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Applicatmn ﬁled anemher 4 1920 Ser:.al No 421 663.

This mventien 1ela,tes to.oil well and other
Well drﬂlmg apparatus and methods, and
the primary aim of- the invention is to pro-

ficulties and reduce the expenses incidental to
drilling oil wells with the methods and ap-

' .para,tus thus far employed.

10

20 g

Heretofere oreat dlﬂicult ‘has been ern-

countered 1n dr1111ng1n hard formations, or
“in which heavy stone or other hard objects

are met, it being quite impracticable to feed
the drill b1t manually with an even load.

The lack of suitable means for copmg with

obstructions encountered often results in jam-

 ming the drill to such an extent that the bit-
-~ or drill pipe or stem carrying the drill bit
is twisted off and dropped into the bore.

1In

other words, there is no outlet for the power
applied .to- the drill stem, consequently the

drill 1s sub]eeted to a O'reater torsional strain

than 1t 1s designed for resulting in fracture. .
ete., are controlled by suitable clutches, per- -

- This necessitates the expend1ture of needless

£
i

- 30

- or due to the changes in the character of the |

35

time and labor in fishing for the part twisted

5 off, and very often means abandonment of the |
bore. -

Therefore, thls invention embodies in a
simple and inexpensive, yet thoroughly effi-

cient structure, mechanism for controlling

the feed pressure on the drill bit, dautomati-
cally compensating for changes in the resist-

ance to rotation due to the progress of the bit

or due to obstructions in‘the bore of the well,

formation encountered The device further

| _compensates for unevenness in the load on the

- 40

- 45

drill bit and draw works, the latter being em-
ployed as a “bleeder” for the power, that i 18,

an outlet for the power which would other-

wise be applied directly to the work of rotat-
ing the drill stem with the undesirable result

referred to herelnbefore Furthermore, dis-
tribution of power is obtained by an improved

method of and apparatus for transmission
‘whereby the unreliable parts, such as chains,
pulleys, sprockets, and other adjuncts to Well

drilling machinery heretofore employed may

be, if deelred to a large extent eliminated
although 1t 18 not intended to limit the inven-
tion to apparatus in which such parts are

eliminated. This transmission also permits
and to the accompanying drawings, wherein

of adjustment relatively of the parts driven,
and thus places within the hands of the oper-

ator a protective measure not heretofore
~available.

Furthermore, the present mventlon embnd

power transmission mecha-
nism for the drill whereby tc obviate the dif-

- OT prime Mmover.

1es fea,tures in the nature of accessories

which all cooperate to speed up and facilitate
‘the process of drilling a well.

For instance,
the arrangement of gearing is such that when

desired the drill may be quickly and easily

60

extracted from the well, during or after the

‘process without stoppmg the source of power
A very important or com-
mercial feature of the mechanism 1is its flexi-

bility, permitting the use of an internal com-

bustion engine as a prime mover; which has
‘not heretofore been found practlcable with
- machmery now employed in the fields. -

Briefly, the transmission mechanism pref-
erably consists of a pair of shafts connected

to a power shaft through the medium of a

65

0

differential gearing, one of the first said

shafts being connected to the rotary table and
‘the other “connected to the draw works
‘through a clutch and sultable tra,nsmlsmon'

mechanism.

75

All the elemerlts such as shaftlng, gearmg,'

mlttmg of independent or collective, synchro-
nous or relative movement of the parts.
I desire to emphasize the fact that the in-

vention resides in the system of driving the
various parts of the drilling machinery and .

not necessarily to any of the detail construc-

tion which will be described, I reserving the
right to vary the details without materially .

80

85

departing from the spirit of the invention or

the scope of the same as covered by the claims.
Other objects and advantages of this in-

ample of a well drilling apparatus embodying
the invention and by which a preferred meth-
od of drilling wells may be carned out.

In the drawings:

vention will appear upon reference to the fol-
lowing detailed description of a preferred ex-

95

Figure 1 1s a side eleratmn pa,rtly broken

awa,y, showing a well drﬂhng machine with
the 1mprovements of the present invention
embodied therein;

Figure 2 is a t0p pl.-m of the power trans-

mission mechanism and associated parts;

100

Figure 3 is a deta,ll sectlon of the dlﬂ'er- _

entlal and
Flgure 4 is a force dlaoq am 1llustra,t1ng the
preferred mode of operatmn of the invention.

