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the telescoping joint. Suitable signal means must be pro-
3,223,183 vided, however, to indicate when the two telescoping sec-

WELL DRILLING APPARATUS
Justin A, Varney, 7326 Ogelsby Ave,,
Angeles 45, Calif.

tions are partially collapsed.
The downward stream of drilling fiuid may be used
for signaling since pressure changes deep in the well travel

i . No, b

Fﬂedg‘?'&.}'ﬁé? 63(’(:%'17?2_23;))0 ATT rapidly to the surface. Suggestions have been advanced
herctofore in the prior art for generating such signals by
This invention relates to apparatus for drilling deep restricting the stream of drilling fluid in response to
boreholes in the earth and, more particularly, relates to the telescoping action in the drill string and thereby creat-
a rotary drilling apparatus in which a drill bit at the lower 14 ing a pressure rise for dctection at the top of the well.
end of a drill string is rotated for cutting or crushing Such suggestions have not been fruitful for a number of

action with circulating drilling fluid cooling the bit and 1easons.
lifting the cuttings out of the borehole. For the purpose One reason, in some instances, is that the signaling pres-
of the present disclosure, the invention is described . as sure rse is too gradual for accurate detection, cgpecially
embodied in such an apparatus in which the drill bit is 15 when the bit progresses at a slow rate. Another reason

rotated by the drill string, but the invention may also be
applied to an apparatus in which the drill bit is rotated
by a suitable motor on the lower end of the dcill string.

In conventional rotary drilling practice, the weight im-
posed on the drill bit is judged by means of a wcight
indicator on the draw works and regulated at the top of
the well by brake means assoclated with the hoist drum,
the driller slacking off the brake to pay out hoist cable,
lower the drill siring, and thereby increase the imposed

20

found in prior art systems is that the signaling pressure
rise is unduly prolonged and consequently reduces the
efficiency of the system for circulating the drilling fluid.
A further reason is encountered when the signals are as-
sociated with only one limit of the range of relative move-
ment between the two telescoping scctions and it becomes
difficult for the drifler to guess when he reaches the other
Jimit. When the driller receives a signal that the tele-
scoping sections are nearly fully extended he may inad-

weight on the bit. Holding back the drill string during 25 vertently lower the drill string beyond the point at which
drilling will reduce such weight as a Tesult of progressive the two sections are fully contracted and thus impose on
deepening of the hole. Carrying too much weight on the bit much if not all of the weight of the whole drill
the drill bit for a formation of a given character may string. . o
not only cause excessive wear on, and possible damage to, The present invention meets this situation by providing
the drill bit but also tends to result in a crooked borehole 30 2 signal system with the capability of indicating approach
which in turn tends to cause increased bending stresses to both of the two opposite limits of the range of exten-
in the drill string. Metal fatigue failure of the drill pipe tion and contraction of the two telescoping sections. 1In
or tool joints may result. Friction between the drill string ~ the simplest practice of the invention, the two signals are
and the wall of the borehole may be increased to the similar and are distinguished from each other simply by
point of causing the drilling string to wear scversly and 85 relating them to the lowering and raising of the drill string.
even twist off. On the other hand, imposing too little In the preferred practice of the invention, however, dif-
weight on the drill bt results in low rates of penetration. ferent signals are used to identify the two limits.
Modern roller type bits depend largely on over stressing An important feature of the invention is that signals
and consequent crushing of the formation. Adcquate of unmistakable character are provided and prolonged
weight must, therefore, be carried by the bit if it is to 40 pressure rises are avoided by employing signals charac-
function efficiently and as intended. terized by abrupt and substantial pressure tises. In some
The optimum weight on the bit for any given conditions instances the signals are in the form of relatively short
may be anywhere between half a ton and thirty tons but pressure pulses of relatively great amplitude created by
is usually in the range of five o twenty-five tons. In a an axial choke head which is carried by one section and
deep borehole, however, the total weight of the drill string 45 Which passes through a choke ring carried by the other
may exceed 100 tons and consequently the drill string seciion. The invention teaches that the choke head may
must be kept under tension for the major distance down be yieldingly mounted to be moved abruptly thraugh the
the well to kecp from overloading the bit. choke ring by the dynamic pressure of the drilling finid
Under favorable conditions where the borehole is only and thus produce 2 distinctly sharp pressure pulse. In
moderately decp the weight imposed on the bit may be 50 other instances, the choke head mercly enters the choke
calculated by simply referring to the weight indicator at ring without passing through the choke ring and thus
the top of the well. Unfortunately, however, such favor- produces a signal in the form of an abrupt and sub-
able conditions seldom prevail and the weight indicator ~ ~Staniia] pressure rise.
is often grossly misleading in a very deep well and es- The invention further teaches that the choke head may
55 be adapted to pass throngh a series of choke rings where

pecially so if the borehole is crooked or slanted to cause
a substantial portion of the weight of the drill string to
be borne by frictional engagement of the drill string with
the wall of the borehole. It is known that under such
circumstances the driller may not even be able to teil
whether the bit is on the bottom of the borehole, let alone
what the applicd weight on the bit is if indeed it is on
bottom.

To meet this situation various prior art arrangements
have been devised in which a pair of adjacent sections
of a dnll string are connected by a felescoping joint lo
permit the two sections to extend and confract. When
the two sections arc only partially extended the weight of
the duill string below the ielescoping joint and only that
weight is imposed on the bit and a desired magnitude of
weight may be imposed on the bit for a long drilling period
by simply providing that weight i the drill string below

a multiple pulse signal is desired. In this regard a feature
of the invention is the provision for the choke head to
move through the series of choke rings at a selected
predetermined rate to result in an unmistakable signal in
the form of a predetermined number of pulses at pre-
determined time intervals, )

In the preferred practice of the invention, a plurality
of signaling felescoping joints is provided in the drill
string to make it” possible for the driller to vary the
weight on the bit under close control. Guided by the
signal pulses, the driller lowers the drill stem until the
first telescoping action ocours to place the minimum
weight on the bit. The weight may then be increased
as desired by continuiag to lower the drill string until
a similar tfelescoping aclion jis signaled at a selected
higher telescoping joint.
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A further foature of the preferred practice of the inven.
tion is the concept of using the two limit signals created
by a telescoping joint to lower the drill string antomati-
cally in a manner to maintain a sclected magnitude of
weight on the bit. The brake is relaxed automatically
to lower the drill string in response to a signal indicating
that a selected telescoping joint is fully extended and
subssquently the brake is tightened in response to the
second signal indicating that the joint is nearly collapsed.
The automatic control responds to the telescoping action
of whichever telescoping joint the driller elects.

The features and advantages of the invention may be
understood from the following detailed description and
the accompanying drawings.

