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55 @laims; (till. 255-471) 
The invention concerns rotary earth boring ' fate about spindle portions 9 and 9a: which are 

drills of the type carrying a plurality of rotary eccentric to each other but integral with each 
toothed cutters for cutting the formation at the other, the arrangement being such that the 
bottom of the hole. The cutter organization in- toothed peripheries of these two cuttersrwhere 

5 eludes side cutters spaced about the drill 120° they contact the bottom of the hole are in the 5 
‘ apart with a plurality of cutters whose axes are same horizontal plane. The spindle t bears in 
in the same radial plane with the axis of one member ta mounted in the cutter carrier ii. 
of said side cutters. It has a socket receiving a spindle portion We 
The invention consists in the features and on which the roller cutter is ismounted. This 

in combination of elements hereinafter described spindle Mia is integral with another spindle por- 10 
and pointed out in the claims. tion lb on which roller cutter 5a is mounted. 
In the drawings d ‘ I There is a ?ange ind integral with and between 
Figure 1 is a vertical sectional view of the’ the spindle portions We and W1), which ?ange 

drill, this'section being taken on line i—i of presents thrust bearing surfaces at its side faces 
Fig. 3 in the direction of the arrow. - ' for the roller cutters tar and tar and for the roller 15 

Fig. 2 is a vertical sectional view of Fig.3 on bearings on which the said cutters revolve. ‘ 
line 2-2, this section being from the vertical . The spindle portions lite. and Nb are ec-' 
axis of the drill outwardly. ~ centric to each other and their axes are at an 

Fig. 3 is a bottom plan view of the drill, acute angle to each other. The side roller tr. - 
20 Fig. 4 is a sectional plan view on line ill-t of turns on roller hearings on a spindle M which 20 

Figs. 1 and 2. . - _ has a ?ange lib socketed to receive the spindle 
Fig. 5 is a side view of the carrier for the roller portion l tb- This ?ange presents at its side faces 

cutters looking in the same direction as in Fig. l. thrust bearing surfaces for the roller cutters tar 
Fig. 6 is a side elevation of the roller cutter and $1‘ and f0!‘ the roller bearings Ma; 
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25 carrier looking from the right of Fig. 5. The spindle Ill bears in a bushing M having a 25 
. Fig. 7 is a bottom plan view of the roller cutter _ ?ange Ma furnishing a thrust bearing surface 
carrier of Fig. 5. for the roller cutter ta: and the ball bearings i to. 

Fig, 8 is a, vertical sectional view of the bit . The carrier or frame memberin which the roller 
head viewed in the same direction as in Fig, 1, cutters are mounted is marked t. It constitutes 

30 Fig. 9 is a bottom plan view of the bit head. part of the roller cutter unit rem'ovably mounted 20' 
Fig. 10 is a side elevation of the bit head. in the bit head- ThiS carrier'has bearings in 
As indicated in the bottom plan View, Fig, 3, which are mounted the spindle 937, the block 90; 

the roller cutter organization includes three side in which spindlest and We bear. all as shown 
cutters which de?ne the size of the hole. These in Fig. 1. > ~ 

35 side cutters are marked in said ?gure ix, 6m, and AS Shown in Fig- 2, this cutter carrier frame 35. 
?y. Their axes are in vertical planes radiating also has a Socket for the ?ange 8“ Of a Spindle B 
from the vertical axis of the drip 120° apart. which supports the side roller cutter la: and the 

Adjacent .the vertical axis of the drill and on roller bearings 8b. This ?ange presents an end 
the opposite side thereof from the side cutter 6.1: thrust bearing surface On its Side face f0!‘ the 

40 is arranged on a horizontal axis a comparatively roller cutter la: and the roller bearings 8b. The 40 
small diameter‘ cutter 3x. Adjacent this cutter spindle .8 bears in another 01,16 0f the bushings 
and further from the axis there is another cut- “I. the ?ange 14a of which forms an end thrust . 
ter 3y of»- larger diameter rotating about a hori- hearing for the side roller cutter ls. ' ‘ 
zontal axis parallel with the horizontal axis of The third Side r0118!‘ Cutter I?! is mounted on a 

45 the cutter 31:. Between the cutter 3a: and the Spindle like that 01’ cutter '93 SuppDrted in'like 45 
_ side cutter 6x, and with their axes in the same - manner by the cutter carrier member 6, as will 

vertical plane, in which lie the axes of the cut- ' be clear from Fig. 3. Showing a bottom Plan View 
ters 3x and 6x, are roller cutters 4a.- and 5.1;, of the drill. -All of these side roller cutters are 