105

Referring now in detail to my invention

similar characters of reference designate

similar parts throughout the various views,

the apparatus may include’as elements vari-

110

ous st'mdard ‘parts of a Well dmllmg app wa— e
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tus, the details of construction of which are

well understood in the art and hence but dia-

grammatically herein illustrated. A form of
foundation is provided consisting of the brick
or concrete pillars 10 and 11 on which the

- frame 12 usunally of wood stringers 13—13 is
supported. A fiocor 14 supports the boring
~machinery and this floor is mounted on the

foundation pillars 10 and 11. |

In accordance with the teachings of my in-
vention, the boring machinery derives power
from a power shaft 15, suitably conmnected

- to a steam or i1nternal combustion engine or

20

25
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other prime mover 157, this shaft having a
clutch 16 therein for disconnecting the source
of power from the drilling mechanism and

draw works. The shaft 15 drives jack-shafts
- 17 and 18 through the medium of a conven-

tional form of differential gears contained in
the housing 19. The details of this gear are

well known to those skilled in the art, the

construction being but slightly modified to

“accommodate two clutches as will be described

presently. The shaft 17 carries a worm 20
on the iree end thereof, this worm engaging
with a worm gear 21 which is mounted on the

rotary table 22. The rotary table drives the
~drill bit which 1s carried by the usual drill

pipe or stem 23 and may be of the conven-

tional type and has, therefore, been shown but
- generally. In the usual practice, a drill cas-

ing 24 extends into the ground as shown in

Figure 1 and serves to prevent the walls of

the well caving in on the bit and drill stem 23.

" The jack shaft 18 is broken in a housing 25,
‘and 1s connected normally with a counter-

shaft 26 by means of a clutch 27 arranged
witinn the housing 25, said clutch being oper-

- able from without the housing by means of a,

lever 28. The shaft 26 extends into a housing
29 containing a transSmission gearing, In

other words, a gear change mechanism for

changing the relation of speed between the
shaft 26 and the shaft 30, this shaft 30 ex-
tending to “draw works” 31 consisting of the
drum 32, and serving to drive said drum

through a suitable worm gearing contained in.

the housing 33 as pointed out in the descrip-
tion of the mode of operation of the appara-
tus, the draw works 31 at times must drive the

shaft 18 as well as be driven at other times

by such shaft. Hence this worm gearing
must obviously be of suitable reversible type.

As pointed out, the “draw works” may be of

any customary construction and is supplied

~as usual with brake drums 70 at both ends
- controlled by a. common lever 71. A cable
" 34 1s wound upon the drum and extends up-.
wardly on the framework 12, over a sheave’

and is connected to the upper end of the drill

stem 23 at 35. It is, of course, to be under-

stood that while a single purchase fall in the

‘nature of the cable 34 is shown, the necessary
block and tackle (usually six-paft) may be-
' Interposed between the end of the drill stem

1,708,284

.':am.d the cable so as to obfain the ﬁééessary_

power when withdrawing the drill bit from
the well. The gear change mechanism is
operable by means of a lever 36.so that the
desired power rtatioc between- the draw

justed at will. - - _
The detail construction of the differential

is best shown in Figure 3. The section view

in Figure 3 has been taken froni the rear in

order that the driving pinion carried on the

works 31 and the rotary table 22 may be ad-

shaft 15 will not hide the construction. The

shafts 17 and 18 are mounted in suitable bear-
ings 37 and 38, respectively, said bearings
being carried by the casing 19. .