4

adjacent telescoping sections of the drill string. The
bumper sub body 21 is conpected to the drill string in
the usual manner and, in the construction shown, the
mandrel 22 is fixedly connected to a signal-geperating
section 24 which may bc regarded as a part of the man-
drel. The signal-generating section 24 is connacted to the
usual drill bit 25 by means of at least one drill collar
26 which provides the major portion of the weight of the
drill string below the telescoping joint of the bumper sub.

'The upper end of the mandrel 22 is provided with an
outer circumferential shoulder 28 which engages a coop-
erating inner circumferential shoulder 30 of the bumper
sub body 21 to limit the downward longitudinal extension
of the mandrel rclative to the body, At this limit posi-

In the drawings, which arc to be regarded as merely y5 tion the two telescoping sections are fully exiended.
illustrative: The upper end of the mandrel 22 is free to slide tele-
FIG. 1 is a somewhat schematic broken sectional view scopically in the bumper sub body 21 to a second upper
illustrating a first embediment of the invention in which limit position (not showq) at which the upper end of the
the two signals are created by the passing of a choke head mandrel abuts an inner circumferential shoulder 32 of the
through two spaced choke rings; g0 bumper sub body. At this second lmit position the two
FIG. la is an enlarged sectional view of a yieldingly telescoping scctions are fully contracted and the whole
retractable choke ring; weight of the drill string may be imposed on the bit 25.

FIG. 15 is an enlarged sectional view of a yieldingly
retractable choke head;

FIG. 2 is a view similar to FIG. 1 showing a second
embodiment of the invention in which the signals are
produced by valve-controlled bypass means;

FIG. 3 is a fragmentary sectional view showing how
the apparatas shown in FIG. 2 produces a signal at one
limit of the range of extension and contraction;

FIG. 4 is a fragmentary sectional view showing how
the second signal at the other limit is produced by the
apparatus shown in FIG. 2;

FIG. 5 i3 a longitudinal scctional view similar to FIG. 1
jllustrating another embodiment of the invention which
provides a signal in the form of a series of successive
pressure pulses to indicale a given statc in thc extension
and contraction of a ielescoping joint;

FIG. 6 is a somewhat diagrammatic broken sectional
view of the means in FIG. 5 for mounting the choke head
for travel at a controlled rate through a series of signaling
choke rings;

FIG. 7 is a diagrammatic broken sectional view show-
ing how a series of telescoping joints may be provided in
a drill string whereby the driller may vary the weight
imposed on the bit in a closely conlrolled manner;

FIG. 8 is a diagrammatic view illustrating a system
for automatically controlling the weight imposed on a
bit;

FIG. 9 is a diagram indicating the character of a sharp
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In a well known manner, the bumper sub body 21 is
provided with what is termed a wash pipe 34 which tele-
scopes into the mandrel 22 throughout the range of ¢x-
tension and contraction of the mandrel to provide a suit-
able channel for the drilling fluid between the two tele-
scoping sections. The range of extension and contrac-
tion of the mandrel relative to the bumper sub body is
preferably relatively e¢xtensive, for example at least §
feet.

The structure in FIG. 1 added by the present inven-
tion comprises the previously mentioned signal-generating
section 24 and what may be termed a choke hcad or
enlargement 38 mounted on a2 downwardly extending rod
40, the rod being connected to the lower end of the
wash pipe 34 by an apertured fitting or spider 42. Upper
and lower choke rings 35 and 36 respectively formed in
the signal-generating scction 24 move with the lower sec-
tion or mandrel 22 but the choke head 38 moves with the
upper section or bumper sub body 21.

When a drill string equipped with the signaling bumper
sub assembly shown in FIG. 1 is lowered initially into a
borehole the signaling bumper sub assembly is fully ex-
tended as indicated in FIG, 1 with the circumferential
shoulder 28 of the mandrel resting on the inner circum-
ferential shoulder 30 of the bumper sub body to support
all of the components of the drill string below the tele-
scoping joint, At this time the choke head 38 is above
the uppermost choke ring 35 as indicated.

50 . .
. When the drill string touches the bottom of the bore-
Tessure pulse; " " . .
P FIG. 10 is a fragmentary sectional view of another h_ole and the Iowermg of the drill string continues, the
ignaling bumper subgnal bly; signal-generating section 24 becomes stationary and the

FIG. 11 is a diagram indicating the character of a
prolonged pressure signal;

FIG. 12 is a simplified sectional view of an arrange-
ment for indicating by pressure signals successive stages
in the relative movement between felescoping parts of
a drill string;

FIG. 13 is a simplified scctional view of a signaling
feeler arrangement to indicate the distance from an object
of the lower end of a suspended tube;

FIG. 14 is a similar view showing the fecler partially
retracted; and

FIG. 15 is a plan view of a wire spider employed in
FIGS. 13 and 14.

The invention employs what may be termed a signal-
ing bumper sub assembly which may be of the general
construction of a renewable spline type bumper sub man-
ufactured by Baash-Ross Division of Joy Manufacturing
Company. In the embodiment of the invention shown
in FIG. 1 a telescoping joint in a drill string is provided
by a signaling bumper sub assembly which includes a
bumper sub body 21 and a mandrel 22 telescopically con-
nected to the body, the body and mandrel constituting two

60

70

bumper sub body 21 continues to descend to move the
choke head 38 downward through the signal-generating
section 24, The choke head 38 passes through ihe
upper choke ring 35 to restrict the downwardly flowing
stream of drilling fluid with the consequence that the back
pressure of the drilling fluid rises and then falls thus cre-
ating a pressure pulse which travels as a wave to the
top of the well. The pressure wave may be detected at
the top of the well by means of a pressure gauge in com-
munication with the interior of the drill siring. As the
two telescoping sections continue to collapse the choke
head 38 approaches and passes through the second chake
ring 36 to produce a second pressure rise or pulse in the
dreilllling fluid that may be detected al the top of the
well.

The driller notes the first signal and may confirm the
fact that the drill string has bottomed by simply noting
the reduction of the weight registered by thc weight in-
dicator. When the second signal occurs as the choke
head 38 passes through the lower choke ring 36 thc
driller applies the brake associated with the hoist drum
to terminate the lowering of the drill string and then

carties an the drilling operation.N ational Oilwell Varco, LP
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Before he carries on the drilling operation he may take
the precaution of backing up the drill siring until a
pressure signal indicates that the choke head 38 has
moved upward through the lower choke ring 36 to be
sure that the drilling operstion is started with the signal-
ing bumper sub partly contracted with no possibility of
imposing the weight of the whole drill string on the drill
bit. In any event the drilling operation is continued
until the increment permitted by the signaling bumper
sub is used up as indicated by a pressure signal generated
by the relative upward movement of the choke head 38
through the upper choke ring 35. The driller then re-
peats the operation of lowering the drill string until the
choke head 38 passes through the lower choke ring 36.

