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(1-???255 CI) 14 Claims. 

This invention relates to apparatus for the 
digging of wells and is particularly directed to a 
device having a relatively large number of power 
driven digging elements. 
In a conventional rotary system for the boring 

of oil Wells a bit is carried on the lower end of a 
drill pipe string and is rotated by power applied 
at the upper end of the drill pipe string near the 
Surface of the ground. As the well hole is deep 
ened, additional sections are added to the drill 
pipe string. Conventional drilling bits are pro 
vided with hard cutting edges or with rotary cut 
ters each formed of hard material or having cut 
ting teeth Surfaced with hard metal Such as, for 
example, tungsten carbide. The bit and cutters 
are subjected to very severe service and only a 
relatively Small number of teeth can be provided 
on the cutters because of limitations of Space. 
Accordingly, there are relatively few cutting ele 
ments which can be brought into play against the 
formation, and the result is that the bit must be 
withdrawn at frequent intervals and replaced by 
a new One. This requires that the drill pipe 
string be withdrawn from the hole and unjointed 
Section by Section and then reinserted in the 
Samme manner. AS the Well hole iS deepened it iS 
not uncommon to spend as much or more time 
withdrawing and reinserting the drill String aS is 
spent during the drilling operation with the bit 
on botton. 

In accordance With my invention I provide a 
relatively large number of formation-contacting 
digging elements each formed of hard material 
or having a cutting edge Surfaced With tungStein 
carbide or other hard metal. 
very large number of these digging elements, a 
much greater depth can be cut before it is neces 
sary to withdraw the device for replacement. In 
deed, under good drilling conditions it is con 
templated that the device may operate Satisfac 
torily for the full depth of the completed Well. 

Accordingly, it is the principal object of my 
invention to provide a large number of hard 
metal or hard Surfaced digging elements engage 
able With the Welt formation. 
Another object is to provide a plurality of 

vertically extending chains having links provided 
with hard metal teeth for engaging the formation 
at the bottom of the well hole. 
A more detailed object is to provide Such a de 

vice having a central chain rotating in one di 
rection between Side chains rotating in the Op 
posite direction in order that the well hole may 
not vary from the vertical for any great extent. 
Another object is to provide a well digging de 
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Vice having vertically extending chains for con 
tacting the Well formation and having a novel 
form of power applying means for rotating the 
chains from a conventional rotary drill string. 
Another object is to provide a well digging de 

Vice of this type in which digging chains pass 
Over coaxial sprockets for engaging the forma 
tion, certain of the chains being driven by driv. 
ing SprocketS i positioned above the coaxial 
Sprockets and certain other chains being driven 
by certain of the coaxial sprockets. 
Another object is to provide a well digging de 

Vice of this type for digging a noncircular hole, 
the device being provided with corner shoe ele. 
ments for absorbing the reaction torque against 
the Walls of the hole, 
Another object is to provide a Well digging de 

vice having parallel digging chains of varying 
length. So that drive mechanism therefor does 
not overhang the outline of the hole dug by the 
chainS. 
Another object is to provide a well digging de 

vice having a plurality of vertically extending 
chains for contacting the well formation, each 
of the chains being trained over vertically spaced 
SprocketS, the chains. On the Outer faces of the 
device being effective to dig either in an upward 
or downward direction, 
Another object is to provide a Well digging de 

vice having vertically extending formation-con 
tacting chains, which device is adapted for verti 
cal, horizontal, inclined or curved drilling. 
Another object is to provide a device of this 

type incorporating Shock absorbing ineans inter 
posed between the rotary drill String and the hole 
deepening device at the lower end thereof. 
Other and more detailed objects and ad 

vantages Will appear hereinafter. 
In the drawings: 
Figures 1, 2 and 3 are elevation views partly in 

Section showing a preferred embodiment of my 
invention. In practice the structure shown in 
Figure 2 is interposed between the structure 
shown in Figure and Figure 3, the lower end of 
Figure 3 illustrating the lower end of the device. 
The formation-contacting chains have been 
largely omitted in Figures 2 and 3 for clarity of 
illustration. 

Figure 4 is a transverse sectional view taken 
substantially on the lines 4-4 as shown in Fig 
ure i. 

Figure 5 is a transverse sectional view taken 
Substantially on the lines 5-5 as shown in Fig 
ure 3. 

Figure 6 is an enlarged side elevation taken in 
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the direction 6-6 as shown in Figure 3 and illus 
trating the action of the digging teeth. On the 
chains. 

