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This invention relates to a well drilling tool 
and relates more particularly to a tool for 
straightening well bores. A general object of this 
invention is to provide a simple, practical tool 

is rapid and efficient in straightening 
Crooked or inclined well bores. 
Most deep well such as oil wells and gas wells 

are Crooked or inclined, in whole or in part, due 
to the character of the earth formation pene 
trated, and the tendency of the drilling tools to 
take inclined paths when they encounter in 
clined strata. Warious methods and tools have 
been proposed for straightening crooked well 
bores, but have proven costly or only partially 
effective. 
Another object of this invention is to provide a, 

tool for straightening crooked or inclined well 
bores that digs into and erodes the side wall, of 
the bore to make it straight or vertical. 
Another object of this invention is to provide a 

tool for straightening crooked well bores that is 
adapted to be rotated and moved longitudinally 
in the well and that embodies a weighted body 
which constantly urges or feeds the active parts 
of the tool toward a vertical position. 
Another object of this invention is to provide a 

tool of the character mentioned that embodies a 
very heavy stem or drill collar connected with. 
the drilling string by a universal joint or flexible 
connection and cutting parts carried by the drill 
Collar that are urged against the side wall of the 
bore by the tendency of the weighted drill collar 
to assume a vertical position and, therefore, cut 
and Scrape away the formation to make the bore 
vertical. 
Another object of this invention is to provide a 

tool of the character mentioned that embodies. 
fluid discharge ports adjacent the cutting parts 
that discharge jets of fluid against the side wall 
of the bore to erode away the earth formation 
being acted upon by the cutting parts. 
Another object of this invention is to provide a 

tool of the character mentioned in which the 
weighted body or drill collar carries blocks of a 
high specific gravity whereby the heavy gratita 
tional force tending to return the drill collar to 
a vertical position urges the cutting parts against 
the side wall of the well bore to effect their rapid 
efficient Operation. 
Another object of this invention is to provide a 

tool of the character mentioned that embodies 
wall cutting and eroding bit units spaced vertin 
cally of the heavyweighted body or drill collar. 
Another object of this invention is to provide a 

well straightening tool that is simple and inex 

1936, Serial No. 105,033 
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pensive and that is capable of employment with 
typical rotary well drilling equipment. 
A further object of this invention is to provide 

a tool of the character mentioned having a cut 
ting unit or bit embodying self-sharpening cut 
ting teeth that are adapted to have maximum 
penetration of the formation at the side wall of 
the bore under a minimum force feeding them 
into the formation. 
Another object of this invention is to provide a 

tool of the character mentioned in which the 
teeth of the bit are in Staggered relation to have 
engagement with the side wall of the bore 
throughout a substantial vertical distance during 
each rotation of the tool. 
Another object of this invention is to provide a 

tool of the character mentioned embodying a 
pilot bit operable to start the bore in a vertical 
direction after the tool has straightened the pre 
viously bored portion of the Well. ? 
Another object of this invention is to provide a 

well straightening tool embodying a flexible con 
nection with the drilling string comprising drill 
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pipe or the like of less diameter than the string 
that flexes under the tendency of the heavy drill 
collar to assume a vertical position and that has 
Sufficient clearance in the Well to allow the drill 
collar to move toward the vertical position as the 
Well straightening operation progresses. 
Another object of this invention is to provide a 

tool of the character mentioned in which the cutting parts are easily and quickly replaced 
When WOrn. h 

Another object of this invention is to provide a 
drill collar embodying a shell of sufficient 
strength to dependably transmit the strains to 
which it may be subjected and a quantity of lead 
or similar material in the shell having a specific 
gravity greater than steel whereby the drill collar 
is of great weight, and yet may be relatively 
short. 
A further object of this invention is to provide 

an improved drill collar for use with well drilling 
and well straightening tools that has a very great 
weight and yet has a minimum length, whereby 
the Weight for feeding the tool is concentrated 
immediately above the tool. 
The various objects and features of my inven 

tion will be fully understood from the following 
detailed description of typical preferred forms 
and applications of my invention, throughout 
which description reference is made to the ac 
companying drawings, in which: . . . . . . . . . . 

