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ABSTRACT OF THE DISCLOSURE 
A combination rotor and percussion deep well drilling 

tool including, an elongate vertical barrel with fluid con 
ducting means at its upper end to connect with a drill 
collar at the lower end of a drilling string, an elongate, 
tubular, fluid conducting column slidably engaged in the 
barrel and having a lower end depending therefrom, said 
column having means at its lower end to connect with a 
rotary bit, an elongate longitudinally extending radially 
outwardly opening helical groove, and Sealing means at 
its upper end to seal between the column and the barrel, 
and drive means between the column and the barrel, and 
drive means between the barrel and the column to rotate 
the column relative to the barrel upon downward shifting 
of the barrel relative to the column and including a drive 
sleeve adjacent the lower end of the barrel Surrounding 
the column, a cam lug on the sleeve and engaged in the 
groove, and releasable clutch means between the barrel 
and the sleeve to establish driving engagement between 
the sleeve and the barrel upon downward shifting of the 
barrel relative to the column. 

This invention has to do with an oil well tool and 
related apparatus and is more particularly concerned with 
a novel tool and apparatus adapted for use in directional 
well bore drilling operations. The art of drilling oil Wells 
is old and highly developed. The art of “directional drill 
ing that is, the art of varying the direction in which a 
well bore is established, in a predetermined direction, is 
likewise highly developed and well-known to those skilled 
in the art. 
In the art of directional drilling, several basic methods 

are known and employed. The most widely used method 
of changing the direction in which a well bore is being 
established is to arrange a wedge member in the bottom 
of a bore hole, in predetermined rotative position, which 
member serves to urge and direct the bit at the lower end 
of a string of drill pipe, laterally from its previous course. 
Such wedges are commonly referred to as "whipstocks.” 
Another method of directional drilling is to provide a 

special tool in the lower end of a drilling string to engage 
the adjacent wall of the well bore and to urge the string, 
and its related bit, laterally in a new and desired direc 
tion. 
Yet another method of directional drilling, referred 

to as "spudding,' involves the use of a special bit at the 
lower end of drill pipe string, which bit directs a fluid jet 
in the direction in which it is desired to establish new 
holes. The bit is reciprocated vertically adjacent the bot 
tom of the well bore so that the fluid jet acts on and re 
duces, or washes away, the formation at one side of the 
bore hole. When the formation is sufficiently washed away 
or reduced by the action of the jet, the bit, in principal, 
is permitted to shift laterally and the direction of subse 
quently drilling or new hole is deflected relative to the 
hold or established previously established hole. 

In the case of "whipstock,” and in those methods where 
special tools are engaged in the drilling string to urge 
them laterally in the bore holes, conventional rotary bits 
and rotary drilling methods are employed. That is, the 
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bits are rotated and advanced into the formation to estab 
lish new hole and the drilling strings are turned and 
torqued to a considerable extent. 
The above-noted turning and torquing of the drilling 

string, when carrying out directional drilling operations, 
tends to and frequently does upset and alter the setting of 
the means employed to effect reflection of the bit and also 
tends to and frequently does cause the bit to drift off the 
desired course. Unfortunately, it is not until after such 
undesired deviation in direction is an accomplished fact, 
that it is discoverable and considerable time and expense 
is required to correct it. 

In carrying out directional drilling operations with 
whipstocks, the angle or extent to which the bit and 
drilling string can be deflected is extremely limited and 
frequently requires several runs to achieve the desired 
deflection. That is, a number of whipstocks must be set, 
in a series, as the well bore is advanced into the forma 
tion to achieve the desired deflection. Such a procedure 
necessarily requires a plurality of time-consuming and 
costly operations, any one or more of which might, as 
pointed out above, be ineffective and costly to correct. 
The above-noted spudding method of directional drill 

ing is only effective in those situations where the forma 
tion is sufficiently soft and unstable to be effectively re 
duced by fluid jets. Accordingly, spudding is only em 
ployed in shallow wells where relatively soft formations 
are encountered. 
Another special and effective method of directional 

