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This invention has to do with a well drilling It is a general object of this invention to prose 
bit, and it is a general object of the invention vide a well drilling bit of the character Enen 
to provide an efficient, improved and practical tioned, that is, of the rotary type, which is prac 
tool of this character. tical and operates effectively under & Wide 3'aage 
This application is filed as a continuation in of drilling conditions. The bit provided by this 60 

part of any application entitled Rotary drilling invention is effective and practice in cling 
bit, fled i\iarch 28, 1927, Serial Number 178,926. Soft formations or those formations ordinarily 

It is, of course, well known that there are requiring scraper or drag typ3 bits, and is free 
in use two distinct and fundamentally different wise effective in drilling harder fox'Eastions St. 

0 methods of drilling deep wells; one the stand- as usually require bits of the rock type. 63 
ard tool method, the other the rotary method. It is another object of this invention to gro 
It is recognized that the equipment and tools used vide a bit having rotatable cutting parts Winic 
in connection with these two methods are dise operate or turn during drilling. Loggia, as 
tinctly different. The present invention is cons present invention the bit may be & Ered E653y 

ls cerned, in fact confined, to a driling tool or bit at a reasonable rate of speed to obtain & Cozzi.e. 20 
for use with the rotary Erethod of drilling, and garatively rapid and eifective speed ( &3igEges 
its various phases are to be considered with this agent between the cutting parts and She 822.É. 
in hind. tion being died. . 
With the rotary inetikod of driliigg & dril) ox Another object of this inverto R if 0 33Gridg: 

20 bit is fixed to the lower end of 23 operating a pit of the character rentioned is waitia tae 763 
member in the for in of a string of pigea known as movakole or rotatable cutting parts Ge Selated 
a drill pipe. The bit is operated by rotation of to the body so that the tool will effectively witha 
the drill pipe froza the upper exad of the well stand the severe strains and pressures exc0A3e 
and by lowering tile drill pipr to feed the bit tered in actual drilling operations. Exa &GeoEdie 

25 into the for nation. Sixalataneously with he axe with the present invention as categgs ge 3 
rotation and feed of the kit, circulating fluid, perpendicular or parallel with the OSagitatisfa. 
usually mud laden fluid known as rotary and, axis of the tool and baar straig & 572.Écy 
is forced down through the drill pipe to discharge against tha bottos of the body go & 3, 2038.iaag 
into the Well bore at the bit. The circulating of the bit on the bottom of the Wells bore does act 

80 fuld is introduced for the purpose o keeping tead to end or twist the cutte‘s as is the C&S23 85 . 
the bit clean and free to operate, for fashing or in bits in which the cutters are gi&cieš (; 33s 
carrying cuttings out of the bore as it circaetes clined with reference to the axis or the Egy. 
upWardly ar'Outad the drill pipe, and 80 (20&ting It is another object of this invex as: 89 23.3s 
the walls of the bore, wide a bit of the character (nentioned &Wiggs 

35 The matter of rotating the drill pipe is an im- vision for effective distribution of circulagiag 80 
portant consideration in drilling, it Boeing obe fluid so that the operating parts, that is, the ice 
vious that rapid or excessive spaedi of rotation stable cutters, are kept effectively isshed (E 
has a tendency to result in a whipping actio2 in free to operate even in formatoga Wific teadig 
the drill pipe and on the bit and sets up strains to stick or ball up. 

4.0 in the drill pipe that are destructive grad ite It is another object of this is Vegasca () 225's 83 
to cause its failure. On the other hand, it is ob- vide a bit of the character mentioned in which 3he 
viols that a reasonally Spid movement. of the rotatase cutters have cutting edges across their 
cutting pets of the biiWieference to the for lower ends and also vertically along their sides so 
sing cut is desirable in cutting many is the is not only elective cutting is bottom of the well bore, but also has effective In drilling wells, particularly very deep wells, it is important to ill as straights cutting parts to engage the side of the hole to 

to maintain the well bore to gauge raci keep the hole to sage. 
tice the pitch or inclination of the strate through Another object of this invention is to provide 

3) which the bore passes has a distinct tendency a bit of the character mentioned a which th9 3 
to throw the bit out of line so that the resultant rotatable cutters are mounted in a particularly 
bore is crooked, and with the bits heretofore effective, secure and dependable Saarare. is 
available in the oil fields the gauge of the bore one'feature of the invention that the cutters 
is lost after the bit has been operated out a short are carried on studs or projections (3 tag pily 

5.5 time, so that the wear, due to op3ration, takes gigsa ge 
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between the cutters and the mounting studs for 
the cutters, leaving the body unimpaired. 