Figure 7 is a Sectional elevation showing a 
modified form of mounting for the idler sprockets. 

Figure 8 is a Sectional elevation showing a 
modified form of gearing assembly. 

Figure 9 is a transverse sectional view taken 
Substantially on the lines 9-9 as shown in Fig 
Ure 3. 

Referring to the drawings, a nonrotary frame 
asSembly generally designated ?o is carried at 
the lower end of a drill string and supports 
a cutting head 2 at its lower end. A plurality 
of coaxial Sprockets 3, 4 and 5 are mounted 
on the cutting head. A driving sprocket f6 is 
rotatably mounted on the upper portion of the 
frame assembly 0 and is aligned with the driven 
Sprocket 3. A Second driving sprocket f is 
rotatably mounted on the frame assembly 0 
and is aligned with the sprocket 4d of the 
double sprocket member 4. The other sprocket 
4b of the double sprocket member 4 is aligned 

with the idler sprocket 8 rotatably carried by 
the upper portion of the frame assembly le. The 
Sprocket f 5 is aligned with the idler sprocket 9, 
also rotatably mounted on the frame assembly 
f0. A formation-contacting chain 20 is trained 
over aligned sprockets 5 and 9 and similar 
chains 2, 22 and 23 connect aligned sprockets 
f4b and 8, 4a and T, and 3 and 6. The in 
dividual links 24 of each of the chains are each 
provided with hard digging teeth 25 which may 
be surfaced with tunosten carbide or other hard 
surfacing material. The digging chains operate 
With verv little side clearance between them and 
enga ge Substantialv the full area, of the bottom 
of the well hole. Since the individual links on 
each chain are staggered, and since each link 
carries a cutting tooth, the teeth cooperate to 
enrage the entire area of the formation at the 
bottom of the hole. Power means is provided 
for rotating the Outer chains 20 and 23 in one 
direction and finr rntating the inner chains 22 
and 2 in the other direction. 
The frame assemblv 0 and its associated parts 

are connected through telescoping members 26 
and 27 to the lower end of a conventional rotary 
drill string . A coil spring 28 interposed be 
tween the telescoping parts 26 and 27 forms a 
shork absorbing device described more fully here 
inafter. 
The drill string is supported from the Sur 

face in a conventional manner and is rotated 
bv means of the usual rotary machine (not 
shown). Hvdraulic fluid is pumped down the 
interior of the drill string, and this fluid emerges 
a diacent the lower end of the device near the 
sprockets f3, f4 and f 5. The hydraulic fluid 
carries the cutti nors from the hit uro through the 
annular spare hetween the drill strinoy and the 
well T hole in the Usual manner. Rotation of the 
drill strinor arts thrnt oh a hevel gear assemhly 
generalv desionated 29 and a spur gear train 
generallv desionated 30 to rmtate the driving 
Sprockets 6 and T in opposite directions. The 
driven S?rarkets i 3 and (5 are fixed to a crm 
mon shaft 3 So that they rotate as a unit. Con 
Sedulentlv when the sprinrkets f s and 7 are 
rotated in Opposite directions the outer chains 
20 and 23 rotate in One direction while the jinner 
chains 2 and 22 rotate in the other direction. 
As the rhains pass around the lower portions of 
the driven sprockets the digging teeth 25 are 
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exposed and contact the formation at the bottom 
of the Well hole. 
Considering the various elements of this em 

bodiment of my invention in more detail, the 
Shaft 3 is rotatably supported in axially spaced 
bearings 32 carried within parallel webs 33 which 
are formed integrally with the drilling head 2. 
The double Sprocket member 4 is rotatably 
mounted on the shaft 3 by means of bearings 8, 

3 while the sprockets 3 and 5 are each fixed to 
the shaft by means of a suitable key 9. Retain 
ing nutS 7 are threaded to the ends of the shaft 
3 to hold the parts in assembled relationship. 
The drilling head 2 is mounted for relative lon 
gitudinal movement with respect to the lower end 
of the frame assembly 0, and as shown in the 
drawings the Connecting parts include a cross 
head 34 fixed on the lower end of the member 35 
and having parallel openings for the reception of 
threaded elements 36. Lock nuts 37 cooperate 
With each of the threaded elements 36 so that 
the threaded elements are adjustably positioned 
with respect to the cross-head 34. The threaded 
elementS 36 are fixed at their lower ends to the 
drilling head 2. The longitudinal adjustment 
provided by the threaded elements 36 and lock 
nuts 37 enables the chains 20, 21, 22 and 23 to 
be tensioned before the drilling or digging op 
eration commences. 
The drilling head 2 carries a pair of upwardly 

