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My invention relates generally to rotary impact drills
and ‘more particularly- to. impact drills: of the type in
which relative rotation occurs between the drill shank and
a body mounted thereon. This relative rotation effects
movement of -a reciprocable hammer member and causes
a'series of impacts to be delivered to a rotating drill bit.
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In my Patent No. 2,425,012, issued Aungust 5,:1947, T"-.

have : disclosed -certain  forms of  retarder means which
create relative rotation of a: body member by fluid: en-
gagement of blades or vanes: mounted thereon. . The
retardation is caused by frictional forces, acting between
the blades and the drilling fluid or mud, and the blades
are not designed to engage the walls of the drilled hole.
The present application, broadly considered, discloses a

the drilled ‘hole. A preferred embodiment of my inven-
tion:includes essentlally one or.more wall; rollers Whlch
roll -against the wall of the-hole as the drill stem: is

rotated.. The resistance to rotation of these rollers retards

the rotation: of an attached body member, and- actuates

- the -desired 1mpact1ng means. -

The retarder -means have addmonal 1mportant func-
tions besides that of creating the desired relative rotation.
The. rollers, if positioned: within the vicinity of the drill
bit, ‘will. center-the drill stem within-the hole. . They are
also adapted to.override small projections: in. the hole
to produce- a smooth and uniform bore. . Under some
conditions  they may be toothed as in-standard reamer
rollers to make biting engagement with the walls of the
hole and enlarge the bore thereof. ~As:can: be understood,
the - wide - variety  .of earth formations encountered in
drilling wells ‘requires the use of -many types of drills
and bits in order to secure the best resuits. . Consequently,
the aforementioned operational features will be advan-

_tageous under many. different conditions, and the proper

use of my impact drill will be apparent to those skilled
in-the art.
A major object .of my “invention is to provide -an"im-

pact drillwhich may be operated -by the use of wall
“roller- means adapted for rolling contact- with .the wall

of the hole.
Another object of my mventlon is to provide an im-

. pact drill of this type, which tends to center the drill bit
:within . the hole.and to produce a: smooth and uniform

bore.
"Xt is also an object of my invention to provide an

impact drill of this type which may be operated simul-

taneously as a wall reamer. |
. An additional ob]ect of my invention is to prov1de an

,1mpact drill wherein the-impact rate is substantially in-
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° mew itype of retarder means which makes a. direct and
substantially constant. rolling' contact with the walls' of
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dependent -of the volume and pressure of the circulating g

drilling fluid, .

. Still' another ob]ect of my mventlon is to provide re-
tarder means which are adapted for substantially uniform
rolling contact with the:walls of the drilled hole to pro-
duce a uniform 1mpactmg rate.

It is a further object of my invenition to provide simple

70
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and durable retarder means adapted to withstand rough

vsage and avoid jamming or “hanging up” in the hole.
These and other -objects and advantages of my inven-
tion will -become apparent from the following detailed
description’- of various .embodiments -thereof, -and from
an mspectlon of the accompanying drawings, in which:.
Fig: 1 is"a side: elevation, partially in section, of one
form of my improved impact drill, with the cam operating

“means in their lowermost-position, immediately after one

of the cams has overridden’ the other. .

Fig. 2 is a side elevation of a_modified form of :my
device with_the cams about to: override each other;

Fig. 3'is a view.similar to Fig. 1 of another modlﬁca-
tion' of 1mpact drill;’

Flg 4:is a. cross-section taken along the llne 4—4 of

~Fig. 13

Fig. 5 is a cross- sectxon taken along the 11ne 5—5 of

‘Fig. 2;

Fig. 6 is ‘a cross-section taken along the line 6—6 of
Fig. 3; and

Flg 74s a cross-sectlon taken 'along the lme 71 of
Fig. 3.

