up 
ward force exerted by the trapped fluid would become 
less than the net downward force on the hammer before 
the lower valve means opened with reliance on the up 
ward momentum of the hammer to move it far enough 
away from the anvil to open the lower valve means but 
it is preferred that the arrangement of areas be such 
that the net upward force always exceeds the net down 
ward force while both valve means are closed so that 
the hammer's action is made more positive. 

In order to give a fuller explanation of the sequence 
of operation of the valve means and other parts of the 
illustrated tool, a description of the operation of the 
tool will be given. As the tool is being lowered into the 
bore hole, stop parts 36 and 37 will be in engagement 



9 
thereby positioning bore 50 a maximum distance away 
from valve element 44. As the tool is lowered until 
the bit rests on the bottom cf. the bore hole, and before stop parts 36 and 37 are disengaged, fluid can be passed 
through the tool to flow downwardly through hammer 
passage 45 to act against the lower end of the hammer 
and move it upwardly. The hammer will move tip 
wardly until valve member 49 is withdrawn from bore 
50. after which the pressure below the hammer wil 
-be exhausted through anvil passage 52. During its up 
Ward movement, the hammer has acquired some limited 
momentum and will continue upwardly until it is de 
celerated by gravity. It will then fall downwardly to 
again move valve member 49 into bore .50 after which 
the above cycle is repeated. Accordingly, it should be 
apparent that with stop parts 36 and 37 in engagement, 
valve element 44 is positioned sufficiently far enough 
away from the anvil that the "push-up' stroke of the 
hammer plus its “overtravel”, does not move it suffi 
ciently far to cause valve element 44 to move into 
bore 43. The 'push-up” stroke of the hammer may 
be defined as that distance the hammer travels in its 
return stroke from an anvil striking position with valve 
member 49 within bore 50. “Overtravel" can be de 
fined as the remainder of the distance the hammer travels 
in its return stroke, that is, after valve member 49 is 
withdrawn from bore 50 and before the hammer is re 
versed to begin its power stroke. Since in the above sequence of operation the total potential percussive 
energy, which can be developed by the hammer is due 
only to the downward acceleration of the hammer by 
gravity, and since the downward movement of the ham 
mer will be decelerated by fluid pressure acting there 
against when valve element 49 enters bore 50 before the 
hammer strikes the anvil, the hammer cannot deliver 
any substantial percussive energy to the anvil. In fact, 
it can simply shuttle back and forth without ever strik 
ing the anvil and finally reach a static condition hover. 
ing over the anvil with the lower valve means open 
just enough to permit escape of actuating fluid. As a 
result, the delivery of percussive energy from the anvil 
through stop parts 36 and 37 and nut 27 to the fluid 
supply conduit casing portion is either prevented or is 
at a minimum and substantially negligible. This means 
that any time the bit is unsupported by a working sur 
face such as the bottom of the bore hole, delivery of 
percussive energy by the hammer is automatically de 
creased to prevent injury to the tool. - - - - - 
As the fluid supply conduit is lowered into the bore 

hole with the bit resting on the bottom thereof, the 
telescoping joint between lower cylinder sub 20 and 
the anvil will be contracted with movement of the anvil 
upwardly into the cylinder Sub. As a result, the ham 
mer has a smaller distance to travel before valve ele 
ment 44 enters bore 43. As soon as the supply conduit, 
is lowered sufficiently to permit this, pressure from the 
supply conduit becomes effective on end 38 to reduce 
the overtravel of the hammer although the push-up 
stroke remains fixed. This increases the frequency of 
beating of the hammer and continued lowering of the 
fluid supply conduit will still further increase the fre 
quency of beating. 

Eventually, lowering of the drill string will cause stop 
parts 34 and 35 to be placed in abutment and this will fix 
the beating frequency of the hammer. . -- ? ? ? 
with the parts positioned as shown in Fig. 1, fluid flows 
down through hammer passage 45 to act on the underside 
thereof and move the hammer upwardly in its return 
stroke. In its Fig. 2 position, the hammer has just about 
completed its push-up stroke but prior to that time, the 
upper valve means 15 is closed so that completion of the 
push-up stroke is dependent upon expansion of fluid 
trapped between the valve means. When the hammer 
has moved upwardly sufficiently to open the lower valve 
means, it will continue its upward movement through its 
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10 
overtravel due to its momentum. During such over. 
travel, power fluid acting against the lower end of the 
hammer is exhausted through the anvil and bit so that 
ifull differential of fluid pressure can be applied across 
supper piston portion 23. This differential reverses the 