projecting tubular parts 38 which are slidably 
received within parallel bores 39 provided in the 
member 35. Sealing rings 40 may encircle the 
tubes 38 to prevent leakage. Hydraulic fluid 
passing downwardly through the interior of the 
frame assembly 8 enters the tubes 38 and passes 
into the chamber 4 within the drilling head 2. 
As shown in Figure 6 the hydraulic fluid is then 
directed against the interior surfaces of the 
digging chains by means of Suitably oriented 
nozzles A2. 

Stationary stub shafts 43 and 44 are carried 
on the frame assembly C at a location consider 
ably above the location of the driven sprockets 
3, 4 and 5. It will be noted that a break in 
the frame assembly O is indicated in the region 
of the numeral 45. The digging chains are rela 
tively long and the stub shafts 43 and 44 may 
therefore be mounted a considerable distance 
away from the driven sprockets 3, 4 and 5. 
Suitable bearing assemblies 46 and 47 are pro 
vided for mounting each of the idler Sprockets 
8 and 9 on its respective stub shaft. 
Near the upper end of the frame assembly O 

are positioned the power shafts 48 and 49 for 
driving the sprockets 6 and 7. Each of these 
sprockets is secured on its shaft by any con 
venient means such as, for example, a press fit. 
The shafts are supported in axially spaced bear 
ings 50 carried in shells 5 secured to the frame 
assembly O. A spur gear 52 fixed to the shaft 
48 rotates the driving sprocket 6. Similarly, a 
spur gear 53 fixed to the shaft 49 rotates the 
driving sprocket T. The gears 52 and 53 are 
in mesh so that the shafts 48 and 49 rotate in 
opposite directions. The gear 52 is driven from 
a spur pinion 54 secured on the side face of the 
bevel gear 55. The bevel gear 55 and pinion 54 
are rotatably mounted by means of bearings 57 
on a nonrotary stub shaft 56 which is Supported 
at both ends on the frame assembly 0. The in 
ner end of the stub shaft 56 is carried on a plate 
58 fixed to the frame assembly O. The bevel 
gear 55 is driven from the bevel pinion 59 car 
ried at the lower end of the hollow drive shaft 
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60. The drive shaft 60 is rotatably mounted in 
axially Spaced bearings 6 and 62. A sleeve 63 
is threadedly connected at its upper end to the 
housing 64 for the bearing 62. The hollow drive 
shaft 6 is threadedly connected at 66 to the 
connector element 67. A gland 68 may encircle 
a portion of the connector element 6 for ap 
plying preSSure to the packing 69. 
The connector element 67 may be directly at 

tached to the lower end of the drill string or, 
as shown in the drawings, it may be connected 
to a shock absorbing device which includes the 
telescoping members 26 and 27 and the com 
pression spring 28. As shown in Figure 4, drive 
splines 70 extend axially of the member 27 and 
fit within longitudinal recesses provided in the 
member 26. These splines carry the torque 
which is transmitted from the drill string to 
the lower telescoping member 27. Radial pins 
2 are threadedly mounted on the member 26 
and extend outwardly into longitudinally ex 
tending slots 73 provided in the member 27. 
These pins cooperate with the slots to limit the 
extent of axial movement between the members 
26 and 27. The member 27 is attached to the 
lower end of the drill string f by way of con 
nection pieces 74 and 75. An upwardly extend 
ing tube 76 is received telescopically within the 
member 75, and this tube is connected at 77 
to the member 26. Packing 78 may be provided 
between the members 74 and 76 and a gland 9 
may be threaded within the member 74 for com 
pressing the packing 78. The purpose of the 
packing is to prevent leakage of hydraulic fluid 
from the interior of the tube T6. The hydraulic 
fluid passes downwardly through the tube 76, 
member 26, connector 67 and hollow drive shaft 
60. The tube 80 is fixed within the lower end 
of the hollow shaft 60 and extends downwardly 
into a stuffing box 8 carried on the frame as 
sembly C. The fluid then passes around the 
shells 5 and downward within the frame as 
sembly 0 and into the bore 39 in the member 
35 at the lower end of the frame assembly 0. 
Suitable seals may be provided for each of the 
shaft bearings if desired in order to retain lubri 
cant and to exclude the hydraulic fluid. 
From this description it will be understood 

that the drive means including the drive mem 
ber 69, the gearing 29 and gear train 30, as well 
as the bearings for the drive sprockets 6 and 7, 
operate in a lubricant bath and are not exposed 
to the action of the hydraulic fluid which is 
pumped down the interior of the drill string . 
If desired a small lubricant-carrying pipe Can 
be provided which communicates with the en 
closed gear chamber and which extends down 
wardly through the frame assembly to and com 
municates at its lower end with the bearing a S 
semblies 8 and 32 for the coaxial SprocketS. 
In the modified form of my invention shown in 

