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- This invention relates to well drills and more 
particularly to a deep-well drill combining the 
advantageous features of rotary and percussion 
drill mechanisms. . 
An object accomplished by my invention is the 

provision of a well drill which combines in a 
novel manner the more desirable features of 
rotary and percussion types of drills. A further 
object accomplished by my invention is the provi 
sion of a well drill having increased effectiveness 9 
against hard rock formations. Another object 
accomplished by my invention is the provision 
of a drill of the character described, having in 
corporated therein a fluid-operated mechanism 

without substantially interrupting the flow of 
fluid through the bit. A still further object ac 
complished by my invention is the provision of a 
well drill of such design that the effect of hydrau 
lic hammer is diminished, but advantageously 20 
used in some degree to actuate a hammer mecha 
nism which strikes pereussive blowstothedrill bit. 
A still further object accomplished by my inven 
tion is the provision of a hydraulically-actuated 
hammer drill having improved hydraulic balance. ? 
A still further object accomplished by my inven 
tion is the provision of a hammer drill in which 
the reciprocating parts may be made of compar 
able weight so as to separately impart effective 
percussive blows to the drill bit. A still further 30 
object of my invention is the provision of a ham 
mer drill in which the valving element itself may 
act as a ram and impart percussive blows to the 
drill bit. A still further object accomplished by 
my invention is the provision of a hammer drillin 85 which upward motion of the valving element is 
arrested by hydraulic action and in which the 
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 
percussion drill which will operate with rela 
tively light weight on the formation being drilled. 
Still another object accomplished by my inven 
tion is the provision of a rotary-percussion type 
well drill having improved tendency to drill as 
straight hole and having holestraightening 

i properties. Still another object accomplished by 
my invention is the provision of a rotary-percus 
sion type well drill of extremely simple design. 

for delivering percussive blows to the drill bit il 

2 
My invention is illustrated in the drawings ac 

companying this specification and forming a part 
thereof, and in which 

Fig. 1 is a longitudinal section taken through 
the upper portion of a preferred embodiment of 
ny drill; - - - - x 

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

Fig. 3 is a 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 various phases during 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 conventional for supplying drilling 
fluid. Adapter is provided with a central pas 
Sage 2 for the purpose of supplying drilling fluid 
under pressure into the drill mechanism. Adapt 
er is Screwed into the drill housing 3 by threads 
4 and a portion of the adapter of reduced diameter 
5 extends into the housing 3 with an annular 
clearance 6 between them. Openings permit 
drilling fluid to pass from the passage 2 into the 
annular space 6. The lower end of passage 2 
is plugged, the plug 8 being either screwed or 
Welded in place and having a relatively small ori 
fice 5 and Spherical depression 5? on its upper 
Surface. A rubber or steel ball 52 may rest in the 
Spherical depression 5f and serve to close the 
orifice 50. The function of the ball and orifice 
Will be explained later. . . . . . . . . 
The extreme lower end of adapter is further 

-reduced in diameter as at 9, and carries thereon 
a tube 0 against which a tight seal is provided 
by O-ring it. The tube 0 is held in place abut 
ting the shoulder 9 by two parallel pins 2 and 
2-a which are inserted through the wall of tube 

fo from the outside thereof and which engage 
grooves in adapter . Both ends of pins 2 and 
12-0 extend beyond the tube fe sufficiently so 
that the outer-housing 3 will prevent their coming 
Out While the assembly is inside the housing. The 
pins 2 and 2-0 are easily removed when the 
inner aSSembly is withdrawn from the housing 

A still further object accomplished by my inven- so 3 if replacement or repair of tube to becomes 
tion is the provision of a hammer drill mechanism 
of such design that all parts may be made large, 
heavy, simple, and rugged, whereby breakage of 
parts and shutdown of the drill is rae 
is substantially eliminated. 

necessary. The tabel9 at its outside lower end 
has fingers: 3 Welded to it and these rest on a 

i.e.ier itlara rests on liner 5, liner f4. The liner 
and this onliner 6. Liners d4, 5, and 6 have 

55 Snug fits in h9using 3. These liners receive wear 
  



3 
and may be conveniently replaced when neces 
Sary. 