drilling involves the provision of a hydraulic motor en 
gageable in a drilling string between a rotary bit and a 
drill collar, immediately above the bit. The motor turns 
the bit relative to the drill string. With such a set-up it is 
possible to urge the lower end of the drilling string lat 
erally with any desired or suitable oriented means and 
to then rotate the bit and advance the bit and the string 
so as to effect desired deflection of the well bore. While 
this rather special set-up overcomes many shortcomings 
found in the use of other available tools, and apparatus 
for directional drilling operations, it has been proved to 
be critically wanting in that the fluid motors are extremely 
costly to build, service and maintain and such motors are 
not suitably dependable. 
An object of our invention is to provide a novel motor 

tool engageable between a drill string and rotary bit, 
which tool is such that it converts reciprocating motion 
to rotary motion and is effective to rotate the bit upon 
reciprocation of the drilling string. 

Further, it is an object of our invention to provide a 
tool of the character referred to which is such that rotary 
motion of the drilling string can be directly transmitted 
through the tool to the bit, if such is desired. 

Still further, it is an object of our invention to provide 
a tool of the character referred to which is such that it 
can act as a knocker, while converting axial or recipro 
cating motion to rotary motion and to thereby permit 
or allow for a combination of rotary and percussion 
drilling techniques. 

Yet another object of our invention is to provide a 
tool of the character referred to and related apparatus, 
which permits reciprocation of the drilling string with 
resulting rotation of the bit and, if desired, knocking of 
the bit, without requiring the bit to be elevated or raised 
from engagement with the bottom of the established bore 
hole. 
A further object of the invention is to provide an ap 

paratus for drilling a well hole including a motor tool 
of the character referred to, a bit carried and driven by 
the motor tool, a string of drill collars of predetermined 
mass above and connected with the motor tool and an 
axially shiftable lost motion sub-tool at the upper end 
of the drill collars, whereby the axial and the torsional 



forces exerted onto and through the motor tool and bit 
can be accurately controlled. 

It is yet another object of our invention to provide 
an apparatus of the character referred to above which 
includes an elbow or angle sub in the drilling string in 
or above the drill collars, which elbow Sub can be ar 
ranged in any desired rotative position and causes the 
drilling string to bear on opposite sides of the Well bore, 
or the casing therein, and disposes the drill collars, motor 
tool and bit at a predetermined angle from the longitu 
dinal axis of the established bore hole. 
A further object of this invention is to provide a motor 

tool of the character referred to which is easy and eco 
nomical to manufacture, service and maintain and a tool 
which is rugged, durable and highly effective and de 
pendable in operation. 
An object of our invention is to provide an apparatus 

of the character referred to which is easy and economical 
to manufacture, assemble, service and maintain, which 
is easy, convenient and accurate in effectively deflecting 
a well bore and which is rugged and dependable in op 
eration. - 

These and other objects and features of our invention 
will be fully understood from the following detailed de 
scription of a typical form and application of our in 
vention, throughout which description reference is made 
to the accompanying drawings, in which: 

FIG. 1 is a longitudinal sectional view of a well struc 
ture with the apparatus that we provide arranged therein; 

FIG. 2 is a sectional view of our new motor tool, taken 
substantially as indicated by line 2-2 on FIG. 1; 

FIG. 3 is an enlarged detailed sectional view taken 
substantially as indicated by line 3-3 on FIG. 2, having 
parts removed to better illustrate the details of the con 
struction; 

FIG. 4 is a sectional view taken substantially as indi 
cated by line 4-4 on FIG. 3, without parts removed and 
showing the parts in another position; and, 
FIG.5 is an isometric view of the loss motion Sub Such 

as is employed in our new apparatus. 
The motor tool. A that we provide includes an elon 

gate vertical tubular barrel B with a downwardly open 
ing, longitudinally extending cylindrical bore 10, a head 
11 at the upper end of the barrel defining a downwardly 
disposed stop shoulder 12 adjacent the upper end of the 
bore 10 and having a tool joint member at its upper end 
to cooperate with a mating tool joint member on a related 
tool or drill collar. 

