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. 1
- This invention relates to well drills and.rnore
particularly to a deep-well drill combining the
advantageous features of rotary and percussmn
drill mechanisms.

*/An object accomphshed ‘by my invention is the .

‘provision of & ‘well drill which combines in a
novel manner the more desirable” feattres of
‘rotary and percussion types of ‘drills. A’ further
‘object accomplished by my invention is the-provi-

sion of a well drill having increased ef‘fectweness ;

‘against hard rock formations, “Arnother obJect
accompllshed by my mventlon is the’ prowsmn
of a drill of the character described, having in-
corporated therein a ﬂu1d~operated ‘mechanism

for delivering percussive blows to the drill b1t

‘without substantlally mterruptmg the flow ef
fluid through the b1t A still further obJect ac-
complished by my ‘invention is the prov151on of a
well drill of such- design that the effect of hydrau-
:hc hammer ‘is diminished, but advantageously
-used in some degree 14 actuate a hammer mecha-
-nism- which strlkes pereussive blows to thedr1llb1t
A still further obJect accomphshed by my . inven-
tion is the provision of a hydrauheally—actuated
hammer drill having improved hydraulic balance
A still further obJeet accomplished by my inven-
tion-is-the provision of a hammer drill 1n whlch
the reciprocating parts may- be made of compar-
able weight s0 as to’ separately 1mpart effective
percussive “blows to the drill bit. A still further
object of my invention is the ‘provision of a ham-
‘mer drill in whieh the valvmg element 1tself may
-gct as @ ram and -impatt percussive blows to the
drifl bit. A still further object accomphshed by
my invention is the provision of a hammer drill'in
which’ upward motion of the valvmg element is
arrested by-hydraulic action and in’ Whlch the
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valving element strikes a useful blow at the end :

of its downward travel. Still another obJect ac-

.complished by my invention is the provision of a p

percussion drill whieh will operate with rela-
tively lisht weight on-the formation’ ‘being drilled
Still another object accomphshed by my ‘inven-
tion is the prov1sxon of ‘a rotary-percussmn type
well -drill “having improved tendency to drill
-straight -hole and ‘having hole-stra1ghtenmg
‘properties. ‘Still another object accomplished: by
“my - invention is the provision of a rotary-percus-
sion type well drill of extremely simple design.

2

-~ My invention is ilustrated in the drawings ac-
.companying this specxﬁcation and forming a part

‘ thereof and in which

~ Fig. 11s a longitudinal section taken through
the upper portion of a preferred embodiment -of
my drill; ‘

Fig. 2 is a longitudinal section taken through
the intermediate portion ‘of the drill of Fig. 1:

Fig. 3 is 3 longitudinal section taken through
the lower portion of the drill of Figs. 1 and 2
showing :the drill bit attached thereto; and

Figs. 4 to 10 inclusive are -diagrammatic repre-
sentations illustrating varmus phases durmg the
operation of my drill:: -

Reference is made to the drawings in which
like numerals indicate the same element in the

‘various.views and diagrams. -In Fig. 1, adapter {

serves ;to .connect the «drill” assembly ‘with a drill
pipe (not shown), the latter having a central
passage .as is conventmnal for supplying drilling
fluid. Adapter {1 is provided with 4-central pas-
sage 2 for the.purpose.of supplymg drlllmg fluid
under pressure into the drill mechanism. Adapt-

-er f:is screwed into the drill housing 3 by threads

4 and a portion of the adapter of reduced dlameter
.5 extends into the housing 3 with an’ annular

_clearance .6 -between them. Openings T permit

drilling -fluid to pass from the-passage 2 into the
annular space §." The lower ‘end of passage-2

‘is plugged, the plug 8 ‘being either screwed or

welded in place:and havmg a relatively small ori-
fice B8 and sphencal depressmn 51 on its upper
surface. A rubber or stegl ball 52 may rest in the
spherical depressmn 5| ahd Serve to ‘close ‘the
orifice 50; ‘The functmn of the ball’ and or1ﬁce
will'be explained later,

The extreme lower-end of adapter -1 is further

-reduced in.diameter as at'g, and carrxes ‘thereon
a tube 10 against which a’ tth‘ﬂ seal is provided
by O=~ring 41f.