It may be readily appreciated that the character of a
pressure signal depends on the wvclocity of the relative
movement between the choke head and the choke ring
and also depends on whether or not the choke head passes
completely through and beyond the choke ring. Thus if
the choke hcad enters the choke ring relatively slowly
the pressure rise is somewhat gradval, whereas a steep
abrupt pressure rise is created by a rapid entrance. If
the choke head lingers in the choke ring the pressure rise
is sustained. If the choke head moves rapidly into and
completely through the choke ring it creates a steep sloped
sharp pressure pulse of high amplitude of the character
of the pressure pulse shown in FIG. 9 and such a signal
is so distinctive and easily recognized as to preclude doubt
or error. It is to be understood that in various practices
of the invention the wvarious types of signals may be
produced depending on the velocity and extent of the
relative movement between the choke head and the choke
ring.
FIG. 1a shows how a choke ring 352 may be made
yieMingly retractable. For this purpose the chokc ring
is slidingly mounted and narmally abuts a snap-type stop
ring 37. A coil spring 39 pesting on a lower snap-type
stop ring 41 urges the choke ring vpward and is protected
by a cylindrical skirt 43 of the choke ring.

FIG. 1b shows how a choke head 382 may be mounted
on the rod 49 in a yielding manner. In FIG. 15 the lower
end of the rod 40 is reduced in diameter to form a cit-
cumferential shoulder 44 against which the choke head
384 is normally yicldingly maintained by a concealed
coil spring 45. The interior of the choke head 384 is cut
away to form an annular space for the coil spring and the
coil spring is mounted in this space under compression
between the upper end surface 46 of the recess and a nut
48 on the lower end of the rod.

Preferably the structure in FIG. 1 is modified by sub- 5

stituting the yieldingly mounted choke ring 35z of FIG. 1a
for the upper fixed cheoke ring 35 and by substituting the
yieldingly mounted choke head 38a of FIG. 1 for the
fixedly mounted choke head 38. With the range of yield-
ing retraction of the choke ring 35z substantially greater
than the range of yielding contraction of the choke head
384, the pressure signals will be produccd in the follow-
ing manner.

As the choke head 38z moves downward and ap-
proaches the upper choke ring 35a, the rise in pressure
on the upstream sides of the choke head and choke ring
created by restricting the downward stream of drilling
fluid causes both the choke head and the choke ring to
retract downward and after the chokc head retracts to
its limit the choke ring continues to retract downward to
its Iimit, The character of the resulting pressure signal
depends on the rate of relative movement between the
two telescoped sections of the signaling bumper sub assem-
bly, i.e., the rate at which the drill string is lowered after
it hits bottom. Usually the signal is somewhat anomalous
in that the rise in pressure is prolonged even when thbe
relative movement ¥s rapid between the two telescoped
sections of the signaling bumper sub assembly.

When the downwardly carried yielding choke head 382

reaches the lower fixed choke ring 36, however, the rise in
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pressure of the restricted stream of drilling fluid causes the
choke head to accelerate through the choke ring with a
snap action against the resistance of the concealed spring
45 with a consequent substantially instantaneous rise and
fall of pressure to create a signal in the form of a steep
sharp pressure pulse that travels to the top of the well,

If the yieding choke head 38a moves upward from 2a
point below the lower fixed choke ring 36, it retracts
under fluid pressure as it enters the fixed choke ring and
projongs the pressure rise accordingly but the pressure
rise is terminatcd abruptly when the concealed spring 45
is able to snap the choke head upwards back to its normal
limit position.

If the yielding choke head 38z in its upward movement
approaches the yielding choke ring 35z from below, the
rise in pressure by restriction of the downward stream of
drilling fluid causes downward retraction of both the
yielding choke head and the yielding choke ring but since
the choke ring has a longer range of yielding retraction
it smaps past the retracted choke head and then the re-
tracted choke head snaps upward to its normal Hmit posi-
tion. As a result the created signal is of the character of
an unmistakable steep sharp pressure pulse.

An important advantage of this arraogement is that
when the yielding choke head 38a is below the upper
yielding choke ring 352 and abave the lower fixed choke
ting 36, relative travel of the choke head in either direc-
tion eventually produces a distinctive steep sharp pressure
pulse. Thus with {he two telescoped sections of the sig-
naling bumper sub assembly extended to an intermediate
oxtent, i.e., substantially half way contracted, distinctive
sharp signals will indicate approach of the two telescoped
sections to their opposite limits of full contraction and
full extension. Guided by the two limit signals the driller
can lower the drill string either intermittently or con-
tinuously at an appropriately retarded rate to keep the
weight on the drill bit constant, the constant weight being
the weight of the portion of the drill string that is below
the telescoping joint.

The structure of the second embodiment of the inven-
tion shown in FIGS. 2, 3 and 4 is largely identical to the
structure of the first embodiment as indicated by the use
of corresponding numerals to indicate corresponding parts.
The second embodiment differs from the first in the sub-
stitution of a signal-generating section 50 for the signal-
generating section 24 and the substitution of a tubular
extension 52 of the wash pipe 34 instead of the choke
head 38 on the rod 40.

The signaling bumper sub 50 has a normally open upper
bypass port 54 and a normally closed lower bypass port
55, the lower bypass port being normally closed by a sleeve
valve 56 that is normaly held in abutment against a
shoulder §8 by a suitable coil spring 60.

When the signaling bumper sub assembly is fully ex-
tended, as shown in FIG. 2, a fraction of the drilling fiuid
is bypassed through the upper port 54. When the tubular
extension 52 initially moves downward in the initial con-
traction of the two telescoping sections of the drill string,
the tubular extension functions as a slecve valve and closes
the upper bypass port 54 as shown in FIG. 3. The closing
of the upper bypass port 54 causes a corrcsponding risc
in the pressure of the drilling fluid which rise may be
readily detected at the top of the well.

As the signaling bumper sub assembly continues to con-

3 tract the tubular extension 32 continucs to move down-

ward until eventually a downwardly extending finger 62
of the tubular extension encounters the upper end of the
sleeve valve 56 and depresses the sleeve valve in opposi-
tion {o the spring 60. The downward displacement of
the sleeve valve 56 opens the lower bypass port 55 to cause
a pressure drop in the drilling fluid that may be readily
detected at the top of the well.

It is to be understood that normally both of the bypass
ports 54 and 55 are closed with all of the drilling fluid
delivered fo the bit. It is contemplated that the bypass

National Oilwell Varco, LP
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ports will be open only briefly to produce signals by drop-
ping the pressure of the down flowing drilling fluid.

