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This invention relates to a device for use
in a well, and relates more particularly to a
well surveying device.

During the course of drilling a deep well,

8 for example, an oil or gas well, the well bore
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often becomes crooked and out of -vertical
alignment. This deviation of the well bore
from the true vertical is often caused by
strata or formation which is inclined or
dipped so that it causes the drilling tools to
be deflected from their proper course. For
numerous reasons it is desirable to drill a-
well as straight and as truly vertical as possi-
ble. The present invention relates to a de-
vice for indicating and recording the inclina-
tion of the drilling string and, more particu-
larly, the drilling tool, during the course of
drilling a well. It has been found difficult
to provide a device that may be employed
with the standard drilling equipment and,
during normal drilling operations, that will
accurately indicate or record the inclination
of the well bore or the drilling tool.

It is a general object of the present inven-
tion to provide a simple, practical, and effec-
tive device for indicating and recording the
extent of inclination of a well bore and/or
a well drilling tool.

It is another object of the invention to pro-
vide a well surveying device of the character
mentioned that may be used during the usunal
course of well drilling operations and with

standard equipment. '
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_ Another object of the invention is to Fro-
vide a device for indicating the extent of in-
clination of a well bore or a well drilling
tool within a well bore that may be mounte
in a string of drill pipe carrying the drilling
tool and that may be operated or tripped to
record the inclination of the drilling tool at
any suitable time, for example, prior to the
removal of the drilling tool from the well
for repair or replacement.

It is a further object of the invention to
provide a well surveying device of the char-
acter mentioned that does not interfere with
the free circulation of fluid through the drill-
ing string.

It is another object of the invention to pro-
vide a surveying device of the character men-

tioned that may be easily and quickly read
to determine the inclination of the. drilling

. tool. '

A further object of the invention is to pro-
vide a well surveying device of the character
mentioned that is simple and sturdy in con-
struction and that cannot be collapsed by the
guid or hydrostatic pressures within a well

ore.

Other objects and features of our inven-
tion will be best and more fully understood
from the following detailed description of a
typical form and application of the inven-
tion, throughout which description reference
is had to the accompanying drawing, in
which : __— : -

Fig. 1 is a sectional view of a typical well
bore illustrating the device provided by the
present invention mounted in-an operating
string extending into the well. Fig.2isan en-
larged longitudinal detailed sectional view
of a portion of the drilling string and of the
device provided by this invention, showing
the parts in the unactuated position. Fig,
3 is an enlarged longitudinal detailed sec-
tional view of the device in an inclined posi-
tion and with the parts in the actuated posi-
tion, and Fig. 4 is an enlarged elevation of
the graduated dial or gauge embodied in the
invention. . '

The device provided by the present inven-
tion is intended primarily for use in con-
nection with the rotary method of well drill-
ing, and in"Fig. 1 of the drawing we have
shown the device carried by a string S of

55

o5

15

80

85,

drill pipe extending through a well bore W.

A typical fish tail bit T is carried at the
lower end of the operating string S and is in
engagement with the formation at the bottom
of the well bore W. The surveying device is
adapted to be used in connection with various
types of bits and drilling tools, and it is to

. be understood that the invention is not to be

taken as restricted for use in connection with
the particular type of drilling tool illustrated
in the drawing. ‘

- The present invention includes, generally,
a body 10 adapted to be mounted in the drifl-
ing string S, a pendulum or plumb bob 11
mounted for oscillation in the body 10, a
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. plunger 12 operable to a position where it
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sets the plumb bob 11 against movement,
means 13 for operating the plunger 12, re-
leasable or frangible means 14 normally hold-
ing the plunger 12 against movement, and a
trip pin 15 adapted.to be dropped through
the operating string S to release the means 14.