The tube 1948 held in place abut-
ting the shoulder 8 By -tweo parallel pins’ iz ‘and
12-a which are inserted- through the wall of tube

40 from ‘the outside fthereof and which engage

-grooves in'adapter'd. Both ends of pms 12 and

A2-a ‘extend ‘beyond the tube 19 summently ‘§0

45
© that the auter-housing 3 will prevent their commg

out while the assembly is-inside the. housmg “The
pins 12 and (2-a are easily removed ‘when -the
inner assembly ‘is withdrawn from :the housing

A'still further object accomplished by my inven- 50 3 # replacement .or repair .of tube 16 becomes

tion is the provision of &, hammer drill mechamsm
of such desngn that all ‘parts may be made large,

'parts and shutdown of the ir;
'1s substantially elxmmated

Decessary. ‘The tube {0 at its outside lower end

‘has fingers 43 welded ; to it and these zest .on a

tuarn. rests on liner 45,

,and th1s on lmer 16 Lmers 44, .15, and 1% have
$5 snug fits in housing 3. These liners receive wear



: 3
and may be conveniently replaced when neces-
sary.

Below liner 16 there is a stop ring 17 also
fitting snugly in housing 3, but having a smaller
inside diameter 18 than the liner 16. A spacer
i9 lies below the stop ring 17, and below this is
a guide 28 which is sealed to the inside of the
housing 3 by O-rings 21 and 22 and which has
a much smaller inside diameter than that of stop
ring 17. The guide 2& rests on spacer 23.

The lower end of housing 3 is threaded for
a bushing 24 which has a smaller internal diam-
eter than housing 3, so that the various liners,
spacers, ete. are firmly clamped between shoulder
25 of bushing 24 and shoulder 9 of adapter |
when the bushing 24 is screwed up tightly into the
housing 3. Thus bushing 24 holds in place spacer
23, guide 26, spacer 9, stop ring 17, liner {86, liner
15, liner {4, fingers 18, and tube (9, the latter
abutting against shoulder 8 of adapter i.

It is apparent that liners {4, {5, (6, and
spacers 18 and. 28, as well as the stop ring {7,
could be made integral with housing 3, the in-
side of housing 3 heing bored to the several in-
ternal diameters and shoulders as required. The
construction shown is more convenient to manu-
facture because the housing 3 can be bored with
a single internal diameter. The separate parts
14, i5, 16, 17, 19, and 23 are easily finished to
close dimensions and better surface finish and
they bprovide the necessary shoulders or dif-
ferences in diameter for the assembply. In ad-
dition, any cne of these smaller parts may easily
be replaced if it becomes worn.

Starting now at the lower end of ¥Fig. 3
there is shown a bit stem 28 which has a cen-
tral passage 27 through which drilling fiuid
reaches the bit. A conventional drilling bit 48
may be screwed on to the bit stem 21 by means
of threads £8. 'The drill bit 45 has a central
passage 48 and is further provided with passages
49 connecting the central passage with the well
bore to facilitate the removal of cuttings and
chips therefrom by means of flushing action of
the drilling fluid. While a fish-tail type of bit
is .shown, the drill bit per se forms no part of
my invention and any type of kit may be used,
including rock bits having rolling cutiers. The
bushing 24 is grooved at 29, and mating splines
30 on bit stem 26 engage the grooves 29 so that

torgue may be transmitted from the bushing 24 ¢

to the bit stem and bit. Instead of using splines
and grooves, the rotary driving engagement be-
tween bushing 24 and bit stem 26 may have
square, hexagonal or other equivalent shape.
Accordingly, during drilling the entire assembly
may be rotated from the surface of the ground
by means of the conventional drill pipe (not
shown) and this will rotate the bit 45. ‘The
bit stem 26 may slide in the bushing 24, the
amount of longitudinal motion being limited by
a split ring 3{ mounted in a groove 32 in the
upper end of the bit stem. When the bit stem
26 is at its lowermost position, the ring 31 abuts
against internal shoulder 25. When the bit stem
26 is in its uppermost position an external
shoulder 33 on the bit stem abuts against the
lower end of bushing 24.

