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United States Patent Office 3,072,203 
Patented Jan. 8, 1963 

3,072,203 
ROTARY HEARTE BORNG FORE, 

Alf H. Bendixen, Windsor, Vt, assignor to Joy Manu 
facturing Company, Pittsburgh, Pa., a corporation of 
Pennsylvania 

Filed Jan. 26, 1959, Ser. No. 788,896 
16 Claims. (C. 175-14) 

This invention relates to earth boring drills and more 
particularly to a hydraulic rotary drill having improved 
rotation and feeding means for the drilling implement. 
An objects of the present invention is to provide an 

improved rotary drill having improved rotation and 
feeding means for the drilling implement whereby the 
latter may be operated at variable speeds. Another ob 
ject is to provide an improved drill having improved 
feeding means providing a wide range of feeding speeds 
to suit varying drilling conditions. A further object is 
to provide an improved differential driving means be 
tween the rotation and feed of the drill whereby such 
variable feeding speeds may be effected. A still further 
object is to provide improved rotating means for a drill 
ing implement wherein an elongated rotating frame 
member carries elements of the drill feeding means and 
having improved bearing mounting means for the rotat 
ing member. Yet another object is to provide a feeding 
means of the chain and sprocket type wherein an endless 
chain element of the feed is guided for circulation rela 
tive to the elongated rotating frame member which car 
ries the drilling implement, and the endless chain re 
volves bodily with the rotating member while feeding 
the drilling implement axially relative to the rotating 
member. Still another object is to provide an improved 
differential feed gearing for a rotary drill. A still further 
object is to provide an improved rotary drill frame struc 
ture on which the drill rod is detachably mounted for 
rotation therewith and for axial feeding movement rela 
tive thereto. These and other objects and advantages 
of the invention will, however, hereinafter more fully 
appear. 

In the accompanying drawings there is shown for pur 
poses of illustration one form which the invention may 
assume in practice. 

In these drawings: 
FIG. 1 is a side elevational view, with portions broken 

away of a rotary drill constructed in accordance with a 
preferred illustrative embodiment of the invention. 

FIG. 2 is an enlarged longitudinal vertical section taken 
axially through the forward portion of the drill shown 
in FIG. 1. 

FIG. 3 is an enlarged cross section taken on line 3-3 
of FIG. 1. 

FIG. 4 is an enlarged central longitudinal vertical sec 
tion taken on line 4-4 of FIG. 3, illustrating structural 
details. 

FIG. 5 is a detail section taken on line 5-5 of FIG. 4, 
illustrating a portion of the drill feed. 

FIG. 6 is an enlarged detail section taken on line 6-6 
of FIG. 3, showing a portion of the feeding connection 
with the drilling implement. 

FIG. 7 is a detail cross section taken on line 7-7 of 
FIG. 6. 

In this illustrative construction, as shown in the draw 
ings, the improved rotary drill comprises an elongated 
guide frame 1 supported by a tiltable supporting frame 
2 pivotally mounted at 3 on a suitable support 4. The 
guide frame 1 has a front end member 5 engageable 
with the face of the work for steadying the guide frame 
during the drilling operation. A hydraulic jack 6 con 
nected between the support 4 and the tiltable support 
ing frame 2 serves to tilt the drill guide frame about its 
pivot and to hold the same in adjusted position. The 
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drill frame has spaced longitudinally thereof upstanding 
bearing supports 7 supporting bearings 8 by which an 
elongated rotating frame element or rotary body 9 is 
journaled. This elongated rotating body comprises 
cylindrical front and rear end portions or heads 10 and 
11 connected by tubular members and a drilling imple 
ment 12 is mounted centrally on the rotating body for 
rotation therewith and for feeding movement axially 
relative thereto as later explained. Carried by the rear 
portion of the guide frame 1 is a gear housing 13 con 
taining differential gearing and other drive elements later 
described, driven by motors 14 and 15 herein desirably 
conventional hydraulic motors which operate to effect 
rotation of the drilling implement and also to effect axial 
feed and retraction of the drilling implement through 
a relatively wide range of speeds. 
The elongated rotary body 9 may assume various 