"The body 10 is intended to be arranged in
or mounted in the fluid passage of the operat-
ing string S. In accordance with the broad-
er principles of the invention, the body 10
may be mounted on or in any suitable member
of the operating string, and at any suitable
point. In practice, it is desirable to mount
the body 10 in the operating string at a point
adjacent or immediately above the drillin%
tool T so that'the device, when operated, wil
record the position or inclination of the drill-
ing tool. In the preferred form of the in-
vention illustrated in the drawing, the body
10 is carried by a sub. 16 arranged between
the drilling tool T and a drill collar 17. The
sub 16 may be screw threaded on a tapered
pin 18 at the upper end of the drilling tcol

T and may have a pin 19 at its upper end,

screw threaded into a socket 20 in the lower
end of the drill eollar 17. The pin 18 of
the drilling tool is illustrated as having fluid
passages 21 communicating with the interior
or fluid passage 22 of the sub 16. 'The sub 16
and the drill collar 17 may be of standard
construction., The body 10 may be carried
by the pin 19 of the sub 16 so that it is dis-
posed within the bore or fluid passage 24 of
the drill collar 17. .

In the preferred form of the invention, the
body 10 is sectional, having a main or lower
section 25, and an upper section 26. The
lower section 25 is provided, at its lower end,
with a projection or pin 27 which may be
screw -threaded into the upper end of the
fluid passage 22 of the sub 16. The section
25 projects upwardly from the pin 19, and
spaced fluid passages or ports 28 are provid-
ed in the section 25 to pass fluid from the in-
terior of the drill collar 17 to the fluid pas-
sage 22 of the sub 16. The lower body sec-
tion 25 may be comparatively long, and a
central longitudinal -chamber or opening 29
ig provided in its upper end. ‘

The upper body section 26 is an elongated
tubular member and is provided to encase or
carry the pendulum 11 and the plunger 12.
The section 26 extends into the opening 29
and its lower end is detachably screw thread-
ed into the opening 29 adjacent its lower end

or bottom. In the preferred form of the in- -

vention, the body section 26 projects upward-
ly from the upper end of the section 25 and
is centrally arranged in the fluid passage 24

of the drill collar 17. The body 10 is of -

- considerably less diameter than the fluid
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passage 24, so that the circulation fluid is free
to pass through the drill collar 17.

is operated to the down position.

The pendulum or plumb bob 11 is nor-
mally centrally and vertically disposed with-
in the lower portion of the opening 30 of the
body section 26. The plumb bob is normally
carried for free oscillation and includes a
stem 31 and a pointed weight or head 32 on
the lower end of the stem 31, of bronze or
other nen-magnetic material. A carrier or
seat 83 is arranged in the opening 30 to carry
or support the plumb bob 11. e seat 33

may be in the nature of a circular disc sup-

ported on a shoulder 34 in the opening 30,
The plumb bob stem 31 extends through a
central vertical opening 85 in the seat 33.
A ball or spherical enlargement 36 is pro-
vided on the upper end of the stem 31 to seat
on a suitable bearing ring 37 on the upper
side ‘of the seat 33. The ball 36 is carried
on the ring 87 so that the plumb bob 11 is
normally free to swing or oscillate. The
lower portion of the opening 35 may be out-
wardly flared to permit free oscillation of the
plumb bob.

The plunger 12 is slidably carried by the

upper body section 26.  The planger 12 is
slidably supported and guided by 2 guide
bushing 38 screw threaded into the upper end
of the opening 30. In accordance with the
invention, the plunger 12 projects upwardly
from the upper end of the body 10, and a
cap 89 may be provided on the upper end of
the plunger. A suitable packing gland 40
may be provided on the lower end of the
bushing 38 to seal with the plunger 12. The
lower end of the plunger 12 is normally held

- spaced above the ball 36 by the means 14,

and an annular flange 41 may be provided on
the lower end of the plunger to slidably en-
gage the walls of the opening 30. A trans-
verse opening 60 may be provided in the
plunger 12 at a point above the upper end of
the bushing 38 to receive a suitable tool for
the handling of the plunger. ,
The plunger 12 is operable by the means
13 to a position where it engages the ball 36
to hold the plumb bob 11 against movement,
and the invention provides improved rieans
on the plunger for engaging and gripping
the ball 36 when the plunger is operated. A
body 42 of resilient material is arranged in
a central socket in the lower end of the plung-
er 12. The body 42 may be formed of rubber
or a suitable rubber composition. A sub-
stantially semi-spherical socket 43 is provid-
ed in the lower side of the resilient material
42 to reeeive the ball 36 when the plunger 12
n ac-
cordance with the preferred form of the in-
vention, the socket 43 is of slightly less di-
ameter than the ball 36 and is proportioned
so that the ball fits tightly in it when the
plunger is in the down or operated position.
The means 13, for operating the plunger
12 to the down position where the ball 86 is
held and clamped in the socket 48, is in the
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nature of a spring means within the opening