A housing 39 carries the spider 40 on which

the bevel pinions 41 are mounted, said hous- -

1ng being mounted in suitable anti-friction

bearings 42 formed on the casing 19. The
opposite ends of the housing 39 are reduced

and provided with clutch faces 43 and 44 for

a purpose which will be described presently.
A palr of bevel gears 45 and 46 are carried by

the stub-shafts 47 and 48, respectively, and re- -

celve power from the pinions 41, the housing
being rotated and said spider by the ring gear
49 which-.1n turn receives motion from the
driving gear 50 carried on the inner end of

the shaft 15. The stub-shafts 47 and 48 abut

the shafts 17 and 18, respectively, and a pair
of clutches 51 and 52 serve to connect the re-

o .

spective stub-shafts and abutting shafts, or to -

lock the stub-shafts to the housing. This

1s accomplished either by engaging the
clutches 51 and 52 with their respective hous-

ing clutch faces or with thé clutch face mem-

100

bers 53 and 54 carried on the inner ends of

the shafts 17 and 18. Suitable levers 55 and

56 project from the casing 19 for manual ac-.

tuation of said clutches 51 and 52, respec-
tively. |
tion type, but if necessary, may be made
toothed. - -

The clutches shown are of the frie-

106

In the course of drilling ) 'well' and in ha.n-_-' o

dling heavy objects it is desirable that an
independent hoisting means be associated
with the drilling mechanism and draw works,

110 -

and for this reason I have provided the shaft -

57 mounted in suitable bearings 58 and 59

1n the vertical stringers which support the

draw works on the frame 12. The shaft 57

1s provided with drums 60 and 61 on its free

ends and said shaft is driven through a bevel

gearing 62 from a vertical jack shaft 63, :

which latter in turn is driven from the coun-

the way of the operator, the shaft 64 being

driven from the shaft 15 through a suitable

bevel gearing and vertical jack shaft 67, the

latter having a suitable clutch 68 therein op-

120

ter shaft 64 through a sunitable bevel gearing
65. The shaft 64 is mounted in suitable bear-
ings 66 beneath the floor 14 so as to be out of

erated by a lever 69 whereby to connect and™

disconnect said shaft 57 from the power shaft

15, Of course, under normal conditions the

\

130
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shaft 57 is '_Statioilary, but in the event that it
is desired to lift heavy objects on the floor

the drums 60 or 61 may be conveniently em-

ployed for this purpose.

 In the operation, power is applied to the
shaft 15, this power being transmitted
through the differential gearing to the shatts

17 and 18. Normally when drilling the shaft

18 is held stationary by virtue of the fact
that all the power is applied to the work of
rotating the drill stem, the weight of the drill
stem tending to cause the drill bit to descend
into the ground pursuant to its bering opera-
tion, this descent being regulated automati-

15 cally by the draw works 31 .as the hole 1s

deepened. However, should the drill bat
strike an cbstruction, instead of continuing
to descend causing excess torsionai strain to
be imposed on the drill stem, the moment that

the resistance to the drill bit becomes greater

than 2 predetermined amount regulated by
the transmission gearing, the shaft 18 begins

to reversely rotate. This usually takes place
the moment the drill tends to jam and be-
cause excessive torque is placed on the drill
stem, the power, by virtue of the-differential

gearing, now being delivered to the shaft 26,
through the clutch 27, transmission gearing
and to the draw works 81, thus elevating the
upper end of the drill stem and, 1f the excess
resistance to rotation continues, elevating the
drill bit, thus preventing fracture of the drill
stem due to an application of excess power to
the drill stem when the same is unable to ro-
tate. It will be obvious that as the sections

are connected thereto in the course of drilling

into the well, this weight will be compen-
sated for by the draw works, the change speed
transmission having been set to a position
predetermined for this purpose. In other

words, any tendency for the drill bit to feed
too fast will be compensated for by the dif-

ferential gearing and transmission. so that
if the drill bit tends to become jammed or
to feed too fast there is a resulting effect on

the draw works to cause the same to regulate

the drilling operation throughout. It will
also be apparent that should the force appl-

cable on the rotary table from the prime

mover, such as an internal combustion engine,

be insufficient to overcome the resistance to

drilling, the change gearing or transmission
may be shifted to compensate for this neces-
sary alteration in relation of the drilling ap-
paratus to the draw works. 1 am not pre-

~ pared to state just what relative proportion

~ the gearing of the various parts of my inven-
" tion should be, but believe that this 1s'a mat- -