a 

direction of movement of the hammer and moves it down 
wardly in its power stroke toward the anvil as shown in 
'Fig. 3. Before the anvil is struck, however, the lower 
valve means closes but this does not provide any substan 
tial impediment to the hammer striking the anvil because 
only low pressure gas is trapped between the hammer and 
anvil. After the lower valve means is closed and before 
the hammer strikes the anyil, the upper valve means is 
opened by the hammer moving bore 43 from around valve 
element 44. The hammer continues its downward travel 
under its own momentum and at the same time pressure 
fluid flows downward through the hammer passage to 
again move the hammer in its return stroke after it.has 
struck the anvil (Fig. 1). 
From the foregoing, it is apparent that with stop parts 

34 and 35 engaged, the distance between the lower end 
of valve member 49 and the entrance to bore 43 is greater 
than the distance between the lower end of valve element 
44 and entry to bore 50 so that one of the valve means is 
closed at all-times. In this connection, it should be noted 
that the length of valve member 49 determines the push 
up stroke of the hammer so that in operation, the ham 
mer will always move at least a distance corresponding to 
the push-up stroke. 
As indicated above, varying the distance between the 

supply conduit and the anvil will result in a variation of 
the beating frequency of the hammer. Thus, by lowering 
the supply conduit toward the anvil (assuming stop parts 
34 and 35 have not yet been engaged) the upper valve 
means can be made to close earlier in the push-up stroke 
so that the extent of hammer travel with fluid trapped be: 
tween the valve means can be adjusted. However, it 
should be noted that the return stroke of the hammer will 
always be equal to the fixed push-up distance plus the 
overtravel distance. In effect then, varying the position 
of the supply conduit changes only the overtravel distance. 
Thus, a maximum overtravel will be secured when the 
upper valve element 44 is positioned so that it passes into 
bore 43 a little before or at substantially the same time 
the lower valve means is opened. The reason for this is 
that full fluid supply conduit pressure is applied to move 
the hammer upwardly during substantially all of the push 
up distance portion of the return stroke. This gives the 
hammer increased upward momentum so that the over 
travel increases also. Conversely, with the fluid supply 
conduit lowered to a position such that the upper valve 
means closes during the early part of the return stroke, 
and at a point after which the hammer must continue. 
travelling upwardly a considerable distance before the 
lower valve means is opened, the pressure trapped be 
tween the two valve means will be considerably reduced 
(by expansion) below the full supply pressure. As a re 
sult, the average force acting to urge the hammer up 
wardly during the push-up stroke is less and, accordingly, 
the hammer has less upward momentum at the time the 
lower valve means opens so that the overtravel is de 
creased. By slacking off on the drill string sufficiently. 
that stop parts 34 and 35 are always maintained in en 
gagement by the weight of the drill string, the beating 
frequency of the hammer will be fixed. 
Thus, it will be seen that even though, the bit may 

drop into a cavernor fissure a sufficient distance to bring, stop. parts 36 and 37 into engagement, the percussive 
energy, delivered by the hammer to the anvil will auto 
matically be decreased to prevent injury to the tool. 
Also, the torque required to rotate the bit to index it for 
a new cut le, bottom of the bore hole can be trans 
ferred from the drill string to the anvil via the external; 
case, on the tool, without applying such torque, to the 
hammer. As a result, even though the bit might become 

  



2,859,733 
- 11 

struck in the bore hole, as by encountering a wedging 
fissure, the torque applied thereto can be increased in an 
effort to loosen it while at the same time the hammer re 
mains free to beat thereon. Further, should the bit en 
counter an inclined face in the formation so as to tend 
to follow the same, the parts of the tool are maintained 
in proper axial alignment without exerting any aligning 
stresses such as would interfere with free operation of 
the hammer. 

In connection with the cooperation of bore 43 and 
valve element 44, it will be noted that piston portions 23 
and 24 of the hammer also act as guide elements to main 
tain bore 43 in proper axial alignment with valve element 
44 and since the cylinder portions in which the hammer 
piston portions reciprocate are rigidly fixed to valve sub 
17, the hammer can be very closely maintained in align 
ment so that clearance between valve element 44 and bore 
43 can be made quite small to prevent excessive leakage 
of fluid therethrough. Further, piston portions 23 and 24 
of the hammer maintain valve member 49 in axial align 
ment with bore 50 and piston portion 32 and guide por 
tion 33 of the anvil maintains bore 50 in alignment with 
the valve member 49. 