Situated above the bit stem 28 is an annular
lower arm 24 whose outer diameter is a close
sliding fit in guide 208. Lower ram 34 functions
as a valve as will be explained. In my drill it
may be made quite heavy and it functions as well
as a blow-imparting means, in that its reciproca-
tion adds to the percussive action of the drill
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as will become evident. The upper end or head
of lower ram 34 is enlarged in diameter as at
35, the diameter 25 being larger than the open-
ing #8 in stop ring i{7. The purpose of this re-
lationship will also he explained later. The lower
ram 34 has a central passage 36 to permit dis-
charge of drilling fluid therethrough. The pas-
sage 36 is made smail enough so that it functions
as an elongated orifice in the fluid stream where-~
by the velocity change sets up a pressure drop
across the lower ram 34. In this way a substan-
tial downward pressure differential is caused to
act on the lower ram 34 whenever the drilling
fluid discharges through it.

While it is not necessary for the operation of
my drill, under certain conditions of operation
it is advantageous to place a spring 371 around
the lower ram 34, the spring 31 abutting against
the lower end of guide 20 and against a shoe
38 which is carried on the lower end of ram 34,
The shoe 38 may be shrunk onto the ram 34, or

.be held thereon by other means, and is con-
veniently made replaceable as it receives con-

siderable pounding during operation of the drill.
The ram -34, being of considerable mass, nor-
mally moves downward by its own weight plus
the pressure differential of fluid flowing down-
ward in its passage 38, but the downward impetus
of ram 34 may be further augmented by the use
of spring 37. : :

On top of the lower ram 34 rests an elongate
annular upper ram 39, having a central passage
40.  The latter may be larger in. diameter than
the passage 3% through the lower ram 34 in order
to permit free flow of fluid through the passage
40. The outside diameter of upper ram 39 is
smaller than the opening 18 of stop ring 17 in
order to permit circulation of fluid through the
annular space between them. Although it is not
necessary for the operation of my drill, it has
been found desirable to have the upper part 4!
of ram 39 made slightly larger in diameter than
the lower end thus providing a slight shoulder 41.
The shoulder 41 provides a differential area be-
tween the bottom and top of ram 39 so as to
afford the fluid a lifting effect on ram 29, which
lifting effect should however be insufficient . to
overcome the weight of ram 39.

An annular space is provided between the
outside of upper ram 39 and the liners {6 and
i3 to provide adequate circulation of fluid. Lugs
42, three or more in number, may be welded to
the outside of ram 39 and serve as guides sliding

-freely on the inner surface of liner {8 but allow-

ing circulation of fiuid between lugs. The lugs
42 serve to center the upper ram 39 in liner 6.
The upper end of ram 39 penetrates the lower
end of tube 10 angd is of such diameter to slide
freely into tube. {0. A wear sleeve 43 may be
pressed into tube {0 and have g slightly smaller
inside :diameter than tube {8. The upper end
41 of ram 39 is of proper diameter to form a
sliding seal in the sleeve 43.

A short distance below the top of ram 39, there
are provided one or more radial openings 44 from
the outside of the ram to the passage 48. When
the ram 39 is in its lowermost position, it still
partially penetrates the tube 10, but the openings
44 are no longer covered by the sleeve 43 of tube
10, and fluid communication is established be-
tween thé annular space 6 and the passages 49

‘and 36. The purpose of this is to permit drilling-

off as will become evident later. The openings
44 also permit circulation of drilling fiuid through
the drill without activating the mechanism while
the drill is being run into or out of the hole.
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Fius driling-ih May be accomplished with the
drill rotating and with cireulation of drﬂhng ﬁuxds
but% withieut activating the rams.

While :tt is nois neeessary for the operat;or_x of
i is deS1rab1e 1o p}ace 8 SpPitig 46 above theé upper
raff 39, 1. &, between the top of ram 38 and the
bottom: of adapter 5. 'Theé ram 39 beifig of eofi-
giderable mass nermally moves downward by its
owi weight, but the spring 45 Serves Yo decelerste
the ram 39 when it has been elevated dnd also
sérves to give addmmna.l‘ dbwnward fmpetus 1o
the ram: 39.