~ ter which-can be easily determined when the

6O

65

device is developed for actual reduction:to
practice. - Another feature of the operation
which I desire to point out is that performed
by the two clutches 51 and 52. In the event
that it is desired to raise the drill stem and
bit without rotating the same and at the same

time to 'apply fall (jf_thg‘ pbﬁé’er-to this prOCess, “

which becomes necessary in many cases, the
lever 55 is moved so that the clutch member
51 disengages from the clutch face member 53

on the shaft 17, the lever being moved until

0

the clutch member 51 engages the clutch face
43 of ‘the housing 89. In this manner the =
stub-shaft 47 will be locked to the housing =
and caused to rotate therewith. If this were

not done, the stub-shaft 47 having no resist-
ance whatsoever would rotate alone and the
shaft 18 would, of course, cease to rotate.
Under these conditions, the transmission

‘gearing may be shifted as found necessary in
order to deliver the desired power ratio to
the drum 82 whereby to hoist the drilling bit

75

Lo
80

out of the well. This is particularly valuable

wherein the -drill will often become jammed
by earth falling down in the well.

When it 1s desired to apply all o

f the power’

to the shaft 17 the lever 56 is moved so that

the clutch member 52 locks the housing 39 to

18. By placing the levers 55 and 56 in the
neutral position power may be cut off from

“both of the shafts 17 and 18, but it is rare

the stub-shaft 48 and disconnects the shaft

90

that such will be necessary as that can be

taken care of by the clutch 16.

In order to more clearly demonstrate how -

the before described results are obtained by

the apparatus herein described and how the

95

method of drilling wells can be carried out

in the described apparatus, a description will

now be given of the different forces set 1n ac- -
tion during operation. In this connection, 1t
should be pointed out that as the drill stem

23 is described and shown as vertically dis-
posed, and having part of 1ts weight suspend-
ed, by the draw works 31, and part, of 1its

weight resting upon its attached “drill bit,
that the portion of the weight which- is not

100

105

supported from the draw works will be the
effective feeding pressure applied to the bit.
The drill stem 1s enabled to accomplish this

variable division of its weight because it is

capable of longitudinal compression, due to

110

the fact that it is made up of many different

joints, is of great length and hence possesses

considerable elasticity, and also because it
i REEER

tends to assume a sinuous form in the well

hole, all of which is. well understood and .

appreciated in this art. It will thus be seen

that when the prime mover 15" is placed in
operation so as to apply power to the main -

- shaft 15, the power is transmitted through
differential gearing to the jack shafts 17, 18,

respectively, neither of which 1s in ‘conse-

quence rigidly connected to the main shaft.

120

15. In place thereof, the differential gear-

ing directs the force and power from the

" source or sources of original energy through

two' paths by which such forces pass to the .
common point or place of application, 1..e.,

‘the drill stem; and by such differential gear-

ing the ratio of power delivered to the rotary

150




table 22 and to the draw works or hitft control
- mechanism 31 is automatically adjusted to

4

~ effect automatic control operation.
~. . In the preferred mode of operation of the

[

3

invention, with reference m Kig. 4, there 1s g

force derived from the main shaft 15 and ap-

~ plied upon the jack shaft 17 which is equal to
~ the force applied upon the jack shaft 18 since

10

the differential gearing, as described, i1s of
equal ratio betu een. these shafts.

-~ the force derived from the main shafblﬁ 1S

indicated by arrow X ; that applied therefrom
to jack shaft 17 by ATTOW R, and that a

- therefrom to ] 101{ shaft 18 by arrow ]L The

torce K which is applied to the jack shatt 17

~ is exerted as a driving force through the ro-

~tary table to perform the work of rotating
‘the drill stem and automatically applies to
the drill stem a substantially constant torque
‘after the drilling apparatus 1s set in opera-

i

tion. The force L applied to the jack shaft
18 exerts through the mediumof the draw

- works 31 drwen thereby a hifting tendency

upon the drill stem.
Any weight of the drill stem supporte& by
the draw works exerts a force tending to un-

 reel the draw w orks and 1s opposed by force

"The ma crm‘tude of this force is in

; thereon

~ direct proportion to  the suspended weight of

“the drill stem and also dependent upon the

gear ratio between the drill stem and shaft
18. 'This ratio can be varied at will by the

selective chfmﬂ*e speed transmission but once

 this gearing 18 set the ratio is fixed until again

cha nfred in the gearing. The force propor-

‘tional to the Wewht of the drill stem suspend-
ed, which is apphed to shaft 18, is indicated
' bv arrow W in Fig. 4. This force W also

" acts through the differential upon shaft 17

40

- the drill stem.

to exert thereon a force W"’ tendu:f to mtqte .

