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DRILIL STEM
Application filed February 26, 1929. Serial No. 342,896.

This invention is a rotary drill stem for relative threaded movement between the drill
drill bits used in drilling o1l wells and the pipe and the bit as a result of excessive tor-
like, and it is the object of the ‘nvention to sional strain, in order to indicate by the re-
provide for normal positive rotation of the sulting partial stoppage of circulation that

‘g drill bit by a string of drill pipe, while per- the predetermined maximum torque has been
mitting yielding of ‘the rotary driving con- reached.
nection for relieving torsional strain when — Further objects of the invention will be
the torque of the drill string reaches a prede- readily understood from the following de-
termined maximum which has been calcu- scription of the accompanying drawings, in

10 lated in accordance with a desired safety which: .
factor. ' Fig. 1isa front elevation of the drill stem °

It is a further object of the invention to not partly in axial section and transversely sev-
only control the maximum torque of the drill ered at the line A—A, showing the normal
string but also obstruct circulation when the positive rotary drive for the bit.

15 predetermined maximum is reached, so asto  Fig. 2 is a fragmentary axial section
indicate such condition by the reduction in through the drill stem, showing the bit lag-
flow of the circulating medium and thereby ging with relation to the drill pipe in accord-
provide a safety device for both regulating ance with excessive torque.
and indicating excessive torque. Figs. 8,4, 5 and 6 are transverse sections on

20 More particularly the invention. provides the correspondingly indicated lines of Fig. 1. 45
a threaded engagement between the drill pipe The drill stem is adapted for suspension
and the bit, with tensioning means normally from a usual string of rotary drill pipe 1,
preventing relative axial movement at the and preferably comprises a tubular body 2
threaded engagement and thus holding the having an extension 2* adapted to receive a

o5 parts against relative rotation for maintain- Dbearing projection 3 of a collar 3 from g,
mg a positive rotary drive, and the tension- which a usual drvill bit 4 is suspended. A
ing means adapted to yield responsive to a sleeve 5 is axially slidable in the extension
predetermined maximum torsional strain at 2° but turns therewith so that it is rotated
the threaded engagement so as to permit rela- by the string of drill pipe 1, and a threaded

© 30 tive threaded movement of the parts result- engagement is provided between this rotat-

ing in their relative rotation causing lag of ing sleeve and a mandrel 7 with which the

the bit with relation to the drill pipe, with collar 3 and the drill bit 4 ave adapted to
the pitch of the threaded engagement cal- turn. A spring 8§ normally holds the rotat-
cuiated with relation to the tensioning means ing sleeve retracted against threaded eleva-
so as to hold the parts against their relative tion relative to mandrel 7 as shown in Fig. go
threaded movement and thus maintain the 1,so that the threaded engagement turns the
positive rotary drive until the torque reaches mandrel with the rotating sleeve in order to
the maximum which has been determined as provide a positive rotary drive for the driil
the limit of safety. ‘ bit 4; but when the torque of the drill string

40 Tt is a further particular object of the in-" reaches a predetermined maximum the g3
vention to provide the drill stem with a nor- spring 8 is adapted to yield so as to permit
mally open valve permitting usual circula- threaded movement of rotating sleeve 5 up-
tion of a fluid as long as the positive rotary wardly along mandrel 7 as shown in Fig. 2,
drive is maintained, but adapted to at least thereby causing rotary lag of the mandrel

45 partially shut-off circulation when there is with relation to the sleeve 5 resulting in cor- 90
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responding yielding of the rotary driving
connection for the drill bit.

Circulation through the drill string is
preﬂerab ly by way ofa pipe 9 which is zudapt-
ed for axigl movement with sleeve 5, and a

valve 10 may be suspended in body 2 so that
dumno normal threaded retraction of the
sleeve "5 on mandrel T for maintaining the
posmve rotary drive, the valve 10 is spuced
from the open end of pipe 9 as shown in Fig.

1 in order to permit unobstructed cir cula—_

tion; while threaded e clev%ion of sleeve 5 on
the mandrel as a result of the torque-of the
drill string overcoming the tension of spring
8, will correspondingly eleyate pipe 9 rela—
tive to valve 10 as shown in Fig. 2 so that the

valve seats in the open end of F the pipe and

thus at least partially obstructs circulation
for indicating that the positive rotary drive
for the drill it has yielded responsive to a
predeter mmed maximum torque.