Wihile the length of the various elements of
my drill are not éonvenietitly mdleaﬁed m Figs
1 to 3 of the accompanying drawings; it i
¢lear t6 those: skilled ih the art that tHe: lehith
of owey ram 34 and upper tam 3% Higy Be hade
such a8 to provide the: fidcessary mass o1 these
pHrts, afid that the lénsth of other patts May be
sdjusted aecordingly.  When the bit stem 2§-is
i it§ lowetitiost  position, 1. & with #ing 3
against: shoiilder 25, shd lower ram 34 i§ in its
lowermost position: agairist the top of tHe bit Stem
and Wwith upper rain 39 résting on top: 6f fani 3,
thie lengths of the parts afe made so that the
top. 4k of the tpper ram: penetrates- tube: (0 &
shiort. distance but with: the  6penings 44 fully
unicovered. - Because of the extreme simplicity of
mi: drill thie masses:of lower ram 34 and of Gpper
ram: 3% may be made comparable whereby the
mechanism . imparts o dotible blow to' the. drill
bit for each cycle. of operation. 6f the drilk

For proper- . operdtion of the mechanism the

diameter of the lower ram 34 should be smaller ;;

than: the: dizmeter- 6f thé upper enid: 41 of upper
ram 39, The diameter: of the iippet ram: 39 beélow
the shoulder 4F may: be: slightly smaller than
the diamster 41:of the: top of the ram: 39 in: order
to;facilitate: separatiorn: of the upper tam. 3% fiom
the. lower ram 3% when: the upwdard motion: of
thelatter is arrested:at stop ring: 17, bit the: differ-
ence: hetween these- diaimeters should ‘hot. be 6
large: as to; cause premature separation: of these
elements: A satisfactory seal is:normally mgin-
tained; between the top: surface: of ram. 3% sand
the:bottom: surface of ram.39:by contact Between
these syrfaces under the:restdual forces rict: conts
pensated by upwardr forge 6f fluid on: shoulder
41. Inasmuch as:contact is:made between these

elements: by a. percussive: blow of: the upper: rant;, *

any foreigw particles: between. theny are: crushed

[
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and- the:efficacy.of the.seal:is thus:automatically .

maintained;.

The: eperation: of; my-above-described: drill will
now he: explained:. Reference: may: be: made: t0
the-digerams:of-Figs: 4 to 10 showing the: various
phases: during: the- opergtion: ofs my- drill, and.in
which- diggrams the: numerals: indicate: the: same
elements: as- in: Figs; 1.to 3: previously, described:

The- enfire: unit: will- be: suspended: vertically
in, nhe Well bore.- with: an. exrdinary- rotary: drill
pipe - (not: shown): attached:to-adapter f, means
bemg pmv;tded at the. surface for-supplying. drill~
ing, fluid.to the, central. nassage-of the:drill pipe

;i well known.in.the- art. - Starting. with the
bottam:of: drill -bit: 4&severa1 Ieet-above-the: bot=
tom of the hole, bit stem 26 will be in. its lowern=
most.. pesition; with the: ring. 34: resting: on the
shoulder. 25. of. bushing 24. The lower ram: 34
will rest.on. top- of- the bit stem with:its-head. 35
jsome;di_stagnce-'below stop-ring  11:and: just.above
guide 20, On top of ram. 34-there will rest upper
Tam. 3&, -and.the.length of the:various liners.and
spacers are. made:se:- that-the upper: end.of: ram

60

75
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39, i. &, the énd abéve the openings 4%, extends
into the tube 10 & short distaince leavitiz open-
ings 44 néayr the top of ram 39 uneoveréd: The
gonfiguration of parts will be as Shown i Fig. 4.

It is usually désifablé to “rotate W” when &
new bit has beenr attachéd to the drill in order
to ihsure that the borehole is to gauge; and to
flush out sediment and cuftinigs which may have
§éttled to the bettorn 6f the hole while-the ""rill
bipe was out of the Hole to change bits, " F
aceomplished by establishifig ¢ireulation of drilf-
g fuid downward: through the cefitiral passage
of the drill pipe and rotating the bit ds it Is Iow=
eréd through the last few feet to the bottorm of
the well bofe. Durihg this “rotating in” process,
fiuid will be circiilated thiough passages 2, 1, §, 44,
40, 36, anid 27 4nd out thieugh passages 48 and 49
of the bit; retiirhihg up the Holé outside of drill
hoiising 3 Since there i§ frée passage of Auld
bhrough the mechanism, hé upward pressuré dif=

rential exists, afid dccordingly rams 34 atid 39

’ Wm riot be-actiatéd with the bit off bottont as

shown in Fig, §: Thus Rammering will not take
place to endanger thé drill pipe or othier parts
s&the drill i§ lowersd iitbo the hole,