- Referring now to the drawings, and particularly to
Fig. -1 thereof, a simple form of my- improved, impact
drill is shown, in ‘whichthe numeral: 10 indicates gen-
erally a rotatable drill shank. A conventional drill stem’
(not shown) 'is coupled to the drill shank 16 and trans-"
mits driving power to.rotate a lower drill bit 11 Prefer-

ably, the bit 11 is coupled to a collar 12 formed on:the . v-

lower end of the shank 18 and may .be easily replaced

. The shank 10.is of hollow tubular construction and
carries the drllhng fluid or mud to ports 13 in the bit 11
‘where the fluid ‘is. discharged to pick up ‘the rock'chips
and other detritus within:the_ drilled hole. - The drilling
floid then . circulates. upwardly in . the hole through. the
space ‘around the shank 16.. To this extent the operation
of the drill is similar to that of a conventional rotary
drill, and the associated drilling equipment including the
fluid pumps, driving ‘means, and such, need not be.de-
scribed herein.

Above the shank collar 12 is an impact structure which
includes: a reciprocable body member or hammer 14 and
an anvil 15. The hammer 14 is formed as a:relatively. .
heavy tubular member and is mounted for rotation and
reciprocation on the shank 10. The anvil 15 is formed
as an annular ring welded or otherwise fastened to. the
upper . face -of the collar 12 for rotation with the shank
16. The: engaging faces  of the body member. 14 and
anvil 15 provide -cam operating means. to cause Tecipro-
cation ‘of the body member relative to the shank 10.
An upper cam 17 is shaped on the body member 14 and
a complemental lower cam 18 is formed on the anvil 15.
Upon rotation relative to.each other, cams 17 and 18

cooperate to penodxcally 1ift -the ‘bedy 14 which in turn

falls to impact on the anvil 15. - A collar 16 is secured
to the shank 10 above the body member 14 at such.a
position as to-limit relative axial movement of the latter
while allowing free cooperatlvc movement between cams
17 and 18: :

Near -the top of the body member 14 are letarder or
wall’ roller means 20 surrcunding the shank 10, The
roller means 20 are in frictional contact with the wall of
the drilled hole and retard the body member 14 to create
relative rotation with respect to the shank 18. The roller
means 20 may be formed as a plurality of cylindrical
rollers 21 rotatably supported by extended axies22." The
rollers 21 are spaced about the periphery of the shank
10 to'rotate on the individual axles 22 as they revolve

“about the axis of the shank. - In this form of the drill, the

rollers-21 are made of a durable resilient material, such
as rubber, and have a smooth surface adapted to slidably
engage the wall of the-hole and the drilling' mud- therein.




“To ‘posmon the rollers 21 a housmg is formed w1th an
upper support -or flange 24 -and lower flange 25 -spaced
apart and secured to the -body member 14. Suitable webs
or ribs 26 connect the ﬂange 24 with the flange 25, and
atapered shoulder 27 joins the Tower flange to. the ‘body
metnber 14. The roller axles 22 are disposed parallel to
the ‘axis of the shank 10 with the ends rotatably seated in
the flanges 24 and 25. As is best seen in Fig. 4, the rollers
23 are ‘spaced about the ‘periphery of the shank 10 and
have ‘sufficient clearance with ‘the exterior surface of the
-shank 5o that they do not bind or jam thereon. The outer
edges of the rollers 21 are concentric with the shank 190
and lie on a circle of diameter approximately equal to that

[
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lnhe bfec‘;u'ir»sd to reloinrooate with the'- :body menxher 14,
in -addition to rolling around-the wall of the hole. As

the -body member 14 falls against the anvil 15, the
rollers 21 must be dragged downwardly and this may
tend to lessen the 1mpact By reference to Fig. 2, an

" alternate form of drill is shown in which the retarder

10

of the bit 10 so as to contact the’ w911 of the drllled hole -

and center the shank therein.