30. The means 13 includes a helical spring

44 surrounding the plunger 12.  The spring
44 is arranged under compression be-

8 tween the packing gland 40 and the shoulder
41, so that it normally tends to operate the
plunger 12 downwardly. R

The means 14 for normally hbfdiné the.

plunger 12 in the up position against the ac-

10 tion of the spring 12, where the plumb bob
is free to swing, 1s broken or released upon:

the cap 30 'beingh engaged or struck by the
trip pin 15 or.0
the operating string S. The means 14 in-
18 cludes a shear pin 45 arranged through a
transverse opening in the plunger 12. The

-shear pin projects from the opposite sides of

the plunger 12 and seafs a’lg_ainst the upper
end of the bushing 388..The shear pin is
20 such that it is sheared off or broken when
the cap 39 is struck by the trip pin 15 or
- other object dropped through the operating
string S. In accordance with the invention,
- the shear pin 45 is positioned so that it nor-
28 mally retains the plunger against movement
in a position where its lower end is-spaced
above the ball 36 and is made sufficiently
strong to resist the action of the spring 44
%0 until the plunger is struck by the trip pin
15. )
The trip pin 15 is intended to be lowered
- or dropped into the operating string S to
engage the cap 39 to impart a downward
blow to the plunger 12 and break the shear
pin 45. The trip pin 15 may be of any suit-
able shape and size. -In the case illustrated
in the drawing, the pin 15 is an elongated
member  having - beveled corners, and is
adapted to readily pass through the operat-

4 g string S. v ' )
%t will be apparent how the shear pin 45

will be broken when the pin 15 strikes the.

cap 39, and how the spring 44 will forcibly
operate the plunger 12 downwardly so that
48 the resilient material 42 engages and grips
the ball 36 to hold the plumb bob 11 against
movement. . '

~ The present invention provides an im-
proved gauge 50 whereby the position of the

50 Hlumb bob 11 may be quickly and accurately
determined or read. The gauge 50 is a circu-
lar disc made of a suitable transparent ma-
terial and is adapted to be arranged on the
lower end of the body section 26. In prac-

~ 88 ice, the gauge 50 may not be applied to the
device until after it has been withdrawn from
the well and has been taken apart to as-
certain the inclination of the well bore. The

gauge 50 is spaced a short distance below the

80 pointed lower end of the plumb bob 11 and
may be dished or concave, as illustrated in
the drawing. . A plurality of spaced con-
centric circles are marked on the gauge 50.
The exact position of tlie plumb bob 11 may

63 be readily determined by unthreading or de-

er object. dropped through’

taching the section 26 from the section 25 S0

that the plumb bob may be seen through the
gauge 50, ' ' '

The. present ‘invel'l'tiﬁ_)n provides means for
equalizing the fluid pressures within the body.

10

10- during operation of the device, and for .

preventing the device from being crushed,

by the excessive hydrostatic pressures.en-
countered within a well bore. The opening
30 may be filled with a suitable liquid, say,
an oil, and vertical opénings 51 may be pro-
vided in the seat 33 and the flange 41 so that
the upper end lower portions ofg the opening
30 _are in communication, and so that the
fluid trapped between the lower end of the

‘plunger 12-and the gauge may be displaced

upon downward movement of the plunger.

‘A -transverse vent opening 53 communicates

with the opening 52 and extends to the upper
end of .the plunger. The lower side of the

L[]

cap 39 may. be relieved or provided with a ..

chamber 54 which is in communication with
the upper end .of the opening 53. The body
10 may be filled with liquid when the-device
is assembled, and the opening 53, or a part

‘of the opening 53, and the chamber 54 may

be left empty, so that the liquid within the
opening 30 may be displaced into the open-
ing 53 and the chamber 54 when the plunger
12 is operated downwardly. The liquid or
oil provided in the body 10 prevents the bod
from being crushed or collapsed by the hig
pressures within the well bore; .