Owing to 1ts. lonmtudmﬂ elas 101ty any
vari 1t1011 in the over-all length of the drill

- stem will correspondingly change the verti-
‘cal position of its center of gravity and will
 change the ratio between that portion of the.
' 'wewht of the drill stem that will be su

 ed by the draw works and that whlch rests

60

“upon the bit. - Any change in the vertical po-
sition of the bit, therefore, which is not ac-
‘companied by an equal motion of the upp
end of the drill stem where the ‘ta,chle is at-
‘tached, will result in a Va,matlon in the value
W and vice versa.
" The equality of the lengths of arrows L W,
_;TV’ and R indicates that such forces are of
- equal value and illustrate that condition
which exists when the apparatus is in equilib-
rium.

er

The suspended weight of the drill
stem W is balanced by the lifting force L.

~ exerted through the jack shaft 18 thus hold-
~ 1ng that shaft qtat’wnary and the total en-
" -ergy derived from the prime mover exerted

through the rotation of the shaft 17 a
to the work of rotatmg the ]ack sha t an&

plied

In Fw fi

pplied |
‘R cannot change without accompanying

- ering of the lower end of the drill sterm.

pport-

1,703 234

the force E exerted by the pmme mover, .]ust .
balancing and overcoming the opposing load

of the resmtanee ot the drlll stem to rotate.

stroy the equilibrium. The torque force ap-

"Any change in R or W will of course de-

1(

plied to the work of rotating the drill stem, -

1s of course opposed by and in operation
-equals the resistance opposed to the rotation -

of the drill stem inasmuch as action and re-

action must be equal. Hence any change in
the resistance to rotation of the drill stem

will change the force R ap
of rotaﬁ:mw the drill stem. Inasmuch as force

change of lifting’ force L due to the inherent

actwn of the dlﬁerentmﬁ any such variation

plied to the work

75

80

in resistance to the m‘tatmn of the drill stem

will unbalance the condition of equilibrium
above described and by such unbalancing

~there will be g resulmm force on shatt 18
tending to create lineal motion in the end of

the de stein to which the mciﬂe is-attached.

Juring the normal process of drilling, the

tom of the well hole with the consequent low-

‘his

86

bt opemtes to remove material from ﬂ:he TDOL-

90

eionﬂ'&tmn of the drill stem tends to increase

the suspenﬂed weight, tends to decrease the

feeding pressure, temds to decrease the resist- |

ance to rotation, and tends to decrease the

driving torque required to rotate the drill

9o -

stem. These tendencies all tend mﬂvary the -

forces applied to the jack shaft 18 and jack

shaft 17. The tendency to increase the forcra o

W and decrease the fm'ce L thus unbsalances
the force to the draw works causing the fall
and tackle to play out. This motion of the

draw works' decreases the suspended weight
and the force W increases the remstance to

rotation of the bit (by application of in-

100

168

creased feeding pressure), and increases the

equal W.
The summation of these foreﬂ'mng tenden-

‘cles 1s that there is ever present a tendency to
‘automatically maintain the mechanism in a
state of equilibrium, to maintain the required.

driving torque at the chosen optimum value

and to cause continuous regulated rectilinear
forward movement of the. it to compensate

for the drilling action.

driving torque which must be applied to the
drill stema thus tending to agam cause R to

130

16

- If the resistance to the rotation Vames for

. reasons mduced by the variable condltmns

encountered m drilling, and not caused by

“the variations in the feeding pressure which
.proceed from the normal progress in drilling
the ratio will remain standing between the o
“portion of the weight on the bit and the por- -
‘tion held suspende(i through the draw WOrks

120

195

Hence W wﬂl remain cons‘tant but W will be

unbalanced in regard to L with the result
that rectilinear motion of the suspended end -

or top of the drill stem will take place. For

example In case such remstance decreases 130
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also requiring a decrease in the force R, there
will be a corresponding decrease in'the lift-

ing force L apﬁ)lledon the jack shaft 18. The

lifting force L is no longer able to counter-
balance the static force W applied thereto.
This, therefore, allows the tackle to play out,
lowering the center of gravity of the drill