It is another object of the present invention 
to provide a bit of the character mentioned in 
which the several cutters projecting downwardly 
from the body are entirely free to rotate inde 
pendently. By the present invention the cutters 
Operate independent of each other so that the 
cutting action of the bit is not totally impaired 
even though One of the cutters may, for some 
reason or other, be fouled or stuck so that it does 
not operate to the best advantage. 
A further object of the invention is to provide 

a bit of the character mentioned in which the 
rotatable cutters present horizontal cutting edges 
to engage the bottom of the well bore, and in 
which the cutters are related to the body so that 
the horizontal cutting edges act on the forma 
tion at various angles during the operation of 
the bit. 
Another object of the present invention is to 

provide bit of the character mentioned which 
has an underreaming action, that is, an action 
which operates to make a bore somewhat larger 
in diameter than that required to pass the bit. 

It is a further object of the invention to pro 
vide a bit of the character described having ro 
tatable cutters with teeth the lower ends of 
which are horizontally disposed to act on the 
bottom of a well bore and the outer ends or 
edges of which are vertically disposed to act on 
the wall of the bore. 

It is another object of the invention to pro 
vide a simple, practical, effective construction of 
the type above referred to in which the rotatable 
cutters rotate on their individual axes in a direc 
tion opposite to their bodily rotation about the 
axis of the tool. 
There are other objects and features of the in 

Vention which, together with those above referred 
to, will be best and more fully understood from 
the following detailed description of typical forms 
and applications of the invention, throughout 
which description I refer to the accompanying 
drawings, in which: 

Fig. i is a side elevation of a typical and simple 
form of bit embodying the invention, being a 
view of a bit employing two rotatable cutters. 
Fig. 2 is an enlarged detailed sectional view taken 
at the lower portion of the bit showing in detail 
the mounting of a cutter and the provision made 
for circulating fluid. Sig. 3 is an enlarged bot 
ton elevation of the bit, being a view taken as 
indicated by line 3-3 on Fig. 1. Fig. 4 is a view 
Similar to Fig. 1 showing 3 form of the invention 
enploying three cutters. Fig. 5 is a bottom end 
elevation of the bit shown in Fig. 4, being a view 
taken as indicated by line 5-5 on Fig. 4, and 
Figures 6 and are diagrammatic views illus 
trating the action of the bit provided by my in 
Wention. 
The bit provided by this invention includes, 

generally, a body i? and a plurality of individ 
ually rotatable cutters projecting downwardly 
from the lower end of the body to be rotatable 
about axes parallel with the longitudinal axis 
of the cody. The invention contemplates the 
provision of a plurality of cutters in connection 
With the body; for instance, it may be carried 
out with two or more cutters. In Figures i, 2 
and 3 of the drawings I have illustrated the in 
vention carried out with two cutters, whereas in 
Figures 4 and 5 of the drawings have illustrated 
the manner in which the invention may be car 
ried out With more than two cutters, 

1949,049 
The body 10 is primarily a holder or mounting 

for the cutters 11 and is therefore subject to con 
siderable modification or variation without de 
parting from the spirit of the invention. In the 
particular case shown, reference now being had 
to Figures 1 to 3 of the drawings, inclusive, the 
body includes a stem or shank portion 12, and 
an enlarged or laterally projecting lower end por 
tion 13. The stem or Shank portion 12 of the 
body is provided at its upper end with means for 
connecting the bit with a string of drill pipe, 
or the like. In the case illustrated the shank is 
provided with an upwardly extending tapered 
Screw threaded projection or pin 14 for the pur 
pose of making this connection. The lower or 
enlarged end portion 13 of the body is preferably 
flattened in one direction and projects laterally 
in the opposite direction to support the cutters 
11 in the desired position with reference to the 
central axis of the tool, the portion 13 is prefer 
ably made as thin as possible between the cutters. 
In the preferred construction the lower end of 
the body portion 13 is finished so that it is in 
the form of a flat face 16 lying in a horizontal 
plane. It is to be understood, of course, that the 
body is proportioned to form the necessary Sup 
port or carrier for the cutters 11 at the same time 
occupying as little of the well bore as possible 
so that the circulating fluid discharged at the 
bit is allowed to circulate freely upward around 
the bit. 
In accordance with the invention, the cutters 