Fig. 1 is a side elevation of one form of the 
invention in the operative position in a well. 

25 

30 

35 

40 

45 

50 

55 



O 

s 

20 

30 

10 

45 

50 

55 

60 

65 

70 

2 
Fig. 2 is a fragmentary enlarged longitudinal 
detailed Sectional view of the lower portion of 
the tool illustrated in Fig. 1. Fig. 3 is an en 
larged fragmentary longitudinal Sectional view 
of the knuckle joint being a view taken as in 
dicated by line 3-3 on Fig. 1. Fig. 4 is an en 
larged fragmentary longitudinal detailed sec 
tional view of the upper portion of the body or 
drill collar illustrated in Fig. 1. Fig. 5 is a trans 
Verse detailed Sectional view taken as indicated 
by line 5-5 on Fig. 2. Fig. 6 is a side elevation 
of a slightly modified form of cutting unit for 
embodiment in the tool illustrating the sleeve and 
teeth in longitudinal cross section. Fig. 7 is a 
transverse detailed sectional view taken as in 
dicated by line 7-7 on Fig. 6. Fig. 8 is a view 
Similar to Fig. 1 illustrating another form of the 
invention in the operative position in the well, 
and Fig. 9 is an enlarged fragmentary longitudi 
nal detailed Sectional view of a portion of the 
tool illustrated in Fig. 8, 
The form of the present invention illustrated 

in FigS. 1 to 5, inclusive, of the drawings, includes, 
generally, a heavy drill collar or body C, a, 
knuckle joint or universal joint í í connecting the 
upper end of the body () with a drilling string 
S, and a Cutting and eroding unit or bit 2 on 
the lower end of the body . 
The drill collar or body it is an important ele 

ment of the tool as it supports the bit 2 and 
prO'WideS a great Weight for turging the bit later 
ally against the side wall of the well bore W, if 
the bore is inclined, and for holding the bit 
Vertical in a vertical bore. The body S is an 
elongate structure or assembly and in practice 
may be from 20 to 40 feet, or more, in length. 
The drill collar or body if 0 is proportioned to fit 
the Well bore W with substantial clearance leav 
ing a Suitable space for the circulation of fluid. 
In accordance. With the invention the body 0 in 
cludes an Outer part or shell 3. The shell 3 is 
tubular and may be formed of one or more 
lengths of drill pipe or the like. The shell 3 is 
Operable to transmit the torque or rotational 
Strains to which the tool is subjected and has 
means at its upper end for connecting with the 
knuckle joint and means at its lower end for 
carrying the bit 2. In the particular structure 
illustrated in the drawings a sub or connecting 
member 4 is threaded in the upper end of the 
body shell 3 and a similar sub 5 is threaded in 
the lower end of the shell. The sub. 4 is reduced 
in diameter between its ends to present a down 
Wardly facing annular shoulder 6 engageable by 
a fishing tool in the event the tool becomes lost 
in the Wel. 
from the body shell 3 and is provided at its 
lower end With a threaded pin . A central 
longitudinal fluid passage 8 extends through 
the Sub or member 4 and its lower end has 
COmmunication with the interior of the shell 3. 
A longitudinal fluid passage. 9 extends through 
the connecting member 5 to the lower end of 
its pin . m 
The drill collar or body further includes 

Weight elements or weight blocks 20. The blocks 
20 are arranged in Superimposed relation within 
the shell 3. In the preferred construction the 
blocks 20 are annular or tubular and have heavy 
Walls. A thin-Walled circulation pipe 2 extends 
longitudinally through the stack of tubular blocks 
20 and its lower end is threaded in a collar 22. 
The collar 22 has a downwardly and inwardly 
tapered lower end fitting a correspondingly 
shaped socket 23 in the upper end of the connect 