As an instance of the aforementioned ar-
mneemcnt of par ts, the body 2 may be sus-
pended trom drill pipe 1 by a usual threaded
connection 12, and a guide plpe 13 open at its
upper end to the bore 14 of pipe 1 is prefer-
ably suspended in body 2 by a threaded con-
nectlon 15." The pipe 9 is adapted for tele-
scopic receptloq in guide pipe-13, with pack-
ing 16 between pipe »9 and the bore of body 2
)Lete‘v’ab ly -compressed by the guide - pipe
against a shoulder 17 in the bore of body 2
s0 as to insure all of the circulating medium
flowing dow nw-w'dlv through. pipe 13 and
thence Lnrouoh pipe 9

The valve 10 Whlch coo*aautes with th
open end of pipe 9 is shown as ausual taper-
ing valve, preferably h:wmu by- -passes 18 for
pmm’t ing some ﬁow of the circulating me-

dium past the valve even when the va alve is

seated for shutting-off tne major portion of
the flow; and fhe valve is prefarably Quc-
pended from a stem 19 which may shidab
project through a spider 20 mounted in plpm
18, with cownw%rd movement of the valve
stem limited by its head 21 engaging the
spider which is slﬁox . as cot-away to form
suitable passages 22 for free flow of mn cir=
culating flu 1d_. :

The pipe 9 may be arranged Im axial
nmvemm’b with sleeve § by trueadmo the
lower enil of the pipe into the closed upper
end of tube 25 which may bein turn thread-
ed.into a coupuno collar 26 at the upper end

of sleeve 5; and the spring 8, which 1s pref-

erably a relatively heavy coil spring, prefer-

ably surrounds pipe 9 and abiits at its respec-
tive ends against the closed upper end of
tube 25 and against a shoalder 95 m the bore
of body 2. '
The extension 2° of tubular body 2 is pref-
erably suspended from the body Ly a usual
threaded contection 30, and its bore is pro-

vided with grooves or keyways 31 adapted

t0 ﬂngﬂgc‘couebpondmg longitudinal lugs
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32 on the outer surface of sleeve 5 for rotat-

“ing the sleeve with the body while permit-

ting relative axial sliding of the sleeve.
The bearing projection 3* of collar 3 prei-
erably extends upwardly into the lower end
of body ex tension 22 and the mandrel 7 pro-
jects upwardly from the bearing projection
and is fixed against rotation relative thereto,
preferably by keying the lower end of the
mandrel for 1'ecepj'cion in correspohdingly
grooved counterbore in the end of the bear-
mg projection as is shown at 33. The man-
drel is shown as having an cpen bore 34, with

a pipe 85 preferably projecting upwardly

from said apen bore and telescoping in pipe
9, and the plpe' 35 may be provided with a
p;mhiuo ring 36 enga ginn the -bore of pipe
9 for insuring all of the circulating medium

flowing downwaroly through the bore of the

mandrel The collar 3 and its bearing pro-
jection 8% ig provided v1th a ' bore 37 commu-
nicating with the bore of the mandrel and
opening into the usual ¢circulating bore 38 of
drill bit 4 for clr"maumo a fluid in us ual
manner during the dmlhng operation,

The threaded engagement between rotating
sleeve 5 and the mandrel 7 preferably com-
prises threads 40 of extremely coarse pitch
on the exterior surface of the mandrel en-
gaging corresponding threads 41 in the bore
of sleeve 5; and the tension of spring 8 is stich
with relation to the pitch of threads 40—41
as to normally hold the rotating slesve re-
tracted on the mandrel against t hreaded ele-
vation relative thereto so that-the mandrel is
posmvely rotated with the sleeve as shown