In the operation of the second embodiment of the in-
vention, the drilling of an increment of the borehole is
continued until the normal pressure is terminated by the
uncovering of the upper bypass port 54 by the tubular
extension §2 which produces a signal by dropping the
pressure of the drilling 8unid. The driller lowers the drili-
ing string with the result that the upper bypass port 54
is covered to restore the pressure and the driller continues
to lower the drilling string unti] the pressure is apain
dropped by opcning of the lower bypass port 85, The
driller then backs up the diill string to close the lower
bypass port 55, thereby restoring normal drilling pressure.
‘With narmal pressure plateau reestablished, drilling is re-
sumed until the pressure is again droppsd by the tubular
extension §2 uncovering the wpper bypass port 54. Then
the drill string is lowered by an appropriate increment for
continued drilling.

The third cmbodiment of the invention comprising a
signaling bumper sub assembly, generally designated 63,
shown in FIGS. 5 and 6, is also largely similar in con-
struction to the first embodiment as indicated by the use
of corresponding numerals to indicate corresponding parts.
The third embodiment differs from the first embodiment
in the substitution of a signal-generating section 64 for the
signal-generating section 24 and the substitution of a choke
head assembly, generally designated 63, for the rod 4¢ and
choke head 38 of the first embodiment.

The signal-generating section 64 has an upper yield-
ingly retractable choke ring 35a¢ of the previously de-
scribed construction shown in FIG. 1a and a pair of closely
spaced lower fixed choke rings 68 and 76. The chcke
head assembly 6§ for cooperating with the choke rings
354, 68 and 70 is supported by a rod 72 that is suspended
from the lower end of the wash pipe 34 by an apertured
fitting or spider 74. An upper choke head 75 is fixedly
mounted on the rod 72 at an upper level. Al a lower
Icvel, the rod 72 carries a cylindrical casing 76 and a
plunger 78 carrying a lower choke head 80 extends down-
ward from the lower end of the casing. For sealing pur-
poses, a suitable O-ring 81 carried by the eylindrical casing
- 76 slidingly embraces the plunger 78.

As shown in FIG. 6, a long coil spring 84 inside the
casing 76 exerts npward pressure on a piston 85 on the
upper end of the plunger 78 to hold the plunger in its
normal upwardly retracted position. The piston is pro-
vided with a dashpot passage 86 having a series of orifices
88 and the piston is further provided with a fluid passage
90 in paralle] with the dashpot passage. Flow through
the fluid passage 90 is controlled by a check valve com-
prising a ball 92 and an upper valve seat 94, the check
valve serving to prevent downward flow through the flnid
passage while freely permitting upward flow.

The interior of the casing 76 is filled with hydranlic
finid such as a suitable oil. The plunger 78 is tubular and
is provided with a port 93 in communication with the in-
terior of the casing 76. The tubular plunger contains a
floating piston 86 that is embraced by a suitable O-ring 98,
the purpose of the floating piston being to equalize the
pressure of the instrument ol in the casing 76 with the
drilling fluid in the drill string and to accommodatc ther-
mal expansion and contraction of the instrument.

When the signaling bumper sub assembly 63 is at its
fully extended position shown in FIG. 5, the upper choke
head 75 is spaced above the upper choke ring 66 and the
casing 76 and the lower choke head 80 are positioned
substantially above the two lower choke rings 68 and 70.
When the drill string touches botfom and the lowering of
the drilt string continues, the upper choke kead 75 ap-
Pproaches the upper choke ring 35z and the choke ring
retracts with consequent prolongation of the pressure sig-
nal. As the signaling bumper sub assembly continues to
contract the lower choke head 86 approaches the lowsr
pair of fixed choke rings 68 and 70.
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When the choke head 86 enters the choke ring 68 and
thereby raises the pressure of the drill fluid strcam by re-
stricting the stream, the dynamic pressurc of the accel-
erated drill stream against the upper end of the choke
head 8& causes the choke head to pull the plunger 78
downward in opposition to the coil spring 84. When the
plunger 78 is forced downwasd in this manner the ball
valve 92 in the piston 85 closes against the seat 54 to con-
fine the fluid flow through the piston to the dashpot pas-
sage 83. The dashpot passage with its orifices 88 retards
the downward movement of the plunger 78 and the choke
head 88 to a predetermined rate which spaces apart in
predetermined manner the two signals produced by the
passage of the choke head 80 through the two choke rings
68 and 70. The apparatus is preferably adjusted to cause
the creation of iwo unmistakable sharp pressure pulses
by the passage of the pressure head 8¢ through the two
closely spaced choke rings 68 and 70,

When the signalling bumper head assembly 63 is sub-
sequently extended by the drilling operation the choke
head 89 is withdrawn upward through the two choke rings
48 and 70 to produce two somewhat prolonged signal
pulses and then the spring §4 retracts the plunger 78 to
its normal position. As the sigmaling bumper sub as-
sembly continues to extend, the upper choke head 75
cventually passes upward through the upper vielding choke
ring 35a to produce a single sharp signal pulse that indi-
cates the approach of the two telescoping sections to their
fully extended positions.

The advantage of the arrangement shown in FIG. §
is in the character of signals that are produced once the
signaling bumper sub assembly is partially extended to
place both choke heads 75 and €9 in the range between
the upper yiclding choke ring 35a and the lower pair of
fixed choke rings 68 and 7¢. Thereafter, a single unmis-
takable sharp pressure pulse signals approach of the as-
sembly to full extension und an ummistakable pair of
closely spaced sharp pressure pulses signals approach of
the assembly to full contraction. The two kinds of sig-
nals for the two limits give the driller unmistakable guid-~
ance for governing the lowcring of the drill string.

FIG. 7 shows in a simplified manner how a series of
signaling bumper sub assemblies may be incorporated into
a drill string to make it possible for the driller to vary the
weight on the drill bit by increments at will without pull-
ing the driil string from the well bore. The drill bit 25
is mounted on the lower end of the usual drill collar 26
and the drill collar 26 is connected to the lower end of a
signaling bumper sub assembly 100 which is the signaling
bumper stb asscmbly shown in FIG. 1 but modified as
shown in FIGS. 1« and 15. Immediately above the sig-
naling bumper sub assembly is a second drilt collar 102
which is connected to the lower end of a second signaling
bumper sub assembly 63 which is the signaling bumper
sub assembly shown in FIG. 5. Immediately above the
signaling bumper sub assembly 63 is a third drill collar
145 which is connected to the lower end of a third signal-
ing bumper sub 106. The third bumper sub 186 is of the
same comnstriuction as the signaling bumper sub shown in
FIG. S, but differs in having threc lower choke rings in-
stead of two.