forms but herein the tubular connection between the end 
heads 0 and 11 comprises a central tube 18 secured at 
its rear portion at 19 within the rotary rear head 11 and 
at its front end to the front head 10 and secured as by 
welding to the exterior of this central tube are four cir 
cumferentially spaced tubes 20 and the sides of the cen 
tral tube are longitudinally slotted at 21 at diametrically 
opposite points throughout a substantial portion of the 
length of the tube. A sliding cross or thrust head mem 
ber 22 is guided in the bore 23 of the central tube and 
has lateral wings or arms 24 extending outwardly through 
the slots 21 into the bores of a pair of diametrically op 
posite tubes 20, as shown in FIG. 7. The drilling imple 
ment is herein desirably in the form of a tubular drill 
rod 25 having a threaded rear end 26 secured within a 
threaded socket 27 within the thrust head 22 (FIG. 6), 
and carries a conventional detachable drill bit 28 at its 
outer end, as shown in FIG. 2. Carried within a front 
bracket 29 of the drill frame is a bearing bushing 30 
within which the drill rod is guided, for centering the bit 
particularly during starting of a hole. 

Endless feed chains 33 extending generally longitu 
dinally within the elongated rotary body 9 pass around 
rear drive sprockets 34 on the rear head 11 and front 
idler sprockets 35 on the front head 10, and the idler 
sprockets are mounted on armlike Supports or links 
36 pivoted at 37 on a cross equalizer yoke 38 located 
within the hollow interior of the front head 10, as 
shown in FIG. 2. This yoke is pivoted at 39 on an 
adjustable sleeve 40 provided with suitable adjusting and 
locking nuts 4 abutting the front face of the head. 
The feed chains have their parallel runs which travel 
in the same direction Suitably attached at 43 to the arms 
24 of the thrust head member 22. 
The rotation motor 14 is desirably of the intermesh 

ing rotor-gear type and has one shaft 45 connected by 
a coupling 46 to a shaft 47 suitably journaled within 
a housing 48 containing an endless drive chain 49. A 
sprocket 50 on the shaft 47 engages and drives the 
chain 49 which passes around a relatively large sprocket 
5A secured to the tubular rear head 11 of the elongated 
rotating body 9. A parallel motor shaft 52 drives a 
bevel gear 53 meshing with bevel planet gears 54 
journaled on a transverse shaft 55 supported within a 
rotary carrier or yoke frame 56 suitably journaled within 
the gear housing 13. The bevel planet gears mesh 
with a bevel gear 57 secured to a longitudinally ex 
tending shaft 58 also suitably journaled within the gear 
housing 13. Keyed to this shaft is a chain sprocket 
59 connected by an endless drive chain 60 contained 
in a housing 61, to a relatively large drive sprocket 
62. The chain sprocket is keyed to a longitudinally 
extending shaft 63 coaxial with the elongated rotating 
body 9 and suitably journaled within bearings supported 
within a gear housing 64 secured to the rear portion of 
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the rear head 11 of the elongated rotating body 9. 
Secured to the front end of this shaft is a bevel gear 65 
meshing with and driving oppositely rotating bevel gears 
66 and 67 secured to the chain sprockets 34. The chain 
and sprocket drive connections 49, 50, 51 and 59, 60, 
62 are so proportioned and the differential gearing is 
so constructed that the motor 14 may rotate the elon 
gated rotating body 9 while the feed remains inactive. 
The feeding motor 15, which is reversible, has its 

shaft 70 keyed to a longitudinally extending shaft 71 
suitably journaled within the gear housing 13 and lying 
within the orbit of the drive chain 60 (FIG. 4). Secured 
to and driven by this shaft is a bevel gear 72 meshing 
with a bevel gear 73 secured to a transverse shaft 74 
likewise suitably journaled within the gear housing 13. 
Secured to the shaft 74 is a worm 75 meshing with 
and driving a worm wheel 76 secured to the planet 
gear carrier frame 56 (FIG. 4). This worm gearing 
is self locking and at times may serve to lock the planet 
carrier frame against rotation and when the latter is 
locked the motor 14 drives through the endless chain 
49 the elongated rotating body 9 without feed due to 
the fact that at that time the bevel gear 65 rotates at 
the same speed as the rotating body with no turning of 
the chain sprockets 66 and 67 about their own axes 
of rotation. 
The intermeshing rotor-gear motor 14 has its shafts 