7 These cutters 4x, 5x, and 61: have their axes in- on axes inclining upwardly and outwardly in re 
50 clining upwardly and outwardly and these axes spect to the vertical axis .r—:c of the drill, and 50 

are at acute angles to each other and to the the angular relation of these axes to the vertical 
axis of the side cutter 6x so that these roller cut- _> axis of the drill is the-same in respect to each 
ters rotate in planes ‘convergent upwardly to2 side cutter. The angular relation of the cutters 
wards the vertical axis of the drill indicated at 4x and 51: differs from each other and from the 

55 :c-z in Fig. 1. The roller cutters ‘3m. and 811 ro- side cutters so that all or these cutters just men- 55 ' 
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tioned are in convergent relation upwardly to 
wards the vertical axis of the drill. The cutter 
carrier is mounted in the bit head i which has 
means at 2 for attachment removably to the drill 
pipe or stem. The bit head has a socket 2a which 
receives the upper end of the cutter carrier 6, this 
projection being of hollow cylindrical form. The 
bit head has a downwardly flaring recess 3 at a 
point below the socket just mentioned, said recess 
being de?ned by depending walls having down 
wardly and outwardly inclined inner faces 63. 
These depending walls have notches 5 at their 
lower ends open downwardly and in these notches 
the bushings ill ?nd bearings when the cutter 
unit is thrust up into place. The cutter carrier 6 
is held to the bit head by taper bolts 6b passing 
through exterior bosses E2 of the bit head and 
through wings or lugs ta on the carrier projecting 
through slots or notches id of the bit head which 
notches open downwardly, so that by thrusting 
the cutter carrier upwardly and axially of the 
bit head, the said lugs orwings to will enter said 
notches or slots 1 a and willpresent the openings 
of the lugs to into alignment with the openings 
through the bosses it so that the taper bolts can 
be inserted to draw the cutter carrier up into 
place, as shown in Figs. 1 and 2, with its upper 
end seated against the top of the socket in the 
bit head with suitable packing forming a seat. 
Adjacent the lugs l2 of the bit head there are 
recesses 52a on the outer side of the bit head to 
allow the ready insertion of the taper bolts into 
place. As shown in Fig. i, two taper bolts are 
su?icient to hold the carrier in place. These bolts 
are arranged at an angle to each other and on 

. radii 120° apart. 
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The bolts are drawn into place and held by 
suitable nuts, as shown. By removing these bolts, 
the entire cutter organization may be removed 
and replaced. ‘. 
The organization described cuts the entire area 

at the bottom of the hole. All the cutters rotate 
independently. It will be noted that the crests 
of the teeth on each cutter, if projected do not 
intersect at the bit head axis, and that the teeth 
therefore do not have a true rolling motion upon 
the ground. ' 

Considering the group shown in Fig. 1, it will 
be noted that the cutters are of diii'erent diame 
ter and thus progress in size from the vertical axis 
outwardly. All the side cutters are of the same 
diameter. An organization is thus presented in 
which the cutters are capacitated to do the 
amount of work required according to their dis 
tance from the vertical axis of the drill, the outer 
most cutters, i. e., the side cutters, having to do 
the most cutting, being in plural number to sup 
plement each other in performing the work along 
the zone of largest diameter. 
The upwardly and outwardly inclination of the 

axes of the cutters makes an inverted arched ar 
rangement of cutters. Welding of parts of the 
spindles and their supporting members may be 
resorted to where necessary. , 
The cutter carrier 6 has recesses 611 for the cy 

lindrical cutters 3m, 39. The cutter carrier is 
provided with suitable passages for directing 
?ushing ?uid to the cutters. 
The depending wall portions of the bit head are 

shown at Ic. These have vertical outer faces and 
they also have the downwardly ?aring inner faces 
4 before mentioned, and the open notches 5. 
These wall portions lc of the bit head project 

laterally in respect to the upper stem portion of 
the bit head as shown more particularly in Figs. 1 

9,047,115 
and 9 though well represented in Figs. 1, 2, 8, 
and 10. ' 

It will be understood, of course, that my broad 
idea is not limited to the exact details shown in 
the drawings and described in these speci?cations, 
but that changes may be made therein within the 
scope of the appended claims. 
Certain features relating to the bearing and 

spindle structure for the cutters, and the cutter 
arrangement disclosed herein, are claimed in 00- 1 
pending application 671,384, ?led May 16, 1933. 