Considering the operation ‘of the drill, it will be seen
_ that-as the shank 10 ‘commences to. Totate, the body 14
is seated upon the anvil 15 through the faces of ‘cams
17 and 18. ‘Because of the frictional ‘engagement of cams
17 and 18, the body 14 rotates with the shank 19, and
in turn rotates the roller supporting flanges 24 and 25.
The rollers 21 roll about the wall of the drilled hole much
in the manner ‘of a roller bearing in which ‘the wall acts
as an outer race.
mud coating on the walls, as well as the internal friction
of the rollers, offers a substantial resistance to rotation
of the assembly. - The body 14 tends to be retarded rela-
tive to the shank 1€ and commences to rotate at-a slower
tate. As the rollers 21 turn, they override any small ir-
regularities in the wall of the drilled hole, and thus create
a smooth and uniform bore. To increase the reaming
effect ‘of the rollers 21 they may be formed with toothed

" surfaces for biting enuagement with the wall.

Although. the body 14 is retarded with respect to the
shank 16, it is not normally stopped because the retarding
forces depend principally upon the rolling friction created.
Thus there is little tendency for the roller 21 to bind or
jam ‘within the hole. Prior devices having wall-engaging

means are not requ1red to reciprocate with the hammer
body. An impact sprmg “hedns ‘s also used to increase

- the force of the impacts..

A suitable drill shank 30 is rotatably driven within
a drilled hole by the-customary -equipment (not shown).
On the lower end of the shank 30 is a drill bit 31 and
collar 32 generally similar to-the bit 11 and <collar 12 of

~the previously described -form. -Above the collar 32 is a

retarder or wall roller means 33 and a ‘body member or
hammer 34. The roller means 33 is rotatable on the
shank 16 and normally bears agalnst the upper face of the

collar 32, The hammer 34 is reciprocably mounted on
" the shank 39, and ‘impacts ‘downwardly against the roller

20

The presence of the fluid mud, and the -
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means were, in general, provided with non-rotatable and

sharply projected contact members which tended to
“hang up” within the drilled hole. As can be appreciated,
the uniform rolling contact ‘of the retarder means used
therein greatly reduces the danger of ]ammmg the drill
within the well bore.

When the body member 14 commences rotatmg at a

‘slower rate than the shank 10, the upper cam 17 is caused
-to periodically override the lower cam 18. One or more
‘complemental ‘lobes or crests are formed on the cam
surfaces, and so arranged as to lift upper cam 17 upon
Totation relative to lower cam 18. Because the cam
18 is fixed for rotation with the shank 10 in this form
of ‘the device, it may be considered as the driving cam,
‘while the cam 17 may be considered as the driven cam.
‘When the driven cam 17 as rotated counterclockwise with
respect to the driving cam 18, as viewed in Fig. 1, the
former is forced upwardly by the cam action to lift the
body member 14. The cam lobes then override and the
body member 14 falls to impact against the anvil 15.

As was previously mentioned, the body member 14 is
made relatlvely ‘heavy to form a hammer, and the force
‘of the impacts thus created are transmitted through the
"anvil 15 and collar 12 to the bit 11. As can be understood,
the rate of impacting and the character of the impacts
may be varied to suit different drilling conditions. . For
example many of the different types of cam means shown
in my. copending application Serial No. 734,989, filed
‘March 135, 1947 may be used inthe present device. .’

The impact rate is substantially independent of the
circulation rate of the drilling fluid because the retarda-
tion is dependent upon rolling friction rather than fluid
friction. 'Under certain drilling conditions, this character-
istic of the drill will be very advantageous, and represents
a departure from the operation of the drill in my afore-
-mentioned patent.

In the form of structure just described the Tollers 21
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means -33 to transmiit emergy to the bit 31 ‘through ‘the
collar -32.

- The roller ineans 33 includes ‘a housmg formed of a
lower annular ring 35 and upper ring 36 connected by
webs or 1ibs 37, The housing thus formed s both Totat-
ably and axially imovable on the shank 10 and ‘supports a
plurality -of rollers 39 spaced about ‘the periphery ‘of the
shank -30. Each roller 38 is supported on an axle 39
rotatably journa ed By the rings 35 and 36 and 'spaced
outwardly from ‘the shank 30, to provide clearance be-
tiween fthe surfaces of the rollers and the exterior of the
shank. The outer ‘edges of the rollers 38 just contact the
wall of the drilled hole and createiretarding friction as has
previously. been “described. In this form of the drill, the
rollers 38-are again preferably made of a durable resilient
matenal such @s rubber, and have a smooth surface
adapted to slidably engage the ‘wall’ of ‘the hole and the
drilling fluid: therein.