~ stem, decreasing the suspended weight and

10

i5

imposing additional feed pressure on the bit,
this later effect in operation tending to in-

crease the resistance of the bit to rotation
with a corresponding increase of R. "W tends-
to decrease to equal L. and R-tends.to again-

return to its former value. Thus there 1s.
again re-established a condition of equilib-
rium with its resuitant torque force R sub-

~ stantially equal to, but'somewhat below, the

predetermined optimum value. |
n case the resistance to rotation increases

-

ag—T -

20 from the above, or any uncontroliable causes,

" R increases, L increases and a series of ten- torqueload than may be effected by the change
dencies is set up, the reverse of those above : o

- described with the final resultant of the re-

28

35

of the material drilled.

establishment of a condition of equilibrium

with the force R in excess of the predeter-
mined optimum but substantially that opti-
mum and well below the factor of safety of
the mechanism. Such slight variation from
the optimum torque being due to the mnability

30 of feed pressure_changes to always exactly

counteract the changes in specific resistance

[t is here pointed out that, at

the drill stem varies from thqpredetermir}ed
optimum, the upward rectilinear motion
which is automatically imparted to the drill

" stem thereby, is imparted only to thé upper

~end of the drill stem and 1s first utilized to re-

35 LCK | )
" hence does not necessarily withdraw the drill.

bit from the work-engaging position. The

40.

' moved from the drill stem. -

45

‘tion of the drill

move compression or slack therefrom and

drill bit is withdrawn from work-engaging

position only when there is a continuous ap-

plication of excessive resistance to the rota-

time as to permit all of the slack to be re-

Tven. under conditions of resistance so

severe.as to positively prevent the rotation

of the drill stem the prime mover does not = . | vells a |
“drilling apparatus herein described is well

' ‘apply hazardous torque load upon the drill

50

stern as under these circumstances

power is diverted in the differential from the

work of rotating the drill stem and applied

" to the work of hoisting the drill stem.

Tt ig therefore seen that whenever the

| forces L. and W are unbalanced there fol-

55

.00

‘lows atransfer of energy through the path in-
draw works, the direction de-
pending upon whether the center of gravity
" of the drill stem is lowered -or raised and
" thereby yields or absorbs energy. Hence 1t

cluding- the

is seen that the drill stem in operation not
only acts as a support and a _drljver for the

“action.

the- times |
when the resistance to the rotary motion of

stem for such a duration of

all the -
“vention, it is understood that various modifi-
‘cations may be made in the specific form-of the
‘method and apparatus without .departing

substitutions as defined within the appended
| | | I o 125

-é,ti_;ach-ed' drill bit but as a reservoir for re-
ceiving and delivering energy in order to

maintain the correct forces upon the appa-
ratus to effect automatic continuous drilling

Tn the early

70

st-.ages' of dnilling; the total -
weight of the short drill stem employed may

be 1nsufficient to produce sufficient force W

on the jack shaft 18 to enable the maintenance
of sufficient torque on R at 17. At such times
by the employment of artificial resistance to

75

the rotation of the shaft 18 applied by the

customary brakes 70 of the draw works, or

by other brakes, the desired additional re-

sistance to the rotation of jack shaft 18 may

be imposed thereon to enable the differential

to apply the desired torque through shait 17
upon the rotary table. The customary brake

80

70 of the draw works 31 of course may be also

utilized for effecting finer adjustments of the

speed transmission.

ment of the parts may be conveniently ar-
ranged, it being possible to carry the trans-
mission, clutch 27, differential, and associat-
ed parts on a single plank which may be set
in the flooring of the rig. If necessary, uni-
versal joints may be employed in order to se-
cure alignment in the shafts, but 1n view of
the obvious mechanical expediency of such an

arrangement in some cases, the same has not
AL LA, . | 100
Xf desired, when an internal combustion en-

been shown in the drawings.