Upon ¢ontitiuing to lower and rotdte the mech=
anism ihcluding bit- stem 26 anid bit 48, the rHosé
or cutting edge of the bit Will eventualiy touch
the bottom of thé hole. Further Iowel‘mg of the
drill pipe and attachiéd parts: will ther
changes 1n the reIainve lenﬂltud

tube: 0 g suffielent dist gs
44 from finid flow: The Party will then essen=
tially be im t1é positior a8 shown diagianitaati-
cally in Fig. 5. Dué to the: fact that theré is ne
immediatel outlet for: thé fuid" beihig supplied
under préssure: f¥oni the slirfade;- the pressiite
will baild: Gp. within the shnilas- bagsage 6;
around the upper famn: 39 and aroind the upper
end: of lower ram: 34, ThHé upper surface: of the
colurare comprising: the rafms 24 and 34 15 e«
posedl: to. a: pressure. substantially: équivilent o
the static head: of the fuid ih-tHe: well' bore at
the-depth: off thé: tool, becauss the Uppst surfdee
of the ram: 3% is affordsd: ésmmunication With
the well bore: through: passages 40, 34, 27; 48 dnd
49.. Since: the- dlanmeter’ of Iowel: riiv: 34 is: 188
than: the: diameter: of the: Upper rami- 3§; the sp<
plication- of siificient bressure of: fiid f¥om fhe
surfgce: pumps. willl froduce:. suficient ibWwasd
force to: lift: as o vnit; thée ram. 38 togather With
ram-39.. This phase of the:operation is slowhs i
Fig. 6. The continued application of fluid pres=
sure- willr.conitinue: to: raise the two rams &8 a
unit, theweight; off the: uppér ram tending to
seal.the-junction betwéem them:. Some liftiiig efs
fort: on -the uppet: ram: 39: also: results: fofi. the
pressure: of fuid: on the shoulder &7 but as: pre=
viously: stated- the’ fanr 39 eflects. sufficiesnt. re=
maining: downware: forte to- mamtam a s84T en
top. of ithe lower-ram: §&.

Eventually the hesid: 38 6f lower fam 24 sp=
proaches the lower edge of stop:¥ing (T and as
the head: 35 i§: larger thian-the opening (8§ this
approach: tends to- ot offf the Sow “of’ Auid re=
quired: to- 1ift: the lowep: Fafir 34  Actually the
downwatd: flows ofs ffuld Beilig-otit off' by the hegd
of the :vam: 34 effects 4. hydrdilic’ deceleration of
this:ram: and. its! upwaid motion- 1§ srvested: By
draulically: sex thats theé lower ram: 3§ does: Hot
strike: the ring: 1 with: aiiys sppredigble: -Hinpetius:
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'This phase of the operation is illustrated in Fig. 7.
. As soon as upward motion of lower ram
34 is arrested, the pressure fluid tends to separate
the two rams, and indeed the upward momentum
of the upper ram 39 tends also to lift it off the
top of the lower ram 34. The upper ram 39 may
continue to move upward a short distance., -How-
ever, as soon as the upper ram 39 breaks away
from the lower ram 34, the pressure fluid may
escape downward through the passage 36 in the
latter. The consequent release of upward pres-
sure on the lower ram 34 allows it to drop of its
own weight, and furthermore, the downward
rush of fluid through its passage 36 effects a
pressure differential which gives it further down-
ward impetus. Accordingly, the ram 34 moves
rapidly downward as illustrated in Fig. 8.