It will be noted that since the diameter of piston part 
32 in the anvil is equal to the diameter of piston portion 
24 on the hammer, the net variation in upward reaction 
on valve sub 17 and hence on the drill string will be due 
solely to pressure acting over an area equal to that of 
valve element 44. Since this area can be made small 
relative to the cross-sectional area of piston portion 23, 
the variation in net upward reaction on the drill string is 
likewise quite small. 

It will also be noted that when a drill string or pipe 
is connected to the fluid supply conduit to supply com 
pressed fluid thereto, the length of the drill string can 
be increased as the drilling proceeds by connection of 
additional lengths thereof to the upper end of the drill 
string. In this manner, the percussion tool follows the 
bit down the hole so that the same amount of energy 
can be transmitted to the bit at any depth of drilling. 
Also, the distance between the anvil striking face and the 
cutting edge of the bit can be made such that a maxi 
mum of impact energy from the hammer is delivered 
to the bit cutting edge and the earth formation. Such 
distance can be maintained constant instead of increas 
ing with increasing depths of drilling as in conventional 
pneumatic drills. 

It should also be noted that the positive valving action 
of the tool of this invention permits the hammer to be 
made of a relatively small mass and operated at a cor 
respondingly high frequency to deliver the same impact 
energy to the anvil as would be delivered by heavier 
hammer operating at a lower frequency. This makes 
the tool susceptible of increased performance and in 
creased efficiency. 

In connection with the valving arrangement herein 
employed, it will be appreciated that if it is desired to 
blow a hole being drilled free from cuttings while ceas 
ing drilling, it is only necessary to lift up on the drill 
string until the upper valve means remains open. There 
upon, large quantities of fluid can be blown through the 
tool to flush out any accumulated cuttings from the hole. 
To reassume drilling, the drill string is merely slacked 
off until stop parts 34 and 35 are again in engagement. 

Referring now to Fig. 6, a preferred form of the 
lower portion of the tool is shown with its parts num 
bered the same as corresponding parts in Fig. 4B. 
Although the general operation of the tool is the same 
as that in Fig. 4B, there are some improvements. Thus, 
some trouble was experienced with the finger 49 fatiguing 
and breaking off when it was made of substantial length. 
To avoid this, finger 49 is hollowed out, as at 49a in 
Fig. 6, to reduce its mass and also a long radius portion 
is provided at 49b where the finger joins the hammer. 
Such long radius portion demands that the upper end of 
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12 
the anvil be changed to accommodate it. It has been 
found that if the upper end of the anvill is merely pro 
vided with a corresponding long radius portion (as indi 
cated at 32a in dashed line), valve means 16 acts in 
the fashion of a metering valve. In other words, as 
finger 49 is moved upwardly, it permits a gradual increase 
in rate of flow of exhaust fluid from the lower cylinder 
due to the gradually increasing clearance between the 
finger and radiused portion 32a. As a result, the pres 
sure in the lower cylinder beneath the hammer is de 
creased relatively slowly during exhaust thereof so that 
the upward travel of the hammer is stopped before the 
lower cylinder is completely exhausted. Then as the 
hammer moves in its power stroke, the fluid trapped 
therebeneath is compressed to an excessively high pres 
sure thereby robbing the hammer of its potential impact 
energy. It was found that this decrease in energy deliv 
ery to the anvil was in many cases enough that a drilling 
blow could not be struck. 
To avoid this, the upper end of the anvil piston 32 is 

provided with a counterbore 32b having a substantially 
square shoulder 32c surrounding bore 50. Then as finger 
49 moves upwardly, it clears bore 50 all at once so 
that the maximum upward force is exerted on the ham 
mer until just the instant finger 49 passes shoulder 32c 
whereupon the lower cylinder suddenly begins exhaust 
ing and can complete the same before the hammer again 
causes finger 49 to move into bore 50. 

Fig. 6 also shows a unitary anvil and bit. In some 
instances, the use of a relatively heavy (e. g. 60 pound) 
hammer at normal operating pressures (e.g. 250 p.s. i.) 
of actuating fluid results in failure at the screwed con 
nection between the bit and anvil of Fig. 4B. To elimi 
nate this, the bit and anvil are made in one piece as 
shown in Fig. 6. Such arrangement is of further ad 
vantage in that transmission of energy to the cutting 
edges of the bit need not be across a threaded joint 
which, if not carefully constructed, can result in dissipa 
tion of energy. 