In the case illustrated, the tool joint member on the 
head is shown as an upwardly projecting threaded pin 14 
and is shown engaged in a threaded box 15 in the lower 
end of the related drill collar 16. 
The head is further provided with a central flow pas 

sage 17 to communicate with and conduct circulating 
fluid between the flow passage 18 in the drill collar 16 
and the bore 10 of the barrel B. 
The lower end of the barrel B is povided with or 

carries a releasable drive means F, which drive means 
will be fully described in the following. 
The motor tool A, in addition to the barrel B and 

releasable drive means F, includes a driven column C. 
The column C includes an elongate vertically extend 

ing cylindrical member 20, which member is slightly 
longer in longitudinal extent than the bore 10 in the 
barrel B and which is slidably engaged in said bore to 
depend from the lower end of the barrel. 
The member 20 of the column C is provided at its 

upper end with the bumper head 21 having a flat top 
surface 22 to oppose and engage the stop shoulder or 
surface 12 of the barrel head 11. 
The head 21 is provided with suitable sealing means 

S to seal between the bore 10 of the barrel and the upper 
end of the column. In the case illustrated, the means S 
is shown as involving a pair of radially outwardly open 

3,405,771 

O 

5 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

ing, axially spaced, grooves 23 and O-ring seals 23’ in 
the grooves and engaging the barrel bore 10. 
The lower end of the driven column C is provided with 

an enlargement 24 defining a tool joint to connect the 
column with a related tool, such as a rotary bit E. 
The tool joint on or in the enlargement 24 is shown as 

a threaded box 25 in which a threaded pin 26 on the 
bit E is engaged. . . . . . . . 
The driven column C is provided with a central longi 

tudinal flow passage 27 communicating with and adapted 
to conduct circulating fluid between the bore 10 in the 
barrel and a fluid passage 28 in the bit E, which passage 
28 conducts fluid to suitable nozzles in the bit construc 
tion, in accordance with common practice. 

Finally, the member 20 of the driven column C is pro 
vided with at least one, but preferably, two or more, 
radially outwardly opening helical grooves 30 having 
radially outwardly disposed bottoms 31, radially out 
wardly extending, downwardly and circumferentially dis 
posed upper drive surface or inclined planes 32 and 
radially outwardly, upwardly and circumferentially dis 
posed lower surfaces or inclined planes 33. - 
The reversible drive means F includes a drive sleeve 

40 slidably engaged about the member 20, below the 
barrel B, radially inwardly projecting cam lugs 41 car 
ried by the sleeve 40 and slidably engaged in the grooves 
30, clutch means G between the barrel and the sleeve and 
releasably establishing driving engagement between the 
barrel and the sleeve. The clutch means G is a simple, 
jaw-type clutch and includes a plurality of circumferen 
tially spaced, teeth 42 on and about the lower end of the 
barrel B and a plurality of circumferentially spaced teeth 
43 on and about the upper end of the sleeve 40 and op 
posing and adapted to mate with the teeth 42. 
By shifting the sleeves 40 downwardly relative to the 

barrel a distance slightly greater than the depth of the 
teeth, the clutch means is disengaged and the sleeve is 
free to rotate relative to the barrel. Upon shifting the 
sleeve upwardly relative to the barrel, or shifting the bar 
rel downwardly relative to the sleeve, the clutch means 
is engaged and positive driving engagement is established 
between the barrel and the sleeve. 
The drive means further includes a tubular cage 45 

threaded on the lower end of the barrel, as at 46 and de 
pending therefrom to surround or occur about the sleeve 
40 with running clearance. The cage 45 depends below 
the lower end of the sleeve and is provided with a radial 
ly inwardly projecting retaining flange 47 on which an 
anti-friction bearing 48 is seated. 
The bearing 48 rotatably supports the sleeve 40 when 

the sleeve is shifting downwardly relative to the barrel 
and when the clutch means is disengaged. 

In operation, when the barrel is shifted upwardly rel 
ative to the driven column, as by elevating the drill col 
lars 16 and the elements or parts of the drilling string 
occurring above the collars, the sleeve, by its weight and 
by the frictional drag between the cam lugs 41 and the 
grooves 30, is shifted downwardly into supported engage 
ment on the bearing 48 and the clutch means is disen 
gaged. Upon further upward shifting of the barrel rela 
tive to the column C, the lugs follow the grooves and 
the sleeve rotates freely until the cam lugs reach and 
stop at the upper end of the grooves. 