li are symmetrically disposed with reference to 
the central axis of the bit, that is, in the case 
of a bit having two cutters they are located 
diametrically opposite each other, while in the 
case of a bit having three cutters they are located 
120 degrees apart around the central axis of the 
bit. By symmetrically arranging the cutters 
about the central axis of the bit, the structure 
is balanced so that it operates Smoothly and drills 
straight into the formation. 
The cutters are proportioned, that is, made 

of such diameter with reference to the size of 
the body, and are so located on the bottom end 
of the body as to project laterally beyond the 
margins of the body and at the same time more 
or less closely approach the central axis of the 
body. The cutters are related, however, so that 
there is clearance between them thus eliminating 
danger of the cutters fouling each other or the 
danger of a small object, such as a piece of the 
formation, getting between the cutters in a man 
ner to foul them. 
In accordance with the invention the cutters 

are mounted to project downwardly from the 
lower end face 16 of the body and to rotate freely 
about vertical axes, that is, about axes parallel 
with the longitudinal axis of the bit. In accord 
ance with the broader principles of the inven 
tion the cutters may be mounted on or attached 
to the body in various manners so that they have 
the desired action with reference to the body. 
In the preferred form of the invention each cut 
ter 11 is mounted on a spindle or stud 20 which 
projects downwardly from the face 16 of the body 
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10. In the particular case illustrated each cut- - 
ter carrying stud is detachably connected with 
the body, being screw threaded into a socket 21 
formed upwardly in the body portion 13 from . 
the end face 16. The stud fits tightly in the 
socket 21:and may be provided with a shoulder 
22 to seat against the end face 16 in the manner 
clearly illustrated in Fig. 2 of the drawings. 
Each cutter 1 is cylindrical in its general Con o 
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figuration, the cylinder being flat at its ends; the 
upper end for communication of vertical thrust 
to the body, and the lower end for engagement 
with the bottom of the bore. The cutter is, how 
ever, not a solid or continuous cylindrical struc 
ture but is formed of a plurality of teeth 25 
which are preferably spaced a substantial distance 
apart circumferentially to give circulation clear 
ance and to obtain the underrearning effect which 
will be apparent from the diagrams Sigures 6 
and . 

lie teeth are joined together or formed OE 
a certa alo 36 which is rotatably supported on 
the Spidle 20. In the particular case shown the 
hub 26 as a, central longitudinal ore 2 exted 
irag karough it from Ogle end to the other, Wicin. 
bora is caires the spindle 30. Ex practice the is: 
3.3 
3.33:2; x is stance, these tie Oare 2, 2:3: Acis 

ises; 3:gh the at the Sixtie 2:23: 3'3- 
tigh}}y beyond the iower end oS 23 it a 

wiae i A3y he profided with , sedis is ge 
23 to 72.3 g the lo'Fier 3sati of She hit is Sha 
If 3.3 is cle&ry illustrated in Sig. 2 of the drivy 
ings. The typper end of the cutte, for issance, 
the upper end of the hub 28 is fiat and adapted 
to communicate vertical thrust to the body. In 
the case shown thrust, washers 30 and 3 of suit 
able Islaterial are interposed between the upper 
end of the cutter and the face 16 of the body to 
take the wear between the cutter and body, 

he thrust Washer 30 engages the face 18 of 
the body and is held against rotation relative to 
the body toy a pin 32, while the thrust washer 
31 engages the upper end of the cutter and is 
held against rotation relative to the cutter by 
a pin 33. When employing the for of mount 
ing for the stad shown in the drawings, the 
Stud Gaay be provided at its lower eznd with a 
head part 34 adapted to be engaged by a Wrench, 
Or the like, to facilitate Screwing the stud into 
and from the SOcket 3. 
The teeth 25 of the cutter are an important 

phase of the present invention and in their pre 
ferred form they have horizontally disposed lower 
end cutting edges 36 and perpendicular or ver 
tically disposed side cutting edges 37. The end 
cutting edges 36 extend inwardly frozn the pe 
riphery of the cutter. In a case where the cutter 
is mounted by a stud passing upwardly through 
it from its lower end, the edges 38 termignate 
before reaching the center of the cutter, as will 
be apparent from the drawings. The pitch or 
angularity of the edges 36 across the erad Or, face 
of the cutter may vary. In the case illustrated 
the edges 36 are arranged to extend radially with 
reference to the aris of rotation of the catter. 
The teeth are provided on, for instance formed 
integral Sith the hub 28, and preferably extend 