Below liner 6 there is a stop ring it also 
fitting Snugly in housing 3, but having a Smaller 
inside diameter 8 than the liner 6. A Spacer 
9 lies below the stop ring , and below this is 

a guide 28 which is sealed to the inside of the 
housing 3 by O-rings 2 and 22 and which has 
a much Smaller inside diameter than that of Stop 
ring 7. 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, etc. 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 23 holds in place Spacer 
23, guide 28, spacer i9, stop ring , line 6, liner 
5, liner 4, finger's 3, and tube 3, the latter 
abutting against shoulder 9 of adapter . 

It is apparent that liners 4, 5, 6, and 
spacers 9 and 23, as well as the stop ring , 
could be made integral with housing 3, the in 
Side of housing 3 being bored to the Several in 
ternal dia.ineters and shoulders as equired. The 
construction shown is noire convenient to manu 
facture because the housing 3 can be bored with 
a single internal diameter. The separate parts 
4, 5, 6, , 9, and 23 are easily finished to 

close dimensions and better Surface finish and 
they provide the necessary shoulder's or dif 
ferences in diameter for the assembly. In ad 
dition, any one of these Smaller parts may easily 
be replaced if it becomes worn. 

Starting 20W at the lower end of Fig. 3 
there is showin a bit Stein 36 Which has a cen 
tral passage 27 through which drilling fiuid 
reaches the bit. A conventional drilling bit 36 
may be screwed on to the bit stem 2 by means 
of threads 33. Tine drill bit 45 has a central 
passage $8 and is further provided with passages 
49 connecting the central passage with the well 
bore to facilitate the removal of cuttings and 
chips therefron by Eneans 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 
ny invention and any type of bit may be used, 
including rock bits having rolling cutters. The 
bushing 24 is grooved at 29, and mating splines 
30 on bit stern 26 engage the grooves 29 so that 
torque 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 28 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 4S. The 
bit stem 26 may slide in the bushing 23, 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 
2G is at its lowermost position, the ring 3 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 26 is an annular 
lower arm 34 whose outer diameter is a close 
sliding fit in guide 2). 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 35 being larger than the Open 
ing 8 in stop ring it. The purpose of this re 
lationship will also be explained later. The lower 
ram 36 has a central passage 36 to permit dis 
charge of drilling iuid therethrough. The pas 
Sage 36 is made Small 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. 
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While it is not necessary for the operation of 
my drill, under certain conditions of operation 
it is advantageous to place a Spring 3 around 
the lower ram 34, the spring 3 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 ran 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 ran 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 35, but the downward impetus 
of ran 34 may be further augmented by the use 
of spring 37. 
On top of the lower ram 34 rests an elongate 

annular upper ran 39, having a central passage 
40. The latter may be larger in diameter than 
the passage 36 through the lower ran 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 8 of stop ring i in 
Order to permit circulation of fiuid 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 ran 39 made slightly larger in diameter than 
the lower end thus providing a slight shoulder 47. 
The shoulder 47 provides a differential area be 
tween the bottom and top of ram 39 so as to 
afford the fluid a lifting effect on ram 39, which 
lifting effect should however be insufficient to 
OWerCOile the weight of ram 39. 
An annular Space is provided between the 

outside of upper ram 39 and the liners 6 and 
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 6 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 0 and is of such diameter to side 
freely into tube. A 0. A wear sleeve 43 may be 
pressed into tube 0 and have a slightly smaller 
inside diameter than tube 0. The upper end 
4 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 40. When 
the ram 39 is in its lowermost position, it still 
partially penetrates the tube 0, but the Openings 
44 are no longer covered by the sleeve 43 Of tube 
0, and fluid communication is established be 
tween the annular space 6 and the paSSages 40 
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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5 
ritus drilling-in may be accomplished with the 
drill rotating and with cireulation of drilling fitid, 
but without activating the rams. 
while it is not neeessary for the operation of 

my drill, under certain conditions of operation 
it is desirable to place a spring 45 above the tipper 
ran 39, i. e., between the top of ram 39 and the 
bottom of adapter 5. The ram 39 being of eon 
siderable mass normally hioves downward by its 
own weight, but the spring 45 serves to deeelerate 
the ram 35 when it has been elevated and also 
serves to give additional downward impetus to 
te. In 39. 
While the length of the varieus elements of 