Figure 7 the idler sprockets 8a and 9a are 
mounted for independent vertical adjustment 
with respect to the frame assembly 0d. The 
pintles 43a and 44.a for the sprockets 8a and 9a 
respectively are fixed to brackets 90 and 9 which 
are adapted to be slidably mounted in ways or 
grooves 92 provided on the frame assembly 0d. 
Clamping bolts 93 serve to hold the bracketS 90 
and 9 in adjusted position on the frame aSSem 
bly ea. Since the digging chains 20, 2, 22 
and 23 are of different lengths, it is desirable to 
have independent means for adiusting the ten 
sion therein, and this is provided by means of 
the apparatus shown in Figure 7. 
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In the modified form of my invention shown 

in Figures 8 and 9, fiber bearings OO replace the 
roller type bearings 6 and 62 shown in Figure 
2. These bearings 00 rotatably support the hol 
low driving member 93 which is threadedly 
connected at its lower end to the bevel pinion 
04. The bevel gear member 05 has the spur 

pinion 06 formed integrally therewith, and this 
member is rotatably mounted on fiber bearings 
f07. The wash pipe 08 is stationary and is 
secured to the frame assembly at 09 adjacent 
its lower end. This wash pipe 08 projects up 
Wardly in telescopic relation through the bevel 
pinion 04 into the hollow drive member 03. 
Suitable packing O is provided in a recess in 
the driving member 03, and a gland if f is pro 
vided for expanding the packing against the 
Wash pipe 08. 
The spur gear f2 which is driven by the spur 

pinion 05 is fixed on the drive shaft 3 and 
serves to turn the driving sprocket 6a which 
is keyed to the shaft 3. A fiber bearing 4 
rotatably supports the shaft 3 within the Sta 
tionary tubular housing 5. 
The driving gear 6 which is driven by the 

gear 2 is fixed on the drive shaft 7 and 
serves to drive the driving Sprocket d which 
is keyed to the shaft. A fiber bearing if 8 en 
circles the shaft near the gear f6, and this 
bearing is supported in a tubular housing 9. 
An outboard bearing assembly 20 is provided 
for the end of the shaft opposite the gear 
if 6. This bearing assembly 20 includes a fiber 
bearing element 2 carried in a housing 22, 
and this housing is supported on diverging fins 
23 carried on the frame assembly Oa at their 
lower ends. 
Suitable sealing elements 24 are provided on 

the driving sprockets 8a, and a for confining 
lubricant within the shaft bearings and for lubri 
cating the gearS. 
The ground-engaging chains for the diri ViMa 

sprockets Ga, and a may be the Sarine as that 
shown generally in Figures 2 and 3 or 12 y. COIn r 
prise a five element assembly instead of 2, double 
triple element assembly. In any event, each of 
the links of the chain carries a for ration-engag 
ing tooth as clearly shown in Figure 6. 
Since the digging device is powered by a rotary 

drill string having an axis of rotation extending 
longitudinally of the hole, the frame aSSeRabi Sy 
of the device tends to turn in the opposite direc 
tion from the direction of rotation of the drill 
string. This torque reaction may be carried di." 
rectly on the outer chains 3 and 23 as diescribed 
above or corner torque-receiving shoes may be 
provided on the frame assembly to absorb this 
torque reaction substantially independentiy of the 
digging chains. These torque-receiving shoes 
may be mounted at vertically spaced intervals on 
the frame assembly iba between the drilling head 
2 and the lower idler Sprocket, and as shown in 
Figure S each of these shoes 3 may be secured 
on the frame assembly (d. and be provided With 
a face 3 which engages a corner of the nor 
circular hole. Each of the shoes 35 may be pro 
vided with a relatively thin outwardly extending 
section 32 which is positioned between a pair of 
the digging chains and a transversely extending 
portion 32 which extends to the face 3. These 
torque-absorbing shoes i38 are Inounted only oil 
diagonally opposite portions of the frame assel in 
bly 0a and on the slack sides of the digging chains 
9 and 23. The working diameter of these digging 
chains When passing over their respective sprock 
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ets is substantially the same as the over-rall lateral 
dimension of the device including the torque 
absorbing shoes 3G. Since one flight of each of 
the chains is slack during operation, these slack 
fights extend under the portions 32 of the shoes 
30 and emerge therefrom at each end to pass 
around their respective sprockets. It Will be 
noted that the outer links in each of the chains 
2G and 23 have laterally extending teeth 25a 
which extend beyond the side face of the links 
to provide clearance for the frame assembly 0d. 