n Fig: 1, but the spring is Qdapted to yield
1ebponswe to'a predetermined maximum tor-
sional strain -at the threaded engagement
40—41 so as to permit threaded elevation of
the rotating sleeve relative to the mandrel and
thus' cause corresnondmﬂ rotary lag of the
mandrel with relation to “the rotating sleeve
as shown in Fig. 2. This rotary hg of the
mandrel results in correspondmo rotary lag
of drill bit 4 relative to the string of rotuy
drill pipe 1, since the sleeve 5 is rotated by the
extension 9 of the tubular body 2 which is in
turn rotated by drill pipe.-1, while the man-
drel 7 is fixed for rotation with the bearing
projection 3* of the collar 3 from which the
drill bit 4 is suspended ; and consequently by
providing any predetermined relationship
between the tension of spring 8 and the pitch

of threads 4041, the drill bit 4 will be ro-

tated with the drill pipe 1aslong as the torque
of the drill string does not e‘:ceeded the pre-
determined maximum, but torque beyond said
predetermined salety Factor will cause the bit
to lag relative to the rotating drill pipe in or-
der to relieve the excessive torque.

“The bearmg projection 3* of collar 8 which
supports the drill bit is preferably journaled
in a bearing sleeve 45 which may be fixed to
the lower end of body extension 2* by means
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of a usual threaded connection 46, and a col-
lar 47 is preferably threaded onto the upper
end of the bearing projection 3* and rotatably
seats on a shoulder 48 formed by the upper

" end of bearing sleeve 45 so as to prevent axial

displacement of collar 3 while permitting its
rotation relative to the string of drill pipe for
producing the desired rotary lag of the bit
when the predetermined maximum torque is
reached. A thrust bearing comprising an an-
nulus 49 may be provided between the bear-
ing projection 8* and the bearing sleeve 45,
and packing shown at 50 is preferably also
provided between these relatively rotating
parts. The packing 50 in conjunction with
the packing 16 and 36 thus packs-off the bore
for the circulating medium which extends
through the drill stem, so that the threaded
engagement 40—41 is shut-off from said cir-
culating medium both above and below said
threaded engagement, and the possibility of
mud. or the like clogging the threads is thus
avoided and a switable lubricant sealed
against escape by the packing may be pro-
vided at the threaded engagement.

Arcuate abutments 51—52 preferably pro-
ject axially from the proximate ends of bear-
mg sleeve 45 and collar 3, and are adapted
for circumferential abutment to preferably
limit the relative lag of drill bit 4 to approxi-
mately one-half a revolution as will be under-
stood by a comparison of Figs. 1 and 2; and
an annular groove 53 is preferably provided
in the end of collar 8 for reception of an axial-
ly projecting tongue 54 on the abutment 51 so
as to maintain concentric alinement of the
abutments during relative rotation of bear-
ing sleeve 45 and collar 3. )

Tn operation the parts are normally in the
position shown in Fig. 1, with spring 8 hold-
ing the sleeve 5 in axially depressed position
relative to mandrel 7 and against threaded
elevation on the mandrel, so that the valve 10
is spaced from the end of pipe 9 for free cir-
culation through the drill stem, and the arc-
uate abutment 51 of bearing sleeve 45 is in
advance of the cooperating abutment 52 of
collar 8. 'The tension of spring 8 thus holds
the drill bit against rotary lag relative to the
string of drill pipe as long as the torque of
the drill string does not exceed a predeter-
mined maximum ; but when thetorqueexceeds
the predetermined safety factor the torsional

“strain at threads 40—41 overcomes the ten-

sion of spring 8 and permits threaded eleva-
tion of sleeve 5 relative to mandrel 7. Rota-
tion of drill pipe 1 is thus continued with the
drill bit lagging behind to the limit of move-

- ment permitted by the abutment of the co-

operating elements 51—52, and at the same
time pipe 9 is elevated by the relative axial
movement of sleeve 5 so that the open upper
end of the pipe is engaged by valve 10 for
cutting off the major portion of the flow of
the circulating medium. This retarding of

circulation advises the operator that the
torque of the drill string has reached the pre-
determined maximum, and at the same time
the torque is relieved by the lageing of the
drill bit relative to the rotating drill pipe.

I have thus provided extremely simple but
practical means for regulating the torque of
a drill string by a driving connection which
is adapted to permit rotary lagging of the

drill bit when the torque reaches a predeter- -

mined maximum, and said yielding of the ro-
tary driving connection is also adapted to at

least partially shut-off circulation for indi-

cating that the torque has reached the prede-
termined limit of safety.