45 and 52 rotating at the same speed in opposite di 
rections and when the planet carrier frame 56 is locked 
against rotation the sprockets 50 and 59 rotate at the 
same speed in the same direction as the shaft 45. Under 
this condition the drive imparts rotation to the elongated 
rotating body 9 thereby rotating the drill rod while the 
latter remains stationary as regards bodily axial move 
ment. 
In order to effect axial feed of the drill rod forwardly 

toward the work the hydraulic motor 15 may be oper 
ated to drive through the bevel gears 72, 73 and worm 
gearing 75, 76 thereby causing the differential gearing 
54, 57 to drive the sprocket 59 at a different speed from 
the speed of rotation of the sprocket 50 thereby to 
effect the feeding operation and by varying the speed of 
the motor 15 the rate of feed may be varied as desired. 
By reversing the motor 15 the drill rod may be fed 
axially away from the working face at variable speeds 
in a like manner. 
Any suitable source of fluid under pressure may be 

embodied within the machine and may comprise a motor 
driven fluid pump connected to a fluid reservoir, for 
supplying liquid under pressure to a valve box having 
control valves for separately controlling the motors 14 
and 15. 
When the improved rotary drill is set up at the work 

ing face and properly positioned with respect to the 
work with its front support 5 resting against the face, 
the motors 14 and 15 may be operated to rotate the 
drilling implement and to feed the drilling implement 
at the selected speed to effect drilling. The rotation 
motor 14 may be operated to drive the chain sprockets 
51 and 62, to rotate the elongated rotating body 9 to 
gether with the drill rod secured for rotation therewih. 
At this time the planet carrier frame 56 is locked against 
rotation by the worm gearing 75, 76 with the feeding 
means inoperative, and when the reversible motor 15 
is operated the planet carrier frame 56 may be rotated 
in one direction or the other through the worm gearing 
75, 76 to cause drive of the chain sprocket 62 and feed 
sprockets 34 to effect feed of the drill rod axially rela 
tive to the elongated rotating body 9 and speed varia 
tions may be obtained by operating the feed motor at 
varying speeds, either faster or slower as desired. Drive 
of the sprockets 34 causes the feed chains 33 to be 
circulated within the parallel tubes 20 causing either 
forward feed or retraction of the drill rod through the 
sliding thrust head 22 to which the drill rod is secured, 
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4. 
and as the drill rod is moved axially it slides longi 
tudinally within the guide-bore of the central body 
tube 8. It will thus be seen that the rotation of the 
drill rod through the elongated rotating body 9 may 
be constant or may be varied by varying the motor 
speed, and when the planet carrier frame 56 is driven 
through the worm gearing the feeding speed may be 
varied likewise by varying the motor speed. By operat 
ing the reversible motor 5 in either direction to rotate 
the planet carrier frame 56 in one direction or the other 
the feeding speed may be increased or decreased as de 
sired. A further variation in the feeding speed may 
be effected by varying the speed of the motor i5. 

Evidently if desired in lieu of the cylindrical drill rod 
25 rods of other cross sectional shapes may be employed, 
and flighted augers may be used interchangeably with the 
drill rod. The drill rod is supported within the central 
tube 18 of the elongated rotating body 9 and is continu 
ously supported with no relative rotation between the drill 
rod and the central tube. The pivoted equalizer yoke 38 
provides a self adjusting feed chain equalizer. 
As a result of this invention an improved rotary earth 

boring drill is provided especially adapted to relatively 
long feeds and having a relatively wide range of feeding 
speeds to suit varying drilling conditions. By the provi 
sion of the elongated rotating body journaled on the guide 
frame and the drill rod supported and guided within the 
rotating body adequate support of the drill rod is afforded 
while a relatively long feed is made possible. The differ 
ential gearing controlled by the reversible motor connected 
therewith enables slowing down or speeding up of the feed 
Speed as desired. By the provision of the self-locking 
Worm gearing for driving the planet gear carrier frame the 
latter may at times be locked against rotation or may be 
rotated in either of opposite directions to speed up or 
decrease the rate of feed as desired. The improved drill 
structure is not only relatively efficient in operation and 
variable in feed speed but is also relatively simple and 
rugged in design, well adapted to withstand the demands 
of Service. These and other advantages of the invention 
will be clearly apparent to those skilled in the art. 
While there is in this application specifically described 

one form which the invention may assume in practice, it 
Will be understood that this form is shown for purposes 
of illustration and that the invention may be modified and 
embodied in various other forms without departing from 
its spirit or the scope of the appended claims. 
What I claim is: 
1. A drilling apparatus comprising, an elongated rotat 

able body having a drill steel rotatable therewith and rec 
tilinearly movable relative thereto, a first differential drive 
mechanism having certain portions thereof rotatable with 
Said body, another portion of said first differential drive 
being rotatably connected to said body and cooperable 
with said certain portions but being rotatable independent 
of the rotation of said body, a second differential drive 
mechanism having the output thereof operatively con 
nected to said another portion of said first differential 
drive, first power means for rotating said body and said 
another portion through said second differential drive 
mechanism respectively, second power means operable 
in either of opposite directions and having the output 
thereof drivingly connected to the yoke frame of said 
Second differential drive mechanism for varying the speed 
and direction of rotation of such output of said second 
differential drive, and means connected to said certain por 
tions and to said drill steel for moving said drill steel 
rectilinearly relative to said body. 