When the drill string shown in FIG. 7 is lowered into
the well bore and before the drill bit tonches bottom, the
entire drill string is in tension with the (otal weight car-
ried at the fop of the well. When the drill bit touches
bottom and then the upper cnd of the drill string is low-
ered further by a few inches, the weight of the drill string
below the first signaling bumper sub assembly 100 comes
to rest on the bottom of the borehole and the first signal-
ing bumper sub assembly 108 partially collapses. Thus a
minor portion of the total weight of the drill string is
imposed on the drill bit with the major portion carried
at the top of the well.

The second signaling bumper sub assembly 63 does not

3 collapse because it carsios the weight of the second drill
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collar 102 as well as the weight of the upper of the two
relatively movable parts of the first signaling bumper sub
assembly 100, The third signaling bumper sub assembly
106 docs not collapse because it carrics the weight of the

10
the lower choke ring 365 will produce a prolonged pres-
sure rise of the character shown in FIG. 11,
When such a pressurc rise occurs, the potentiometer
in FIG. 8 sends a comresponding rising voltage signal

third drill collar 105 plus the weight of the second signal- 5 1o the signal discriminator 128 and the signal discrimi-
ing bumper sub assembly 63 plus the weight of the second nator sends a command to a power transformer 132
drill collar 102 plus the weight of the upper of the two which responds by actuating the brake 134. The power
rclatively movable parts 109 of the first signaling bumper transformer functions in the manner of a well known type
sub assembly 160, of pushbutton switch which on successive actuations al-
When the upper end of the drill string is lowered until 1o ternately opens and closes a circuit. Thus one com-
the first signaling bumper sub assembly 100 is completely mand signal from the signal discriminator cauwses the
collapsed and the upper end of the drill string is then low- power transformer to relax the hoist brake 134 for lower-
cred an additional few inches, the second signaling bumper ing the drill string and the next signal tightens the hoist
sub assembly 63 partially collapses lo increase the weight brake to terminate the lowering movement of the drill
on the drill bit. At this time all of the weight below the 15 string. In this manner the conirol system shown in FIG.
upper of the two relatively movable parts of the second 8 automatically keeps the signaling bumper sub assembly
signaling bumper sub assembly 63 is on the drill bit and partially collapsed for constant imposition on the drill
all of the weight above the lower of the two relatively bit of the weight of the portion of the drill string below
movable parts of the second signaling bumper sub as- the telescoping joint in the bumper sub assembly. Thus
sembly is suspended from the top of the well, 20 the leading shoulder 135 of the pressure signal shown in
Further lowering of the drill string to the point of FIG. 11 is produced by the entrance of the choke head
partial collapse of the third signaling bumper sub assem- into a choke ring and the trailing shoulder 136 is pro-
bly 106 increases the weight on the drill bit io include all duced by the subsequent reversal of the relative move-
of the parts below the third signaling bumper sub asser- ment of the choke head and the consequent withdrawal
bly, including the two signaling bumper sub assecmblies 63 25 of the choke head from the choke ring.
and 100 as well as the three drill collars 2165, 162 and 25 It is apparent that in the automatic system illustrated
The value of the embodiment of the invention shown in by FIGS. 8 and 10, that the choke head 38 and the two
FIG. 7 s, first, in the range of adjustment of the weight choke rings 35h and 36h constitute two coopcrative
imposed on the drill bit and, second, in positive indica- means on two sections respcctively of the drill string
tion of the amount of imposed weight. The weights im- 30 to vary the flow of the fluid as the two sections approach
poscd by contraction of the different signaling bumper both foll contraction and full extension thereby to create
sub assemblies may be distinguished because approach to pressure changes in the fluid to serve as two signals in-
full contraction of the lower assembly 108 produces a dicative of the two limits respectively of the range of
single sharp pressure pulse, approach to full contraction movement of the two sections.
of the intermediate assembly 63 produces a pair of sharp 3% The principles of the invention may be incorporated
pressure pulses, and approach to full contraction of the in an arrangement to indicate the degree to which the
upper assembly 106 produces a series of three closely telescoping parts of a drill string are collapsed. FIG. 12
spaced sharp pressure palses. for example, shows a structure which is identical with
FIG. 8 shows an automatic control system connected stroctore shown in FIG. 1 with a serics of equally spaced
to the upper end of a drill string 168. A pressure gauge 40 choke rings 141-144 substituted for the two widcly
110 and a pressure transducer, generally designated 112, spaced choke rings of FIG. 1. The range of collapse
are connected to the upper cnd of the drill string 108 in of the signal-generating section 24a relative fo the cor-
pressure commupication with the drilling finid that is  responding bumper sub body (not shown) is divided into
pumped into the dril string. 45 equal parts and the choke rings 141—244 are spaced ac-
The pressure iransducer 112 has a diaphragm 114 *° cordingly. By simply counting the pressure signals that
which is cxposed to the pressure of the drilling flaid and are created by progressive extension or progressive con-
is backed by a heavy coil spring 115. The diaphragm is traction of the signaling bumper sub assembly the op-
connected to a slidable rod 116 which in turn is con- crator may be continually informed of the various stages
nected to the short arm 118 of a Jever 120 that is mount- 50 of collapse of the assembly.
ed on a pivot 122. The lever 120 is operatively connected * The principles of the invention may be applied to
1o a potentiometer and for this purpose carries a brush many other situations where a fluid strcam is available
or movable contact 124 which is adapted to traverse a for signaling purposes and it is desirable to measure a
potentiomgter resistor 125 that is connected across a bat- short distance. For example, FIGS. 13 and 14 show a
tery 128. The brush or movablc contact 124 is connected 55 string of tubing 150 being lowered from a barge (not
to a signat discriminator or sensor 128 of a type well shown) info thc ocean to make a screw-thread connec-
known in the art. When the movabtle contact 124 is re- tion with the upper open end of casing 152 near the ocean
ciprocated by a pressure pulse in the stream of drilling floor. The problem is to ascertain when the lowering
fluid the potentiometer converts the pulse into a voltage tubing 150 approaches the casing 152 and then to lower
pulse at the input of the signal discriminator $28. go the tubing gradually and carefully until the tubing ac-
The drill string 108 is equipped with a signaling bump- tually touches the casing and can be rotated into threaded
er sub assembly that is identical with the comstruction engagement with the casing.
shown in FIG. 1 except that both of the two choke rings The lowest section of the string of tubing 150 is pro-
are increased in axial dimension. For example, the fixed vided with a series of equally spaced choke rings 154
upper choke ring may be of the extended length of the g5 for cooperation with a choke head 155 on a feeler rod
upper choke ring 356 in FIG. 10 and the fized lower 156. The feeler rod slidingly extends through a spider
choke 1ing may be of the cxtended length of the lower 158 that scrves as a stop to engage the choke head 155
choke ring 365 in FIG. 10. as shown in FIG. 13 and thus suspend the feeler rod
It is apparent that with the choke head 38 at the in- when the string of tubing 150 is initially lowered. The
termediate position shown in FIG. 10, relative upward 70 spider 158 may be a piece of stiff ¥ inch wire of the
movement of the choke head into the upper choke ring configuration shown in FIG. 15,
35b will produce a pressure signal of the character shown The lower end of the feeler rod 156 is provided with
in FIG. 11, the sise in pressure being prolonged as long a spring wire fork 160 to keep the feeler rod from enter-
as the choke bead is within the choke ring. In like man- 78 ing the casing 152. The upper end of the fceler rod 156

