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This invention relates to well drilling tools and 
relates more particularly to anti-friction bearings 
or mountings for the cutters of rotary well drilling 
tools. A general object of this invention is to 
provide practical, improved and long wearing cut 
ter mountings. 
Another object of this invention is to provide 

Cutter mountings for adjacent roller cutters of a 
Well bit in which each cutter and its bearing ele 
ments are assembled as a unit to facilitate the 
manufacture and the assemblage of the same. 
Another object of this invention is to provide 

ball bearing cutter mountings each embodying a 
plurality of rows of balls and each having at 
least one row of balls operating to definitely posi 
tion its cutter and to take the end thrusts in both 
directions as well as the radial thrusts. 
Another object of this invention is to provide 

cutter mountings of the character mentioned in 
which each row of balls may assume end thrusts 
in at least one direction as well as assume the 
radial thrusts from the cutter. 
Another object of this invention is to provide 

cutter mountings of the character mentioned in 
which the races or grooves receiving the balls that 
transmit end thrusts in both directions are deep 
and present large surfaces for contact by the balls 
and, therefore, are long wearing. . 
Another object of this invention is to provide 

cutter mountings of the character mentioned em 
bodying novel interfitting parts for preventing 
rotation of the race elements and for definitely 
positioning the elements. 
A further object of this invention is to provide 

anti-friction cutter mountings of the character 
mentioned that may be easily and quickly assem 
bled with the assurance that the parts are prop 
erly positioned. - 
The various objects and features, of my inven 

tion will be fully understood from the following 
detailed description of a typical preferred form 
and application of the invention, throughout 
which description reference is made to the accom 
panying drawing, in which: 

Fig, 1 is a side elevation of a bit embodying the 
present invention with the lower portion broken 
away to illustrate the cutter mountings and cut 
ters in vertical cross Scotion. Fig. 2 is an enlarged 
plan elevation of the assembly of a washer, a race 
member, and a race projection removed from the 
bit and Figs. 3 and 4 are transverse sectional views 
taken as indicated by lines 3-3 and 4-4, respec 
tively, on Fig. 2. 
: The cutter mounting means of the present in 
vention may be embodied in well drilling tools of 

(C. 255-71) 
various characters. In the following detailed de 
Scription I will describe one form of the invention 
as embodied in a rotary rock bit having two di 
ametrically opposite sets of inner roller cutters. 
It is to be understood that the invention is not to 
be construed as limited or restricted to the spe 
cific form or application about to be described. 
The rotary rock bit illustrated in the drawing 

includes a shank or body to adapted to be con 
nected with the lower end of a rotary well drilling 
string. The body to has a threaded pin or its 
equivalent for connecting with the lower end of 
the drilling string. Two diametrically opposite 
legs 2 project downwardly from the lower end of 
the body O. The legs 2 have flat substantially 
vertical bearing faces 3 on their inner sides. The 
lower ends 4 of the legs 2 may be flat and sub 
stantially horizontal and the lower outer corners 
of the legs may be bevelled off as illustrated. A 
substantially vertical web 5 projects downwardly 
from the lower end of the bit body 0. The lower 
end of the web 15 is some distance above the plane 
of the lower ends f4 of the legs 2 and is prefer 
ably flat and horizontal. 
provided in the lower end of the body to to dis 
charge the circulation fluid downwardly against 
the cutters. 
The present invention includes, generally, the 

combination of two like sets of roller cutters A and 
B and means for rotatably mounting the cutters 
A and B comprising a central support on the 
body web 5, pins f 8 carried by the legs 2 and 
the support IT and ball and race means 9 rotat 
ably supporting the cutters A and B on the pins 
8. . w 
The cutters A and B are provided in sets, each 