2. A drilling apparatus comprising, an elongated ro 
tatable hollow body having a rectilinearly movable drill 
steel rotatable therewith and located centrally thereof, 
planet bevel gears of a first differential drive mechanism 
being rotatably secured to said body, another portion of 
Said first differential drive being rotatably connected to 
Said body and in meshing engagement with said planet 
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bevel gears but being rotatable independent of the rota 
tion of said body, a second differential drive mechanism 
having the output thereof connected to said another por 
tion of said first differential drive, first power means for 
rotating said body and said another portion through said 
second differential drive mechanism respectively, second 
power means operable in either of opposite directions and 
having the output thereof drivingly connected to the yoke 
frame of said second differential drive mechanism for 
varying the speed and direction of rotation of such output 
of said second differential drive, a thrust block recipro 
cably disposed in said body having said drill steel con 
nected thereto, and chain means connected to said planet 
bevel gears and to said thrust block for moving said drill 
steel rectilinearly relative to said body. 

3. Apparatus comprising, a member mounted for rec 
tilinear and rotatable movement, a differential drive estab 
lishing mechanism having the output portions thereof 
cooperable to effect rectilinear movement of said mem 
ber in either of opposite directions, means connected to 
said member and to said output portions for causing rec 
tilinear movement of same member, said differential drive 
having an input portion for driving said output portions 
thereof, a drive means for rotating said member and said 
input portion simultaneously, and other drive means for 
rotating said input portion of said differential drive estab 
lishing mechanism in either of opposite directions to 
change the speed of said input portion so that rectilinear 
movement of said member is effected. 

4. Apparatus comprising, a member mounted for rec 
tilinear and rotatable movement, a differential drive es 
tablishing mechanism having a portion thereof cooperable 
to effect rectilinear movement of said member, said dif 
ferential drive having another portion for driving said 
first mentioned portion thereof, a drive means for rotating 
said member and said another portion simultaneously 
independently of each other, and other drive means for 
independently driving said another portion of said dif 
ferential drive establishing mechanism to change the speed 
of said another portion so that rectilinear movement of 
said member is effected. 

5. An apparatus comprising, a support having a first 
member mounted thereon for rotation about an axis, a 
second member supported by and rotatable with said first 
member, said second member being rectilinearly movable 
relative to said first member in opposite directions along 
said axis, first input means for rotating said first and sec 
ond members and for conditioning said second member 
for rectilinear movement along said axis, and selectively 
operable second input means operatively connected to 
said conditioning means for causing rectilinear movement 
of said second member in either of opposite directions 
along said axis. 

6. Apparatus as set forth in claim 5 wherein said first 
member has a longitudinal opening disposed centrally 
thereof and within which a drilling implement is re 
ceived and axially guided. 

7. A combination as set forth in claim 5 wherein said 
rotating means and said first member have a differential 
gearing operatively connected therebetween to provide 
for variations in the feeding speed of said second member. 

8. In a drill of the character disclosed, a longitudinally 
extending supporting frame, an elongated rotary body 
mounted on said supporting frame for rotation about an 
axis coextensive with said frame, a drilling implement 
supported within said body for rotation therewith and 
for axially feeding movement relative to said body, means 
for rotating said body to effect rotation of the drilling 
implement comprising a rotating element coaxial with 
said body, and means for feeding said drilling implement 
axially relative to said body comprising a feeding element 
coaxial with said body, said rotating means including a 
motor for driving said rotating element, said feeding 
means including differential gearing driven by said motor 
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6 
for rotating said feeding element at the same speed and 
in the same direction as said rotary body without feeding 
of the drilling implement, said feeding means also includ 
ing a motor for driving an element of said differential 
gearing for rotating said feeding element relative to said 
rotating element to effect feed. 

9. A drill as set forth in claim 8 wherein said feeding 
motor is reversible and is operable for driving said feed 
ing element at variable speeds in either direction. 