my drill are not conveniently indicated in Figs. 
1 to 3 of the accompanying drawings; it is believed 
clear to those skilled in the art that the length 
of Iowei ran 34 and upper faii. 39 ray be made 
such as to provide the necessary mass for these 
parts, and that the length of other paits ray be 
adjusted accordingly. When the bit stem 26 is 
in its lowermost position, i. e. with ring 3 
against shoulder 25, and lower ram 34 is in its 
lowermost position against the top of the bit stem 
and with tipper ran 39 resting on top. of fami 34, 
the lengths. of the parts aire, naade- so that the 
top. 4f of the upper rampenetrates tube. O a 
short. distance but with the openings 44 fully 
uncovered. Because of the extreme simplicity of 
my drill the masses: of lower ram 34 and of upper 
ram. 39 may be made comparable whereby the 
mechanism imparts a double blow to the drill 
bit for each cycle. of operation of the drill. 

For proper. Operation of the mechanism the 
diameter of the lower ram 34 should be smaller 
than...thie: diameter of the upper end of upper 
rana 39, Ehe diameters of the tippe ran 39 below 
the shoulder 47 may be slightly smaller than 
the diameter 4t of the top of the ram 39 in order 
to facilitate-separation of the upper ram, 39 front 
the lower ran 3 when the upward motion of 
the latter is arrested at stop ring, but the differ 
ence between these diameters should not be se) 
large as to, cause premature separations of these 
elements; A satisfactory seal is: normally, main 
tained; between the top surface of ram. 34 and 
the bottom: surface: of Iran. 39 by contact between 
these Stefaces; inder the residual forces not comi 
pensated by upward force of fluid on shoulder 
4. Erasmuch as, contact is: made between these 
elements: by a percussive: blow of the upper rari, 
any foreig, particles: between them are: Grushed 

3 5 

5 

O 

2 5 

3) 

() 

5) 

aid the efficacy, of the Sealis thus, attomatically . 
maintained. 
The operation of my above-described drill will 

row be explained. Reference, may be made: to 
the diagrams: of Eigs. 4 to 10, showing: the various 
phases during the operation of my drill, and in 
which diagrams, the numerals indicate; the same 
elements: as in Eigs, 1... to 3 previously, described: 
The entire unit will be suspended vertically 

in the well, bore: with an ordinary rotary drill 
pige (not shown); attached to adapter f, means 
being, provided at the-surface for supplying, drill 
ing, fluid...to the central passage of the drill pipe 
assis. Well-known.in-the-art. Starting: with the 
botgm of drill bit: 46 several feet; above the bot 
tom of the hole, bit stem 26 will be inits lower 
most position; with the ring 3-ft resting on the 
shoulder, 25 of, bushing 24. The lower ram, 34 
will reston, top of the bit stem with its head. 35 
some distance.below. stop-ring ; and just above 
guide-20. On top of ram, 34.there will rest upper 
ram-39, and the length of the various liners.and 
spacers, are made; so that the upper end of ram 

5 5 

60 

75 

5 the top of upper rai 

39, i.e., the end above the openings 4, extends 
into the tube ?o a short distance leaving open 
ings 44 near the top of ram 39 uneovered. The 
configuration of parts will be as shown in Fig. 4. 

It is usually desirable to "rotate in” when a 
new bit has been attached to the drill in order 
to insure that the borehole is to gauge, and to 
flash out sediment and euttings which may have 
settled to the bottom of the hole while the drill 
pipe was out of the hole to change bits. Fhis is 
accomplished by establishing circulation of dril 
ing fluid downward through the central passage 
of the drill pipe arid rotating the bit as it is low 
ered through the last few feet to the bottom of 
the well bore. During this "rotating iri’ process, 
fluid will be circulated through passages 2, 7, 6, 44, 
40, 36, and 2 aid out through passages 48 aid 49 
of the bit, returning up the hole outside of drill 
housing 3. Since there is free passage of fluid 
through the mechanish, ind upward pressure dif 
ferential exists, and accordingly rams 34 and 39 
will not be actuated with the bit off botton as 
shown in Fig. 5. Thus hammering will not take 
place to endanger the drill pipe or other parts 
as the drill is lowered into the hole. . 
Upon continuing to lower and rotate the mecha 