In operation a shallow preliminary hole is 
drilled from the surface by conventional means. 
The frame assembly 0a and aSSCciated parts is 
then attached to the lower end of the drill String 

below the rotary machine, and the drill String 
is lowered until the digging chains contact the 
bottom of the preliminary hole. Torque-resist 
ing means are then applied to the frame asSeinbly 
f Oa. This may be accomplished by clamping 
suitable arms to the sleeve G3 or other part of the 
frame assembly at above the upper driving 
sprocket í 6. Such torque arms (not shown) ex 
tend radially and contact fixed elements of the 
derrick or substructure commonly employed in 
rotary well drilling operations. The drill String 
í í is then rotated by means of the rotary machine 
(not shown) and it is lowered into the hole SC 
that pressure develops on the digging teeth 25. 
The digging teeth enter the formation and deepen 
the hole. The cuttings are carried upWardly Ot 
of the hole by neans of the stream of hydraulic 
fluid supplied through the interior of the drill 
string. After the hole has been deepened for a 
number of feet by the digging chains, the torque 
resisting clamps are discarded. The hole which 
is produced by the digging chains is noncircular 
in outline and therefore the Walls of the hole pre 
vent rotation of the frame assembly id and dig 
ging chains about the axis of the drill String. 
Continued rotation of the drill string i? continues 
the digging operation of the chains 20, 2i, 22 
and 23. 

If the chains Were all to l'Otate in the Same di 
rection, the action of the device would be to veer 
away from the vertical, but Since the outer chains 
20 and 23 rotate in one direction while the innel 
chains 2 and 22 rotate in the other direction, 
this tendency is eliminated. The torque in posed 
on the frame assembly 0 by the drill string í 
is resisted by the Side Walls of the hole as it is 
deepened, and accordingly there may be some 
tendency of the device to Wind or Spiral grad 
ually as the hole is deepened. This has no dis 
advantageous effect, however. 

Conventional rotary drill bits are ordinarily 
designed only for cutting on the bottom of the 
hole. Occasionally formations are encountered 
which SWell upon contact with the driling fluid 
With the result that the hole becomes Smallel as 
the bit deepens the hole. When it is desired to 
withdraw the bit for replacement, difficulty is 
encountered under Such conditions because the 
bit is ineffective to drill in an upward direction. 
My improved digging device overcomes this dif. 
ficulty because the digging chains will dig up 
Wardly as well as downwardly. Thus, the dig 
ging teeth 25 are exposed as the links 24 of the 
digging chains travel around the drive sprockets 
and idler SpocketS. Accordingly, the device may 
be used to dig itself out in the event that "heaving 
shale' or other swelling formation should be en 
countered. Furthermore, the fact that these 
digging chains are also effective to dig in an up 
Ward direction prevents possible sticking of the 
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drilling unit in the hole by deposit of filter cake 
or mud on the walls of the hole. 

Since the digging chains may be made as long 
as is considered practicable, and Since a very large 
number of digging teeth may therefore be en 
ployed, the hard surfaced teeth do not become 
dulled for a much greater length of time than is 
the case where only a few teeth are provided on 
the end of a conventional rock bit. Accordingly, 
it is unnecessary to Withdraw the device from 
the well hole at frequent intervals for the purpose 
of replacing worn cutters. 
While I have described my invention in con 

nection with the digging of wells, it will be under 
stood that the apparatus may also be used for 
digging horizontal, inclined or curved holes or 
for digging other holes in the earth such as, for 
example, footings for concrete foundations, bridge 
piers, etc. Furthermore, the essential features 
of my invention may be employed in devices for 
forming or cutting noncircular holes in various 
materials. 
Having fully described my invention, it is to be 

understood that I do not wish to be limited to 
the details herein set forth, but my invention is 
Of the full Scope of the appended cairns. 