10. In a drilling implement of the character disclosed 
a longitudinal Supporting frame, an elongated rotary drill 
frame journaled on said supporting frame to rotate about 
an axis coextensive with said supporting frame, said drill 
frame comprising cylindric end bearing-engaging-portions 
and a series of tubes extending longitudinally between said 
end portions and secured thereto, said tubes including a 
central tube and tubes arranged circumferentially of the 
exterior of said central tube and secured thereto, a thrust 
member movable longitudinally within and relative to 
said central tube and to which a drilling implement is at 
tached for connection, feeding means for such a drilling 
implement for feeding the same longitudinally relative to 
said rotary frame including a feed chain having opposite 
runs extending longitudinally within said externally ar 
ranged tubes, Said central tube having a longitudinal slot 
along a side thereof, said thrust member having a portion 
extending outwardly through said slot into one of said 
externally arranged tubes and into connection with a run 
of said feed chain, chain sprockets journaled on said end 
portions of said drill frame and about which said feed 
chain passes, and means for driving one of said sprockets 
to circulate said feed chain relative to said rotary frame, 
and means for rotating said body thereby to rotate the 
drilling implement therewith. 

11. A drill comprising a supporting frame, a rotary 
drill frame journaled on said supporting frame to rotate 
about an axis extending longitudinally of said supporting 
frame, a movable thrust element carried by said rotary 
frame and guided for movement longitudinally relative 
thereto, said thrust element adapted for attachment to a 
drilling implement, feeding means for such a drilling im 
plement including a feeding element extending longitu 
dinally of said rotary frame and movable relative thereto, 
said movable thrust element being connected to said feed 
ing element, and means for rotating said rotary frame to 
effect rotation of the drilling implement therewith. 

12. A drill as set forth in claim 11 wherein said rotat 
ing means includes differential gearing through which feed 
ing of the drilling implement is effected, said feeding 
means including a motor for rotating an element of said 
differential gearing at variable speeds. 

13. A drill as set forth in claim 12 wherein a motor 
is provided for driving said rotating means and by which 
an element of said differential gearing is driven. 

14. An apparatus for initiating and varying the rectilin 
ear speed of movement in opposite directions of a rotat 
able elongated member, a differential drive establishing 
mechanism having cooperable first portions thereof rotat 
able with such elongated member, connecting means oper 
atively connected to said first portions and to such elon 
gated member for feeding such elongated member, first 
input drive means for rotating such elongated member, 
said differential drive including a second portion cooper 
ably connected to said first portions, second input drive 
means of variable speed for changing the speed being 
operable in either of opposite directions and being opera 
tively connected to said second portion and direction of 
said second portion of said differential drive establishing 
mechanism for actuating said connecting means and mov 
ing said elongated member in a rectilinear path in oppo 
site directions and at varying speeds depending upon the 
direction and speed of rotation of said second input drive 
IleanS. 

15. An apparatus for varying the penetration and re 
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traction speeds of a drilling device comprising a rotatable 
drill steel support having rotatably secured thereto a first 
portion of a differential feed establishing means, means 
for rotating said support and said first portion of said 
differential feed establishing means, said first portion of 
said differential feed establishing means being in operative 
engagement, a second portion of said differential feed 
establishing means and being rotatable in the same direc 
tion and at the same speed as said first portion of said 
differential means, means connected to said first portion 
and to said drill steel for feeding said drill steel in either 
of opposite directions relative to said support, and means 
connected to said rotating means for changing the direc 
tion and the speed of said second portion of said differ 
ential feed establishing means in order to vary such pene 
tration or retraction speeds of such device. 

16. In combination, a supporting frame, a drill frame 
mounted on said supporting frame for rotation about an 
axis extending longitudinally of said supporting frame, 
an elongated drill steel disposed coincident with such ex 
cess and being rotatable with and rectilinearly movable 
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relative to said drill frame, means for rotating said drill 
frame to effect rotation of said drill steel therewith, means 
for feeding said drill steel axially relative to said rotary 
frame including a feeding element mounted on said rotary 
frame for movement relative thereto, said feeding means 
includes a differential drive mechanism having the out 
put thereof connected to said feeding means for feeding 
said drill steel axially relative to said rotary drill frame, 
and other differential drive mechanism operable in either 
of opposite directions being cooperable with such output 
of said first mentioned differential drive for moving said 
drill steel in either of opposite directions relative to said 
drill frame along such rectilinear path. 
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