- or project a substantial distance downwardly toe 
low the hub as illustrated throughout the draw 
ings. The teeth 25 project radisly outward be 
yond the hub 28 and preferably extend longi 
tudinally of tie cutter fron one end to the other. 
The side of outer edges of the teeth Easy be figh 
ished or dressed to present citieg edges 3 
adapted to act oil the side w8 of the core as 
the tool operates. By thus extendisag the teeta 
25 vertically the entire isngth of the cutter, the 
bit is provided with ample side cutting parts to 
maintain the hole to gauge. It is to be undere 
stood, of course, that the teeth, for instance, the 
cutting edges 36 and 3 of the teeth, may be 
dressed or finished to cut the formation to the 
best advantage and that the parts may be suit 

a secured on the spindle is aly sliš,833. 

3 
ably treated or faced with hard material in ac 
Cordance with the practice followed in tools of 
this character. 

For the purpose of handling the circulating 
fluid the body 10 is provided with a central longi 
tudinal circulation opening 40 adapted to receive 
the circulating fluid from the part to which the bit 

80 

may be attached. The circulation opening 40 
preferably extends vertically through the body 
from one end to the other, and at the lower end 
of the body it is preferably restricted or reduced, , 
as by a reducer é5, so that the circulating fluid 
jets downwardly at the Center of the bit at a 
high velocity. The circulating fluid thus dis 
charged, will, after leaving the body, paSS ra." 
dially outward around and through the cutters 
in a meaner to effectively fish them to keep ties a 
is operatio condition. Further, in 80cordance 
with the prefered form of the invention provi 
sin Yingy be gaie for discharging circulating iiiid 
at 3e insiividiual cutters. in the form of the in 
yeshtion silov'ry graic: circulation openings 46 
3re provicies: in the body to introduce circulating 
fluid into central circuiation passages 4 forged 
h'ough the Studs 23. 
in the studs discharge downwardly at the lower 
ends of the studs. Circulating fitid discharged 
from the studs & circulates out between the 
downwardly projecting teeth-like parts below the 
studs, thus keeping thern flushed clean and in 
proper operating condition. By making the Sev 
eral discharge openings the same size, the dis 
charge from them will be substantially equal. 

It will be obvious that the principles of the in 
vention are present in both of the forms illus 
trated in the drawings, that is, in the bit employs 
ing two cutters as show in Figures 1, 2 and 3 as 
well as in the bit employing three cutters as shown 
in Figures 4 and 5. The general mode of opera 
tion of either form of the inventio is the Sarine, 
and, in fact, the general construction of the two 
forms of the general invention is the sane. In 
the case of a three-way or three-cutter bit, as 
shown in Figures 4 and 5, the body part 13, in 
stead of being flattened to project laterally in 
diametrically opposite directions, is made to p30 
ject in three different directions equally spaced 
around the axis of the bit as will be apparent from 
the drawings. - 

13y properly relating and proportioning the 
parts of the tool, the desired undercutting or un 
derreaming action may be obtained. The under 
rearning action of the bit will be best under 
stood from consideration of the diagrams Fig 
ures 6 and l. In Fig. 6 the cutters indicated dia 
grammatically at A are rotatably positioned so 
that the bit will pass through a casing of Opening 
having internal diameter corresponding to the 

Circulation passages & 

90 

E. 

05 

i 

29 

circle 3. In Fig. 7 illustrate by the circles C 
the cuts made by the individual rotation of the aid. 