Shortly after lower ram 34 has started to move
downward, the upper ram 38 also begins to move
downward since there is no longer any pressure
to raise it. Accordingly, the ram 34 and ram 39
both descend, though separated by some distance
and with the lower ram 34 moving down some-
what faster than the upper ram 39 because of
the aforementined downward forces which act
on the lower ram but not on the upper ram.
Eventually, the lower ram 34 strikes the top of
the bit stem 26 imparting a blow thereto which
blow is transmitted to the drill bit 46. This
phase is illustrated in Fig. 9.
39 at this phase is still falling.

A short interval after the lower ram 34 has
struck the bit stem 26, the upper ram 389 strikes
the top of ram 34, and this blow is transmitted
through ram 34 to the bit stem and thence to
the drill bit 46. This represents the completion
of a cycle of operation, as shown in Fig. 10.

The mechanism is now (Fig. 10) in the same
configuration as it was in Fig. 5 and is therefore
ready to repeat the cycle of operation.
cycle results in two percussive blows being struck
on the formation through the drill bit 46. Due
to the fact that the entire drill assembly is con-
tinually also being slowly rotated, the various
percussive blows exerted on the formation being
drilled will be made at points angularly displaced
from one another by several degrees, so that the
drill bit will chip out the formation between suc-
cessive points of impact. Fluid discharged from

the mechanism will act as flushing agent and will ,.

be substantially continuously discharged from
the bit 46 into the well bore and serves to carry
the chips to the surface of the well. Continuous
operation of the drill will therefore completely

remove material from the bottom of the hole and .

result in advance of the drill through the forma-
tion.

As stated above my hammer drill will operate
without the use of spring 37 and spring 45, but
the use of these springs has been found to in-
crease the frequency of operation. This is par-
ticularly desirable when hole conditions prescribe
drilling with very heavy mud in which the mech-
anism tends to become sluggish. Successful op-
eration with light to medium weight mud and
without the use of the springs 37 and 45 results
in longer tool life.

. Fig. 1 shows 2 narrow passage 50 in the plug 8
at the lower end of the passage 2 of adaptor 5.
The passage 50, together with the omission of
ball 52, permits the drill to accommodate larger
fluid circulation rates which are required when
drilling certain types of formation. The flow of
fluid through passage 58 by-passes the drill
mechanism and is effective for flushing chips or

The upper ram 3

Each
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detritus out of the borehole in addition to the
fluid normally discharged through the drill mech-
anism. It is apparent that the diameter of pas-
sage 50 may be of calculated size such that it
acts as a by-pass orifice but does not seriously
interfere with the operation of the drill mecha~
nism. Whenever it is desired to close the pas~
sage 50, the ball 52 may be dropped from the sur-
face to seal the opening without pulling the tool
from the well. In this manner the circulation
rate may be controlled. It has also been found
desirable to start a new drill with the passage 50
open, and after the drill mechanism has become
worn the ball 52 may be dropped to close pas-
sage 50 and in this way leakage caused by wear
may be compensated.

As previously stated, one of the advantages
of my hammer drill lies in the fact that the valv-
ing ram 34 as well as the upper ram 39 delivers
a percussive blow and these are in rapid succes-
sion. By making use of the impetus of the valv-
ing ram 34 as well as that of the upper ram, my
drill attains a higher degree of effectiveness than
if one ram alone supplied the percussive action.
The timing of the two blows may be adjusted
by the size of the passage 35 through the lower
ram 34, since the smaller this passage is made
the faster the ram 34 is kicked down by the dis-
charging fluid. Additional adjustment of the
timing may be effected by adjusting the relative
stiffinesses of springs 371 and 45 when these. are
used. My drill permits the two blows to be made
comparable because the lower ram 34 may be
made of a mass comparable.to that of the upper

5 ram 39.

An important characteristic of my drill is the
fact that it achieves hydraulic balance. By this
I mean that the hydraulic actuating pressure is
not exerted on the bit stem 26 or on the bit 46.
Hence the percussive action will take place with
comparatively little weight on the bit. The guide
20 serves as a restriction above which the fluid
pressure is higher than below by an amount re-
quired to actuate the drill mechanism., The re-

. striction 29 forms a housing-supported barrier

60

between the high-pressure fluid required for
hammer operation and the much lower fluid pres-
sure required to circulate fluid through the ports
in the drill bit. Therefore, there is but very
little pressure tending to eject the bit stem 26
and bit 46 from the end of the housing 3, and
accordingly the drill may be operated with the
bit applying to the formation between percussive
blows little more than the weight of the bit 46
and bit stem 26, all other weights and pressures
being supported from the surface through the
drill pipe and housing 3. This characteristic of
my drill results in the ability to drill straight hole
under adverse conditions which usually require
that the bit be rotated with only light weight on
the formation. On the other hand, by lowering
the drill pipe from the surface so that a substan-
tial part of the drill-pipe weight rests on the
shoulder 33 (Fig. 3) any desired larger weight
may be exerted on the formation. Furthermore,
the percussive action of my drill is entirely in-
dependent of the weight which is carried on the
formation.