At ‘the ‘top of the ring 36 is a tapered shoulder 40
which joins ‘an anvil 41 of reduced diameter. The' upper
face of the anvil 41 is formed ‘as a lower ‘or driven cam

2 which engages Wwith a complemental upper or driving

.cam 43 formed 'on ‘the hammer body 34. Since the ham-

'mer 34 is fixed for rotation with the shank 39, the driving
‘cam 43 normally causes rotation of the ‘driven cam 42
through frictional engagement until such time- as the re-
‘tarder ‘means 33 ‘decreases the ‘rotational ‘speed ‘of the
drivenr cam. As was previously mentioned, the entire re-
tarder means 33 is rotatably and axially movable on the
shank 30. ‘However, as shownin Fig. 2, the weight of the
structure will normally ‘cause the lower housing ring 35
to seat downwardly against the ‘collar 32.

The hammer 34 is fixed for rotation with the shank 30
by means of inwardly prOjectmg longitudinal key 45

‘which is slidably engaged in the groove 46 formed in the

shank to permit reciprocation of the hammer. The upper
portion of the hammer 34 is connected to a thin-walled
shell 47 which is términated by ‘a ‘cap 48. ‘Within the
shell 47 is a ‘collar 49 secured to the shank 30 and the
shell is thus movable relative to the ‘collar upon recipro-
cation of the hammer 34. The collar 49 servés to limit
the axial movement of the hammer 34, but is so positioned
as to allow free cooperation between the cams 42 and 43,

To change the character of the impacts délivered by
the hammer 34, an impact spring means 50 is confined
within the shell 47. The -spring means 50 is preferably
formed as a strong coil spring having one end seated upon
the top of the hammer 34 and theé other end abutting the
collar 49. Upward movement of the hammer- 34 thus
causes compression of the spring 50. Energy is stored
in the spring 59 upon compression, and is returned to
the hammer 34 upon the downward movement of the

“latter to increase ‘the magmtude of the impact delivered

to the anvil 41, A
The operation of the drill is, in general, similar to
that of .the form previously described. Upon rotation
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of the shank 30 the wall roller means ‘33 are retarded
due to'the fnctronal rolling contact with the wall of the
drilled hole. - The hammer body 34 is fixed for rotation
with the shank 10, and as the roller means 33 is retarded,

" relative rotation occurs between ‘the engaging cams 42

and 43. The upper cam 43 rotates clockwisg with re-
spect to the cam 42, as shown in Fig. 2; and perrodrcally

"lifts the hammer 34.. The upward movement of the ham-
-mher 34 compresses the spring 59 to store energy therein.

When cam 43 overrides cam 42, the hammer 34 impacts
downwardly' against- the anvil ‘41 -undér the combined
force of the spring-and gravity.

It should be particularly noted that in this form of the

-drill, the rollers 38 are not forced to reciprocate: wrthm

the well bore. ' The hammer 34 may thus rediprdcate with
a ‘much freer action and a hlgher impact- rate 'is made
practical.

In Fig.'3 another modification of my drill -is sh::wn

- which differs from the previously-described forms in-the

arrangement of -elements ‘and: the sfructire ‘of ‘the wall
roller means. A shank 60 is adapted to be rotated within
a-drilled hole, and carries & lower drill bit 61 coupled to
acollar 62.. Mounted on the shank 66 is an impact struc-
ture having a retarder or wall roller means 63 spaced

-above the collar 62, and an intermediate hammer or body

member 64 adapted to reciprocate and impact agamst
an anvil 65,

The wall roller means 63 includes ‘a housing formed
of a rotatable ‘upper ring 6r support 66 and a similar
lower ring 67 connected by webs or ribs 68. - Attached to
the ring ‘67 is a dependent skirt or sleeve 69 which slid-
ably engages the hammer body 64. ‘Grooves: 7). are

formed in the sleeve 69 to receive keys 71 formed on the:

hammer 64 and lock the members for rotation together:

-.The upper ring 66 js held against axial movement-on the

shank-66 by means of ‘a bearing;or annular:groove 72
which fits over-a: coliar 73 rigidly secured on the shank.