I claim: 
1. An earth boring drill having side roller cut 

ters spaced apart at different angular positions 
about the axis or" the drill and with their axes 1, 
respectively in different diametrical planes, 2. cut 
ter near the vertical axis of the drill and a cutter 
arranged between one of the side cutters and the 
cutter near the axis of the drill, all contacting 
the bottom of the hole below the drill, all of the 2 
side cutters tracking each other and cutting both 
beyond and within the projected side of the drill 
head, substantially as described. 

2. An earth boring drill according to claim 1 
in which the cutter near the axis of the drill ro- i. 
tates about a horizontal axis and the other cutters 
rotate about axes inclining upwardly and out 
wardly, the said intermediate cutter rotating 
about an axis at an acute angle to the axis of the 
adjacent side cutter. 

3. An earth boring drill according to claim 1 
in which two rotary cutters arranged between 
the side cutter and the cutter near the axis of the 
drill head, the axes of all the cutters lying in the 
same vertical plane having their axes at acute :1 
angles, to each other. ' 

4. An earth boring drill having a bit head and 
a roller cutter organization comprising a carrier 
removably attached to the bit head, side cutters 
on said carrier at 120 degrees apart about. the 
circumference of said bit head, and on upwardly 
and outwardly inclined axes, a plurality of cut 
ters rotating about horizontal axes and of dif 
ferent diameter, said plurality of cutters being 
on the opposite side of the vertical axis of the 4 
drill from one of the side cutters, and with their 
axes in the same vertical radial plane with the 
axis of said one of the side cutters, cutters be 
tween the plurality of cutters and said one of 
the side cutters on upwardly and outwardly in 
clined axes at acute angles to each other and 
to the upwardly inclined axis of said one of the 
side cutters, and in the same vertical plane there 
with, each cutter being of larger diameter in 
respect to the next cutter nearer the vertical axis 5. 
of the drill, substantially as described. 

5. A bit head for a rotary earth boring drill 
having means for attachment to a drill stem, 9. 
socket and a flaring recess below said socket 
de?ned by depending wall portions in different 6 
angular positions about the circumference of the 
bit head, said wall portions each having a notch 
in its lower end, said wall portions being sepa 
rated from each other by slots or notches opening 
downwardly and extending through the socket 0 
wall and disposed at different angular positions 
about the bit head, and means for holding bolts 
in angular positions relative to each other with 
their axes intersecting for securing a cutter car 
rier to the bit head, said means comprising bosses 7 
exterior to and carried by the wall of the bit 
head and having openings, the axes of which 
are substantially tangential to the wall of the 
bit head, substantially as described. 

6. A cutter organization for an earth boring 7 
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2,047,115 
drill comprising a carrier member, having side 
roller cutters disposed about the same at 120° 
apart on spindles projecting outwardly and up 
wardly relative to said carrier, one of the side 
cutters having a plurality of cutters associated 
therewith, whose axes are in the‘ same vertical 
radial plane with the axis of said side cutter, 
'said cutters being of different diameters, said 
carrier having wings or lugs projecting therefrom 
at different angular positions about the same, 
said lugs-being adapted to ?t into slots of a bit 
head, substantially-as described. ' 

'7. An earth boring drill comprising a bit-head 
having a stem portion with means for attaching 
the same to a drill pipe or stem and having a 
lower body portion with a socket and a down 
wardly ?aring recess de?ned by wall portions 
spaced apart 120°, and a plurality of downwardly 
opening slots in angular relation to each other 
and with perforated lugs adjacent said slots on 
the outer side of the bit head and with recesses 
in the outer side of the head adjacent said lugs, 
but on the opposite sides of_ the lugs from said 
slots, and a, roller cutter unit comprising a car 
rier member having an upper portion to fit the 
socket in the bit head and wings or lugs disposed 
in different diametrical planes to ?t the corre 
sponding angularly disposed slots in the head, 
both arranged in angular relation to each other 
to secure the ‘wings of the carrier to the lugs of - 
the bit head, side cutters arranged in upwardly 
convergent relation at 120° apart from each other 
about the bit head and having their upwardly 
and outwardly inclined spindles seated in notches ' 
in the wall portions of the bit head, roller cutting 
means mounted on the carrier near the vertical 
axis of the bit head and roller cutting means 
arranged intermediate one of the side cutters and 
the said cutting means near the vertical axis of 
the drill, said intermediate cutting means being 
mounted on an upwardly and outwardly inclined 
spindle, the axis of which is at an acute angle 
to the axis, of the side cutter, the axes of the 
said side cutter, the intermediate cutting means 
and the cutting means near‘ the vertical axis of 
the drill being in the same vertical radial plane, 
substantially as described. 