anism including bit stem 26 and bit 46, the riose 
or cutting edge of the bit will eventually touch 
the bottom of the hole. Further lowering of the 
drill pipe and attached parts will then cause 
changes in the relative longitudinal positions 
between housing 3, together with the parts car-. 
ried theredia, the internal parts 26, 34, and 
39. Since tube (0 is integral with housing 3, 

tarii. 39 will eventually enter 
tube, ?o a sufficient distance, to close of opefiligs 
44 from fluid flow. The g its will then essen 
tially be in the position as shown diagranitiati 
cally in Fig. 5. Due to the fact that there is no 
immediate outlet for the Eid being supplied 
under pressures from the stirface, the pressie 
Will build up... within thie annular passage 6, 
around the upper rain: 39, and arolifid tie upper 
end of lower ram, 34. Fhie upper stiffacé of the 
colurnn comprising the rairis 34 and 3S is ex 
posed to a pressure, substaintially equivalerit to 
the static head of the fluid in the well bore at 
the depth of the tool, becauses the upper stirface 
of the ran. 39 is afforded dointlinications with 
the Well bore: through passages. 4, 35,27, 18 and 
9. Since: the diameter of lower rain 34 is less 

than: the: diameter of the upper ram-35, the ap 
plication of stificient pressure of fluid from the 
Surface; pumps. will produce sufficient upward 
force to lift as a unit; the rani. 34 tiggether it: 
rain 39. This phase of the operationissiowisii 
Fig. 6. The continued application of fluid pries. 
Sure. Will continue to raise the two rans as a 
unit, the weight, of the upper ram tending to 
Seal, the junction betweenthem. Soirie lifting ef. 
fort. On the upper rain: 39, also results: from the 
pressure: of fluid on the shoulder 4, but aspire. 
viously, stated the ran 39 effects, stificient re 
maining downward force to maintain a sea cri 
top of the lower rain 34;. . . 

Eventually the head 35 of lower fan. 34.a.p. 
proaches the lower edge of stopiring it, and as 
the head. 35. is: larger: thaf: the opening g; this 
approach: tends to's cut; off the flow of fiuid re 
quired to lift, the lower rain 34. Actually the 
downward flow offiuid being cut off by the head 
of the ran 34 effectsia: hydraulic deceieration of 
this ram and.its upward motion is arrested hyg 
draulieally, so that the lower ram, 34. does not 
strike: the ring fl' with any appreciable. impetitis 
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This phase of the operation is illustrated in Fig. 7. 
. As soon as upward notion of lower ran 

34 is arrested, the pressure fluid tends to separate 
the two rams, and indeed the upward momentum 
of the upper ran 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 ran 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 ran 39 also begins to move 
downward since there is no longer any pressure 
to raise it. Accordingly, the ram 34 and ran 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 ran 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. The upper ram : 
39 at this phase is still falling. 
A short interval after the lower ram 34 has 

struck the bit stem 26, the upper ram 39 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. Each 
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 a 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 50 by-passes the drill 
mechanism and is effective for flushing chips or 

5 

O 

) 
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8 
detritus out of the borehole in addition to the 
fluid normally discharged through the drill mech 
aniSn. 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 36 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 
Stiffnesses of springs 37 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 
ran 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 20 forms a housing-supported barrier 
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 cf 
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 fo, the term “lower ran' 
is used to designate valving element 34, and the 
term "upper ram' is used to designate the ele-- 
ment 39, but it is to be understood that the names 
given these and other elements shown are de 
Scriptive 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 cylinder longitudinally mounted in said 
housing, means affording operating fluid access 
to the interior of said housing below said cylin 
der, an elongate annular upper ran 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 rain 
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 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 
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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 ran slidably disposed in and 
Sealed against Said constriction and having a 
longitudinal central passage and having spring 
retaining 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 
annular 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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