set being carried by a pin 8 through the medium 
of the ball and race means 9 to be subsequently 
described. In the form of the invention illustrat 
ed each set of cutters includes a cutter A and a 
cutter B. The cutters A and B are roller cutters 
and the cutters of each set are alike. The cutters 
A are substantially cylindrical and are located 
adjacent the central vertical axis of the bit to act 
on the central portion of the Well. Peripheral 
cutting teeth 20 are provided on the cutters A. In 
the case illustrated the teeth 20 are axial and are 
notched. The opposite ends of the inner cutters 
A are preferably flat as illustrated. Each cutter 
A has a central longitudinal opening 2. The 
cutters B are frusto-conical having pitched or 
tapered peripheries. The cutters B are arranged 
With their Small ends facing inwardly toward the 
central axis of the bit. In the preferred construc 
tion the cutters B are larger than the cutters A, 
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the Small ends of the cutters B being larger in di 
ameter than the cylindrical cutters A and the cut 
ters B having a greater length than the cutters 
A. Peripheral cutting parts or teeth 22 are pro 
vided on the cutters B. The teeth 22 may be 
Straight and axial and may be notched as illus 
trated. A central longitudinal opening 23 ex 
tends through each cutter B. 
The central Support f is Secured to the body 

web 5 to carry the inner ends of the pins 8. 
. The support 7 is a block-like member and con 

15 

stitutes a race element of the means 9 as will 
be subsequently described. The support 7 bears 
upwardly against the Web. 5 having a flat upper 
end engaging against the flat lower end of the 
web. A cap screw 24 is arranged through an 
opening 25 in the web. 5 and is threaded in an 
opening 26 in the support 7 to secure the sup 
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port to the web. The opposite sides of the Sup 
port 7 are preferably inclined downwardly and 
inwardly toward the central axis of the bit. Cy 
lindrical bosses 2 project from the opposite 
sides of the support 7. Tubular extensions or 
race projections 28 extend outwardly from the 
bosses 27 toward the legs 2. The race projec 
tions 28 are integral with the support and 
constitute bushings or bearing shafts for the 
inner cutters A as will be hereinafter described. 
The bosses 27 and the race projections 28 ex 
tend into the openings 2 of the cutters A and 
are inclined downwardly and outwardly relative 
to the vertical axis of the bit body O. The race 
projections 28 are of sufficient length to project 
outwardly to or beyond the outer ends of the 
cutters A. The projections 28 have cylindrical 
peripheries and extend through the cutter open 
ings 2 with suitable clearance. 
The pins 8 extend between the legs 2 and 

the support 7 to tie the legs to the support, to 
carry the cutters B and their bearing means, and 
to assist in supporting the projections 28 and 
the cutters A carried thereby through the means 
9. The pins 8 are in the nature of screws or 

bolts passed inwardly through openingS 29 in 
the legs 2 and threaded into the inner portions 
of the openings 30 in the tubular projections 28. 
Heads 3 are provided on the outer ends of the 
pins 8 and are received in sockets 32 in the 
outer sides of the body legs 2. Portions 33 of 
the pin heads 3 are peened into notches 34 in 
the outer sides of the legs 2 to lock the pins 8 
against turning and unthreading. The longi 
tudinal axes of the pins 8 are inclined down 
Wardly and outwardly with respect to the verti 
cal axis of the bit. The pins 8, of course, ex 
tend through the cutters A and their mountings. 
The ball and race means 9 for rotatably Sup 

porting or mounting the pairs of cutters A and 
B may be identical and I will proceed with a 
detailed description of one means 9 for sup 
porting one pair of cutters A and B, it being 
understood that this description is equally appli 
cable to the other means 9. 
The ball and race means 9 includes the above 