The sub .5 extends downwardly 

2,197,991 
ing member 5. The multiplicity of blocks 20 is 
Supported on the collar 22. In practice a washer 
24 may be interposed between the lowermost 
block 2 and the upper end of the collar 22. The 
Wash pipe or circulation pipe 2 and the collar 
22 facilitate the assembly of the blocks 2 in 
the shell 3. The lower end of the pipe 2 has 
communication with the upper end of the passage 
9. The pipe 2 extends upwardly through the 

Stack of blocks 20 to project above the uppermost 
block So that its upper end has communication 
With the passage 8. 
The blocks 20 constitute the weight elements 

of the device and in accordance with the inven 
tion are formed of a material having a high 
Specific gravity. In practice the blocks 2 are 
formed of lead or the like. It will be apparent 
how the elongate shell 3 and the multiplicity of 
blocks 20 within the shell constituting the body 
10 have a very great aggregate weight. The 
number of blocks 28 of course determines the 
Weight of the body and any desired number 
of blocks may be employed. In practice the shell, 
f3 may be substantially filled with the blocks 20 
So that the uppermost block is adjacent the lower 
end of the connecting member 14. The blocks 20 
may be fitted in the shell 3 around the pipe 2 
to have little or no movement or play in the 
body. The pipe. 2 serves to conduct the circula 
tion fluid downwardly through the body so 
that the blocks 28 are not eroded by the fluid. 
The tapered collar 22 fitting the socket 23 
centralizes the pipe 2? and dependably seals off 
the lower end of the shell 3 so that there can be 
no circulation of fluid past or around the 
blocks 2. 
The knuckle joint or universal joint connects 

the upper end of the drill collar or body to with 
the drilling string S to rotate with the string and 
yet assume any angular position relative to the 
String at Will. The joint f is such that the 
Weight of the body í0 or the gravitational force 
acting. On the body may at all times urge it in 
the direction indicated by the arrow in Fig. 1 to 
maintain the active parts of the bit 2 in contact 
With the Side wall of the well bore in a manner 
to straighten the bore. In accordance with the 
broader principles of the invention the joint 
may be varied considerably in type and con 
struction. The particular joint illustrated in 
the drawings includes an upper member 24 and 
a lower member 25. The upper member 24 may 
be secured to the lower end of the strings by a 
Suitable Sub 26. A connecting member or sub 
2 connects the lower joint member 25 with the 
member f4 of the body O. The upper member 
24 is provided in its lower end with a Spherically 
concaved seat 28. A spherically convexed head 
29 is provided on the upper end of the member 
25 and cooperates with the seat 28. A sleeve 30 
is threaded or otherwise rigidly secured to the 
member 24 and extends downwardly beyond its 
lower end. The sleeve 30 has an internal 
Spherically concaved surface 3 f which cooperates 
With the head 29 to prevent longitudinal separa 
tion of the members 24 and 25. The cooperation 
of the head 29 with the seats 23 and 3; permits 
relative angular movement or universal move 
ment between the members 24 and 25. 
Means is provided for transmitting rotation 

and torque between the joint members 24 and 25. 
Longitudinal or circumferential grooves 32 are 
provided in the head 29 and blocks 33 shiftably 
cooperate with the grooves 32. Trunnions or 
pins 34 project inwardly from the sleeve 30 and 
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pivotally. cooperate With openings 35 in the 
blocks, 33. The pins 34 cooperating with the 
blocks 33 in the grooves. 32 transmit rotation and 
torque between the members 24 and 25. A longi 
tudinal fluid passage 36 is provided in the nem 
ber 2, and has its lower end in communication 
with a similar passage 37 in the member 25. A 
Sealing ring 38 may be provided on the head 29 
to cooperate with the seat 28 and seal about the 
communicating ends of the passages 36, and 3. 
The passage 36 receives the circulation fluid. 
from the string Swhile the passage 3 carries the 
circulation fluid downwardly, to the Sub to paSS 
into the body G. The joint just described 
connecting the body it with the string S allows 
the body. O to assume angular positions relative 
to the string so that the bit 2 may bear or act, 
on the side wall of the well bore W under the 
heavy gravitational force exerted by the body 
when the well bore is inclined. ... 
The cutting unit or bit 2 is provided to cut 