cutters, and indicate by the circle D the cut 
Raade by the entire bit. It will be apparent that 
the bit when in operston cuts a larger hole or 
bore than is required to pass it. The independ- . 
ence of the individual catters allows ther to a S 
sure the positioning shown in Fig. 6 so that the 
too can be raised and lovered througla as open- . 
ing the size of the circle 3. In practice it is de 
sidable to eve the upper end of the laterally pro 
jecting portions of the cutters as at 70 to facilitate 
withdrawal of the bit, for instance, the drawing 
of the bit upwardly into a casing Wiich may have 
an internal diameter such as is represented by the 
circle B in Fig. 8. 
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4. 
In operation the bit applied to the lower end 

of a string of drill pipe is lowered into the well 
bore and as the bit is rotated by the drill pipe, 
it is lowered into engagement with the bottom of 
the bore. The engagement of the bit with the 
formation, for instance, with the botton of the 
bore and the side walls of the bore, causes the 
cutters to rotate individually about their axes 
as the bit rotates bodily. The bodily rotation in 
the general direction of rotation of the bit repre 
sented by the arrow X in Fig. 7 is opposite to 
that of the individual rotation of the cutters as 
indicated by the arrows Y in Fig. 7. It will be 
apparent that the individual cutters will turn on 
their axes faster than the bit turns about its 
axis, thus gaining an effective speed of engage 
ment of the cutting parts with the formation 
without rotating the drill pipe or the bit rapidly. 
As the bit is lowered against the formation, the 
edges 36 of the cutters have a combination twist 
ing, grinding, and scraping action on the forma 
tion which effectively cuts it away. The parts of 
the cutters may be so spaced and proportioned 
that the cuttings are effectively flushed or washed 
away by the circulating fluid, leaving the bit free 
for efficient operation. The vertical thrust com 
ing upon the cutters due to lowering the bit 
against the bottom of the bore, is transmitted to 
the body in an effective manner without tending 
to distort or bind the cutters. 

Having described only typical, preferred forms 
and applications of my invention, I do not wish 
to limit myself to the specific details set forth, 
but wish to reserve to myself any changes or va 
riations that may appear to those skilled in the 
art or fall within the scope of the following 
claims. 
Having described my invention, I claim: 
1. A bit for use on an operating string of drill 

pipe including, a body having a central longi 
tudinal fluid passage, cutters, means mounting 
the cutters on the lower end of the body for in 
dependent rotation about vertical axes symmetri 
cally Spaced about the central longitudinal axis. 
of the body including tubular spindles rotatably 
Supporting the cutters, and longitudinal cutting 
parts on the cutters spaced substantial distances 
apart circumferentially of the cutters, the said 
central longitudinal fluid passage discharging 
from the lower end of the body between the 
cutters and the spindles being in communication 
with the said passage to discharge from the lower 
end of each cutter. 

2. A rotary well drilling bit including, a body . 
adapted to be rotated, a plurality of cutters, drill 
ing blades on the cutters spaced substantial dis 
tances apart circumferentially of the cutters and 
being in planes radial relative to the cutters, and 
means mounting the cutters on the lower end of 
the body to rotate free of one another about axes 
parallel with and spaced from the axis of rota 
tion of the body, the cutters being proportioned 
arid positioned with respect to the body So that 
the said blades project beyond the periphery of 
the body during operation of the bit to make a . 
bore of greater diameter than the body and so 
that the cutters may be positioned where, all of 
the said blades are within a circle of Substan 
tially the same diameter as the body whereby the 
bit may be passed through an opening of less di 
ameter than said bore. 

3. A rotary well drilling bit including, a body 
adapted to be rotated, a plurality of cutters, drill 
ing blades on the cutters Spaced substantial dis 
tances apart circumferentially of the cutters and 

1949,049 
being in planes radial relative to the cutters, 
cutting teeth projecting downward from the low 
er end of the cutters, and means mounting the 
Cutters on the lower end of the body to rotate 
free of one another about axes parallel with and 
Spaced from the axis of rotation of the body. the 
cutters being proportioned and positioned with 
respect to the body so that the said blades project 
beyond the periphery of the body during opera 
tion of the bit to make a bore of greater diameter 
than the body and so that the cutters may be po 
sitioned where all of the said blades are within a 
circle of substantially the same diameter as the 
body whereby the bit may be passed through an 
Opening of less diameter than said bore. 

4. A rotary well drilling bit including, a body 
adapted to be rotated, a plurality of cutters, drill 
ing blades on the cutters spaced substantial dis 
tances apart circumferentially of the cutters and 
being in planes radial relative to the cutters, and 
means mounting the cutters On the lower end of 
the body to rotate free of one another about axes 
parallel with and spaced from the axis of rotation 
of the body, the cutters being proportioned and 
positioned with respect to the body, so that the 
Said blades project beyond the periphery of the 
body during operation of the bit to make a bore 
of greater diameter than the body and so that the 
cutters may be positioned where all of the said 
blades are within a circle of substantially the 
same diameter as the body whereby the bit may 
be passed through an opening of less diameter 
than said bore, the said means including tubular 
studs rotatably carrying the cutters, the studs 
being in communication with a circulation open 
ing in the body. 