described race projections 28 extending into the 
cutters. A from their inner ends. A plurality of 
sets or rows of balls rotatably supports the cut 
ter. A on its respective race projection 28. In 
the simple form of the invention illustrated two 
spaced rows of balls 35 and 36 rotatably support 
the cutter A on its race projection 28. The an 
nular series of balls 35 cooperates With an annu 
lar groove 37 in the projection 28 and a race or 
groove 38 on the wall of the cutter opening 2. 
The groove 37 is provided in the corner occurring 
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between the boss 27 and the projection 28 and 
is preferably comparatively deep to extend into 
the body of the projection 28 proper. The inner 
portion of the cutter opening 2 is enlarged in 
diameter to freely receive the boss 27 and the 
inner wall of the socket thus formed in the cutter 
A is concaved to constitute the groove 38 for 
receiving the balls 35. Thus the groove 38 faces 
radially toward the axis of rotation of the cutter 
A and inwardly toward the central vertical axis 
of the bit. The grooves 37 and 38 are partially 
circular in transverse CrOSS Section to properly 
receive the spherical balls 35. It will be noted 
that the race groove 38 facing inwardly and ra 
dially provides for the transmission of inward 
end thrusts from the cutter A through the balls 
35 as well as the radial thrusts from the cutter. 
The balls 36 cooperate with an annular groove 

39 in the outer portion of the race projection 28 
and an annular race or groove 40 in the wall of 
the cutter opening 2. The groove 39 is adja 
cent the outer end of the projection 28 and is 
of substantial depth to receive substantial por 
tions of the balls 36. The groove 40 is likewise 
of substantial depth to receive substantial por 
tions of the balls 36 and directly radially opposes 
the groove 39. The grooves 39 and 40 are par 
tially circular in transverse cross section to prop 
erly receive the balls 36. The grooves 39 and 
40 shaped and related as just described receive 
the balls 36 for the transmission of end thrusts 
from the cutter in both directions, as well as 
the radial thrusts from the cutter. The balls 36 
cooperating with the grooves 39 and 40 definitely 
locate or position the cutter A. 

It is believed that it will be understood how 
the annular series of balls 35 may be readily 
arranged in the groove 37 when the cutter A is 
slid into position over the race projection 28. 
The enlarged inner portion of the cutter open 
ing 2 permits the easy assembly of the balls 35 
in the grooves 37 and 38. The invention provides 
novel means for facilitating the arrangement 
of the balls 36 in the grooves 39 and 40. In 
accordance with the invention a slot or notch 4 
is provided in the outer end of the race projec 
tion 28. The notch 4 f is flat sided and extends 
inwardly to or beyond the groove 39. The notch 
41 is provided to permit the easy insertion of 
the balls 36 in the grooves 39 and 40. The balls 
36 may be easily inserted through the notch 4 
until the registering grooves 39 and 40 are full, 
whereupon a part on the bushing or race ele 
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ment of the cutter B is inserted in the notch 4 to 
prevent the loss of the balls 36. This part or 
element for occupying the notch 4 will be sub 
sequently described. 
The means 9 includes a bushing or race 43 

on the pin 8 for extending through the cutter 
B. The race 43 is a tubular element arranged 
on the pin f3 to have its inner end in coopera 
tion with the outer end of the race projection 
28. The inner portion of the race 43 may be of 
the same diameter as the projection 28. The 
outer portion 43a of the race 43 is enlarged in 
diameter and is received in an enlarged Outer 
portion of the cutter opening 23. The race 43 
extends through the cutter opening 23 with Sub 
stantial clearance. The outer end of the race 
43 is adjacent or slightly inward of the outer 
end of the cutter B. A washer 44 is arranged 
on the pin 8 between the oute" end of the race 
43 and the bearing surface 3 of the leg 2. 
The washer 44 holds the race 43 against endwise 
movement. The washer 44 may be partially rer 