I claim:

1. A drill stem comprising a body adapted
by a string of drill pipe, a section fixed
against axial displacement relative to the
body and adapted to rotate a drill bit, and a
normally non-yielding rotary driving con-
nection between the body and said section
adapted to rotatably yield in accordance with
a predetermined torque of the drill stem so as
to permit rotary lagging of the drill bit with
relation to the string of drill pipe.

2. A drill stem comprising relatively rotet-
able sections, one of which is adapted for ro-
tation by a string of drill pipe and the other

of which is adapted to rotate a drill bit, a s

normally non-yielding rotary driving con-
nection between said sections adapted to ro-
tatably yield in accordance with a predeter-
mined forque of the drill stem o as to permit
rotary lagging of the drill bit with relation to
the string of drill pipe, and means for in-
dicating said yielding of the rotary driving
connection.

3. A drill stem having a circulating bore
and comprising relatively rotatable sections,
one of which is adapted for rotation by a
string of drill pipe and the other of which is
adapted to rotate a drill bit, a normally non-
yielding rotary driving connection between

said sections adapted to rotatably yield in ac- -

cordance with a predetermined torque of the
drill stem so as to permit rotary lagging of
the drill bit with relation to the string of
drill pipe, and means actuated by said yield-
ing of the rotary driving connection for re-
tarding circulation through the said bore.

4. A drill stem having a circulating bore
and comprising a body adapted for rotation
by a string of drill pipe, a section fixed against
axial displacement relative to the body and
adapted to rotate a drill bit, a normally non-
yielding rotary driving connection between
the body and said section adapted to rotatably
yield in accordance with a predetermined

torque of the drill stem so as to permit rotary 12

lagging of the drill bit with relation to the
string of drill pipe, and finid tight packing
for packing-off the rotary driving connection
from the circulating bore.

5. A drill stem having a circulating bore :

3.
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and comprising relatively rotatable seéctions,

“one -of which -1s adapted for rotation by a

- string ofdrill pipe and the other of which is
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adapted to rotate a drill.bit, a:normally non-

; vielding rotary driving connection between

said sections adapted to rotatably yield in ac-
cordance with a predetermined torque of the
drill stem, means actuated by said yielding

of the rotary driving connection’ for retard--
mg circulation -through the said bore, and

means for packing-off the rotary driving con-
necticn from the hore. T
6. A drill stem comprising-a body adapted
for rotation by a string of drill pipe, a section
fixed against axial displacement relative to
the body and adapted to rotate a drill bit, a
nermally non-yielding rotary driving con-

nection between the body and said section

adapted to retatably yield in accordance with
a predetermined:torque of the drill stem so as
to permit rotary lagging of the bit with re-
lation to the string of drill pipe, and means
for limiting said:relative lag of the bit.

7. A drill stem comprising relative rotat-
able sections, one of which is adapted for ro-
tation by a string of drill pipe and the other
of which is-adapted to rotate a drill bit, a
normally non-yielding rotary driving con-
nection between said sections adapted to ro-
tatably yield in accordance with a predeter-

- ‘mined torque of the drill stem so as to permit
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rotary lagging of the bit: with relation to the
string of drill pipe, cooperating abutment
elements circumferentially fixed with rela-
tion to the respective sections and adapted for
circumferential abutment for limiting said
relative lag of the bit, and an axially extend-
ing annular tongue and groove engagement
between the abutment elements for maintain-
ing their concentric alinement. i

8. A drill stem comprising relatively ro-
tatable sections, a body adapted for rotation

by a string of drill pipe and engaging one of .

the sections for rotating the same, the other
of said sections being adapted for rotation
but fixed against axial displacement relative
to the body and adapted to rotate a drill bit,
and-a normally non-yielding rotary driving
connection between said sections adapted to
rotatably yield in accordance with a predeter-
mined-torque of the drill stem so as to permit
rotary lagging of the drill bit with relation
to the string of drill pipe. :

9: A drill stem comprising relatively ro-
tatable sections having a circulating bore, a
‘body adapted for rotation by astring of drill
pipe and engaging one of the sections for ro-
tating the same, the other of said sections
adapted for rotation but fixed
against axial displacement relative to the
bedy and adapted to- rotate a drill bit, a
nerinally non-yielding rotary driving con-
nection hetween said sections adapted to ro-
tatably yield in accordance with a predeter-

mined torque-of the drill stem so as to permit.

