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This invention relates to a bore hole declinometer which
will determine the amount of deviation of the bore from
the vertical by means of pulsss or surges which are intro-
duced into the mud stream flowing into the bored hole
from the surface; said impulses being recorded at the sur-
face by suitable instruments for determining pressure vari-
ations. My invention consists primarily of an indicating
assembly which is mounted in the tool string immediately
above the drilling bit. This indicating assembly pro-
duce pressure pulses in the drilling mud stream which are
proportional in duration to the angular deviation from
the vertical of the bored hole. There is also a pressure
recording imstrument at the surface which records the
duration of pressure pulses in the drilling mud, this re-
cording instrument being calibrated and readable in de-
grees of declination of the bored hole from the vertical.

An object of my invention is to provide a bore hole
declinometer which will indicate the amount of declina-
tion of the bored hole from the vertical, this reading being
obtained at the surface of the ground while the drilling
of the well continues, and without the necessity of re-
moving the drill string or bit from the well.

A further object of my invention is to provide a novel
bore hole declinometer which is activated by fluid pulses
introduced into the mud stream by means of a mechanism
actuated by the mud stream, this mechanism introducing
readable surges or pulses in a flowing mud stream in
the bore of a well while the drilling operation of the well
continues.

It is to be understood that my invention can also de-
termine, record, or indicate other information at the bot-
tom of a well other than declination, such other infor-
mation consisting of bottom hole temperatures, pressures,
acidity, etc.

Still another object of my invention is to provide a
novel bore hole declinometer which will reposition and
reactivate itself after each angular reading produced there-
by, and without the necessity of removing the declinom-
eter from the bored hole.

Other objects, advantages and features of invention may
appear from the accompanying drawing, the subjoined
detailed description and the appended claims.

In the drawings:

FIGURE 1 is a fragmentary vertical sectional view of
the upper portion of my declinometer.

FIGURE 2 is a fragmentary vertical sectional view of
the lower portion of my declinometer.

FIGURE 3isa fragmentary longitudinal sectional view
of the pendulum control mechanism of my declinometer.
" FIGURE 4isa fragmentary longitudinal sectional view
of a modified form of pendulum mechanism.

FIGURE 5 is a digrammatic view of my declinometer
in position in a well.

FIGURE 6 is a diagrammatic view of the recording
apparatus at the surface of the well.

Referring more particularly to the drawing, casing or
open hole 1 forming the bore of the well extends from
the surface to the bottom of the well, all of which is
usual and well known in the art. During the digging of
the bore 1 a tool string 2, consisting of pipe, extends
from the surface to a drill collar 3, and a bit 4 is attached
to the bottom of the dril] collar again in the usual and
well known manner. The tool string 2 is threaded to
the upper end of the drill collar 3, again in the usual and
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well known manner, In rotary drilling, drilling mud is
pumped through a pipe 5 and thence into a swivel head
6 which is mounted on the upper end of the drill string 2.
This drilling mud flows under considerable pressure to
the bit 4 and then flows upwardly in the bore 1 and back
to the surface. Any pulse or wave in the stream of drill-
ing mud within the drill stream 2 would, therefore, be
transmitted back to the surface and could be there re-
ceived as a pulse, and also various pulses "which are
separated from each other could be timed. The drill col-
lar 3 is provided with a plurality of necks or constrictions
7—8, eic., adjacent the upper end thereof. In this in-
stance, two such constrictions or necks are shown and
these are spaced vertically a known distance for the pur-
pose of producing a pulse or wave in the column of
drilling mud within the drill string 2, as will be further
described. A cylinder 9 is concentrically mounted in
the collar 3 and is fixedly held in this position by means
of a plurality of spiders or rings 18. A cap or closure
9’ is secured to the lower end of the cylinder 9. This
cap 9 is preferably formed of a flexible material. A
tubular piston rod i1 extends into the top of the cylinder
9 and this tubular rod has a piston 12 thereon which
closely fits within the cylinder 9. A guide 13 is mounted’
on the upper end of the cylinder 9 and surrounds the
piston rod 11. A head 14 is provided on the upper end
of the piston rod 11 and this head is somewhat smaller
in diameter than the necks 7 and 8. As the head 14
passes through the necks 7 and 8 it will materially re-
strict the flow of drilling mud which is passing down-
wardly through the collar 3 and will thus create a surge
or pulse during the time that the head 14 is positioned
within a neck 7 and 8. The necks 7 and § being spaced
vertically with a bulge 7’ between the necks, will cause a
different time interval to be recorded as the head moves
from 7 to 7’ than from 7' to 8; the time varying with the
downward speed of the head 14 as it is pushed down-
wardly by the flow of drilling mud within the drill string
2. The varying speed of the head 14 is accomplished by,
the flow of fluid through a certain port and orifice, as
will be subsequently described. Since the rod 11 is tubu-
lar it will tend to float upwardly in the column of drilling
mud whenever that mud is quiescent, that is, when the
mud pumps are not operating and when there is no flow
of mud within the dril] string 2.