A further advantage of my drill lies in the fact
that when the drill is set on bottom the telescop-
ing bit stem forces the lower ram upward out of
any accumulation of sand, mud or other debris
which may have packed around the top of the
lower ram while the drill was inactive during the
trip into the hole.  This upward motion of the
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lower ram breaks any such accumulation and

permits the operating pressure to act on the

lower ram so as to initiate the reciprocating ac-
tion. As soon as the drill has completed a cycle
or two of reciprocating action, any such accumu-
lation will of course be flushed out and can no
longer interfere with operation of the drill mech-
anism. .

In the appending claims the term “cylinder”
is used to designate tube 9, the term “lower ram”

is used to designate valving element 34, and the’
term ‘“upper ram” is used fo designate the ele~:

ment 39, but it is to be understood that the names
given these and other elements shown are de-
seriptive and that other equivalent shapes may
be given these elements and still remain within
the scope of the claims.

What I claim as my invention is:

1. A fluid-operated well-drilling mechanism
comprising a tubular housing, an inverted cup~
like c¢ylinder longitudinally mounted in said
housing, means affording operating fluid access
to the interior of said housing below said cylin-
der, an elongate annular upper ram slidably dis-
posed in and sealed against the inside of said
cylinder and having a longitudinal central pas-
sage, an internal constriction in said housing be-
low said upper ram and of diameter smaller than
said upper ram, an elongate annular”lower ram
slidably disposed in and sealed against said con-
striction and having a longitudinal central pas-
sage and having spring-retaining means on the
lower end of said lower ram, a compression
spring between the lower side of said constric-
tion and said spring-retaining means, means af-
fording operating fluid access to the upper end
of said lower ram, and a bit stem slidably dis-
posed in and sealed against said housing and
having a longitudinal central passage.

2. A fluid-operated well-drilling mechanism
comprising ‘a tubular housing, an inverted cup-
like cylinder longitudinally mounfed in said
housing, means affording operating fluid access
to the interior of said housing below said cylin-
der, an elongate annular upper ram slidably dis-
posed in and sealed against the inside of said
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cylinder and having a longitudinal central pas-
sage, a compression spring inside said cylinder
above said upper ram, an internal constriction
in said housing below said upper ram and of

_diameter smaller than said upper ram, an elon-

gate annular lower ram slidably disposed in and
sealed against said constriction and having &
longitudinal central passage and having spring-
refaining means on the lower end of said lower
ram, a compression spring between the lower
side of said constriction and said spring-retain-
ing means, means affording operating fluid ac-
cess to the upper end of said lower ram, and a
bit .stem slidably disposed in and sealed against
said housing and having a longitudinal central
passage.

3. A fluid-operated well-drilling mechanism
comprising a tubular housing, an inverted cup-
like cylinder longitudinally mounted in said
housing, means affording operating fluid access.
to the interior of said housing below said cylin-
der, an annular upper ram slidably disposed in
and sealed against the inside of said cylinder and
having a longitudinal passage, an internal con-
striction in said housing below said upper ram
and of diameter smaller than said upper ram, an
ahnular lower ram slidably disposed in and sealed
against said constriction and having a longitudi-
nal pasage in register with the passage in said
upper ram, said passage in said lower ram being
of diameter to effect reduction of pressure of
operating fluid in flowing therethrough, means
affording operating fluid access to the upper end
of said lower ram, means limiting the upward
movement of said lower ram, and a bit stem slid-
ably disposed in and sealed against said housing
and having a longitudinal passage in register
with the passage in said lower ram. '

EDWARD TOPANELIAN, JR.
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