8. A rotary drill for earth boring according 
to claim 7 in which the intermediate roller cut 
ting means and the adjacent side cutter are on 
one side of the vertical axis of the drill, and 
the cutting means near the said vertical axis is 
on the opposite side thereof. I , 

9. A roller bit comprising three side cutters 
whose axes incline downwardly and inwardly t0- » 
wards the bit axis, said cutters being disposed 
in different angular positions about the bit head 
and with their axes in non-coinciding vertical 
planes, and a series of cutters having their axes 
all in the same vertical plane as the axis of one 
of the side cutters, said series extending from 
the said side cutter across the bit axis cutting 
the bottom of the hole on both sides of the bit 
axis inwardly of the path of the side cutters. 

10. An earth boring drill according to claim 9 
in which the said series have an axis perpendicu 

' lar to the bit axis and another axis inclined to 

70 

the bit axis. 
11. An earth boring drill according ‘to claim 9 

in which some of the cutters of the said series 
are in planes at an acute angle to the plane 
of the' side cutter, the axis of which is in‘ the' 
same vertical plane as the axes of the series. 

12. An earth boring drill bit comprising .three 
side cutters whose axes incline downwardly and 

3 
inwardly towards the bit axis, said side cutters 
being spaced 120° apart and all tracking each 
other and cutting clearance beyond the side of 
the bit head, ~and a series of cutters for cutting 
the bottom of the hole inwardly of the path of 
the side cutters, the cutters in said series having 
their axes all in the same vertical plane as the 
axis of one of the side cutters, one cutter of said 
series being disposed on the side of the bit axis 
opposite said last-named side cutter and having 
an axis perpendicular to the bit axis. ‘ 

13. An earth boring drill according to claim 
12 in which the said cutter on the opposite side 
of the bit axis from the last named side cutter 
in a plane parallel to the bit axis is‘positioned 
adjacent to the bit axis. . 

14. A roller boring "drill comprising three side 
roller cutters having axes inclined in radial 
planes and a cutter group positioned for cutting 
at both sides of the drill axis, said group ‘having 
axes all in the same vertical plane as the axis 
of,one of the side cutters, all of the side roller 
cutters being of equal diameter, disposed 120° 
apart and tracking each other, and said cutter 
group lying on opposite sides of the drill axis. 

15. A roller boring drill comprising a bit head, 
‘a carrier insertable into said bit head, and three 

10 

15 

20 

25 

spindles projecting outwardly from said carrier ' 
and received by notches in the bit head, three 
side roller. cutters mounted on the carrier at dif 
ferent points about the said carrier, an inner 
group of cutters, the axis of one of the side 
cutters being in substantially the same vertical 
plane as said inner cutter group, said group com 
prising‘ roller cutter means on an axis inclined to 
and other roller cutter means on an axis perpen 
dicular to the axis of the bit head. 

16. An earth boring drill comprising a body or 
carrier member, three spindles projecting out 
wardly from said member for supporting thereon 
roller cutters, and an additional cutter spindle 
mounted in a recess in the lower end of said 
member. 

17. A roller cutter unit for earth boring drills 
comprising a body portion eccentrically posi 
tioned between the cutters, said body portion 
having two sides that incline upwardly and in 
wardly towards the axis of the unit symmetrically, 
and another side also inclining upwardly and in 
wardly towards the axis of the unit, inclined 
spindles of unequal lengths projecting outwardly 
and upwardly from said sides, and a recess in the 
lower face of said body portion receiving other 
cutter means to one side of and adjacent the 
vertical axis of the drill, and rotating on an axis 
perpendicular to said drill axis, and in which 
recess the said roller cutter means rotates. 

18. A roller bit comprising three side roller 
cutters whose axes incline downwardly and in 
wardly towards the bit axis said side cutters 
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tracking each other at the side of the bore hole ‘ 
and a series of cutters having their axes all in the 
same vertical plane as the axis of one of the side 
cutters, said series cutting the bottom of the hole 
inwardly 'of the path of the side cutters, said 
series having an inclined cutter on one side of 
the bit axis and a cutter in a plane parallel to 
the bit axis on the other side of said axis. 