At the surface, whenever a pulse is produced by move-
ment of the head i4 through a neck 7 or § and the bulge
7', this pulse will be received in a sujtable pressure receiv-
ing instrument 15, which instruments are well known in
the art. Once the pulse is received the timing of the
pulses is recorded by the pulse timing instrument 16.
Thus it is possible to receive a pulse produced within the
drill string 2 by movement of the head 14 downwardly as
described, but also to time the pulses produced in the
restrictions 7 and 8§ and the bulge 7’. While I have
only shown two such restrictions, it is obviously pos-
sible to provide additional space restrictions if it is found
desirable or necessary.

The drilling mud will move into the chamber 17 above
the piston 12 to push this piston downwardly within the
cylinder 9. The space or chamber 18 below the piston.
12 is filled with oil and serves as a control means, as will
be further described. A rod 19 extends into the bottom
of the tube 11 and is formed with a head or guide 20 at its
upper end which slides freely within the tube 11.

A transverse wall 21 in the cylinder 9 defines the lower
wall of the chamber 28. A fixed orifice 22 extends
through the wall 21 into another chamber 23 within the
cylinder 9 and below the chamber 18. A slide valve 24
is mounted on the wall 21 and when this valve is moved
transversely of the wall it will open and close the orifice
or port 22. In one position of the valve 24, as shown
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in FIG. 2, the port 22 is open. In another position of
the valve, as shown in FIG. 3, this port is closed. A
metering cylinder 25 depends from the wall 21 and the
bore of this cylinder extends upwardly through the wall
21 to the valve 24, substantially as shown. The port
26 in the valve 24 will permit oil to flow from the cham-
ber 18 either. through the orifice 22 or into the calibrat-
ing cylinder 25, depending on the position of the valve.
A cylindrical plunger 27 within the cylinder 25 is pro-
vided with a pin 28 which projects through the bottom of
the cylinder 25.. A coil spring 29 is attached at one end
to the pin 28 and tends to pull the pin and the plunger
27 upwardly in the cylinder 25. An elongated slot or
control orifice 38 extends through the wall of the cylin-
der 25, and the plunger 27 controls the opening through
the orifice 38 and thus determines the rate of flow of oil
through that orifice. When the conirol tube 11 is pushed
downwardly by the circulating mud a soft rubber C-ring
31 on the inside of the tube 11 will engage the head
28, pushing the rod 19 downwardly to swing the lever
32 which is pivotally attached to the valve 24, by means
of a pin 32’ on the valve 24, which pin enters a hole
in the bottom of the lever 32 thus moving the port 26
over the calibrating cylinder 2§ and permitiing the oil
jn the chamber 18 to pass first into the cylinder 25 and
then out through the calibrated opening 38. The pres-
cure of the oil in the chamber 18 will also miove the
plunger 27 and the pin 28 downwardly against the ten-
sion of the spring 29. The downward raovement of the
plunger 27 will variably open the calibrating orifice 38,
fhus determining the rate of flow of the oil irom the
chamber 18 into the lower chamber 23 and thus con-
trolling the rate of downward movement of the piston
12 as well as the head 34, and thereby determining the
time of movement of the head 14 from the neck 7 to
the bulge 7’ and the neck 8. The lever 32 is pivotally
mounted on the lug 32?2 projecting inwardly from the
cylinder 9.