away and erode the earth formation at the Side 
Wall of the well bore W to make the bore straight 
or vertica. The bit 2 includes a carrier or mari 
drel is). The mandrel may be a simple, inter 
ral member having a threaded socket 4 in its 

upper end for receiving the pin. 7 of the connect 
ing member 5. The major lower portion of the 
mandrel 49 may be enlarged in diameter. Suit 
able cutting teeth 42 may be provided on the 
lower end of the mandrel 4 to act downwardly 
in the event the tool encounters an obstruction 
in the well being straightened or the tool is op 
erated at the bottom of the bore. Cutting parts 
are provided on the mandrei 40 to act on the 
formation at the side Wall of the Well bore W. 
These cutting parts may vary somewhat in chair 
acter and may be secured to the mandrel 4 in 
various manners. In the preferred construction 
illustrated the major enlarged portion of the 
mandrel is provided with a plurality of longitu 
dinal grooves 43. The grooves 43 may be equally 
spaced apart and extend downwardly from the 
upper end of the enlarged portion of the man 
drei to a plane above the lower end of the man 
diel. The side walls of the grooves 4 are out 
wardly convergent. 
Serted in the grooves 43 from their upper ends 
and are adapted to bear on the bottom walls of 
the grooves. The opposite sides of the bars 44 
are outwardly convergent and cooperate with the 
side walls of the grooves to hold the bars against 
outward displacement. A nut 45 may be thread 
ed. On the reduced upper portion of the mandre 
40 to cooperate with the upper ends of the bars 
44. The nut 45 prevents longitudinal displace 
ment of the bars from the grooves 43. . . 
Vertically spaced cutting teeth 46 are pro 

vided on the bars 43. The teeth 46 project 
radially or outwardly from the mandrel 4 to act 
on the earth formation at the side of the wall 
bore W. The teeth 46 are pointed, having flat 
sides tapered outwardly to points. In accordance 
with the invention the teeth 46 are self-sharp 
ening through use. Openings 9 extend longitu 
dinally through the teeth 46 and are occupied by 
tungsten carbide metal 8 or other hard cutting 
materiai. 
jects from their points to keep then sharp and 
effective. The teeth of adjacent bars 44 are offset 
and the teeth of the series of bars may be in a 
spirallied relation. The radially projecting teeth 
46 are adapted to dig into and cut away the earth 
formation at the side Wall. Of the Well bore W 

or Wash away the formation. 

Blades or bars it are in 

As the teeth 46 wear the metal 8 pro 

3 
when the tool is rotated or moved longitudinally 
in the well. 
The bit 2 is provided. With means for dis 

charging jets of fluid under pressure against. 
the side wall of the well bore to erode the forma 
tion and aid the cutting teeth. A longitudinal 
passage 47 extends through the mandrell) from 
its socket 4 where it has communication with 

The passage the lower end of the passage 9. 
4. terminates above the lower end of the mandrel 
43. Lateral or radial ports 48 are provided in the 
mandrel 48 and extend outwardly from the pas 
Sage is to the periphery of the mandrel. The 
ports 48 may be relatively small in diameter to 
discharge jets of fluid under high velocity. The 
ports 48 may be in different horizontal planes 
and if desired may be arranged in a spiralled 
Series, as illustrated. The ports 48 discharge at 
pointS between adjacent toothed bars 44. in operation the tool ilustrated in Figs.1 to 5, 
inclusive, of the drawings may be connected with 
a rotary drilling string S, as illustrated in the. 
drawings, and lowered through the well to the 
portion of the well to be straightened. When the 
tool is in the desired position in the well water 
or circulation fluid under pressure is pumped 
downwardly through the string S to discharge 
from the ports 48. The string S is rotated in the 
usual manner to rotate the tool in the well. As 
the tool rotates the teeth 6 engage and cut 
a Way the formation at the side wall of the well 
bore and the jets of fiuid from the ports 48 erode 