I claim: 
1. In a Well digging device of the class de 

Scribed, the combination of a frame, means car 
ried on the lover end of the frame for supporting 
a plurality of coaxial sprockets, gearing carried 
On the upper portion of the frame and adapted 
to be driven by a rotary drill string, first and 
Second vertically spaced driving sprockets rotat 
ably mounted on the frame and driven from said 
gearing in opposite directions, parallel vertically 
extending digging chains having formation-en 
gaging teeth, One of the digging chains being 
trained over the first driving Sprocket and One of 
Said coaxial Sprockets and a second digging chain 
being trained over the second driving sprocket 
and another of said coaxial sprockets, and torque 
resisting means on the frame engaging the for 
mation to prevent rotation of the frame within 
the bore hole formed by the teeth. 

2. In a well digging device of the class de 
Scribed, the combination of a frame, means car 
ried on the lower end of the frame for supporting 
a plurality of CoaXial Sprockets, gearing carried 
On the upper portion of the frame and adapted 
to be driven by a rotary drill string, a first driv 
ing Sprocket rotatably mounted on the frame and 
driven in One direction from Said gearing, a sec 
ond driving sprocket rotatably mounted on the 
frame and being vertically spaced from the first 
driving Sprocket, the Second driving sprocket 
driven in the other direction from said gearing, 
parallel vertically extending digging chains hav 
ing formation-engaging teeth, one of the digging 
chains being trained over the first driving 
Sprocket and one of Said coaxial sprockets and a 
Second digging chain being trained over the sec 
Ond driving Sprocket and another of said coaxial 
Sprockets, and torque resisting means on the 
frame engaging the formation to prevent rota 
tion of the frame within the bore hole formed by 
the teeth. 

3. In a well digging device of the class de 
Scribed, the combination of a frame, means car 
ried on the lower end of the frame for supporting 
four coaxial Sprockets, gearing carried on the 
upper portion of the frame and adapted to be 
driven by a rotary drill string, means for sup 
porting the frame from the drill string, a first 
driving Sprocket rotatably mounted on the frame 
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and driven in one direction from said gearing, 
a second driving sprocket rotatably mounted on 
the frame and driven in the other direction from 
said gearing, four parallel vertically extending 
digging chains having formation-engaging teeth, 
One of the outer chains being trained over the 
first driving sprocket and one of Said coaxial 
sprockets and one of the inner chains being 
trained over the Second driving sprocket and 
another of said coaxial sprockets, the outer co 
axial sprockets being connected for rotation as 
a unit, and the inner coaxial sprockets being con 
nected for rotation as a separate unit, the other 
digging chains being trained over the other co 
axial sprockets and driven thereby, and torque 
resisting means on the frame engaging the for 
mation to prevent rotation of the frane Within 
the Well. 

4. In a well digging device of the class de 
scribed, the combination of a frame, means car 
ried on the lower end of the frame for supporting 
a plurality of coaxial Sprockets, bevel gearing 
carried on the upper portion of the frame and 
adapted to be driven by a rotary drill string, 
torque resisting means on the frame engaging the 
wall of the hole, a first driving sprocket rotatably 
mounted on the frame and driven directly by said 
bevel gearing, a second driving sprocket rotatably 
Inounted on the frame Vertically Spaced from 
said first driving sprocket, gear means for driving 
the second driving sprocket in a reverse direction 
from said bevel gearing, and vertically extending 
digging chains having formation-engaging teeth, 
one of the digging chains being trained over the 
first driving Spirocket and One of Said coaxial 
sprockets and a second digging chain being 
trained over the second driving sprocket and 
another of said coaxial Sprockets. 

5. In a well digging device adapted to be car 
ried on the lower end of a rotary drill string, the 
combination of a frame, a plurality of coaxially 
positioned Sprockets carried at the lower end of 
the frame, a plurality of parallel vertically ex 
tending digging chains having formation-engag 
ing teeth and trained over Said sprockets, torque 
resisting means on the frame engaging the well 
formation to prevent rotation of the frame, drive 
means for driving the chains, the drive means 
including a pair of telescoping splined members 
positioned coaxially of the drill string, and a coil 
spring a?cting to separate the splined members in 
an axial direction. 