A plurality of rollérs 75 are penpheraily spaced about
the shank 60 and extended between 'the rings .65 and 67.
Each roller 75 is supported on an’axle: 76 rotatably jour-

the shank 60 to provide clearance between'the exterior
surface of:the shank and -the rollers. : The outer surface
of the rollei's 75 just contacts the ‘wall of the drilled hole,
and creates retarding friction, as has been previously de-

- scribed. To increase the reaming effect of the rollets 75,

they are formed with toothed or longitudinally serrated
surfaces 77, as may best be seen in Fig. 6. The toothed

surfaces 77 are adapted to 'make biting engagement with’

the ‘wall -of ‘the hole, and ‘thus insure a straight “and
uniform bore. The depth of engagement between the sur-
faces 77 -and hole wall may be modified to suit different
drilling conditions, but will be relatively small so as not
to interfere with the impacting characteristics. of the drill.

The anvil 85 is-formed as an annular-ring welded or
otherwise -affixed to the upper face of the collar 62 for
rotation with the shank 69. The engaging faces of -the
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naled in the rings 66 aiid 67 and spaced outwardly from

6
which is subsequently returned when the’ hammer falls,
to increase the force of the impact:~ -~

Upon retardation of'the wall roller means 63 through
the frictional rolling contact with the wall of the drilled
hole; the hammer 64 is likewise retarded because of ‘the
engagement of keys 71 and grooves 70. Retardation of
the hammer 64 creates: relative rotation: between upper
cam 81 and lower cam 80 and causes the hammer to be
lifted.” The hammer 64 in turn falls'and impacts against
the anvil 65 undér the combined force of gravity and the
spring 82. The inrpaCts' are delivered to the bit 61 through
the collar. 62 to increase the drilling rate over that of
a’ conventional ‘rotary drill. :

_As can be understood; this form of my drlll is srmrlar
in many respects: to the previously-described: forms, but
has a somewhat different mode of operation. . The retarder
means do not reciprocate within’ the well bore, and con-
sequently the hammer body has a freer action making
suitable a high impact rate. - The provision of the serrated
roller surfaces 77 creates a more positive frictional en-
gagement with -the wall surface, .and the retarding effect
is increased. : Additionally, the wall is reamed to a posi-
tive and uniform bore size. - For these reasons; this form
of the drill may be advantageous in certain types. of drill-
mf’ operations..

While T have described my: invention -with relation ‘to
particular forms of my drill, it will-be apparent that modifi-
cations can be made in each of the forms, and there may.
be: combinations of features other.than those set forth. -
Accordingly; I do not wish to: be restricted to the details
of - construction ‘herein- descrrbed except as deﬁned in
the -appended -claims. )

I claim:

1: A rotary impact drill for earth bormg which includes:
a ‘shank adapted to have a bit attached thereon and to be
rotated in an . earth  bore;  impact -means reciprocably

‘mounted ‘on: said shank: for' delivering impacts thereto;

retarder ‘means rotatably -mounted on-said shank, said
means - comprising a- roller -housing and a plurality of
wall rollers rotatably mounted-therein substantially paral-

-lel to the axis of said shank, said rollers being positioned

45
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hammer bedy 64 and anvil 65 provide cam operating

means. to cause reciprocation of the hammer relative to
the shank 60. An upper or driven cam 88 is shaped on
the hammer 64 and a‘complemental lower or driving cam
81 is fortiied on the anvil 65. When relative rotation
occurs, the cams 80 -and 81-cooperate to periodically lift
the hammer 64, which in turn falls to-impact against the
anvil 65.