Gravitational 
force acting upon the heavy tiltably suspended 
body constantly urges the body to a vertical 
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position and, therefore, constantly feeds the unit 
f2 laterally against the Wall of the well bore W. 
This force acts in the direction indicated by the 
arrow in Fig. of the dra Wings to urge or force 
the cutting teeth 46 against the side wall of the 
Well bore. The joint forms a universal rota 
tion transmitting connection between the string 
S and the body whereby the action of gravity 
on the heavy body may continue to act as the 
tool is rotated. The string S may be recipro 
cated or moved up and down from time to time 
or While being rotated so that the cutting teeth 
46 may act upon a Substantial portion or length 
of the inclined Wall of the bore. The circulation 
of fluid, the rotation of the string S and the re 
ciprocation of the string S may be continued 
until the cutting partS or teeth 46, acting in con 
junction with the jets of fluid discharged from 
the ports 48 cut the Well bore to a vertical or 
Substantially vertical line, as indicated by the 
dot and dash line in Fig. 1. Throughout the 
entire operation the tendency of the extremely 
heavy body 0, connected with the string S by 
the flexible joint if to return to a vertical posi 
tion effectively feeds the bit 2 into cutting and 

50. 

0. 
eroding engagement with the side wall of the 
well in a direction necessary to make the bore 
vertical. The above described operation may 
continue until the selected inclined portion of 
the well bore is vertical whereupon the tool may 
he withdrawn from the well and the usual drill 
ing operations resumed. 

Figs. 6 and 7 illustrate a modified form of bit 
2a that may be employed on the lower end of 
the body O. The bit 28 includes a mandrel 40 
similar in shape and construction to the man 
drel 40. A socket 4 a may be provided in the 
upper end of the mandrel 40 to receive the pin 
7. The major lower portion of the mandrel 40 

is enlarged in diameter and an annular upwardly 
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4. 
facing shoulder 50 is provided on the mandrel 
a short distance above its lower end. Clutch 
partS or lugs 5 project upwardly from the shoul 
der 50. The bit 128 includes a sleeve 52 passed 
downwardly over the mandrel 4 to rest on the 
shoulder 58. Notches 53 are provided in the iower 
end of the sleeve 52 to receive the lugs 5 where 
by the sleeve 52 is rotated with the mandrel. A 
nut 55 may be threaded on the mandrel 48a to 
engage the upper end of the sleeve 52 and hold 
the Sleeve in proper engagement with the shoul 
der 50. Vertical Series or rows of outWardly pro 
jecting cutting teeth 56 are provided on the sleeve 
52. The teeth 55 may be similar to the above 
described teeth 46. The teeth 56 may have 
Shanks 57 set in openings in the sleeve 52 and 
may be Welded to the sleeves as illustrated. 
Openings 98, extend through the teeth 56 and 
Contain hard cutting material. 8a, whereby the 
teeth are self sharpening through use. The 
teeth 56 in the adjacent rows may be staggered 
or vertically offset. Cutting teeth 58 may be pro 
Wided on the lower end of the mandrel 4 a to act 
on the bottom Wall of the bore and to cut through 
any obstruction that may be encountered in the 
Well bore being straightened. The unit 
illustrated in Figs. 8 and 9 operates in the same 
manner as the unit 2. The sleeve 52 may be 
readily removed from the mandrei 43a. When it 
is desired or necessary to replace the cutting 
teet 56, 

FigS. 8 and 9 of the drawings illustrate another 
form of the invention. In the structure illus 
trated in Figs. 8 and 9 of the drawings the body 
0 and the bit 2 may be substantially the same as 