55 

60 



O 

5 

20 

25 

2,100,640 
ceived in the cutter opening 23 but is not en 
gaged by the cutter. A lug 45 is provided On 
the lower end of the washer 44 and may be weld 
ed to the lower end 4 of the leg 2 at 46. The 
welding 46 definitely holds the washer 44 against 
rotation and prevents chattering of the washer 
and the other bearing parts. A tongue 47 pro 
jects axially from the inner end of the race 43 
and fits the above-described notch 4f. The 
tongue 47 is the element mentioned above which 
prevents the loss of the balls 36 from the grooves 
39 and 40. A groove 48 is provided in the Outer 
side of the tongue 47 and registers with the 
groove 39 to complete the groove so that it prop 
erly receives the balls 36. The tongue 47 fitting 
the notch 4 retains the balls 46 in place and 
prevents relative turning between the race 43 
and the race projection 28. 
The means 9 includes a plurality of spaced 

series of balls 50, 5 and 52 cooperating with the 
interior of the cutter B and with the race 43 to 
rotatably support the cutter on the race. The 
balls 50 are within the inner portion of the cutter 
B while the balls 5 and 52 are within the outer 
portion of the cutter. The balls 50 cooperate with 
an annular groove 53 in the inner portion of the 
race 43 and an annular shoulder 54 on the wall 
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of the cutter opening 23. The groove 53 is of suf 
ficient depth to receive substantial portions of 
the balls 50. The shoulder 54 is concaved and 
shaped to partially receive the balls 50. In ac 
Cordance with the invention the shoulder 54 
faces radially inward toward the axis of rotation 
of the cutter B and outwardly toward the outer 
end of the cutter and is related to the groove 53 
So that the balls 50 assume the outward end 
thrusts on the cutter B as well as the radial 
thrusts on the cutter. The portion of the cutter 
opening 23 extending outwardly from the shoul 
der 54 is sufficiently large in diameter to allow , 
the necessary relative movement between the 
cutter B and the race 43 when the balls 50 are 
in the groove 53 to permit the shoulder 54 to be 
brought to its proper position in engagement 
with the balls 50. It will be observed that the 
balls 50 dependably rotatably support the inner 
end of the cutter B and assist in transmitting 
the outward end thrusts from the cutter to the 
race 43. 
The balls 5 which are somewhat larger than 

the balls 50 cooperate with an annular groove 
55 in the race 43 and a shoulder 56 on the wall 
of the cutter opening 23. The groove 55 occurs 
in the corner between the body, of the race 43 
and the enlarged race portion 43a and is suf 
ficiently deep to extend radially into the body 
of the race proper. The shoulder 56 occurs at the 
inner end of the enlarged outer portion of the 
opening 23 and faces inwardly toward the axis 
of rotation of the cutter B and outwardly toward 
the outer end of the cutter. The shoulder 56, of . 
course, Surrounds or opposes the groove 55. The 
groove 55 and the shoulder 56 are related so that 
the balls 5 cooperate with them to transmit the 

75 

outward end thrusts from the cutter B to the 
race 43 and the radial thrusts from the cutter 
to the race. The portion of the cutter opening 
23 extending outwardly from the shoulder 56 is 
sufficiently large in diameter to allow relative 
movement between the race 43 and the cutter B 
to bring the shoulder 56 in engagement with 
the balls 5 when the parts are being assembled. 
The balls 52 cooperate with an annular groove 

57 in the enlarged outer end portion 43a of the 
race 43 and an annular groove 58 in the wall 

3 
of the cutter opening 23. The grooves 5 and 
58 are directly opposite one another and are ad 
jacent the outer end of the cutter B. Both 
grooves 57 and 58 are of substantial depth to re 
ceive substantial portions of the balls 52. With 
the above described formation of the grooves 57 
and 58 the balls 52 are operable to transmit end 
thrusts in both directions from the cutter B to 
the race 43 as well as transmit the radial thrusts 
from the cutter to the race. The balls 52 coop 
erating with the grooves 57 and 58 also definitely 
position the cutter B on the race 43. 
A longitudinal notch 60 is provided in the 