Note, that when the barrel is shifted upwardly, the 
cam lugs ride on the lower inclined planes or surfaces 
33 of the grooves. 
Upon Subsequent downward shifting of the barrel B 

relative to the column C the sleeve 40 is, by virtue of the 
frictional resistance between the sleeve and the column 
and the can lugs and the grooves, shifted upwardly so 
that the clutch means is engaged and driving engagement 
is established between the barrel and the sleeve. 

Upon subsequent downward shifting of the barrel and 
sleeve, the lugs carried by the sleeve bear against the 
upper inclined planes or surfaces 32 of the grooves and 



3,405,771 
5 

rotate the column and the bit E related thereto, relative 
to the barrel. 

Accordingly, by reciprocating the drilling string above 
the tool A, the bit E can be intermittently rotated without 
rotating the drilling string. 
By lowering the barrel to its lowermost position, the 

shoulder or surface 12 of the barrel head strikes the top 
surface of the knocker head on the column C and an im 
pact is transmitted through the tool and bit, to the forma 
tion, to effect percussion reduction of the formation. 

It is extremely important to note that the bit E is not 
elevated from engagement on the bottom of the estab 
lished bore hole during operation of our construction. 
By varying the longitudinal extent of the barrel and 

column and by varying the pitch of the grooves, the num 
ber of revolutions of the bit, upon each stroke or down 
ward shifting of the barrel, relative to the column, can 
be advantageously controlled. 
By reducing the pitch of the grooves, a greater num 

ber of revolutions per stroke can be gained, and a greater 
amount of axial force is required to effect operation of 
the motor. 
The increase in force required to operate the motor also 

increases the direct axial force or weight applied onto 
and through the bit E. Accordingly, the force exerted 
onto and through the bit can be controlled. 

It will be apparent that as the pitch is varied to control 
the weight applied to the bit and the weight force required 
to effect operation of the tool is varied, the weight force 
required for satisfactory operation can be controlled from 
the top of the well or can be controlled at the bottom of 
the well by varying the amount and mass of heavy drill 
collar or collars provided immediately above the tool. 

In practice, and as illustrated, the pitch of the upper 
end portions of the grooves 30 can be increased to be 
substantially parallel with the axis of the construction 
so that upon initial downward movement of the barrel, 
an extremely high-weight torque ratio is provided to ini 
tiate or start rotation of the column and bit. Once such 
rotation is started, less force is required to continue rota 
tion and greater axial force can be transmitted through 
the construction. Accordingly, the pitch of the grooves 
can, as shown, decrease as they continue downwardly to 
effectively increase the number of revolutions and to in 
crease the axial force applied by the bit onto the forma 
tion. 

It is to be noted that since the cam lugs 41 are greater 
in longitudinal extent than the width of the grooves and 
since the said lugs are fixed and integrally formed on the 
sleeve, the high pitched upper portions of the grooves 30 
are made wider or greater in width than their low pitched 
lower portions, to accommodate the lugs. 

It will be apparent that fluid pressure acting upon the 
top of the column C, within the barrel, holds the column 
and bit downwardly and in contact with the bottom of the 
bore hole upon upward shifting of the barrel. 

Sufficient weight on the downstroke, overcomes the 
effect of the fluid acting upon the top of the colunm so 
that no fluid locking action, which would impede opera 
tion of this tool, will occur. 

In practice, a bi-pass port 60 can be provided between 
the flow passage in the column and the upper end of each 
groove to conduct clean drilling fluid into the grooves. 
Such drilling fluid acts as a lubricant and also flushes 

out any cuttings, and the like, that might otherwise mi 
grate into the grooves and foul operation of the construc 
tion. 