19. A roller bit comprising three side roller 
cutters whose axes incline downwardly and in 

_ wardly towards the bit axis, said side cutters 
tracking each other at the side of the bore hole 
and a series of cutters having their axes all inv 
the same vertical plane as the‘axis of one of the 
side cutters, said series cutting the bottom of the 
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4 
hole inwardly of the path of the side cutters, said 
series having an inclined cutter on one side of the 
bit axis and a cutter in a plane parallel to the bit 
axis on the other side of said axis, said cutter in 
a plane parallel to the bit axis being adjacent 
to the bit axis. 

20. An earth boring drill having a drill head, 
a series of rotary toothed cutters at its lower face 
with their axes in the same vertical diametrical 
plane, one of said series being a side roller cutter 
for cutting an annular area at the bottom of the 
hole adjacent the side wall thereof both outside 
and inside the projected plane of the side of the 
drill head, and another of said series being on the 
side of the vertical axis of the drill opposite to. 
that upon which the said side cutter is located, 
said series of cutters cutting the entire area at 
the bottom of the well, and additional side roller 
cutters whose axes lie in different vertical dia 
metrical planes from each other and from> the 
vertical plane in which the axis of the ?rst men 
tioned side roller cutter lies, there being one of 
said additional side roller cutters at each side of 
the vertical diametrical plane in which the axes 
of the ?rst mentioned series of cutters lie, all the 
side roller cutters tracking each other, substan 
tially as described. 

21. An earth boring drill according to claim 20 
in which the cutter of said series on the opposite 
side of the vertical axis of the drill from the ?rst 
mentioned side ‘roller cutter is arranged adjacent 
said vertical axis, and is mounted in supporting 
means mainly located on the same side of said 
vertical axis therewith. 

22. An earth boring drill comprising a bit 
head, a group of side roller cutters of substantially 
equal diameter tracking each other and disposed 
in different diametrical vertical planes about the 
bit head on axes inclining downwardly and in 
wardly to the vertical axis of the drill, and rotary 
cutter means arranged inwardly relative to and 
axially in the same vertical, diametrical plane 
with the axis of one of the inclined side cutters, 
said inwardly positioned rotary cutter means 
being of reduced diameter as compared with the 
diameter of its associated side roller cutter and 
extending substantially to and beyond the ver 
tical axis of the drill, and together with said asso 
ciated side roller cutter cutting the entire area 
at the bottom of the hole, said group of side 
roller cutters being spaced apart at substantially 
120° whereby the inwardly disposed cutter means 
of reduced diameter and the associated side 
cutter will lie in the vertical diametrical plane 
passing midway between the other two side 
roller cutters, substantially as described. 

23. A roller cutter unit for earth boring drills 
comprising a body having three sides that incline 
upwardly and inwardly towards the axis of the 
unit, spindles projecting therefrom whose axes 
are inclined in radial planes, side roller cutters 
on said spindles, other roller cutters in a recess 
in the lower face of the said body, and another 
roller cutter means positioned to disintegrate the 
area between the path of the side cutters and the 
path of the cutters in the recess, all of the thrm 
side cutters tracking each other, and said last 
mentioned roller cutter being mounted substan 
tially on one of said inclined spindles of a side 
roller cutter. 

24. A roller boring drill having a bit head with 
a recess in its lower end and a socket above the 
recess with a slot extending through the wall of 
the socket, a carrier member having a portion to 
?t the recess and portions to ?t the socket and 

2,047,1 15 
slot respectively and three equal diameter track 
ing side roller cutters mounted in the carrier with 
the axis of one of the side cutters in substantially 
the same vertical plane as the axes of a centrally 
positioned cutter group, said group comprising a 
roller cutter having its axis inclined to the ver 
tical axis of the drill, and another cutter having 
its axis perpendicular to the said drill axis, said 
two last mentioned cutters being on opposite sides 
of the drill axis. 

25. An earth boring drill comprising a drill 
head, a cutter carrier member with means for 
connecting the carrier member to the head, three 
spindles projecting outwardly from said mem 
ber for supporting thereon roller cutters, said 
spindles at their outer ends bearing in the bit 
head and being 120 degrees apart, said member 
having a recess in its lower face and roller cutter 
means in said recess. 

26. An‘ earth boring drill comprising a bit 
head, a plurality of roller cutters including a side 
cutter mounted on the head to rotate on axes in 
the same transverse-vertical plane but at differ 
ent angles of inclination to the vertical axis of the 
drill, and additional side cutters whose axes are 
disposed in different vertical planes from each 
other and from the vertical plane of the axes of 
the ?rst-mentioned cutters, all the side roller 
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cutters being of the same diameter and tracking 30 
each other. 