outer end portion 43a of the race 43 and extends 
inwardly beyond the groove 57. The notch 60 is 
provided to facilitate the insertion of the balls 
52 in the grooves 57 and 58. When the grooves 
57 and 58 are fully occupied by the series of balls 
52 a tongue 6 on the washer 44 is inserted in 
the notch 60 to prevent the displacement of the 
balls. A suitably shaped groove 62 is provided 
in the Outer surface of the tongue 6 to register 
with the groove 57 so that the groove 5 in effect 
constitutes a continuous or annular groove to 
properly carry the balls 52. It will be observed 
that the cutter B is rotatably supported by the 
longitudinally spaced series of balls 50, 5 and 
52. The balls 50 and 5 are operable to transmit 
the outward end thrusts from the cutter B to the 
race 43 as well as the radial thrusts. The series 
of balls 52 cooperating with the grooves 57 and 
58 are operable to transmit both the inward and 
outward end thrusts from the cutter 'B to the 
race 43 of the radial thrusts on the outer por 
tion of the cutter. 
To assemble One set of cutters A and B and 

its bearing means 9 the balls 35 are first ar 
ranged in the groove 37 and the cutter A and the 
race projection 28 are moved relative to one 
another to bring the grooves 37 and 38 in proper 
cooperation with the balls. The balls 36 are then 
inserted through the notch 4 to occupy the reg 
istering grooves 39 and 40. The notch 4 is such 
that the balls 36 may be easily inserted into the 
registering grooves 39 and 40. The balls 50 are 
then arranged in the groove 53 and the balls 5 
are arranged in the groove 55. The balls 50 and 
5 are arranged in place before the groove 53 is 
moved inwardly past the shoulder 56. When the 
balls 50 and 5 are properly positioned the race 
43 is moved into the cutter B to bring the balls 
50 in proper contact with the shoulder 54 and to 
bring the balls 5 in proper cooperation with the 
shoulder 56. This brings the tongue 47 in posi 
tion for insertion in the notch 4. The pin 8 is 
not in place and the assembly of the cutter B 
and the race 43 may be moved laterally relative 
to the cutter A and the race projection 28 so 
that the tongue 47 is first received in the opening 
30 and is then moved outwardly into the notch 
4 to its final position. The tongue 47 is adapted 
to completely occupy the notch 4 and its groove 
48 registers with the groove 39 to properly co 
operate with the balls 36. The balls 52 are then 
inserted in the registering grooves 5 and 58 
through the notch 60. When the balls 52 have 
been properly positioned the washer 44 is ar 
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ranged in place so that its tongue 6 occupies . 
the notch 60. The groove 62 in the tongue 6 
Completes the groove 58 and cooperates with the 
bal's 52. The assembly may then be positioned 
On the bit and the pin 8 may be inserted through 
the opening 29 and threaded into the opening 30 
to secure the assembly in place. It is to be un 
derstood that the two sets of cutters and their 
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4 
respective mountings may be simultaneously as 
sembled on the bit body 0. 
In the operation of the tool the cutters A and 

B act on the bottom wall of the well bore and 
their engagement with the earth formation re 
sults in their independent rotation. The cutters 
A and B are supported for free independent rota 
tion by the anti-friction ball bearing means. 
The cutter A is supported by the spaced series of 
balls 35 and 36, the balls 36 assuming radial 
thrusts and end thrusts in both directions and 
the balls 35 assuming radial thrusts and in Ward 
end thrusts. The longitudinally spaced Series 
of balls 35 and 36 dependably support the cutter 
A for fice rotation. The three longitudinally 
spaced series of balls 50, 5 and 52 rotatably 
support the cutters B. The balls 50 and 5f as 
sume radial thrusts and outward end thrusts 
while the balls 52 assume radial thrusts and end 
thrusts in both directions. 
B are both entirely supported by spaced Sets of 
ball bearings and thrust washers or the like are 
not required. The grooves 37, 39, 40, 53, 55, 57 
and 58 are deep and present extensive surfaces 
for contact by the cutter supporting balls and, 
therefore, are very long wearing. The ball en 
gaging shoulders and grooves on the interiors 
of the cutters A and B have relatively large cir 
cumferences and, therefore, are long wearing. 
The tongues 47 serve to dependably retain the 
balls 36 in their grooves 39 and 40 and the 
tongues 6 occupy the notches 60 to prevent the 
loss of the balls 52. The cutters A are definitely 
positioned by the balls 36 cooperating with the 
deep grooves 39 and 60 and the cutters B are 
definitely positioned by the balls 52 cooperating 
with the deep grooves 57 and 58. The cutter 
mounting means of the present invention is de 
pendable and long wearing and supports the 
cutters for free rotation. 