The maximum downward movement of the plunger
27 and the pin 28 is conirolled as follows: A weight 33
is mounted on a ball joint 34, which joint is positioned
within a transverse wall 35 within the cylinder 3. A
cone 36, which has peripheral steps 37 thereon, is also
attached to the ball 34 and extends upwardly inmto the
chamber 23. The cone 36 with its surface steps is im-
mediately below the pin 28, and the weight 33 will swing
the cone 3§ to one side, depending upon the inclination
of the bored hole from the vertical. When the pin 28
is now driven downwardly by pressure of the oil within
the chiamber 25 the pin will strike one of the surface
steps- 37 to limit further downward movement of the
plunger 27 and thus determine the maximum opening
of the orifice 3¢ for the particular inclination of the
tored hole. It will thus be evident that the different
inclinations of the tool in the bored hole will variously
position’ the cone 36 to stop the pin 28 and the plunger
27 in a corresponding position, thus adjusting the ori-
fice 30 and varying the time of movement of the head
14 from the neck 7 to the neck 8. This time interval
between successive pulses teceived by the imstrument 15
at the surface will be recorded on the time mechanism
16 and this time element in turn can be tramslated into
degrees of declination of the bored hole.

After the declination of the hole has been détermined
as stated above, the flow of drilling mud into the well
is stopped. Since there is no mud flow, the piston 12 will
be stationary; also there will be no oil pressure in the
chambers 18 and 23. The oil in the chambers 1§ and
23 has a lower specific gravity than the mud column on
the outside of the cylinder 9 and, consequently, the pis-
ton 12 and hollow rod 1% will be floated upwardly in
the mud column. Since the tube 11 is hollow it will float
upwardly in the. mud column to its original position
shown in FIG. 1, and at the same time the spring 29 will
push the plunger 27 upwardly to substantially close the
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orifice 36, At the same time the rod 19 will also be
pulled upwardly due to the friction of the head 28 within
the tube 11, and also by engagement with the compress-
ible Tubber stop 31. Thus shifting the valve 24 to the
position where the ports 22 and 26 are aligned, as shown
in FIG. 2, and thus returning the parts to a starting or
position of zero declination. This is usuzlly accom-
plished by moving the bit 4 off of bottom and permitting
the driliing string to hang vertically in the well. If the
declination is excessive, further movement of the bit
vertically or further drilling ahead might cerrect the de-
ficiency and, if not, the bit can be removed and a whip-
stock inserted inserted which is usual and well known
in the art.

A modification of the pendulum mechanism is shown
in FIG. 4 wherein a weighted hemispherical pendulum
48 is mounted in a gimbal ring 41. The plunger 27 has
a pin 42 depending therefrom and this pin is pivotally
attached to a link 43. The other end of the link 43 is
pivotally attached to a post 44 which rises from the
weight 48, Thus as the hemispliere 48 moves in the ring
43 the plunger 27 will be pulled downwardly to expose
the orifice 30 in the same manner as previously de-
scribed.