At the. top -of the hammer 64 is an impact spring
means 82 which increases the force of the blows delivered

“to the anvil 65. ~The spring ‘means 82 is preferably in

the form of a strong coil spring confined between the
upper end of the hammer 64 and the roller housing ring
67. The spacing between the ring €7.and hammer 64,
and the proportions of ‘the spring 8% are such-as to permit
sufficient axial movement of the hammer for free coop-
eration between the cams 86 and 81.
hammeér 64, the spring 82 is compressed to store energy,

Upon lifting of the. -

60

65

for rolling frictional engagement with the wall of said

~bore  to' retard roiation of said retarder means; and cam

means.on said shank frictionally urging -said retarder
means to rotate with said shank but responsive to relative
rotation between said shank and said retarder means to
lift said impact means for impacting against said shank. -
2. A rotary impact drill for-earth boring -which :in-
cludes: ‘a shank adapted to have-a bit attached thereon
and to be rotated in an ‘earth ‘bore having drilling fluid
therein; a tubular impact hammeér reciprocably mounted
on said shank; an anvil mounted on said shank below said
hammer ‘and held against downward movement; retarder
meéans rotatably ‘mounted on' said ‘shank ‘comprising a
roller. housing -and- a- plurality ' of ‘wall rollers rotatably
mounted ‘therein substantially parallel to the axis of said -
shank, said rollers being positioned for rolling frictional
engagement with the wall of said bore ‘to Tetard rotation
of said retarder means; and cam means on said shank asso-
ciated with sdid hammer and said anvil, said cam means

. frictionally urging said retarder means to rotate with said
“shank- but being responsive -to relative rotation between

said shank and said retarder means to lift sard hammer
for impacting against said anvil,

3. A rotary impact drill: for earth boring Wthh in-
cludes: a shank adapted to have a bit attached thereon
and- to be rotated. in an earth bore having drilling fluid
therein; a' tubular impact hammer reciprocably mounted
on said shank; an anvil mounted on said shank below
said hammer and held against downward movement; a
driving cam mounted on said shank and rotatable there-
with; a driven cam mounted on said shank and urged
to rotate by rotation of said. driving cam, one of said
cams being connected to said hammer and . reciprocable

‘therewith on said shank; and retarder means rotatably
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mounted .on said shank -and connected to said driven cam
for rotation therewith,. said means comprising a roller
housing and -a plurality of ‘wall rollers rotatably mounted
therein, - said- rollers ‘having their axes .of rotation gen-
erally parallel to said -shank and .positioned for rolling
frictional -engagement with the wall of said bore to de-
crease the rotary speed of said housing and said driven

- cam..and. establish relative rotation between said cams,
thereby causing said reciprogable cam to lift said hammer
and produce an .impact on said anvil.

4. A. rotary -impact drill for earth  boring which in-

- chides: a shank adapted +to have-a drill bit attached there-
to and to be rotated in.an earth bore havmg drilling fluid
therein; a «driving cam. fixed on-said shank for rotation
therewith; -a driven cam mounted on said shank and fric-
tionally engaged with said driving cam; a tubular impact

‘hammer rotatably -mounted:on said shank and connected
with said driven cam, said hammer reciprocating on said
shank upon relative rotation between said driving and

driven cams; an -annular roller housing connected to said |

bammer :and- rotatably mounted on said shank; means
to limit the -axial. movement of said housing; and a plu-
rality -of . generally -cylindrical rollers rotatably mounted
in-said .housing: and spaced .outwardly from said shank,
" the outer edges of said roller being adapted for constant
rolling {rictional engagement with the wall of said bore
to-decrease the totary speed of said housing and said ham-
mer; whereby to create relative rotation between said driv-
- ing and driven cams,

5. Arotary impact dnll for earth bormg which mcludf's
a shank adapted to have -a.drill bit attached fhereto and
to be rotated in-an earth bore having drilling fluid therein;
an annular roller housing rotatably mounted on said
shank and held against downward movement; a driven cam
joined to said reller -housing for rotation therewith; a
driving cam reciprocably. mounted on said shank; a tubu-
lar impact hammer keyed o-said shank for reciprocation
thereon, said hammer being joined to said driving cam