Also, it will be seen in both of Figs. 6 and 7 that 
seal rings are employed on the hammer and fingers to 
eliminate the labyrinth grooves of Figs. 4A and 4B and 
to provide a more effective seal. Also, and of possibly 
greater importance, the seal rings on the hammer act 
as “wipers' to keep the cylinder walls clean and lubri 
cated with oil from the actuating fluid. Thus, seal 40a 
is located near the lower end of upper piston portion 
23 and seal 40b near the upper end of lower piston por 
tion 24 so that should any grit or cuttings get into cham 
ber 42, they will be wiped from the cylinder surfaces 
before the piston portions traverse the same. Seals 44a 
and 49c are situated near the lower ends of fingers 44 
and 49, respectively, to provide a seal with bores 43 
and 50 during substantially all of the movement of the 
fingers therein. Here again, these seals act as “wipers'. 
The lower outer corners of seals 44a and 49c are prefer 
ably beveled to facilitate their entrance into the bores. 
Each of seals 49a, 40b, 44a and 49c can be of neoprene 
rubber or the like. 
To aid in maintaining the splined joint between the 

hammer and anvil clean, passages 36a can be provided 
so that each time lower valve means 16 opens, a puff 
of actuating fluid will be blown through the joint. 

Fig. 7 also illustrates another type of check valve for 
passages 42a. Thus, an annular ring 42d of neoprene 
rubber or the like, is disposed about the tool and has 
a lower end 42e adapted to be flexed outwardly by pres 
sure in passages 42a to relieve the same. 
Some difficulty has been encountered with the ham 

mer fatiguing at the point where passages 47 join passage 
45 (Fig. 4A). One manner of avoiding this is to provide 
the hammer with a diametrical slot 47a connecting with 
passage 45 as shown in Fig. 6. Slot 47 is preferably 
elongate in vertical cross-section. 
Another manner of avoiding fatigue breaking is shown 
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in Fig. 8. Here the hammer is made in two pieces 10a 
and 10b which are held together by a sticking taper 10c. 
The lower portion of the hammer is formed with a 
rounded portion 10d of considerably (e.g. twice) longer 
radius than that of passage 45. Then passages 47 are 
drilled to intersect at varying points on rounded portion 
10d so that in any given cross-section across the lower 
end of the hammer, there exists more metal than in the 
corresponding section in Figs. 4A and 4.B. 
When the hammer and anvil faces 13 and 14 are made 

to mate closely together as shown in Fig. 4B, they have a 
tendency to act together as a valve and this is especially 
true. When some lubricant is disposed thereon. As a 
result, it becomes more difficult for the actuating fluid 
to flow inwardly between these faces to move the hammer 
inWardly in its return stroke and to rapidly flow outwardly 
just as the hammer strikes the anvil. Of course, such 
close nating does not by any means render the tool in 
operable since even if the mating faces formed a perfect 
Seal, the hammer will rebound from the anvil after it 
has struck the same to permit fluid to flow in and act on 
the hammer's lower face. Nevertheless, such valving ac 
tion slows down the hammer. To avoid this, one or both 
of two arrangements can be employed. Thus, the top of 
the anvil, or the lower end of the hammer can be slightly 
crowned as shown in exaggerated form in Fig. 6 or radial 
grooves 32d can be provided on the upper end of the anvil 
or the lower end of the hammer. In either manner, the 
valving action of the faces 13 and 14 will be reduced. 

In some instances, it may be desirable to use the tool 
of this invention while it is submerged, or at least the 
bit is submerged, in water or other liquid. To permit 
this while avoiding liquid back flowing into the tool, a 
check valve 60 can be provided in the anvil passage as 
shown in Figs. 9 and 10. While such a valve can take 
many forms, it must be rapid acting to permit a reasonable 
hammer frequency and be sufficiently resilient to with 
stand many rapid openings and closings. The illustrated 
valve comprises an elongate lip section 61 molded so as 
to normally, when in unstressed condition, be in closed 
position as shown in the drawings. A rib 62 can be 
molded onto the lower end of the lip section to aid in 
urging the lip section to closed position. The upper end 
of the lip section is annular in cross-section and may be 
bonded to a metal ring 63. The latter can be clamped in 
place by an annular nut 64 so that the lip section 62 ex 
tends downwardly in the anvil passage to prevent back 
flow therethrough. - 
From the foregoing it will be seen that this invention is 

one well adapted to attain all of the ends and objects 
hereinabove set forth, together with other advantages 
which are obvious and which are inherent to the appa 
ratuS. - - 