Having described only a typical preferred form 
and application of my invention I do not wish 
to be limited or restricted to the specific details 
herein set forth, but wish to reserve to myself 
any variations or modifications 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 cutter assembly for a well drill compris 

ing, a support, adjacent cutters surrounding the 
support, a race member on the support and with 
in one cutter, the race member and said cutter 
having opposing annular grooves, balls in the 
grooves, a race member on the Support within 
the other cutter, and a part On the Second men 
tioned race member preventing displacement of 
said balls. 

2. A cutter assembly for a well drill compris 
ing, a support, adjacent cutters surrounding the 
support, a race member on the support and 
within one cutter, the race member and said 
cutter having opposing annular grooves, the 
race member having an opening communicating 
With the groove in the member, balls inserted 
into the grooves through said opening, a race 
member on the support and within the other 
cutter, and a part on the second mentioned 
member extending into said opening to prevent 
the escape of the balls. 

3. A cutter assembly for a well drill compris 
ing, a support, adjacent cutters surrounding the 
support, a race member on the support and 
Within one cutter, the race member and said 
cutter having opposing annular grooves, the 
race member having an opening communicating 

The cutters A and 
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with the groove in the member, balls inserted 
into the grooves through said opening, a race 
member on the Support and within the other 
Cutter, and an axially projecting tongue On the 
Second mentioned member occupying said open 
ing to prevent the escape of the balls. 

4. A cutter assembly for a well drill compris 
ing, a support, adjacent cutters surrounding the 
support, a race member on the support and 
Within one cutter, the race member and said 
Cutter having opposing annular grooves, the 
race member having an opening communicating 
with the groove in the member, balls inserted in 
to the grooves through said opening, a race 
member on the support and within the other 

- Cutter, and a part on the second mentioned 
member extending into said opening to prevent 
the eScape of the balls. 

5. A rotary well drilling bit comprising a body, 
a support carried by the body, a rotatable cut 
ter Surrounding the Support, a race member on 
the support within the cutter, and a plurality 
of Spaced series of balls rotatably supporting 
the cutter on the race member, at least one se 
ries of balls transmitting end thrusts in both 
directions from the cutter to the member. 

6. A rotary well drilling bit comprising, a body, 
a support carried by the body, a rotatable cut 
ter Surrounding the Support, a race member on 
the support within the cutter, and a plurality 
of Spaced series of balls rotatably supporting 
the cutter on the race member, one series of 
balls transmitting end thrusts in both directions 
from the cutter to the member, and at least one 
Series of balls transmitting end thrusts in one 
direction from the cutter to the member. 

7. A rotary well drilling bit comprising, a body, 
a support carried by the body, a rotatable cut 
ter Surrounding the support, a race member on 
the support within the cutter, axially spaced 
pairs of opposing annular race surfaces on the 
member and the interior of the cutter, and balls 
cooperating with the opposing surfaces to ro 
tatably support the cutter, the surfaces of one 
of said pairs being depressed below the adjacent 
surfaces of the member, and cutter whereby the 
balls cooperating therewith are operable to trans 
mit end thrusts in both directions. 