8

"~ mer to rotatably drive said hammer and permit relative

<
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to cause said cam to rotate with said shank, said hammer -

having -an upper extension spaced outwardly from said
shank; impact spring means confined within said haminer
extension .and -having one end abutting said -hammer; a
" collar within said extension fixed to- said shank, said col-
lar end abutting the -other end of said spring. means; and
a plurality of generally cylindrical rollers rotatably
mounted in said housing -and spaced outwardly from said
. shank, the outer edges of said rollers being adapted for
constant rolling frictional engagement with the wall of said
" bere to «decrease the rotary speed of said housing and

said driven cam, whereby to create relative rotation be- 3

tween said driving -and driven:cams and cause reciproca-
tion of said hammer.

6. A rotary. impact dnll for earth ‘boring whlch in-
cludes -a-shank adapted to have a driil bit attached there-

to ‘and to be rotated in-an -earth bore having drilling fluid !

therein; » driving cam fixed -on said shank for rotation
therewith;a"driven cam mounted on said shank and fric-
tionally engaged with said -driving cam; a tubuvlar impact
hammer rotatably mounted on said shank and connected
to -said driven :cam, said hammer reciprocating -on said

40

reciprocation thereof;.a collar fixed to said shank, aud ro-
tatably engaging said: housmg to hold said housing against
axial movement; impact spring means -codnfined within
said housing extension with one end abutting said hammer
and the other end abutting said housing; and-a plurality
of cylindrical rollers rotatably mounted in said housing
and spaced outwardly from said shank, the surfaces of
said rollers being longitudinally serrated and positioned

for frictional engagement with the wall of said bore to -

decrease the rotary speed of said housing and said ham-
mer, whereby to create relative rotation between said
driving and driven cams and cause remprocatxon of said
bhammer.

7. A rotary impact drill for earth bormg which in-
cludes: a shank adapted to have a drill bit attached there-
to; an annular roller housing rotatably mounted on said
shank and held against downward movement, and pro-
vided with a driven cam -on its upper end rotatable there-
with; a tubular hammer reciprocably mounted on said
shank and rotatable therewith and provided with a driving
cam .on its lower end rotatable therewith, said hammer
having an -upper extension spaced outwardly from said
shank; spring means within said hammer extension and
confined between said hammer and a collar on said shank

_urging said hammer downwardly; and a plurality of rollers

generally parallel to said shank rotatably mounted in said
housing -outwardly of said shank and adapted for indi-
vidual rolling frictional engagement with the wall of said
bore to decrease the rotary speed-of said housing, where-
by to :cause relative rofation between said cams and re-
ciprocation of said hammer.

‘8. A rotary impact drili for earth boring which in-
cludes: a shank adapted to have a drill bit attached to its
lower end; a tubular hammer reciprocably ‘mounted on
said shank for delivering impacts. thereto; cam means
mounted -on said shank including a driving member ro-
tatable with said shank and a driven member frictionally
urged to rotate with said driving member, one of said
members beinlg connected to said hammer and reciproca-
ble therewith on said shank; and retarder means mounted

" on said shank and rotatable with said driven cam mem-
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shank upon relative rotation between said -driving -and- -

- driven-cams; an-annular roller housing rotatably mounted
-on said shank, 'said -housing -having :a lower extension
spaced outwardly from said shank and keyed to-said ham-

ber to thereby be urged to rotate with said shank by the
frictional ‘engagement between said cam members, said re-
tarder means comprising means mounting a plurality of
wall rollers on individual axes substantially parallel to and
spaced.about said shank so that said rollers will have sub-
stantially uniform rolling contact with the wall of said
housing and said bore of such magnitude as to retard ro-
tation of said retarder means and driven cam upon ro-
tation of said shank to thereby cause relative rotation be-
tween said cam members and .periodic reciprocation of
said reciprocable cam and said hammer.
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