It will be understood that certain features and subcom 
binations are of utility and may be employed without 
reference to other features and subcombinations. This 
is contemplated by and is within the scope of the claims. 
As many possible embodiments may be made of the 

invention without departing from the scope thereof, it is 
to be understood that all matter herein set forth or shown 
in the accompanying drawings is to be interpreted as 
illustrative and not in a limiting sense. 
The invention having been described, what is claimed 

S. 
1. An impact tool powered by a compressible fluid 

which comprises, in combination, anvil means, fluid sup 
ply conduit means having a casing portion extending to 
telescope over the anvil means to enclose therein the 
striking face of the anvil, a hammer mounted for re 
ciprocation within said casing portion to beat upon the 
anvil face and having endwise surfaces of different area 
against which fluid pressure from the conduit means can 
act to urge the hammer in its power and return strokes, a 
first fluid passageway in the hammer connecting when 
open between said surfaces, a second fluid passageway in 
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the anvil means connecting the interior of the casing 
portion between the anvil and hammer with the exterior 
of the tool, a valve element and a valve member respeci 
tively carried by the conduit means and hammer to open 
and close said first and second passageways respectively 
during finite movement of the hammer in its power and 
return strokes so that fluid pressure from the conduit 
means is alternately applied to and exhausted from one 
of said hammer Surfaces, and means providing a slidable 
connection between said anvil means and casing portion 
to permit relative longitudinal movement between said 
valve element and said anvil means so as to vary the 
beating frequency of the hammer. 

2. An impact tool powered by a compressible fluid 
which comprises, in combination, an anvil, fluid supply 
conduit means including a casing portion extending there 
from to enclose an end of the anvil, a piston hammer in said casing portion and having spaced piston portions 
of different effective cross-sectional areas, the piston por 
tions slidably engaging said casing portion, a first fluid 
passage carried by one of the casing portions and piston 
hammer and which when open communicates between 
opposite ends of said piston hammer, a second fluid pas 
sage in said anvil for conducting fluid from a space be 
tween the piston hammer and anvil to the exterior of the 
tool, first valve means including a first valve member 
carried by the piston hammer and cooperable with a 
second valve member carried by said anvil to restrict flow 
through said second passage while the piston hammer is 
traveling through a predetermined portion of its return 
stroke from anvil striking position and then to open said 
second passage during the remainder of the piston ham 
mer’s return stroke, second valve means controlling flow 
through said first passage including a first valve element 
cooperable with a second valve element carried by the 
piston hammer to restrict flow through said first passage 
upon said piston hammer moving to be within a prede 
termined distance from said first valve element, said 
first valve element being carried by said conduit means 
for movement thereby toward and away from said anvil 
and second valve member to thereby respectively increase 
and decrease the beating frequency of the hammer, and 
means slidably connecting the anvill and said casing por 
tion for limited relative longitudinal movement there 
between including stop parts carried by the anvil and 
casing portion engageable to limit movement of the con 
duit means and first valve element toward the anvil 
whereby the beating frequency of the hammer is fixed 
upon engagement of the stop parts. - 

3. The tool of claim 2 wherein said connecting means 
permits movement of the anvil away from the conduit 
means a sufficient distance that said second valve means 
remains open during any movement of the hammer in 
its return stroke whereby the hammer is moved in its 
power stroke with insufficient velocity to strike a blow to 
said anvil of sufficient magnitude as to damage said con 
necting means. 

4. In an impact tool powered by a compressible fluid, 
an anvil, cylinder means having Smaller and larger diam 
eter portions, a hammer reciprocally disposed in the 
cylinder means to beat upon the anvil and having a 
smaller diameter piston in the smaller diameter cylinder 
means portion providing a first effective area for driving 
the hammer in its power stroke and a larger diameter 
piston in the larger diameter cylinder means portion pro 
viding a second effective area larger than the first area . 
for moving the hammer in its return stroke, said cylinder. 
means including inlet means for constantly admitting 
pressure fluid thereto to act against the first area, means 
for intermittently admitting pressure fluid to act on the 
second area including valve elements respectively carried 
by the hammer and cylinder means and cooperable to re 
strict flow to the second area upon the hammer moving 
to be within a predetermined proximity to said inlet 
means, means for intermittently exhausting fluid applied 
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to said second area including a flow passage through 
said anvil and valve members respectively carried by the 
anvil and hammer and cooperable to restrict flow through 
said passage while the hammer is moving through a prede 
termined initial portion of its return stroke and then to 
open said passage to exhaust said fluid, and means slidably 
connecting said cylinder means to said anvil so that torque 
can be transmitted to the anvil to rotate the same without 
application of the torque to the hammer and so that the 
distance between the valve element carried by the cylinder 
means and the valve member carried by the anvil can 
be varied to vary the beating frequency of the hammer. 
VM 5. The tool of claim 4 wherein said slidably connect 
ing means includes stop parts respectively carried by the 
anvil and cylinder means for mutual engagement to limit 
movement of the valve element carried by the cylinder 
means toward the valve member carried by the anvil to 
thereby fix maximum beating frequency of the hammer 
at a predetermined value. 