5. A rotary well drilling bit including, a body 
adapted to be rotated, a plurality of cutters, pro 
jecting cutting parts on the cutters spaced a sub 
stantial distance apart circumferentially of the 
cutters, and means rotatably mounting the cut 
ters on the bottom of the body to project down 
wairdly therefrom and in positions where the cut 
ting parts may project beyond the periphery of 
the body to drill a bore of greater diameter than 
the body, the cutters being independently ro 
tatable whereby they can be turned to positions 
where the cutting parts are all within a circle of 
the same or less diameter than the body so that 
the bit can be passed through an opening of less 
diameter than that of the bore made by the bit. 

6. A rotary drilling bit including, a body adapt 
ed to be rotated, a plurality of cutters each hav- ' 
ing a plurality of Substantially radially project 
ing blades spaced substantial distances apart cir 
cumferentially of the cutter, and means mount 
ing the cutters on the body to project downward 
ly therefrom and to be independently rotatable 
about axes spaced from and substantially par 
allel. With the axis of rotation of the body, the 
cutters being proportioned and positioned rela 
tive to the body so that the bit can be passed 
through an opening smaller in diameter than the 
bore made when the cutters rotate about their 
axes when the body rotates about its axis. 

7. A rotary drilling bit including, a body adapt 
ed to be rotated, a plurality of cutters each hav 
ing a plurality of blades projecting substantially 
radially of the cutter and spaced substantial dis 
tances apart circumferentially of the cutter, and 
means mounting the cutters on the body to pro 
ject downwardly therefrom and to be independ 
ently rotatable about axes Spaced from and Sub 
stantially parallel with the axis of rotation of 
the body, the cutters being proportioned and posi 
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1949,049 
tioned relative to the body so that the bit can be 
passed through an Opening Smaller in diameter 
than the bore made when the cutters rotate 
about their axes when the body rotates about its 
axis, the blades of each cutter having straight 
side cutting edges parallel with the axis of ro 
tation of the cutter. 

8. A rotary drilling bit including, a body adapt 
ed to be rotated, a plurality of cutters each hav 
ing a plurality of blades projecting Substantially 
radially of the cutter and Spaced Substantial dis 
tances apart circumferentially of the cutter, and 
means mounting the cutters on the body to pro 
ject downwardly therefron and to be independ 
ently rotatable about axes spaced fron and suba 
stantially parallel with the axis of rotation of 
the body, the cutters being proportioned and po 
sitioned relative to the body so that each cutter 
cuts from a point close to the axis of rotation 
of the body to a point outward of the Outer ost 
part of the body and so that the bit can be passed 
through an opening smaller in diameter they the 
bore made when the cutters rotate about their 
axes when the body rotates about its axis. 

9. A rotary drilling bit including, a body adapt 
ed to be rotated and having a fiat lower end at 
right angles to its axis of rotation, a plurality of 

cutters each having a plurality of blades project 
ing substantially radially of the cutter and spaced 
substantial distances apart circumferentially of 
the cutter, and means mounting the cutters on 
the flat lower end of the body to project down 
wardly therefrom and to be independently ro 
tatable about axes spaced from and substantial 
ly parallel with the axis of rotation of the body, 
the cutters being proportioned and positioned 
relative to the body so that the bit can be passed 
through an opening smaller in diameter than the 
bore made when the cutters rotate about their 
axes when the body rotates about its axis. 

10. A rotary drilling bit CO prising a body, a 
plurality of cutter's rotatably mounted upon the 
body for rotation about Substantially Vertical 
axes, each of the several catters having more 
than two radially extending blades and being 
adapted during rotatioxa to rotate independently 
of adjacent cutters about 35A 23 is which is spaced 
froy the azis of rotation of the body, the cate, 
ting edges of each blade Reing horizontaly ar 
ranged, said the cutters being arranged near the 
sides of the bit so that during rotation their 
blades may swing through arcs which project 
materially beyond the sides of the bit. 

SAM RAY EOPENS, 
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