“connection.
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rotary lagging of the drill bit with relation to
the spring of .drill pipe, and packing be-
tween the body and the circulating bore of the
sections . for packing-off the rotary driving

10. A: drill stem comprising relatively ro-
tatable sections, a:body adapted for rotation
by a string of drill pipe and engaging one
of the sections for rotating the same, the
other of said sections being adapted for
rotation but fixed against axial displace-
ment relative to the body and adapted to
rotate a drill bit, a normally non-yielding
rotary. driving’ connection betwen said sec-
tions adapted to rotatably yield in-accord-
ance with a predetermined torque of the drill
stem so as to permit rotary-lagging of said
other section with relation to the body, and
cooperating abutment clements fixed rela-
tive to the body and said other section and
adapted for circumferential abutment for
limiting the relative lag of said other sec-
tion. -

11. A drill stem comprising relatively ro-
tatable sections, a body adapted for rota-
tion by a string of drill pipe and engaging
one of the sections for rotating the same
while permitting ‘axial movement of said
section relative to:the body, said section con-
stituting a drive section, the other of said sec-
tions being fixed against axial displacement
relative to the body and adapted to rotate
a drill bit, said section constituting a driven
section,.a threaded engagement between the
sections, and means for normally tensioning
the drive section against axial movement
relative to the body so. as to. hold
the sections against relative -threaded
movement and thus maintain a- positive
rotary. driving conneection = beliveen - the
sections, the said tensioning  means De-
ing adapted to yield in accordance with a
predetermined torque of the drill stem in
order to permit axial movement of the drive
section relative to the body for relative
threaded movement between the sections
causing yielding of the rotary driving con-
nection and lagging of the bit with relation
to the string of drill pipe. I

12. A drill stem comprising relatively ro-
tatable sections having a circulating bore,
a body adapted for rotation by a string of
drill pipe and engaging one of the sections
for rotating the same while permitting axial
movement of said section relative to- the
body, said section constituting a.drive sec-
tion, the other of said sections being fixed
against axial displacement relative to the
body and adapted to rotate a drill' bit, said

section constituting a driven section, meang 2

for normally tensioning the drive. section
against axial movement relative to the body,

a driving connection between the sections

lield against yielding by said non-movement
of the drive section relative to the body, the
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said tenswmna means being adapted to yield
in accordance with a predetelmmed torque
of the drill stem in order to permit axial
movement of the drive section relative to the
body, said movement of the drive section
causing rotary yielding of the driving con-
nection and lagging of the drill bit with
relation to the drill pipe, and a valve
mounted in the body and normally spaced
from the circulating bore of the drive sec-
tion so as to perlmt unobstructed circula-
tion but arranged whereby axial movement
of the drive section relative to the body in
response to yielding of the tensioning means
1s adapted to seat the valve in the cireulat-
ing bore of the drive section for obstructing
circulation.
13. A drill stem comprising relatively ro-
tatable sections having a circulating bore,
a body adapted for rotqtlon by a strmo of
drill pipe and engaging one of the sections
for rotating the same while permitting axial
movement of said section relative to the body,
said section constituting a drive section, the
other of said sections bemO‘ fixed against
axial displacement relative to the body and
adapted to rotate a drill bit, said section con-
stituting a driven. section, means for nor-
mally tensioning the drive section against
axial movement Telative to the body, a  driv-
ing connection between the sections held
awamst yielding by said non-movement of
the drive section relative to the body, the
sald tensioning means being adapted to yield
in accordance with a predetermmed torque
of the drill stem in order to permit axial
movement of the drive section relative to the
body, said movement of the drive section
causing rotary yielding of the driving con-
nection and lagging of the drill bit Whh rela-
tion to the drill pipe, a pipe projecting up-
wardly from the bore of the drive section,
and packing between said pipe and the body.
14. A drill stem comprising relatively ro-
tatable sections having a circulating bore, a
body adapted for rotation by a qtrlnw of drill
pipe and engaging one of the sections for ro-
tating the same while permitting axial move-
ment of said section relative to the body, said
section constituting a drive section, the other
of said sections being fixed against axial dis-
placement relative to the body and adapted
to rotate a drill bit, said section constituting
a driven section, means for normally tension-
ing the drive section against axial movement
relative to the body, a driving connection be-
tween the sections held against yielding by
said non-movement of the drive section rela-
tive to the body, the said tensioning means
being adapted to yield in accordance with a
predetermlned torque of the drill stem