In employing the surveying device, it may
be mounted on a sub 16, or the like, in the
manner described above, and lowered into a
well in an operating string of drill pipe, or
the like. In practice, the device may be
mounted within the drilling string carrying
a well drilling tool of any character and may
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be permitted to remain in the unactuated po- .

sition until the drilling string is to be re-

moved from the well for the replacing of the
drilling tool. When it is desired to trip or
actuate the device, the drilling string S is
permitted to remain stationary. The trip pin
15 or any other suitable object may then
be dropped through the operating string S

110

so that it will strike the cap 89 and cause the

shear pin 45 to be broken.. Upon the break-
ing of the shear pin 45, the spring 44 forcibly

‘shifts the plunger 12 downwardly so that

118

the resilient material 42 grips the ball 36 and

tightly holds it within the socket 43. It will

“be apparent how the spring 44 acts to retain

the plunger 12 in a position where the plumb
bob 11 is held against movement after actu-
ation of the device. After the operating

string is removed from the well bore, the-

upper section 26 of the body may be un-

threaded or detached from the lower section
25 and the extent of inclination of the plumb’

bob 11 may be readily ascertained by apply-
ing the gauge 50 to the lower end of the
section 26. s o
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It is to be noted that the present invention

provides a well surveying device that is par-

ticularly simple in construction and opera-
tion. The device may be employed during
normal drilling operations and does not ne-
cessitate the lowering of a special string of
tools into. the well to take a survey.

culation of fluid through the operating string
and does not depend upon the varying or
controlling of the pressure on the circulating
fluid for its operation or control. The device

is also quicker to operate than the “acid bottle

type of well surveying device,” as no time

is lost in waiting for the acid of an “acid
- " ypon operation of the plunger, and means "

bottie” to etch the glass. :
Having described only a typical preferred

form of our invention, we do not wish to
limit ourselves to the specific details set forth,

but wish to reserve to ourselves any changes
or variations that may appear to those skilled
in the art or fall within the scope of the
following claims: '

.+ Having described our invention, we claim:

1. A well surveying device of the character
described, including a body adapted to be
mounted within an operating string, a plumb
bob mounted in.the body for oscillation, a
plunger slidable in the body operable to a
position where it holds the plumb against

oscillation, means for eperating the plunger

to the said position, frangible means normal-

ly holding the plunger against operation to-
said position, and gravity actuated means for

fracturing the frangible means to release the

‘plunger for movement to the position where

it holds the plumb bob.

9. A well surveying device, including a_

. tubular body adapted to be mounted in an

40

operating string, a plumb bob mounted in the

" body for oscillation, a plunger slidable in the

body and projecting from the body, the
plunger being operable to a position where

.1t holds the plumb bob against oscillation,

40
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frangible means normally holding the
plunger against movement releasable by
fracturing upon the projecting portion of the
plunger’s being struck by an object passed
through the operating string, an object
adapted to be passed into the string to fall
therethrough to strike the projecting portion
of the plunger to fracture the frangible
means and means for operating the plunger
to the position where it holds the plumb bob
against movement upon the release of the
last-mentioned means. o

. 3. A well surveying device, including a
tubular body adapted to be mounted in an

" operating string, an object adapted to be

60
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passed through the operating string, a plumb
bob mounted in the body for oscillation, a
phinger slidable in the body and projecting
from the body and engageable by said object,
the plunger being operable to a position
where it holds the plumb bob against oscilla-

1,018,448

The
device does not interfere with the free cir-

>

tion, a shear pin normall holdihg' the
plunger against movement

reakable upon

the plunger’s being struck by said object, and .-

‘means for operating the plunger to the said

position upon breaking of the shear pin.
“4, A-well surveying -device, including a

body adapted to be detachably mourted in
‘an operating string, an object adapted to be

70

passed through the operating string, 2 plumb: '

bob mounted for oscillation in the body, a
plunger slidable in the body and having a
portion projecting from the body adapted to
be struck by the object dropped through the
operating string, means on the plunger for
holding the plumb bob against oscillation

normally holding the plunger against opera-
tion in a position where the plumb bob is free

to oscillate and releasable upon the plunger -
_being struck by the said object. T