If desired the body G may be 
Somewhat shorter than the body in the tool dis 
closed in FigS. 1 to 5, inclusive. In the apparatus 
illustrated in Figs. 8 and 9 the upper end of the 
body 0 is connected with the string S by a pipe 
P. The pipe P is of less diameter than the pipe 
in the string S whereby it may more freely flex 
and has Substantial clearance in the well. The 
pipe is Sufficiently long to have the required flex 
ibility whereby the body may return to a ver 
tical position under the gravitational influence. 
A cutting unit or bit 2b is connected between 
the lower end of the pipe P and the upper end 
of the body it whereby the tool includes the ver 
tically Spaced bits f2 and 2b. The bit 2b may 
resemble the bit 2 including a mandrel 6 and 
toothed bars 6 set in grooves 62 in the mandrel. 
The mandrel S0 is provided with connecting 
means at its opposite ends. The upper end of 
the mandrel 69 may be connected with the lower 
end of the pipe P through the medium of a suit 
able Sub 63. A pin 64 may be provided on the 
lower end of the mandrel 60 to cooperate with a 
Socket 85 in the upper end of a sub 66. The Sub 
66 is in turn threaded in the upper end of the 
body shell 3. The bars 6 are provided With 
Series of Vertically spaced self-sharpening cut 
ting teeth 6 and are locked in the grooves 62 by 
a nut 68 threaded on the mandrel to bear 
against their upper ends. In practice the toothed 
bars 6 may be identical with the above de 
Scribed bars 44. A central longitudinal fluid 
passage 70 extends through the mandrel 6 to 
conduct the circulation fluid from the pipe P to 
the pipe 2 of the body f. If desired or believed 
necessary radial or lateral ports may be pro 
vided in the mandrel 6 to communicate with 
the passage 0. The ports may discharge jets 
of circulation fluid under pressure outwardly 
from the mandrel 60 to erode the formation at 

2,197,99. 
the side wall of the well bore. A pilot bit 80 
of reduced diameter extends from the lower end 
of the bit 2. The pilot, bit 80 is operable to 
drill through any obstructions that may be en 
countered and is intended primarily to start the 
bore in a vertical direction after the previously 
drilled portion of the bore has been straightened. 
The Operation of the tool illustrated in Figs. 

8 and 9 of the drawings is substantially the same 
as that of the previously described form of the 
invention. In operation the tool is rotated in the 
Well and may be moved up or down from time to 
time. The gravitational force acting upon the 
heavy body constantly urges the body toward 
a, Vertical position and, therefore, it urges the 
cutting parts of the bits 2 and f2b against the 
Wall of the Well bore so that they rapidly cut 
the bore to have a vertical axis. The pipe P 
freely flexes allowing the body 0 to return to 
the Vertical position, as described. The tool 
illustrated in Figs. 8 and 9 is particularly rapid 
in Operation as it involves the vertically spaced 
Cutting bits f2 and 2b. The bits 2 and 2b 
acting On the formation at vertically spaced 
pointS may assist in stabilizing the tool to more 
rapidly Straighten the well bore. 
Having described only typical preferred forms 

and applications of my invention I do not wish to 
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be limited or restricted to the specific details 
herein set forth, but wish to reserve to myself 
any variations , or modifications that may ap 
pear to those skilled in the art or fall within the 
Scope of the following claims. 

Having described my invention, I claim: 
1. A tool for straightening crooked well bores 

Comprising, a body, a weight element of a higher 
Specific gravity than ferrous material carried by 
the body to turn therewith, a flexible connection 
for CCnnecting the body with a drilling string 
Whereby gravity may urge the body laterally 
toward a Vertical position when in an inclined 
bore, and vertically Spaced cutting means on the 
body for acting laterally against the earth for 
nation at the side wall of the well under said 
gravitational urge. 

2. In combination, a rotary well drilling string, 
an elongate body having a higher specific grav 
ity than ferrous material, a flexible connection 
betWeen the body and the string, and vertically 
Spaced bitS carried by the body for acting on 
the earth formation each including laterally pro 
jecting. Cutting parts and laterally directed fluid 
discharge means. 