Also, ports 61 and 62 can be provided in the cage ad 
jacent the clutch means and adjacent the bearing 48, 
through which mud and like, which might otherwise ac 
cumulate in the clutch means and between the sleeve and 
the bearing, can be displaced as the construction is oper 
ated. 
The apparatus for directional drilling that we provide, 

which is illustrated in FIG. 1 of the drawings and which 
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6 
includes our new motor tool, involves the bit E, the motor 
tool A connected with and extending upwardly from the 
bit, a length or stand of drill collars 16 fixed to and 
extending above the tool A, an elbow or angle Sub H 
fixed to the upper end of the collars 16, an axially exten 
sible or low lost motion sub I fixed to the upper end of 
the sub H; a string of drill pipe P extending from the 
sub I to the top of the well and an elevator J at the 
upper end of the string P and connected with a suitable 
circulating hose K. 
The elbow or angle sub H is a simple short sub with 

the axes of its upper and lower ends disposed at an angle 
of from three degrees to ten degrees. 
The lost motion sub I is a simple bumper sub type of 

construction capable of equal or greater axial move 
ment than the tool A. 
In FIG. 5 of the drawings, we have illustrated a typi 

cal bumper sub type construction as might be advantage 
ously employed in carrying out our invention. Since the 
exact construction of the sub I can vary widely without 
affecting or altering the invention, and since such con 
structions are well known to those skilled in the art, de 
tailed description of the sub I will be dispensed with. 
When the drilling string assembly illustrated in FIG. 1 

of the drawings is lowered into the well, the elbow sub H. 
creates a bend in the string which causes that sub to bear 
on one side of the well bore and which causes those 
portions of the string occurring above and below that sub, 
to bear on diametrically opposite sides of the well bore. 

Accordingly, the portion of the string occurring below 
the sub H, that is, the drill collars 16, tool A and bit E, 
are on a common axis angularly related to those portions 
of the drilling string occurring above the sub H and 
angularly related to the longitudinal axis of the estab 
lished well bore. 

Since the rotative position of the sub H is known and 
fixed, it is possible, by employing any convenient means 
of orientation, to orient the sub H and the portion of 
the string therebelow so that the said portion of the string 
occurring below the sub H and particularly the bit E, 
are disposed in predetermined angular relationship to the 
axis of the well bore. 
Upon orienting the drilling string in the manner set 

forth above, the drill pipe P is elevated and the sub I 
is extended fully. Upon subsequent elevation of the drill 
pipe string P, the lower portion of the string is elevated 
and the tool A is extended (the bit remaining on bottom). 
When the tool is fully extended the drill pipe string 

is lowered, collapsing or shortening the sub I and permit 
ting the weight of the structure therebelow to actuate the 
tool A. 
At this point it should be noted that the sub I prevents 

application of excessive weight on the tool A and permits 
the portion of the string below the sub I to be operated 
independently of the weight and effect of the drill pipe 
string above the sub. This is highly important, as rapidly 
lowering and applying the weight of the pipe string above 
the sub onto and through the remainder of the construc 
tion would tend to cause twisting and collapsing of the 
string in Such a manner as to upset orientation of the 
Structure. 

After the tool A is actuated or cycled, as set forth 
above, the string P can again be elevated and the struc 
ture re-cycled, as desired. 

It will be apparent that the new hole established will 
be angularly disposed to the old or previously established 
hole and that upon continued operation of the apparatus, 
and the establishment of new hole, the angle of the new 
hole will progressively change angle, as desired, with the 
result that any desired amount of deflection can be estab 
lished with a single run of our new tool and apparatus. 

It is to be noted that when the tool A has been actuated 
and bottomed out, that is, when the barrel has reached 
its lowermost position and the sub I is bottomed out, 
that is, when it is in its collapsed or completely shortened 
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position, the entire weight of the string can be applied 
to and through the bit and the string can be rotated and 
new hole established in a conventional manner. In this 
situation, the sub I and tool A become inoperative. 

It will also be apparent that when the tool A is bot 
tomed out and inoperative, as set forth above, the string 
can be rotated in a conventional manner even though the 
sub I is not bottomed out. In this situation, the weight 
applied onto and through the bit is limited to the weight 
of that portion of the string occurring between the bit 
and the sub. 

If conventional rotary drilling operations are carried 
out and sufficient resistance is afforded by the bit to cause 
the barrel of the tool A to rotate about the column C and 
thereby cause the lugs 41 to ride up in the grooves 30 
and to thereby extend the tool A, such extending and 
resulting jacking up of the string will stop when the lugs 
reach the upper ends of the grooves and the operation can 
be continued without further or adverse effect. 