5. A ‘well surveying device, including a
“body adapted to be detachably mounted in an

operating  string, an object adapted to be
dropped. through the operating string, a
plumb bob mounted for oscillation .in.the
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body, a plunger slidable in the body and hay- -

ing a portion projecting from the body
adapted to be struck by the object dropped

through the operating string, means on the -

plunger for holding the plumb bob against
oscillation upon operation of the plunger,
means in the body for operating the plunger,
and means holding the plunger against oper-

ation, including a frangible pin-engaging the

plunger and the body adapted to be broken

upon the object striking the said portion of |

the plunger. - :

6. A well surveying device for use in con-

nection with an operating string of drill pipe,

including a body adapted to be mounted in -

the drilling string, a plumb bob in the body,
a plunger carried by the body and projecting
from ‘the body and - operable to a position
where it prevents oscillation of the plumb
bob, releasable means normally holding the
plunger against movement in ‘a position
where the plumb bob is free to oscillate, and
a trip pin adapted to be dropped through the

string so that it strikes the plunger to release.
‘the releasable means by the force of its im-

pact against the plunger.

7. A well surveying device for use in con-
‘nection with an operating string of drill pipe,

including a body adapted to be mounted in
the drilling string, a plumb bob in the body,

100

105

110

116

120

a plunger carried by the body and projecting -

from the body and operable to a position
where it prevents oscillation of the plumb
bob, means for operating the plunger to said
position,,releasable means normally holding
the plunger against movement in a position
where the glumb bob 1s free to oscillate, and a
trip pin adapted to be dropped through the

string so that it strikes the plunger to release
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the releasable means by the force and impact -

of its blow against the plunger.

8. A well surveying device for use in an
operating string carrying a drilling tool, in-
cluding a sub to be mounted in the string
adjacent the tool, a body in the sub including
a lower section on the sub, and an upper
tubular section detachably mounted on the
lower section, & plumb bob in the lower sec-
tion, a plunger slidable in the upper section

‘to a position where it holds the plumb bob

against movement, the plunger projecting
from ‘the body, means for operating the
plunger to the said position, and releasable

means normally holding the plunger against

movement and adapted to be released upon a
blow being applied to the plunger, and an ob-
ject to be passed into the operating string to

all therethrough and strike the plunger to

release the releasable means by the force of -

its impaet against the plunger.

9. A well surveying device of the charac-
ter described, including a body adapted to
be mounted in an operating string, a plumb
bob mounted within the body, a plunger car-

ried by the body operable to a position where.

it holds the plumb bob against oscillation,
the plunger projecting from the upper end
of the body, means normally tending to op-
erate the plunger to the said position, in-
cluding a spring in the body acting between
the body and the plunger, a shear pin oun the
K‘lunger and engaging the body normally
olding the plunger against movement, and
an object adapted to be passed into the oper-
ating string to fall therethrough to strike the
plunger and break the shear pin by its im-
pact with the plunger. .
10. A well surveying device, including a

45
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body adapted to be mounted in an operatin

string, the body having a chamber, a plum

bob mounted within the chamber, and in-
cluding a stem and a ball on the stem, means
swivele supporting the ball, a plunger slid-
able in the chamber and projecting from the
body, a body of yielding resilient material
on the plunger. having a socket adapted to
co-operate with. the ball to hold the plumb
bob agdinst movement, means for operating
the plunger to a position where the plumb
bob is held against movement, and releas-
able means normally holding the plunger

against movement in a position where the

ball is free of the socket and releasable upon
a blow being applied to the plunger.

11. A well surveying device, including a
body adapted to be mounted in an operatmg
string, the body having a chamber, a pum
bob mounted within the chamber, and in-
cluding a stem and a ball on the stem, means
swivelly supporting the ball, a plunger slid-
able in the chamber closing an end of the

chamber and projecting from the body, a-

body of yielding resilient material on the
plunger having a socket adapted to co-oper-

.ate with the ball to hold the plumb bob

against movement, means for-operating the
plunger to a position where the plumb bob
1s held against movement, means whereby
fluid may be displaced from the chamber
when the plunger is operated, and releasable
means normally holding the plunger against
movement in a position where the ball is
free of the socket releasable upon a blow
being applied to the plunger.

JOHN V. BOX,
EMBLEN N. COOKE.
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