6. In a well digging device for use on a rotary 
drill string, the combination of a frame, a driv 
ing member Ouinted in the frane for rotation 
about a vertical axis, means whereby the driving 
member may be driven from the rotary drill 
string, a pair of driving sprockets rotatably 
mounted on the frame, means including gear 
means for driving each of Said Sprockets in Oppo 
site directions from said driving member, a plu 
rality of coaxial sprockets carried at the lower 
end of the frame, a pair of idler Sprockets rotat 
ably mounted on the frame below the location of 
the driving sprockets, parallel vertically extend 
ing digging chains having formation-engaging 
teeth and trained Over the coaxial sprockets, 
certain of the chains being also trained over the 
driving sprockets, and certain other chains being 
also trained over the idler Sprockets, the Outer 
most coaxial sprockets being connected for rota 
tion as a unit and the innermost coaxial SprocketS 
being connected for rotation as a unit, and torque 
resisting means on the frame engaging the for 
mation to resist rotation of the frame. 
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7. In a well digging device for use on a rotary 
drill String, the combination of a frame, a driv 
ing member mounted in the frame for rotation 
about a vertical axis, means whereby the driving 
member may be driven from the rotary drill 
string, a pair of driving sprockets rotatably 
mounted on the frame, means including gear 
means for driving each of Said sprockets in op 
posite directions from said driving member, a 
plurality of coaxial sprockets carried on a drilling 
head at the lower end of the frame, a pair of 
idler sprockets rotatably mounted on the frame 
below the location of the driving Sprockets, par 
allel vertically extending digging chains having 
formation-engaging teeth and trained over the 
Coaxial Sprockets, certain of the chains being also 
trained over the driving sprockets, and certain 
other chains being also trained over the idler 
Sprockets, means for adjusting the position of 
the drilling head on the frame for tensioning the 
digging chains, the outermost coaxial sprockets 
being connected for rotation as a unit and the 
innermost coaxial sprockets being connected for 
rotation as a unit, and torque resisting means on 
the frame engaging the formation to resist rota 
tion of the frame. 

8. In a well digging device for use on a rotary 
drill string, the combination of a frame, a driv 
ing member rotatably mounted in the frame for 
rotation about a vertical axis, means whereby the 
driving member may be driven from the rotary 
drill string, a pair of driving sprockets rotatably 
mounted on the frame, means including gear 
means for driving each of said sprockets in op 
posite directions from said driving member, four 
Coaxial Sprockets carried at the lower end of the 
frame, two digging chains each having formation 
engaging teeth trained over the driving sprockets 
and two of Said coaxial sprockets, a pair of idler 
Sprockets rotatably mounted on the frame below 
the location of the driving sprockets, and two 
additional digging chains having formation 
engaging teeth and trained over the idler sprock 
ets and the other two coaxial sprockets, the outer 
most coaxial Sprockets being connected for rota 
tion as a unit and the innermost coaxial sprockets 
being connected for rotation as a unit, and torque 
resisting means on the frame engaging the for 
nation to resist rotation of the frame. 

9. In a well digging device for use on a rotary 
drill string, the combination of a frame, a driv 
ing member rotatably mounted in the frame for 
rotation about a vertical axis, means whereby the 
driving member may be driven from the rotary 
drill string, a pair of driving sprockets rotatably 
mounted on the frame, means including gear 
means for driving each of said sprockets in op 
posite directions from said driving member, four 
Coaxial Sprockets carried at the lower end of the 
frame, two digging chains each having formation 
engaging teeth trained over the driving sprockets 
and two of Said coaxial sprockets, a pair of idler 
Sprockets rotatably mounted on the frame below 
the location of the driving sprockets, and two 
additional digging chains having formation 
engaging teeth and trained over the idler sprock 
ets and the other two coaxial sprockets, the outer 
most coaxial Sprockets being connected for rota 
tion as a unit and the innermost coaxial sprockets 
being connected for rotation as a unit, means for 
conveying hydraulic fluid from the drill string to 
Said coaxial Sprockets, and torque resisting means 
On the frame engaging the wall of the bore formed 
by the teeth. 

10. In a well digging device for use on a rotary 
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drill string, the combination of a frame, a driv 
ing member mounted in the frame for rotation 
about a vertical axis, means whereby the driving 
member may be driven from the rotary drill 
string, a pair of driving sprockets rotatably 
mounted on the frame, means including gear 
means for driving each of said sprockets in op 
posite directions from said driving member, a 
plurality of coaxial sprockets carried on a drilling 
head at the lower end of the frame, a pair of 
idler sprockets rotatably mounted on the frame 
below the location of the driving Sprockets, par 
allel vertically extending digging chains having 
formation-engaging teeth and trained over the 
coaxial sprockets, certain of the chains being also 
trained over the driving sprockets, and certain 
other chains being also trained over the idler 
sprockets, means for adjusting the position of the 
drilling head on the frame for tensioning the 
digging chains, means for independently adjust 
ing the position of the idler sprockets on the 
frame, the outermost coaxial sprockets being con 
nected for rotation as a unit and the innermost 
coaxial sprockets being connected for rotation as 
a unit, and torque resisting means on the frame 
engaging the formation to resist rotation of the 
frame. 