8b

I desire to lay particular stress on the com-
pactness of the device and the various'parts
‘thereof. By the arrangement shown, align-

90

95

gine is employed a reverse gear or series of -

gears may be embodied.in the transmission.
. I reserve the right to make changes in the
detailed construction and arrangement of

the parts. Of course, it may be desirable in

some instances to arrange the shafts 17 and 18
in different relations, that is, owing to the

construction of the supporting framework,
it may be desirable to break the shafts 17 and
18 and connect the parts by universal joints,
but I consider this within the purview of the
ordinary mechanic. - These are features which
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I consider variable without departing from

the spirit.and scope of the claims. .-
While the method of drilling wells and the

adapted to accomp'ish the purposes of this in-

from the spirit of the invention, and that the

invention includes all such modification and-

elaims.
I claim: o

- 1. In combination, asource of power, a

115
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shaft having two sections, differential gear-

normally driving one only of said shaft
sections from said source ‘of power,.a

speed "
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 nism.
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change gear. mechanism on one of the shaits,
a rotary table driven from the other shaft,
and a drum driven by said change gear mecha-

2. In combination, é,'.sbm‘ce of power, a
shaft having two sections, differential gear-

~ing normally driving one only of said shaft

10

20

sections from said source of power, a speed
change gear mechanism in one of said shaft
sections and- an actuating mechanism driven

thereby, and a second actuating mechanism

driven from the other shaft section and con-
trolled by the first said actuating mechanism.

3. In combination, a source of power, a
power shaft, differential gearing, a jack-
shaft, a rotary table driven by said jack-
shaft, a second -jack-shaft, a drum driven
thereby, said gearing connecting said jack-
shafts with the power shaft, and means con-
necting said second jack-shait to hoisting

mechanism. o
4, In combination, a source of power, a

power shaft, differential gearing connected

 with said power shaft, a jack-shaft, a rotary

 tial gearing, a drum driven from the second

30
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o0

jack-shafts.

table driven by said jack-shait, a second jack-

shaft, both of said jack-shafts being connect-

ed to sald differential gearing, first said jack-
shaft being normally driven by the differen-

jack-shaft, a clutch in said second jack-shaft,
means for changing the power and speed ratio

oi sald jack-shafts, and means connecting said

power shaft to a hoisting mechanism.
- 5. A well drilling machine including a
power shaft, a difierential gearing driven
therefrom, -a palr of jack-shafts connected
with sald gearing, a rotary table connected

with one of said jack-shafts, a draw-work

connected with the other jack-shaft, and
speed change mechanism between the draw-

work and said jack-shaft.

6. In combimation, a source of pow'er, a
power shait, a pair of jack-shafits, differential

gearing driving said jack-shafts from said
power shait, means for disconnecting one or
~both of said jack-shafts from said gearing,

and for locking said gearing to deliver all
the power to one of said shafts, and drilling
and hoisting mechanism associated with said

7. In combination, a source of power, a

~ power shatt, a pair of jack-shafts, differen-
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tial gearing driving said jack-shafts from
sald power shaft, means for disconnecting
one or both of said jack-shafts from said

. 1,703,284

of the resistance to such torque induced in
the drilling operations to vary the percentage .

~of the weight of the drill stem suspended,

thereby tending to maintain substantially
uniform torque applied to the drill stem.
9. A well drilling apparatus, comprising

a drill stem, means for rotating the drill stem,

means for suspending a portion of the weight
of the drill stem, and means interposed be-
tween and connected to sald suspending i
means and rotating means for regulating said

suspending means and rotating means, and

‘operative to automatically control the feed

pressure and torque applied to the drill stem,
10. A well drilling apparatus, comprising

a drill stem, a drill bit attached to the drill

stem, means for suspending a portion of the

S¢

welght of the drill stem, means for rotating o

the drill'stem, a common source of power for
sald suspending means and rotating means, -

and means for adjusting the ratic of power

applied -from ‘said source of power to said

suspending means and rotating means

through means regulated by fluctuations of

‘the resistance to said rotating means induced

00

in drilling operations, thereby effecting au-

tomatic control of the torque applied to the

drill stem and feed pressure applied to the

drall bit. - =

‘11. In a rotary well drilling apparatus, a
vertically disposed drill stem, means for sus-. .
pending part of the weight of said drill stem,

means for rotating said drill stem, driving

95

means-for said rotating means, means for ac- -

tuating said suspending means to govern the

100

percentage of the weight of said driil stem
supported thereby, and a differential gearing

connecting sald last two mentioned means
and operative to cause the suspending means