ner, relative downward movement of the choke head into

is formed with a fishing spear 164,
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When the tubing siring 150 is being initially lowered
with the foeler rod 156 fully cxtended as shown in FIG.
13, water is contimously pumped downward through the
tubing string to serve as a signaling medivm. Conse-

12

mounted for longitudinal movement in the direction
of fluid Nlow in response to rise in the pressure of
the stream of fluid and retraction in the opposite di-
rection, said one member being biased to seek its

quently, any retraction of the feeler rod 156 causes the 5 reiracted position in opposition to the normal pres-
choke head 155 to pass through one or more of the sure of the fluid stream whercby said one member
choke rings 154 and the extent to which the feeler rod is normally retracted, but as it approaches the other
is contracted may be ascertained by counting the result- member, and thus partially restricts the fluid stream,
ing pressurc signals that are created in the stream of it is accelerated towards the other member by the
water, 10 consequent pressurc rise of the fluid stream thereby

With the lowering tubing siring 158 aligned with the
casing 152 the forked lower end of the feeler rod 156
eventually makes contact with the casing 152 and then
continucd lowering of the tubing string 150 causes the
choke head 155 to move relatively upward through the
successive choke rings 154. The first pressure signal
warns the operator to lower the tubing string 150 cau-
tiously from that point and by counting the pressure
signals the operator can ascertain just when the screw
thread 165 on the lower end of the tubing string is about
to make coutact with the screw thread 166 of the cas-
ing 152. :

After the tubing string 150 is joined to the casing
152 a fishing tool may be lowered through the tubing
string to engage the spear 164 for withdrawing the feeler
rod 156 to the surface. The spring wire fork 160 rcadily
contracts to pass through the chokc rings 154. The wire
spider 158 may be withdrawn with the fecler rod or may
drop harmlessly into the well.

My description in specific detail of the selected em-
bodiments of the invention will supgest various changes,
substitutions and other departures from my disclosure
within the spirit and scope of the appended claims.

Iclaim:

1. In a dril! string having a drill bit at its Jower end
and forminng a passage for the pumping of fluid there-
throngh to the bit to facilitate the drilling of a borehole,
the combination of:

a pair of sections of the drill string interconnected by

a telescoping joint for extension and coatraction
whereby the pair of sections may be collapscd to ap-
ply substantially all of the weight of the drill string
on the bit or may be extended through a given range
to limit the applied weight to the weight of the
drill string below the telescoping joint while drill-
ing proceeds through the range;

ring means at one point on one of the two sections
restricting the fluid passage locally; and

a body carried by the other of the two sections to pass
completely through the ring means in response to
relative movement between the two sections thereby
to choke the stream of the fluid temporarily to pro-
duce & pulse of pressure in the fluid, said ring means
and body being located on the two sections to coop-
erate as on end of said range is approached.

2. In a drill string having a drill bit at its lower end
and forming a passage for the pumping of fluid there-
through to the bit to facilitate the drilling of a borehole,
the combination of:
a pair of scctions of the drill string interconnected by
a telescoping joint for extemsion and coniraction
whereby the pair of sections may be collapsed to
apply the full weight of the drill string on the bit
or may be extended through a given range to limit
the applied weight to the weight below the telescop-
ing joint while drilling proceeds through the range;

an z2nnular restricion member in the fluid passage in
one of the two telescoping sections;

a choke member carried by the other of the two sec-
tions fo mmove into said restriction member in re-
sponse to relative movement between the two sec-
tions to choke the stream of the fluid to produce a
pressure signal in the fluid stream,

at least one of said two members being movably

15

20

435

0

fo cause a relatively sudden pressure rise.

3. In a drill string having a drill bit at its lower end
and forming a passage for the pumping of fluid there-
through to the bit to facilitate the drilling of a bore-
hole, the combination of:

a pair of sections of the drill string interconnected by

a telescoping joint for extension and contraction
whereby the pair of sections may be collapsed to
apply the full weight of the drill string on the bit or
may be extended through a given range to limit the
applied weight to the weight below the telescoping
joint while drilling proceeds through the range;

an annular restriction member in the fluid passage in
onc of the two telcscoping scctions;

a choke member carried by the other of the two sec-
tions to move into said restriction member in re-
sponse to relative movement between the two sec-
tions to chake the stream of the fluid to produce a
pressure signal in the fluid stream,

said choke member being mounted with freedom to
move through a longitudinal range relative to the
secijon on which it is mounted;

yielding means exerting force counter to the direction
of fluid flow and normally overcoming the pressurc
of the fluid stream to hold the choke member at a
retracted position,

said force being insufficient to overcome 2 rise in pres-
sure of the fluid strcam caused by restriction of the
siteam by the choke member in cooperation with
the restriction member whereby relative approach
of the choke member to close proximity to the re-
striction member causes acccleration of the choke
member into the restriction member with a con-
sequent stcep rise in the fluid pressure.

4. A combination as set forth in claim 3 in which
said longitudinal range exceeds the axial dimension of
the restriction member whereby the choke member is
accelerated clear through the restriction member with
the consequent creation of a relatively short high ampli-
tude pressure pulse in the fuid stream.