27. An earth boring drill comprising a bit head, 
a set of roller cutters including but one side out 
ter together with other cutters, all mounted on 
the bit head to rotate on axes in the same vertical 
plane which includes the bit head axis and on 
both sides of the said axis and adapted to cut the 
entire area at the bottom of the hole. and addi 
tional cutters each mounted to rotate about an 
inclined axis in a different diametrical plane from 
the plane ?rst-mentioned and adapted to cut the 
peripheral area at the side of the hole, all the 
side roller cutters being of the same diameter and 
all tracking each other. 

28. An earth boring drill comprising a bit head, 
a set of roller cutters mounted upon the head to 
rotate on axes in the same vertical plane which 
includes the bit head axis and on both sides of 
the said axis and adapted to cut the entire area 
at the bottom of the hole, said set of cutters in 
cluding but one side cutter, and two additional 
side cutters,.the three side cutters being equally 
spaced about the periphery of the bit head. all of 
the side cutters being of the same diameter and 
tracking each other. 

29. An earth boring drill comprisinga drill bit 
head, a carrier and side roller cutters mounted 
thereon, and tracking each other, the axes of said 
roller cutters being disposed in three vertical 
planes 120 degrees apart, a plurality of cutters 
positioned on opposite sides of the vertical axis 
of the drill with their axes in the same vertical 
plane with one of the side cutters and together 
with said side cutter being arranged to cut the 
entire area at the bottom of the hole, at least one 
of said roller cutters being cylindrical. 

30. An earth boring drill comprising a drill bit 
head and side roller cutters mounted therein, 
the axes for said side roller cutters being dis 
posed in three vertical planes 120 degrees apart 

. and being arranged to track each other at the 
side of the bottom of the hole, two or more other 
roller cutters mounted on the head to rotate on 
axes in the same vertical plane with one of the 
side cutters and on di?z‘erent sides oi.’ the bit axis, 
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all of the cutters being independently rotatable, 
said two or more other cutters and the last men 
tioned side cutter cutting the entire area-at the 

, bottom of the hole. 
31. In an earth boring drill having a bit head, 

a roller. cutter organization comprising a plu 
rality of rotary cutters arranged side by side in a 
group and respectively in planes convergent up 
wardly in the bit head and in which the end cut 
ters of the group are axially in the same diametri 
cal planev of the bit head, and in which a cutter of 
the group is arranged substantially at the vertical 
axis of the drill on a horizontal axis, substantially 
as described. . . , 

32. The combination in an earth boring drill of 
~ a head, side cutters convergent upwardly towards 
the vertical axis of the drill at corresponding 
angles, and‘ arranged on axes inclining down 
wardly and inwardly towards the axis of the bit 
head, and a cutter arranged adjacent the axis of 
the bit head and rotatable on an axis in a hori 
zontal plane, said axis being in a vertical plane 
radial to the vertical axis of the bit head, and a 
rotary cutter intermediate one of the side out 
ters and the cutter on the horizontal ‘axis, said 
intermediate cutter being positioned on an axis 
inclined at an acute angle to the axis of the side 
cutter adjacent thereto, substantially as de 

- scribed. 
30 
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33. A rotary toofhed cutter unit for earth bor 
ing drills compris ng a side cutter inclining up 
wardly and inwardly towards the vertical axis 
about whichthe unit rotates, a cutter on a sub— 
stantially horizontal axis adjacent said vertical 
(axis and a cutter intermediate the said cutters 
and of smaller diameter than the side cutter and 
on an axis at an acute angleto that of the side 
cutter, whereby said intermediate cutter cone 
verges upwardly relative to said side cutter, said 
cuttersbeing independently rotatable, substan 
tially as described. , 

3A. A roller cutter unit for earth boring drills 
comprising cylindrical toothed cutters with dif 
i‘erent diameters on axes inclined upwardly and 
outwardly and at an acute angle to each other 
and being all disposed in a group to {one side of 
the drill axis. 

35. A roller cutter organization for earth bor 
ing drills having a side cutter near the outer wall 
oithe' drill on an axis inclining upwardly and 
outwardly, and an additional cutter between the 
side cutter and. the vertical axis oi’ the drill, 
"said additional cutter being on an axis inclined 
upwardly and outwardly and extending in the 
same general direction as the axis oi the side 
cutter, said cutter being eccentrically arranged 
relative to the side cutter and of a smaller diam 
eter than the side cutter,'said additional cutter 
and said side cutter rotating in planes converg 
ing upwardly in the bit head. I 

36. A roller cutter unit for earth boring drills 
comprising cutters positioned side by side form 
ing a group extending from the axis at the unit 
to and including an inclined side cutter, spindles 
for the cutters, rolling bearings for the cutters, 
an intermediate cutter oi‘ the group being ar 
ranged at an acute angle with respect to each 
other cutter. 