6. The tool of claim 5 wherein said slidably connect 
ing means includes longitudinally extending and radially 
aligned splineways in the cylinder means and anvil and 
bridging elements disposed in the splineways to limit rela 
tive rotation between the cylinder means and anvil while 
permitting longitudinal movement therebetween, said 
anvil having longitudinally spaced apart portions having 
a close sliding fit within the anvil end of the cylinder 
means whereby the anvil is held in axial alignment with 
the cylinder by said anvil portions without imposing any 
substantial aligning stresses on the splineways and bridging 
elements. ? 

7. The tool of claim 5 wherein the slidably connecting 
means includes a nut threaded into the anvil end of the 
cylinder means, longitudinally extending and radially 
aligned splineways of predetermined length in the nut and 
anvil, and bridging elements of substantially the same 
cross-sectional dimension as said splineways and disposed 
in the splineways to limit relative rotation between the 
nut and anvil, the splineways in the nut terminating short 
of the ends of the nut, said nut being longitudinally split 
into sections with adjacent sections having abutting faces 
preventing the sections from moving radially inwardly 
when assembled as the nut whereby the sections can be 
placed around the anvil with the bridging elements in 
place and then screwed as a unit into the anvil end of 
the cylinder means. 

8. In an impact tool powered by a compressible fluid, 
an anvil having a piston portion and also having therein 
a fluid passage connecting between an end of said piston 
portion and the exterior of the tool, a fluid supply con 
duit having a casing portion extending to provide a first 
cylinder around said anvil piston portion and also provid 
ing second and third cylinder portions, a piston hammer 
disposed within the casing portion with first and second 
pistons on the hammer reciprocally disposed in said second 
and third cylinder portions, said second piston element and 
third cylinder portion being of greater diameter than the 
first piston element and second cylinder portion, a fluid 
passageway in the hammer connecting between its ends, a 
valve element carried by the supply conduit to close the 
hammer passageway upon the hammer moving in its 
return stroke to be within a predetermined distance from 
the valve element, a valve member carried by the hammer 
to close the anvil passage while the hammer is moving 
through a predetermined initial portion of its return 
stroke, and means providing a sliding connection between 
the casing portion and the anvil while limiting relative 
rotation therebetween whereby torque can be transmitted 
from the supply conduit to the anvil without application 
of the torque to the hammer and whereby the distance 
between the valve element carried by the supply conduit 
and the anvil can be varied to vary the beating frequency 
of the hammer. 

9. The tool of claim 8 wherein said valve member is 
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sage to restrict flow therethrough whenever the hammer 
is within a predetermined distance of the anvil. 

10. The tool of claim 9 wherein said finger-like part 
is fixed to the hammer against longitudinal movement 
relative thereto. 

11. The tool of claim 9 wherein said valve element 
is also an elongate finger-like part movable into the ham 
mer passageway to restrict flow therethrough. 

12. In an impact tool, a fluid supply conduit provided 
with a cylinder portion extending to telescope over an 
anvil, a hammer provided in the cylinder portion to re 
ciprocate and beat against the anvil responsive to the 
application of fluid pressure thereto from the Supply con 
duit under the control of valve means openable and 
closable responsive to the movement of the hammer, the 
beating frequency of the hammer varying with the dis 
tance between the supply conduit and anvil, a connection 
between the cylinder portion and the anvil including inter 
engaging slide and guide parts carried by the cylinder 
portion and the anvil permitting longitudinal sliding move 
ment while limiting relative rotation therebetween 
whereby torque can be transmitted from the supply con 
duit to the anvil without application of the same to the 
hammer and yet the distance between the supply conduit 
and the anvil can be varied to vary the beating frequency 
of the hammer, and stop parts carried by the cylinder 
portion and the anvil mutually engageable to limit move 
ment of the supply conduit toward the anvil and thereby 
fix the maximum beating frequency of the hammer. 