8. A rotary well drilling bit comprising, a body, 
a support carried by the body, a rotatable cut 
ter Surrounding the Support, a race member on 
the support within the cutter, axially spaced 
pairs of opposing annular race surfaces on the 
member and the interior of the cutter, and balls 
cooperating with the opposing surfaces to ro 
tatably Support the cutter, the surfaces of one 
of Said pairs being depressed below the adjacent 
surfaces of the member and cutter whereby the 
balls cooperating therewith are operable to trans 
mit end thrusts in both directions, the surfaces 
of at least one of said pairs being related So 
that the balls cooperating therewith are Oper 
able to transmit end thrusts in one direction. 

9. A rotary well drilling tool including a 
body, a support carried by the body, rotatable 
cutters around the support, race members on the 
support within the cutters, one race member and 
the interior of the surrounding cutter having 
opposing annular grooves, and Said race men 
ber having an opening communicating with its 
groove, balls in the grooves rotatably supporting 
the cutter, the balls being inserted through said 
opening, the grooves being of such depth that 

: the balls transmit axial thrusts in both direc 
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tions, and a part on the race member in the 
adjacent cutter Occupying Said Opening. 

10. A rotary well drilling tool including, a 
body, a support carried by the body, rotatable 
cutters around the Support, race members on the 
support within the cutters, one race member and 
the interior of the surrounding cutter having 
axially spaced pairs of opposing annular grooves, 
Series of balls Cooperating with the opposing 
grooves to rotatably support the said cutter, one 
pair of grooves being of such depth that the 
balls cooperating therewith transmit end thrusts 
in both directions, the said race member having 
an opening communicating with its groove of 
said pair through which the balls are inserted in 
the said pair of grooves, and a tongue on the 
adjacent race member extending into said open 
ing to prevent the loss of the said balls. 

11. A rotary well drilling bit comprising, a 
body, a support carried by the body, a rotatable 
cutter surrounding the support, a race member 
on the support within the cutter, there being 
opposing annular grooves in the member and 
the interior of the cutter, the member having an 
opening extending from one end to its groove, 
balls inserted through said opening into the 
grooves to rotatably support the cutter, a washer 
on the support between said end of the mem 
ber and an adjacent surface of the body, and 
a part on the washer extending into said open 
ing to prevent the loss of the balls therethrough. 

12. A rotary well drilling bit comprising, a 
body, a support carried by the body, a rotatable 
cutter surrounding the support, a race member 
on the support within the cutter, there being 
opposing annular grooves in the member and 
the interior of the cutter, the member having an 
opening extending from one end to its groove, 
balls inserted through said opening into the 
grooves to rotatably support the cutter, a washer 
rigidly attached to the body, and a part on the 
Washer occupying Said opening. 

S 
13. A rotary well drilling bit comprising, a 

body, a support carried by the body, a rotatable 
cutter surrounding the support, a race member 
on the support within the cutter, there being 
opposing annular grooves in the member and 
the interior of the cutter, the member having 
an opening extending from one end to its groove, 
balls inserted through said opening into the 
grooves to rotatably support the cutter, a washer 
rigidly attached to the body, and a part on the 
washer occupying said opening and having a 
groove registering with and completing the groove 
in said member. 

14. A rotary well drilling bit comprising, a 
body, a support carried by the body, a rotatable 
cutter surrounding the support, a race member 
on the support within the cutter, and a plurality 
of spaced series of balls rotatably supporting the 
cutter on the race member, one series of balls 
transmitting axial thrusts in both directions, the 
other series of balls each transmitting axial 
thrusts in One direction. 

15. A rotary well drilling tool including, a 
body, a support carried by the body, rotatable 
cutters around the support, race members on the 
support within the cutters, the race members 
posing ball grooves, balls in said grooves rotatably 
and cutters having axially spaced pairs of Op 
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supporting the cutters, one pair of grooves in 
each cutter and member assembly being of Such 
depth that the balls therein transmit axial thrusts 
in both directions, each member having an axial 
opening for passing the balls into the said deep 
grooves, a part projecting from one member and 
occupying the said opening in the other member, 
and an element secured to the body and having 
a part occupying the said opening in the first 
mentioned member. 
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