37. An earth boring drill comprising a plurality 
or independently revoluble peripherally toothed 
substantially cylindrical cutters oi diderent die 
ameters arranged side by side with their axes on 
the same vertical plane at an acute angle to each 
other and all in a group on the same side at the 
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vertical axis of the drill, the larger diameter cut 
ter being for cutting an area of the bottom of the 
hole adjacent the side thereof, the lowermost por 
tions of the peripheries of said cutters being at 
substantially the same distance from the plane 5 
of the axis of the'side cutter. 

38. A roller cutter organization for earth bor 
ing drills having a side cutter disposed at the side 
wall of the drill for cutting an annular path only 
at the side of the hole and rotating on an axis 
inclining upwardly and outwardly, and an ad 
ditional cutter between the side cutter and the 
vertical axis of the drill, said additional cutter 
being on an axis inclined upwardly and outward 
ly, said cutter being eccentrically arranged rela 
tive to the side cutter and of a smaller diameter 
than the side cutter, said smaller diameter cut 
ter having the lowermost portion of its periphery 
at a distance from the prolonged axial line of 
the side cutter equal substantially to the radius 20 
of the side cutter, said cutters rotating in planes 
convergent upwardly toward the drill axis, sub 
stantially as described. ' ' 

39. In combination in an earth boring drill, a 
bit head, a roller cutter organization comprising 25 
a plurality of rotary cutters disposed in a group 
to one side of the drill ‘axis and all arranged side 
by side in planes inclined to the horizontaland . 
convergent upwardly in the bit head, said cutters 
cutting entirely on the bottom of the hole below 30 
the drill‘ from substantially the drill axis to be 
yond the bit head to provide clearance therefor. 

iii. A spindle assembly for roller cutter means 
of earth boring drills comprising spindles inter 
htting together at their ends, said spindles hav 
ing a terminal ?ange like head portion at one 
end and a cylindrical bearing ‘surface at the other 
end, said head portion having at each side there 
of end-thrust receiving surfaces and said head 
portion having in its outer face a bearing socket 
receiving the end of the adjacent spindle. 

ii. A spindle assembly according to claim 40 
in which the axis of said bearing socket is in 
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' clined to the axis of the cylindrical bearing 

surface._ 
42. A spindle and roller cutter assembly for 

an earth boring drill comprising a spindle hav 
ving an integral ?ange portion intermediate bear 
ing portions, said bearing portions being arranged 
eccentric to each other and having axes at an 
acute angle to each other, the sides of said flange 
portion having surfaces receiving the end thrust 
oi adjacent roller cutters and roller cutters of 
different diameters on said bearing portions. 

tit. A roller cutter unit comprising a group of 
substantially cylindrical cutters, positioned side 
by side and cutting the entire area at the bottom 
of the hole, spindles for the cutters, each cutter 
oi’ the group. contacting the bottom of thehole 
below the drill and the cutter axes being inclined 60 
at an acute angle to the vertical and also to the 
axis oi’ each of the other cutters. 

All. A roller cutter organization for rotary earth 1 
boring drills comprising a plurality oi’ independ 
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ently rotatable cutters arranged all to one side 65 ' 
of the axis or the organization'with their axes in 
the same vertical radial plane, with the outer 

..most roller cutter oi’ larger diameter than the 
roller cutter nearer the vertical axis of the drill, 
said roller cutters operating in planes converg- 70 
ing in the bit head, substantially as described. 

‘ 45. A roller cutter and spindle assembly ior 
earth boring drills comprising spindles having 
each a bearing portion and an end ?ange portion, 
said spindles having an inter?tting connection 75/4,, 
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with each other between said ?ange and spindle 
portions, said spindle portions being arranged 
eccentrically relative to each other and on axes 
at an acute angle to each other, a roller cutter 
on each ‘bearing portion, each cutter ?nding an 
end thrust bearing on the ?ange, and roller bear 
ings between each cutter and its spindle portion, 
said roller bearings ?nding end thrust bearings 
against the side face of said ?ange. 