11. Well digging apparatus of the class de 
Scribed comprising in combination: a frame, a 
first driving Sprocket rotatably mounted on the 
frame, a second driving sprocket rotatably 
mounted on the frame and spaced axially below 
and laterally Offset from Said first driving 
Sprocket, a rotary driving element extending axi 
ally of the frame, bearing means supporting the 
driving element with respect to the frame, means 
including gear means whereby the driving ele 
ment may drive both of said driving sprockets, 
a pair of coaxial Sprockets rotatably mounted on 
the frame at the lower end thereof, a pair of end 
less chains of different length trained over said 
coaxial Sprockets, the chains having formation 
engaging teeth, the longer chain being trained 
over the first said driving sprocket and the shorter 
chain being trained over the second said driving 
sprocket, and torque resisting means on the frame 
for engaging the formation to prevent rotation 
Of the frame. 

12. Well digging apparatus of the class de 
scribed comprising in combination: a frame, a 
transverse rotary member on the frame, a first 
driving Sprocket fixed on said member, a second 
driving Sprocket rotatably mounted on the frame 
and Spaced axially below and laterally offset from 
said first driving Sprocket, a rotary diriving ele 
ment extending axially of the frame, bearing 
means Supporting the driving element with re 
Spect to the frame, means including gear means 
whereby the driving element may drive said mem 
ber, additional means whereby the second driv 
ing Sprocket may be driven from said member, 
a pair of coaxial sprockets rotatably mounted 
on the frame at the lower end thereof, a pair 
of endless chains of different length trained over 
said coaxial sprockets, the chains having forma 
tion-engaging teeth, the longer chain being 
trained over the first said driving Sprocket and 
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the shorter chain being trained over the second 
said driving Sprocket, and torque resisting means 
on the frame for engaging the formation to pre 
vent rotation of the frame. 

13. Digging apparatus of the class described, 
comprising in combination: a frame, a first driv 
ing sprocket rotatably mounted on the frame, 
a second driving sprocket rotatably mounted on 
the frame and Spaced axially below and later 
ally offset from said first driving Sprocket, chain 
support means rotatably mounted on the frame 
at the lower end thereof, a plurality of parallel 
endless chains including a pair of endless chains 
of different length trained over Said Support 
means, the chains having formation-engaging 
teeth, the longer chain being trained over the 
first said driving Sprocket and the shorter chain 
being trained over the Second driving Sprocket, 
a rotary driving element extending axially of 
the frame, bearing means supporting the driv 
ing element with respect to the frame, means 
including gear means whereby said driving ele 
ment may drive both of said driving Sprockets, 
the driving element and gear means being con 
fined within the outline of the hole produced in 
the formation by said teeth of the chains, Said 
chains by lateral engagement with the forma 
tion providing torque resisting means to prevent 
rotation of the digging apparatus. 

14. Digging apparatus of the class described, 
comprising in combination: a frame, a first 
sprocket rotatably mounted on the frame, a Sec 
ond Sprocket rotatably mounted On the frame 
and Spaced aXially bellOW and laterally OffSet frOm 
said first sprocket, chain Support means rotat 
ably mounted on the frame at the lower end 
thereof, a plurality of parallel endless chains 
including a pair of endless chains of different 
lengths trained Over Said Support means, the 
chains having formation-engaging teeth, the 
longer chain being trained Over the first Said 
sprocket and the shorter chain being trained 
Over the Second Sprocket, a rotary diriving elle 
ment extending axially of the frame, bearing 
means supporting the driving element With re 
spect to the frame, means including gear means 
whereby said driving element may drive the first 
said sprocket and the longer chain, the Shorter 
chain being driven by said chain Support means, 
the driving element and gear means being Con 
fined within the outline of the hole ploduced 
in the formation by said teeth of the chains, and 
said chains by lateral engagement with the 
formation providing torque resisting means to 
prevent rotation of the digging apparatus. 

DORSEY E. STRATIEFE. 
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