Having described only a typical preferred form and 
application of our invention, we do not wish to be limited 
to the specific details herein set forth, but wish to reserve 
to ourselves any modifications and/or variations that may 
appear to those skilled in the art and which fall within 
the scope of the following claims: 

Having described our invention, we claim: 
1. A deep well motor tool of the character referred to 

including, an elongate vertical barrel with fluid conduct 
ing means at its upper end to connect with a part in a 
drilling string, an elongate, tubular, fluid conducting col 
umn slidably engaged in the barrel and having a lower 
end depending therefrom, said column having means at 
its lower end to connect with a part in a drilling string, 
an elongate longitudinally extending radially outwardly 
opening helical groove, and sealing means at its up;er 
end to seal between the column and the barrel, and drive 
means between the barrel and the column to rotate the 
column relative to the barrel upon downward shifting of 
the barrel relative to the column, said drive means in 
cluding a drive sleeve adjacent the lower end of the barrel 
surrounding the column, a cam lug on the sleeve and 
engaged in the groove, and releasable clutch means be 
tween the barrel and the sleeve to establish driving en 
gagement between the sleeve and the barrel upon down 
ward shifting of the barrel relative to the column. 

2. A structure as set forth in claim wherein, said 
sleeve is carried by the barrel for limited axial shifting 
relative thereto and said clutch means include a plurality 
of circumferentially spaced, depending, jaw teeth at the 
lower end of the barrel and a plurality of circumferen 
tially spaced, upwardly projecting jaw teeth at the upper 
end of the sleeve and shiftable into and Out of engage 
ment with said depending teeth. 

3. A structure as set forth in claim wherein, the up 
per end of the barrel is provided with a downwardly dis 
posed stop surface and the upper end of the column is 
provided with a knocker head adapted to be engaged by 
the stop surface. 

4. A structure as set forth in claim 1 wherein, Said 
sleeve is carried by the barrel for limited axial shifting 
relative thereto and said clutch means include a plurality 
of circumferentially spaced, depending jaw teeth at the 
lower end of the barrel and a plurality of circumferen 
tially spaced, upwardly projecting jaw teeth at the up 
per end of the sleeve and shiftable into and out of en 
gagement with said depending teeth, the upper end of the 
barrel being provided with a downwardly disposed stop 
surface and the upper end of the column provided with 
a knocker head adapted to be engaged by the stop surface. 

5. A structure as set forth in claim 1 wherein, the pitch 
of the groove is increased at its upper end and terminates 
to establish a stop against which the lug stops to limit 
downward movement of the column relative to the barrel. 

6. A structure as set forth in claim 1 wherein, said 
sleeve is carried by the barrel for limited axial shifting 
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relative thereto and said clutch means including a plu 
rality of circumferentially spaced, depending jaw teeth 
at the lower end of the barrei and a plurality of circum 
ferentially spaced, upwardly projecting jaw teeth at the 
upper end of the sleeve and shiftable into and out of en 
gagement with said depending teeth, the upper end of the 
barrel being provided with a downwardly disposed stop 
surface and the upper end of the column provided with a 
knocker head adapted to be engaged by the stop surface, 
the pitch of the groove being increased at its upper end and 
terminating to establish a stop against which the lug stops 
to limit downward movement of the column relative to 
the barrel. 

7. A structure as set forth in claim 1 wherein, said 
sleeve is carried for free rotation and limited axial shift 
ing by a cage fixed to and depending from the lower end 
of the barrel and carrying a bearing upon which the 
lower end of the sleeve can seat, said clutch means in 
cluding fixed jaws at the upper end of the cage and jaws 
at the upper end of the sleeve, and adapted to be shifted 
into and out of engagement with the fixed jaws upon rel 
tive axial shifting of the barrel and column. 

8. A structure as set forth in claim 1 wherein, said 
sleeve is carried for free rotation and limited axial shift 
ing by a cage fixed to and depending from the lower ënd 
of the barrel and carrying a bearing upon which the 
lower end of the sleeve can seat, said clutch means in 
cluding fixed jaws at the upper end of the cage and jaws 
at the upper end of the sleeve, and adapted to be shifted 
into and out of engagement with the fixed jaws upon rel 
ative axial shifting of the barrel and column, the upper 
end of the barrel is provided with a downwardly disposed 
stop surface and the upper end of the column is provided 
with a knocker head adapted to be engaged by the stop 
Surface, said column having a central longitudinal flow 
passage, a by-pass port establishing communication be 
tween the flow passage and the upper end of the groove 
to conduct fluid from within the column into the groove. 