In Operation

Assuming that the bit 4 is being rotated by the drill
string 2 in the normal manner and is drilling ahead with
drilling mud circulated through the drill string 2, the
dritiing mud will be under considerable pressure and this
drilling mud will pass downwardly through the string 2
and thence into the top of the cylinder 9 and will press
against the top of the piston 12. The tube 11 will thus
be moved downwardly, as well as the head 14 on the
upper end of this tube. When the head 14 enters the
neck 7 a surge or pulse is created in the drilling mud
which is transmitted to the top of the drilling string 2
and will be received by the mechanism 15. As the head
14 moves from 7 to 7’ this time interval will be recorded
on the instrument 1§. The rate of movement of the
head 14 during this interval is determined by the size of
the port 22. The initial downward movement of the
tube 11 will cause the soft O-ring 31 to engage the head
28 and will push the rod 39 downwardly to shift the valve
24 from a position to open the port 22 to a second posi-
tion to open the cylinder 25. When the orifice 39 is now
open the rate of movement of the head 14 will be changed
and, consequently, the time interval of movement of the
head 14 from 7’ to 8 will be different than the time in-
terval from 7 to 7. ‘This latter time interval is again
indicated on the instrument i6 and can be calibrated to
indicate declination of the hole. The downward move-
ment of the piston 42 has pushed oil in the chamber
18 downwardly and this oil first passes through the port
22 until it is shifted into the cylinder 253. The first
action of the incoming oil into the cylinder 25 is to push
the plunger 27 downwardly to open the orifice 30 and
permit the incoming oil to flow into the chamber 23.
Meantime, if there is some inclination in the bored hole
the pendulum 33 will swing the cone 36 to one side,
exposing the steps 37 thereon to the pin 28. Down-
ward movement of the plunger 27 will push the pin 28
downwardly until it engages one of the steps 37; thus
limiting further downward movement of the plunger 27
and limiting the exposed portion of the orifice 3¢8. This
constriction of the orifice 30 will limit the rate of move-
ment of the piston 12 and thus regulate the movement of
the head 14 from the neck 7 to the neck 8. This time
interval is recorded in the timing mechanism 16 and
can be translated into the declination of the hole which
determines the position of the pendulum 33 and the cone
36. After a reading has been taken and the amount of
declination of the hole determined, the flow of drilling
mud will be stopped and the bit 4 is. raised off of bot-
tom so that the drill string 2 hangs vertically in the
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well. The drilling mud having been-stopped, there is no
pressure on the piston 12, which relieves pressure in the
chambers 18 and 23. The spring 29 now moves the
plunger 27 upwardly, releasing the pendulum 33 so that
it in turn can again hang vertically. The tube 11 will
now float upwardly in the mud stream and will also pull
the rod 19 upwardly to shift the valve 24 through the
link 32 so that the ports 22 and 26 are aligned, as shown
in FIG. 2. The tool is now ready for continued drilling
and a repetition of declination indication.

Having described my invention, I claim:

1. In a bore hole declinometer a driil string in the
bored hole, a bit on the lower end of said drill string; a
drill collar in said drill string above said bit, said drill
collar comprising the housing for a hole declinometer,
said drill string having a column of drilling mud there-
in, said drill collar having a plurality of superposed con-
strictions therein, a piston rod mounted in said drill col-
lar for vertical movement therein, a piston on said piston
rod to be acted upon by the drilling mud to force the pis-
ton rod downwardly in the drill collar, a head on said pis-
ton rod, said head being movable past said constrictions
to create a pulse in the drilling mud, and pulse receiving
means at the surface of the bore hole, and a means to
retard the downward movement of said piston and piston
rod, a cylinder in said drill collar, said piston being slid-
ably mounted in said cylinder, the drilling mud bearing
against one side of the piston, a wall in the cylinder, said
wall separating said cylinder into upper and lower cham-
bers, said wall having a fluid port extending therethrough
to permit flow of a fluid from the upper to -the lower
chamber, pivotally mounted weighted means sensitive
to the declination of the bore hole, and valve means
connected to and operable by said weighted mesans comn-
trolling the size of said fluid port, stepped shoulders on
the weighted means engaged by the valve means, the open-
ing .of the fluid port by the valve means being approxi-
mately proportional to the tilt of the weighted means,
a second port in said wall, a second valve means con.
trolling the second port, and means coupling the second
valve means and said piston rod to actuate the second
valve means as the piston rod moves vertically.