13. A tool of claim 12 wherein said anvil includes a 
piston portion having a close sliding fit within Said cylinder 
portion to close the anvil end thereof and a fluid passage 
way through the anvil extending between the interior of 
the cylinder portion and the exterior of the tool, said 
anvil further having a second portion longitudinally spaced 
from said piston portion with a close sliding fit within 
said cylinder portion, whereby the anvil is maintained in 
axial alignment with said cylinder portion by said piston 
portion and said second portion without imposing any 
substantial aligning stress on the slide and guide parts 
limiting relative rotation therebetween. 

14. The tool of claim 13 wherein a nut is threaded 
into the anvil end of said cylinder portion and wherein 
the slide and guide parts limiting relative rotation in 
clude longitudinally extending splineways in at least one 
of the nut and anvil and bridging elements disposed in 
said splineways and connected to the other of the nut 
and anvil to limit relative rotation therebetween, said 
nut being longitudinally split into sections so that such 
sections can be passed around the anvil in assembling 
the bridging elements in the splineways and then screwed 
as a unit into said anvil end of the cylinder portion to 
retain the bridging elements and splineways in operative 
association. 

15. An impact tool powered by compressible fluid 
which comprises, in combination, an anvil having one 
end provided with connecting means for connection with 
a working tool, the working tool having a fluid flow pas 
sage therein for discharge of a fluid adjacent the Surface 
being worked, a fluid supply conduit including a casing 
portion having a slidable connection with the other end of 
the anvil, a hammer reciprocally disposed in said casing 
portion and having first and second endwise areas with 
the first area being exposed to fluid from said conduit 
to urge the hammer toward the anvil and with the second 
area being larger than the first and disposed so that fluid 
can act thereagainst to urge the hammer away from the 
anvil, a first passageway for placing the second area in 
communication with the conduit, a second passageway 
disposed in the anvil and when open placing the second 
area in communication with said flow passage in the 
working tool, a valve element carried by the hammer 
restricting flow through said second passageway during 
at least a portion of the hammer's travel in its return 

an elongate finger-like part movable into said anvil pas- 75 stroke from anvil striking position and upon further 
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travel of the hammer opening said second passageway, 
and valve means openable and closable responsive to 
movement of the hammer so as to restrict flow through 
said first passageway while the second passageway is 
open. 

16. An impact tool powered by a compressible fluid 
which comprises, in combination, anvil means, fluid sup 
ply conduit means having a casing portion extending to 
telescope over the anvil means to enclose therein the 
striking face of the anvil, a hammer mounted for recip 
rocation within said casing portion to beat upon the anvil 
face and having endwise surfaces against which fluid 
pressure from the conduit means can act to urge the 
hammer in its power and return strokes, a first fluid pas 
sageway connecting when open between said surfaces, a 
second fluid passageway connecting the interior of the 
casing portion between the hammer and anvil with the 
exterior of the tool, a valve element carried by a part of 
the conduit means to close said first passageway upon the 
hammer moving to be within a predetermined distance 
from said part of the fluid supply conduit means and 
then to open said first passageway upon the hammer 
moving a predetermined distance away from the fluid 
Supply conduit means, a fixed finger carried by the lower 
end of the hammer to be insertable into said second pas 
sageway to govern flow therethrough, said finger being of 
a length equal to the desired push-up stroke of the ham 
mer, and a limited sliding connection between said cas 
ing portion and said anvil. 

17. The tool of claim 16 in combination with a check 
valve in said second passageway permitting flow from 
said casing portion to the exterior of the tool but pre 
venting flow in a reverse direction. 

18. In an impact tool wherein a fluid supply conduit, a 
hammer and an anvil are interconnected for reciprocation 
of the hammer to beat against the anvil responsive to 
the application of fluid pressure to the hammer from the 
supply conduit under the control of valve means openable 
and closable responsive to the movement of the hammer, 
the combination therewith of a flow passageway extend 
ing through the anvil from the interior of the tool to the 
exterior thereof, and a check valve in said passageway 
limiting flow to be from the interior of the tool to the 
exterior thereof and preventing flow in a reverse direc 
tion. 

19. In an impact tool wherein a fluid supply conduit, 
an anvil, and a hammer are interconnected for recipro 
cation of the hammer to beat against the anvil responsive 
to the application of fluid pressure to the hammer from 
the supply conduit, the combination therewith of a flow 
passageway in the anvil communicating between the ex 
terior of the tool and the interior thereof, a fixed finger 
carried on the lower end of the hammer for insertion 
into said passageway to control flow therethrough, said 
lower end of the hammer being exposed to strike the 
anvil and against which fluid pressure from the supply 
conduit can act with the finger inserted in said passage 
way to urge the hammer in its return stroke, said finger 
at its juncture with the hammer flaring outwardly in a 
long radius portion which smoothly merges with said 
hammer's lower end, and said anvil being provided with 
a counterbore surrounding said passageway therein and 
of a depth at least as great as the radius of said long 
radius portion and providing a sharp cornered shoulder 
adjacent said finger to permit quick opening and closing 
of the valve comprising said finger and passageway. 