9. A structure as set forth in claim 1 wherein, said 
sleeve is carried for free rotation and limited axial shift 
ing by a cage fixed to and depending from the lower end 
of the barrel and carrying a bearing upon which the lower 
end of the sleeve can seat, said clutch means including 
fixed jaws at the upper end of the cage and jaws at the 
upper end of the sleeve, and adapted to be shifted into 
and out of engagement with the fixed jaws upon relative 
axial shifting of the barrel and column, the upper end 
of the barrel is provided with a downwardly disposed stop 
surface and the upper end of the column is provided with 
a knocker head adapted to be engaged by and the stop 
surface, said column having a central longitudinal flow 
passage, a by-pass port establishing communication be 
tween the flow passage and the upper end of the groove 
to conduct fluid from within the column into the groove, 
and radially outwardly opening ports in the cage adjacent 
the clutch and adjacent the bearing to exhaust matter from 
between the jaws of the clutch and between the bearing 
and the sleeve when said sleeve is shifted axially in the 
Cage. 

10. A structure as set forth in claim 1 wherein, said 
sleeve is carried for free rotation and limited axial shift 
ing by a cage fixed to and depending from the lower end 
of the barrel and carrying a bearing upon which the 
lower end of the sleeve can seat, said clutch means in 
cluding fixed jaws at the upper end of the cage and jaws 
at the upper end of the sleeve, and adapted to be shifted 
into and out of engagement with the fixed jaws upon rela 
tive axial shifting of the barrel and column, the upper 
end of the barrel is provided with a downwardly disposed 
stop surface and the upper end of the column is provided 
with a knocker head adapted to be engaged by the stop 
Surface, said column having a central longitudinal flow 
passage, a by-pass port establishing communication be-, 
tween the flow passage and the upper end of the groove 
to conduct fluid from within the column into the groove, 
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and radially outwardly opening ports in the case adjacent 
the clutch and adjacent the bearing to exhaust matter from 
between the jaws of the clutch and between the bearing 
and the sleeve when said sleeve is shifted axially in the 
cage, the pitch of the groove being increased at its upper 
end and terminating to establish a stop against which the 
lug stops to limit downward movement of the column rel 
ative to the barrel. 

11. A directional drilling apparatus including, a rotary 
bit, a motor tool fixed to and extending upwardly from the 
bit, a string of drill collars fixed to and extending up 
wardly from the motor tool, an elbow sub fixed to the 
upper end of the drill collar string, an axially shiftable 
lost motion sub fixed to and extending upwardly from the 
elbow Sub, a drill pipe string fixed to and extending up 
wardly from the lost motion sub, and an elevator at the 
upper end of the drill pipe string, said motor tool includ 
ing an elongate barrel fixed to and depending from the 
lower end of the drill collar string, a column with a 
helical groove fixed to and projecting upwardly from the 
bit and slidably engaged in the barrel, a drive sleeve ro 
tatably carried by the lower end of the barrel for limited 
axial movement and free relative rotation and having a 
radially inwardly projecting cam lug slidably engaged in 
the groove, and clutch means between the sleeve and the 
barrel to establish driving engagement between the barrel 
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and the sleeve when the barrel is shifted downwardly 
relative to the column and the sleeve and to break said 
driving engagement when the barrel is shifted upwardly 
relative to the column, said apparatus adapted to be en 
gaged in a well hole with said elevator at the top of the 
hole, the bit engaged on the bottom of the hole, and the 
elbow Sub engaging one side of the hole above the bottom 
thereof whereby the axes of the strings of drill collar 
and drill pipe are angularly related to the axis of the hole, 
said elevator drill pipe string and lost motion sub being 
adapted to be intermittently elevated to intermittently 
elevate the elbow Sub, drill collar string and motor tool 
barrel relative to the motor tool column and the bit and 
being adapted to be intermittently lowered whereby the 
elbow Sub, drill collar string and motor tool barrel are 
free to shift downwardly relative to the motor tool column 
to apply their weight onto and through the bit and to 
rotate the bit. 
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