5. A combination as set forth in claim 3 in which said
longitudinal range is less than the axial dimension of the
restriction member whereby the choke member is accel-
erated into but not through the restriction member with
consequent creation’ of a relatively sudden rise of the
pressure in the fluid siream to a relatively high sustained
level,

6. In a drill string having a drill bit at its lower end
and forming a passage for the pumping of fluid there-
through to the bit to facilitate the drilling of a borehole,
the combination of:

a pair of sections of the drill string interconnected by a
telescoping joint for extension and contraction where-
by the pair of sections may be collapsed (o apply the
full weight of the drill string on the bit or may be
extended through a given range to limit the applied
weight to the wcight below the telescoping joint while
drilling proceeds through the range;

an annular restriciion member in the fluid passage in
one of the two telescoping sections;

a choke member carried by the other of the two sec-
ticns t0 move into said restriction member in re-
sponsc to relative movement hetween the two sec-
tions to choke the stream of the fuid to produce a
pressure signal in the fluid stream,
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said restriction membar be{ng mountad with freedom
to move through a longitudingl range relative fo the
section on which it i3 motaied:;
yielding means exerling fores comater to the direction
of fluid flow and pormally overcoming the oressure &
of the fid steeam to hold the restriction member at
a retracted position,

said force being insufficient to overcoms 2 rise in the
pressure of the stream csused by reswrition of the
stream wheredy relative approuch of the restriction 19
membsr o close proximity to the choke member
canses seceleration of the restriction membear.

7. In a drllt sivieg baviag a doll bit a1 its lower end
and fotming & pessage for ihe pumping of fluid there-
through to tha bit to facilitate the drilling of a borehols, 13
the combination of:

a pair of sectlong of the drill string intetSonnected by

a tolescaping joint for extansion and contraction
whereby the pair of tections may be collapsed to ap-
ply the fuli weight of the drill string on the bit or may 20
be extended through & pgivee rauge to Hmit the ap-
plied weight to the weight bulow the telescoping
jolnt while drilling proceeds through the range;

an anpular restriction member in the Juid passage in

cne of the two tclescoping sections; -
a choke member carried by the ather of the two sec-
tions to move inlo seid restriction member in re-
spoase to relative movement betwen the two sections
20 chais the stream of fluid t0 prodoce a pressure
signal ip the fivid stream, 30

said choke member being meounted with freedom to
move through = longitudinal range relative o the
section on which it 3 mounted;

yiekilog means cxerting foree counter to the direction
of.fuid flow and pormaily overcoming the pressure
of the Buid stream to hold the choke member at g
retracted position,

said force being insufficient to oversome a riss in pres-
sure of ihe fnid stream caused by restriction of the
strezm by the chioke membey i cooperativn with the
restriction member whersby relative approach of the
choke member to close proximity to the restriction
member causes acceleration of the choke member
into ike restriction member with a consequent steep 5
tlse ig the fluid pressurs, b

said restriction member being mounted with freedom
to move throvgh a longitudinal range relative to the
scetion on which it is mounted; 7

yieding means exerting force counder to fae direction of 50

fluid fow and normally overcoming the prassure of

the fluid stream to hold the restriction member at a
retracted position,

said force being insulficent to overcome a rise in the

pressurs of the stream ceused by rastriction of the 44

siream whereby Telative approach of the resteiction

membar to close proximily to the choke member

causes accelerstion of the resiriction mamber with a

coasequent stesp rise in the fuid pressore.

8. A combination as sot forth in claim 7 in which the gy
longitodinel range of the restriction member substantially
cxceeds the longitudinal ramge of the choks member
whereby with the choke member downsiream from the
restriction member approach of the two mambers to cloge
proximity 16 each other causss advance of both membery 45
along their fongitudinal ranges with the restriction mem-
ber passing the choke member to shorten the duration of
the pressuze rise in the fuid stream cansed by the coopers-
tive resiriction effect of the two members.

9, 1o a drill string having & dnill it at its lower end and 70
forming & pessage for the pumping of a fluid stream
tharethrough to the it to facilitais the driling of 2 bore-
haie, the combination of: 2 pair of sections of the drill
string intesconnected by a telescoping joint for extension
and contraction whereby the pair of sections may be col 7°

183

14
lapsed 1o apply the full weight of the drill string on the
bit or may be extended through a given range to limit the
zpplied welight to the welght helow the telescoping joint.
while drilling proceeds througk the range;

a pair of first means spaced apart oo one of the fwo
sextions ab positions correspondlng io the ywo ends
of the range; and

u second mezns carsied by the other of the two seo
tions 10 cooperate with said two spaced meams 1o
orente pressure signsdy in the fuid stream as the two
ands of the range are approached,

10, In a driil siring having s dril bit at its lower end
and forming 4 passage for the pumping of a finid stream
therethrough to the bit to facilitate the dritlicg of a hore-
hole, the combination of:

a pair of sections of the dril} string inferconnected by
a teJescoping jcint for extemsion and contrastion
whereby the pair of sections may be callapsad to ap-
piy the full welght of the drill atrimg on the bit or
may be extended through a given meoge to limit the
applied weight to the weight below the teiescoping
jointt while driltiug procseds through the range;
plurality of first means gpaced apart on one of the
two sections lengitudinally thereof;

2 ssoond means on the other of the two sections to
cooperate with said plurality of 8rst means to greate
presaure sigoals, said pleraiity of first means being
close topather to cooperate in producing & sigmal
characterized by a plurality of succewive presswe
ises,

said second means being mounted with frecdom to
move throngh a iongimdinal range oxceeding the
oversll longitudinal dimension of the plurality of
first meens;

yielding means exsrting force tounter ta the direction
of fluid flow and normally covercoming the pressurs
of the fluid stream to hold the second means at a te-
iracted Hmit position,

sajd force being msufficient to avercome a rise in pres-
sure cavsad by restriction of the fluld siream where-
by rolative approach of the sevond meags cloe to
the plurality of first means causes accsleration of the
second msans pait the plurality of first means in op-
position to the yielding mesns with consequent close
spacing of the successive pressura risss.

Ei. A combination as set forth in claim 10 which in-
clodes means to rstand the fiuid-responsive movement of
the second meana thereby to space apart the pressure tises
in a predetermined menner,

12. A combination as set forth in claim 1% whick ig-
cluzdes dasizpot moans to retard the Huid-responsive move-
ment of the zecond means.