20. In an impact tool powered by a compressible fluid 
which comprises, in combination, an anvil, fluid supply 
conduit means including a casing portion extending 
"therefrom to enclose an end of the anvil, a piston ham 
mer in said casing portion, a first fluid passage in one of 

I the casing portions and piston hammer which when open 
communicates between opposite ends of said piston ham 
mer, a second fluid passage in said anvil for conducting 
fluid from a space between the piston hammer and anvil to 
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the exterior of the tool, said hammer and anvil having 
opposing faces substantially parallel to each other and 
across which the hammer delivers its impact energy to 
the anvil, a finger extending from a central location on 
the lower end of the hammer so that the face on said. 
hammer is laterally outward thereof, said finger being 
insertable into said second passage to control flow there 
through, a radial groove in one of said faces extending 
from the inner to the outer edge thereof to permit flow of . 
fluid therealong whereby valving action of said faces is 
reduced, and valve means controlling flow through said 
first passage and openable and closable responsive to 
movement of the hammer to intermittently supply fluid 
to the lower end of the hammer to move it in its return 
stroke. 

21. An impact tool powered by a compressible fluid 
which comprises, in combination, an anvil, fluid supply 
conduit means having a casing portion telescoping over 
the anvil and enclosing therein the striking face of the 
anvil, a hammer mounted within said casing portion to 
beat upon the anvil face and having opposing endwise 
Surfaces upon which fluid from the conduit means can 
act to move the hammer in its power and return strokes, 
a first fluid passageway through the hammer, a second 
fluid passageway through the anvil, a first finger carried by 
the conduit means to telescope into said first passageway 
to restrict flow thereinto during movement of the hammer 
in a final portion of its return stroke and during an initial 
portion of its power stroke, a second finger fixedly car 
ried by the hammer and telescoping into said second pas 
sageway to restrict flow thereinto during the final portion 
of the hammer's movement in its power stroke and during 
an initial portion of its return stroke. 

22. An impact tool powered by a compressible fluid 
which comprises, in combination, anvil means, fluid sup 
ply conduit means haiving a casing portion extending to 
telescope over one end of the anvil means, means con 
necting between said anvil means and casing portion per 
mitting limited longitudinal movement while limiting 
relative rotational movement therebetween, -a hammer 
having spaced apart piston portions of different effective 
cross-sectional areas slidably engaging corresponding cyl 
inder portions of said casing portion, a passageway in the 
hammer having a terminus at the end of the hammer 
remote from the anvil means and also extending to com 
municate with the space between the other end of the 
hammer and the anvil, passageway in the anvil means 
having a terminus at the end of the anvil means adjacent 
said other end of the hammer and also communicating 
with the exterior of the tool, first and second fingers 
respectively carried by the conduit means and said other 
end of the hammer and aligned respectively with said 
termini of said hammer and anvil means passageways 
to move thereinto upon reciprocation of the hammer and 
alternately restrict flow therethrough whereby fluid pres 
sure on said other end of the hammer is alternatively 
increased and decreased to cause the hammer to recipro 
cate. 

23. An impact tool powered by a compressible fluid 
which comprises, in combination, an anvil; a fluid supply 
conduit; a hammer mounted for reciprocation between 
the anvil and conduit to deliver blows to the anvil; the 
hammer, anvil and conduit together providing upper and 
lower variable volume chambers with oppositely facing 
effective areas on the hammer respectively forming one 
wall of said chambers and with the upper chamber being 
in fluid communication with an inlet to said conduit; first 
and second passageways extending respectively from the 
first chamber through the hammer to the second chamber 
and from the second chamber through the anvil to the 
exterior of the tool; a valve element carried by the conduit 
and operable to restrict flow through said first passageway 
while the hammer is moving through an initial portion of 
its power stroke and to open said first passageway upon 
the hammer striking the anvil; a finger fixedly carried by 
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the hammer and telescoping into the second passageway 
to restrict flow therethrough while the hammer is less than 
a predetermined distance from the anvil and being moved 
from the second passageway to open the same to fluid 
flow upon the hammer moving away from the anvil far 
ther than said predetermined distance. 
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