3. Well straightening, apparatus including, a 
rotary drilling String, a drill collar having an 
aggregate Specific gravity greater than ferrous 
material, pipe of less diameter than the string 
rigidly connected with the drill coliar and the 
lower end of the string and forming a limber 
connection between the string and the drill col 
lar, and laterally projecting cutting elements on 
the drill Collar urged laterally against the side 
wall of the well by gravitational force tending 
to return the drill collar to a vertical position. 

4. A drill collar for use in a rotary Well drill 
ing String comprising, a tubular member of suf 
ficient strength to transmit the torque and lon 
gitudinal forces to which the string is subjected, 
Coupling means. On the upper end of the mem. 
ber for connecting it with the drilling string 
whereby the member is rotated by the string, 
and a weight element of a higher specific grav 
ity than ferrous materials within and supported 
by the member. 

5. A drill collar for use in a rotary well drill 
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ing string comprising, a tubular member of Suf 
ficient strength to transmit the torque and lon 
gitudinal forces to which the string is subjected, 
coupling means on the upper end of the member 
for connecting it with the drilling string whereby 
the member is rotated by the string, and a plu 
rality of blocks in and supported by the mem 
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ber of a higher specific gravity than ferrous 
metals. 

6. A drill collar for use in a rotary well drill 
ing String comprising, a tubular member of suf 
ficient Strength to transmit the torque and lon 
gitudinal forces to which the string is subjected, 
means for connecting the member with the string 
to be rotated thereby, a fluid circulation tube 
extending longitudinally through the member, 
and a Weight element in the member having a 
higher Specific gravity than ferrous materials. 

7. A drill collar for use in a rotary well drill 
ing string comprising, a tubular member of suf 
ficient strength to transmit the torque and lon 
gitudinal forces to which the string is subjected, 
means connecting the upper end of the member 
with the drilling string whereby the member is 
rotated by the string, a fluid circulation tube ex 
tending longitudinally through the member, and 
a stack of tubular weight blocks in the member 
around the tube. 

8. A drill collar for use in a rotary well drill 
ing string comprising, a tubular member of suf 
ficient strength to transmit the torque and lon 
gitudinal forces to which the string is subjected, 
means connecting the upper end of the member 
with the drilling string whereby the member is 
rotated by the String, and a plurality of tubular 
Weight elements in the member defining a lon 
gitudinal passage therethrough. 

9. Apparatus of the character described for 
use on a rotary well drilling string including, a 

5 
body material having a higher specific gravity 
than ferous metals carried by the body, a flex 
ible connection between the body and the string, 
and a cutting unit carried by the body and in 
cluding horizontaly projecting teeth Spaced Ver 
tically of the unit, the outer active ends of the 
teeth being Substantially the same distance from 
the vertical axis of the body. 

10. Apparatus of the character described for 
use on a rotary well drilling string including, a 
body carrying material having a higher specific. 
gravity than ferous metals, a flexible connec 
tion between the body and the string, and a cut 
ting unit carried by the body and including cir 
guinferentially Spaced roWS of Vertically Spaced 
teeth projecting laterally from the unit to act 
on the side Wall of the bore, the outer ends of 
the several teeth being substantially the same 
distance from the vertical axis of the unit. 

11. Apparatus of the character described for 
use On a rotary Well drilling string including, a 
drill collar body carrying material having a high 
er specific gravity than ferrous metals, a flexible 
connection between the upper end of the body 
and the string, and cutting units on the upper 
and lower end portions of the body, the cutting 
unitS having laterally projecting Cutting parts. 

12. Apparatus of the character described for 
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use on a rotary well drilling string including, a 
body, material having a higher specific gravity 
than ferrous metals carried by the body, a flex 
ible connection between the body and the string, 
a Substantially cylindrical member on the lower 
end of the body, teeth of substantially the same 
length projecting laterally from the member for 
acting on the side wall of the bore, and a pilot 
bit of less diameter than the member extending 
downwardly from the member. 
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