- order to permit axial movement of the drive

section relative to the body, said movement
of the drive section causing rotary yielding
of the driving connection and lagging of the

5

drill bit with relation to the drill pipe, a
‘pipe pl‘O]ectulo‘ upwardly from the bore of
the drive section, a pipe pro;ecumcr upwardly
from the bore of the driven section and tele-
scoping in the first mentioned pipe, and pack-
ing between said pipes.

15, A drill stem comprising relatively ro-
fatable sections having a circulating bore, a
body adapted for rotation by a: tlmq ctdvill
pme and engaging one of the sections for
rotating the same while permitting axial
ovemeni of said section relative to the body,
said section constituting a drive section, the
other of said sections Lemo adapted for rota-
tion but fixed againust ax cial displacement rela
tive to the bf*nv and adapted to rotate a dri 1
bit, a nommlly non- ylelﬂmo Iot‘uy driving
connection betw een said sections adapted to
rotatably wvield in accordance with a prede-
termined LOlquL of the drill stem so as to
permit rotary lagging of the drill bit with
relation to the stri mg of drill pipe, the vo-
tary driving connection being arranged
whereby its yielding will axially shift the
drive section relative to the body, and a valve
mounted in the body and nolmally spaced
from the circulating bore of the drive section
80 as to permit unobstructed cireulation brt
:urunged whereby said axial shifting of the
drive section relative to the body is a(hpted
to seat the valve in said circulating bore for
obstructing circulation,

16. A drill stem comprising relatively ro-
tatable sections having a cuculﬂtlno bore, a
body adapted for rotation by a string of drill
pipe and engaging one of the sections for
rotating the same, “the other of said sections
being adapted for rotation but fixed againsg
axial dl~%phcemenf relative to the }‘ody and
adapted to rotate a drill bit, a normally non-
yielding rotary driving connection between

said sections adapted o rotata bly yield in
accordance with a predetermined torque of
the drill stem so as to pelmit rotary lagging
of the drill bit with relation to the string of
drvill pipe, and packing between the bou_,
and said sections axially beyond the rotary
driving connection.

17. A dvill stem comprising relative rotat-
able sections, one of which iz adapted for ro-
tation by a string of drill plpe and the other
of which is ‘Lchpted to rotate a drill bit, a nor-
mally yielding rotary driving connection he-
tween said sections adapted to rotatably yield
in accordance with a p“edetm mined torque
of the drill stem so as to permit votary lage 'n e
of the bit with relation to the string of dril
Pipe, cooperating abutment elements cirewn-
ferentially fixed with relation to the respec-
tive sections and adapted for circumferential
abutment for limiting said relative lag of the
bit.

18. A drill stem comprising a body adapt-
ed for rotation by a string of drill pipe.as
tion fixed against axial dlsphcament rehtl\
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‘to the body and adapted to rotate a drill bit, -

the body and said section having normally

‘communicating circulating bores, fluid tight

packing ‘means between the body and said
section, and a normally non-yielding rotary -
driving connection between the body and said
section adapted to rotatably yield in accord-
ance with a predetermined torque of the drill -
stem so as to permit rotary lagging of the
drill bit with relation to-the string of drill

‘pipe.

In testimony whereof he has affixed his

signature. ,
ERD V. CROWELL:
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It is hereby certified that error appears in the printed specification of the
above numbered patent requiring correction as follows: Page 3, line 82, ciaim
1, after "adapted" insert for rotation; and that the said Letters Patent should
be read with this correction therein that the same may conform to the record
of the case in the Patent Oifice.

Signed and sealed this 29th day of September, A. D. 1931.

M. J. Moore,
(Seal) Acting Commissioner of Patents.