13, In a ddil string baving a drili bit at iis lower end
and forming a passags for the pumping of fluid theres
through to the it to facilitate the drilling of & borehole,
the combination of:

2 plurality of paire of sections of the diill string in
which the two sections of each peir are igfercon-
nected by telescoping Joints for comttaction amd ax.
tspsion of the pair whersby the pairs may be con.
tracted smccessively beginning with the fowermost

- pair by bottoming the drill string in the borehols
and then contineing fo lower the drill siring, the
weight of the bit being determined by the number
of contracted poirs of sections;

two cooperative means on the two sections, respective-
Iy of 2ach pair to vary the fow of the fluid a5 the
pair of sections spproach both fnll contraction and
Iuil extension thereby o crcaie presnue chapges in
the fuid te servs as two asignaly indicative of tha two
linr.zits respectively of the range of movement of the
Pair; . -

meany responsive 0 ooe of sald two signals to initiae
lowering of the 6rill string 10 contract the pair of
seciions; and

w®
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means responsive to the other of said two signals to
ccase the lowering of the drill string to canse said
pair to extend subsequently as the borehole is pro-
gressively deepened by the drilling operation, where-

i3
signal for each pair of scctions to identily the individual
pairs.
I8. In a drill string forming a passage for the pump-
ing of fluid through the drill string, the combination of:

by the drill string may be lowered to causg a sclected § a pair of sections of the drill string interconnected by
pair of sections to collapse and the two responsivo a telescoping joint for extension aund retraction
means may then be effective to keep the selected pair through a given range of relative movement;
contracted thereby to maintain a corresponding a plurality of first means on one of the two sections
weight on the drill. spaced apart longitudinally of the scctions in accord
14. In a drill string heving a drill bit at its lower end 19 with a plurality of subdivisions of said range;
and forming a passage for the pumping of Nuid there- and a second means carried by the other of the two
through to the bit to facilitate the drilling of a borehole, sections to traverse the plurality of firsk mcans in
the combination of: said range of relative movement and to cooperate
a pair of scctions of the drill string intcrconnected by with the plurality of first means for choking action
a telescoping joint for extemsion and contraction 15 to create corresponding pressurc signals in the fluid
whercby the pair of sections may be collapsed lo ap- stream Indicative of the different stages of relative
ply the full weight of the drill string on the bit or movement between the two ssctions.
may be extended through a given range to Himit the 19. In = drill string having a drill bit at its lower end
applied weight to the weight below the telescoping and forming a passage for the pumping of fluid there-
joint while drilling proceeds though the range; 20 through to the bit to facilitate the drilling of a borelole,
means including a valve means on one of the two sec- the combivation of:
tions operative to bypass a portion of the fluid a series of pairs of drill string sections in the drill
through the wall of the section to producc & signal by string with the sections of each pair interconnected
lowering the pressure of the fluid in the passage; and by a telescoping joint whereby with the drill string
means carried by the other section to operate said valve 25 bottomed in the borehole, the upper end of the drilt
means in response to the relative movement of the string may be lowered to cause longitudinal con-
{wo sections. traction of the drill string by collapse of the pairs
15. In a drill string having a drill bit at its lower end of sections in sequence with consequent progressive
and forming a passage for the pumping of fiuid there- incrcasc in the weight imposed on the drifl bii;
through to the bit to facilitate the drilling of a borehole, 30  two cooperative means on the two sections of the low-
the combination of: ermost pair of sections responsive {o collapse of the
a pair of scctions of the drill string interconnected by lowermost pair to signal initiation of the Jongitudinal
a telescoping joint for extemsion and contraction contraction of the drill string;
whereby the pair of sections may be collapsed to ap- and two cooperative means on the two sections of the
ply the full weight of the drill string on the bit or 35 uppermost pair of sections responsive 1o collapse of
may be extended through a given range to limit the the uppermost pair of sections to signal approach to
applied weight to the weight below the telescoping full contraction of the drill siring.
joint while drilling proceeds though the range; 29. In a structure forming a passage confining a fluid
two cooperative means on the two sections, respectively, stream, the combination of:
of the pair to vary the flow of fluid as the pair of 49  two sections of the structure telescoped together for
sections approach full contraction and full extension longitudinal movement relative to each other;
thereby to create pressure changes in the fluid to a restriction in the passage carricd by one of the two
serve as two signals indicative of the two limif(s re- sections;
spectively of the range; a choke head carricd by the other section and normally
means responsive to one of said two signals fo initiate 49 spaced from the restriction longitudinally of the pas-
lowering of the drill string to contract the pair of sage;
sections; and means to scnse a condition;
means responsive to the other of said two signals to means responsive to said sensing means to cause longi-
cease the lowering of the drill string to cause said _ tudinal movement betwcen the two sections thereby
pair to extend as the borehale is progressively deep- 90 to cause relative movement of the restriction and
ened by the drilling operation. the choke head towards each other to create a
16. In = drill string having a drill bit at its lower end signaling pressure rise in the stream by progressively
and forming a passage for the pumping of fluid there- resiricting the stream with progressive increase in the
through to the bit to facilitate the deilling of a borehole, _ local velocity of the stream;
the combination of: 99 and means to accelerate the relative movement be-
a plurality of pairs of sections of the drill string in tween the choke head and the restriction inl response
which the two sections of each pair are intcrcon- to the rise in velocity thcreby to increase the rate
nected by telescoping joints for contraction and cx- of pressure rise,
tension of the pair whereby the pairs may be con- 21. In a dzll string having a drill bit at its Jower end
tracted successively beginning with the Jowermost 0 and forming a passage for the pumping of a fluid stream
pair by bottoming the drill string in the boreholc and therethrough to the bit to facilitate the drilling of a bore-
then continuing 16 Jower the drill string, the weight hole, the combination of:
on the bit being de_temfmed by the number of con- a pair of sections of the drill string interconnected by
tracied pairs of sections; and L a telescoping joint for extension amd contraction
means {0 vary the pressure of the fluid in the rill 65 . :
S . : whereby the pair of sections may be collapsed to
string in response to conlraction of each of the pairs Iv the full weight of the drill stri the bit
to send signals fo the top of the drill string to indicate apply the full weight o fr StHOg om ihe O
the contraction of the pairs, said means comprising or may }:e extt?nded through_ a given range to limit
cooperating pasts of the two sections respectively of }hc flgphcd v.velght. to the weight below the tclescop-
each pair of sections exposed Lo the fluid in the drill 70 ing joint while drilling proceeds through the range;
string to variably restrict the stream of finid in re- a first means comprising at least onc choke ring on one
sponse to longitudinal movement of the two sections of the two scctions;
relative to each other. a second means comprising a different number of close-
17. A combination as set forth in claim 16 in which 1y spaced choke rings on said one of the two sections,
[E3)

the means to vary the flaid pressure creates a different

said ficst and sccond means being spaced apart longi-
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tudinally of said one section at positions correspond- 2,539,758 1/1951 Silverman et al. ____ 175—48 X

ing to the two ends of the range; and N2,624,549  1/1953 Wallace - oeeeeriemncm 175321

a choke body carried by the other of the two sections 2,633,098  3/1953 Elis meecmeeee 116--70

to cnter the choke rings to crealc pressure rises in 9,724,574 1171955 Ledgerwood ———_—___. 175—27

the finid stream to indicate the two limits of the range 5 ~2,776,817  1/1956 Gregory et al. _— 175—321 XR

and to distinguish between the two limits of the range. 9,857,138 10/1958 Svendsen etal. _______ 175—27
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