46. A spindle for mounting in an earth boring 
drill comprising end cylindrical bearing por 
tions upon which cutters may turn and an inter 
mediate ?ange portion, the axes of said bearing 
portions being disposed at an acute angle rela 
tive to each other, and also being laterally offset 
relative to each other, the sides of said ?ange 
being perpendicular to the axis of the adjacent 
bearing portion to provide end thrust surfaces. 

47. A rotary toothed cutter unit for earth bor 
ing drills having a side cutter mounted for cut 
ting an area at the side of a hole including clear 
ance for the bit head and inclining upwardly and 
inwardly towards the vertical axis of the unit 
and an independently rotatable inclined cutter 
between the side cutter and the vertical axis of 
the unit on an axis at an acute angle to that of 
the side cutter and cutting in a plane below the 
side cutter, the sides of all of said cutters facing 
toward each other, substantially as described. 

48. Aroller cutter organization for earth bor 
ing drills comprising a cutter located adjacent 
the axis of the drill, a side cutter mounted for 
cutting an area at the Side of a, hole including 
clearance for the bit head, and a cutter inter 
mediate the side cutter and the cutter ?rst men 
tioned, said intermediate and side cutters con 
tacting the bottom of the hole below the drill and 
being on axes inclining upwardly and outwardly 
at an acute angle to each other, the sides of all 
of said cutters facing toward each other. 

49. An earth boring drill comprising a bit head 
and a plurality of independently revoluble cylin 
drical peripherally toothed cutters of different 
diameters arranged side by side with their axes 
in the same vertical plane at an acute angle to 
each other, the larger diameter cutter being dis 
posed at the side of the bit head for cutting an 
area of the bottom of the hole adjacent the side 
thereof, and the smaller diameter cutter being 
between the side cutter and the bit axis, the low 
ermost portions of the peripheries of said cutters 
being at substantially the same distance from 
the plane of the axis of the side cutter. 

50. An earth boring drill comprising a bit head 
and a plurality of independently revoluble cylin 
drical peripherally toothed cutters. of di?erent 
diameters arranged side by side with their axes in 
the same vertical plane at an acute angle to each 
other, and inclined upwardly and outwardly, the 
larger diameter cutter being disposed at the side 
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of the bit head for cutting an area of the bottom 
of the hole adjacent the side thereof, the smaller 
diameter cutter being between the side cutter 
and the bit axis, the lowermost portions of the 
peripheries of said cutters being at substantially 
the same distance from the plane of the axis of 
the side cutter. - 

51. An earth boring drill comprising three ro 
tary side cutter means spaced 120° apart about 
the drill axis and tracking an annular area at the 
side of the bore hole including clearance for the 
drill, one of the side cutter means having asso 
ciated therewith rotatable means lying axially 
in the same vertical plane as the axis of the asso 
ciated side cutter means, said rotatable means 
having non-true rolling teeth cutting the area 
within the annular area cut by the side cutters. 

52. An earth boring drill according to claim 51 
in which the side cutter with which the said ro 
tatable means is associated, is rotatable inde 
pendently of the rotatable means. 

53. An earth boring drill comprising two rotary 
toothed cutting means disposed with their axes 
inclining downwardly and inwardly in different 
vertical planes intersecting the vertical axis of the 
drill, for cutting an annular area at the side of 
the bottom of the hole and clearance for the drill, 
other rotary cutting meansdisposed axially in a 
vertical plane intersecting the drill axis and 
spaced apart 120“ from the vertical planes first 
mentioned, said other cutting means in part sub 
stantially tracking the two rotary cutting means 
?rst mentioned and additionally cutting the en 
tire area at the bottom of the hole within the 
said annular area, all of the cutting teeth having 
non-true rolling action on the formation at the 
bottom of the hole. 

54. An earth boring drill according to claim 53 
in which said last mentioned rotary cutting means 
decreases in diameter inwardly towards the ver 
tical axis of the drill. 

55. An earth boring drill comprising a bit head 
supporting three spindles inclining downwardly 
and inwardly toward the drill axis; the axes of 
said spindles lying in planes coincident with the 
drill axis and spaced 120° apart, three rotary 
side cutter means mounted on the respective 
spindles and tracking an annular area along the 
bottom and side wall of the bore hole including 
clearance for the drill, roller cutter means sup 
ported by the bit head, and positioned to cut the 
area at the bottom of the bore hole intermediate 
the annular area cut by the side cutter means, 
said roller cutter means lying axially in the same 
vertical plane as the axis of one of the side cutter 
means, all of said side cutter means and roller 
cutter means having cutting teeth arranged to 
engage the bottom of the bore hole with a non 
true-rolling action. 
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