to vary the percentage of the weight support-
ed thereby in accordance with the fluctuations

in the resistance to'the rotation of said drill

stem. - |

12. A well drilling appafatﬁs,‘comprisijjg}_&' o
drill stem, means for 'rotating the drill stem,

means for suspending a portion of the weight
of the drill stem, said means including a falls

and tackle, and means interposed bétween -
and connected with said suspending means

and rotating means for regulating said sus-
pending means and rotating means and op-

a drill stem, a drill bit attached to the drill

gearing, and for locking said gearing to de-~stem, means for suspending a portion of the

liver all the power to one of said shafts, drill-

ing and hoisting mechanism associated with
said jack-shafts, and a change gear trans-
mission in one of said jack-shafts.

‘8. The method of controlling the drilling

~ of a well, which comprises applying a prede-

65

termined torque to a vertically disposed drill
stem, suspending a

Portion of the weight of
the drill stem, and employing the fluctuations

wel
a Ta

110

115

“erative to automatically control the feed pres- -
‘sure and torque applied to the drill stem.
13. A well drilling apparatus, comprising
120

%ht of the drill stem, said means including

lis and tackle connected-to said drill
stem, means for rotating the drill stem, a
~ common source of power for said suspending
means and rotating means, and means for ad- -

12‘5?

justing the rate of power applied from said

source of power to said suspending means and

rotating means through means regulated by
130

fluctuations of the resistance to said rotating
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means induced in drilling operations, thereby
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effecting automatic control of the torque ap-
plied to the drill stem and feed pressure ap-
plied to the drill bat. | o
14. In a rotary well drilling apparatus, a
vertically disposed drill stem, means for sus-
pending a part of the weight of said drill
stem, said means including a falls and tackle
connected to said drill stem, means for ro-
tating said drill stem, means for driving said
rotating means, means for actuating said sus-
pending means to govern the percentage of
the weight of said drill stem supported there-
by, and a differential gear connected to said
last two mentioned means and operative to
cause the suspending means to vary the per-
centage of the weight supported thereby in
accordance with the fluctuations in the re-
sistance to the rotation of said drill stem.
15. A well drilling apparatus, comprising

a drill stem, means for rotating the drill stem,

means for suspending a portion of the weight
of the drill stem, means interposed between
and connected to saild suspending means and
rotating means for regulating said suspend-

ing means and rotating means, and operative
“to automatically control the feed pressure

and torque applied to the drill stem, and
means in the connection between said sus-
pending means and rotating means to vary
the feed pressure and torque to be automati-
cally controlled by said regulating means.

- 16. In a rotary well drilling apparatus, a

vertically disposed drill stem, means for sus-

pending a part of the weight of said drill
stem, means for rotating said drill stem,
driving means for said rotating means,
means for actuating said suspending means
to govern the percentage of the weight of
said drill stem supported thereby, a differ-

ential gearing connecting said last two men-
tioned means and operative to cause the sus-
pending means to vary the percentages ot the
weight supported thereby in accordance with
the fluctuations in the resistance to the rota-
tion of said drill stem, and means for discon-
necting the differential gearing from one of
sald means for locking the gearing to de-
liver all the power to the other means.

17. A well drilling apparatus, comprising

45

a drill stem, means for rotating the drili stem,

means for suspending a portion of the weight
of the drill stem, a differential, means con-

‘necting one sun gear of the differential to the

suspending means, means connecting the
other sun gear of the differential to the ro-
tating means, and means for driving the
planetary gear of the differential.

18. A well drilling apparatus, comprising
a drill stem, means for rotating the drill

stem, means for suspending a portion of the
weight of the drill stem, a single source ot

power, and a single differential connecting

sald source of power through said differential
to sald rotating means and suspending means

“for regulating the same to automatically con-

trol the feed pressure and torque applied to

the drill stem, |
19. In combination, a drilling mechanism,

rotating means therefor, feeding means for
sald drilling mechanism, a differential hav-.

Ing one sun gear conneeted to said feeding

‘means and the other sun gear connected with

sald rotating means, and means for connect-
ing the planetary gears to be driven by a
source of power. s

In witness whereof I hereunto subscribe

my name this 23rd day of October, 1920.
ERLE P. HALLIBURTON.
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