2. In a bore hole declinometer a drill string in the
bored hole, a bit on the lower end of said drill string;
a drill collar in said drill string above said bit, said drill
collar comprising the housing for a hole declinometer,
said drill string having a column of drilling mud therein,
said drill collar having a plurality of superposed con-
strictions therein, a piston rod mounted in said drill col-
lar for vertical movement therein, a piston on said piston
rod to be acted upon by the drilling mud to force the
piston rod downwardly in the drill collar, a head on said
piston rod, said head being movable past said constric-
tions to create a pulse in the drilling mud, and pulse re-
ceiving means at the surface of the bore hole, and a
means to retard the downward movement of said piston
and piston rod counsisting of a universally mounted weight,
a head on the weight, a plurality of spaced stop shoulders
on the head, said drill collar having a fluid port therein
positioned above said head, valve means movable over
said port to constrict the port and reduce flnid flow
therethrough, said last named valve means being engage-
able with and movable relative to any of the stop shoulders
to permit movement of the valve means over said port
and vary the opening thereof, the opening of the flnid
port by the valve means being approximately propor-
tional to the tilt of the weighted means, a second port
in said wall, a second valve means controlling the sec-
ond port, and means coupling the second valve means
and said piston rod to actuate the second valve means as
the piston rod moves vertically.

3. In a bore hole declinometer a drill string in the
bored hole, a bit on the lower end of said drill string;
a drill collar in said drill string above said bit, said drill
collar comprising the housing for a hole declinometer,
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said drill string having a column of drilling mud therein,

said drill collar having a plurality of superposed con-

strictions therein, a piston rod mounted in said drill col-

lar for vertical movement therein, a piston on said piston

rod to be acted upon by the drilling mud to force the

piston rod downwardly in the drill collar, a head on

said piston rod, said head being movable past said con-

strictions to create a pulse in the drilling mud, and pulse
receiving means at the surface of the bore hole, and a

means to retard the downward movement of said piston

and piston rod consisting of a cylinder fixedly mounted :
in said drill collar, said piston being slidably mounted

in said cylinder, the drilling mud bearing against one

side of the piston, a transverse wall in the cylinder sepa-

rating said cylinder into upper and lower chambers, said

wall having a metering cylinder therein, a plunger in the

metering cylinder, said metering cylinder having a meter-

ing orifice extending through a wall thereof, said plunger

being movable over the metering orifice to control the

size thereof, and pivotally mounted weighted means

sensitive to the declination of the bore hole, and spaced

stop means ‘on said weighted means engageable by said

plunger to limit the movement of the plunger relative to

the metering orifice, and control fluid flow therethrough, .
the opening of the fluid port by the valve means being

approximately proportional to the tilt of the weighted

means, .a secend port in said wall, a second. valve means

controlling the second port, and means coupling the sec--
ond valve means and said piston rod to actuate the sec-

ond valve means as the piston rod moves vertically.

4. In a bore hole declinometer a drill string. in the
bored hole, a bit on the lower end of said drill scring; a-
drill collar in said drill string above said bit, said drill-
collar comprising the housing for a hole declinometer,
said drill string having a column of drilling mud therein,
said drill collar having a plurality of superposed constric-
tions therein, a piston rod mounted in said drill collar for
vertical movement therein, a piston on said piston rod to
be acted upon by the drilling mud to force the piston rod
downwardly in the drill collar, a head on said piston rod,
said head being movable past said constrictions to create
a pulse in the drilling mud, and pulse receiving means
at the surface of the bore hole, and a means to retard the
downward movement of said piston and piston rod con-
sisting of a cylinder fixedly mounted in said drill collar,
said piston being slidably mounted in said cylinder, the
drilling mud bearing against one side of the piston, a
transverse wall in the cylinder separating said cylinder
into upper and lower chambers, said wall having a meter-
ing cylinder therein, a plunger in the metering cylinder,
said metering cylinder having a metering orifice extend-
ing through a wall thereof, said plunger being movable
over the metering orifice to control the size thereof, a
universally mounted weight in said cylinder, a head on
the weight, a plurality of spaced stop shoulders on the
head, and means projecting from said plunger, said means
on the plunger being engageable with any of the stop
shoulders to control the size of the fluid port, and con-
frol fluid flow therethrough, the opening of the fluid port
by the valve means being approximately proportional to
the tilt of the weighted means, a second port in said walj,
a second valve means controlling the second port, and
means coupling the second valve means and said piston
rod to actuate the second valve means as the piston rod
moves vertically,

5. In a bore hole declinometer a drill string in the
bored hole, a bit on the lower end of said drill string;
a drill collar in said drill string above said bit, said drill
collar comprising the housing for a hole declinometer,
said drill string having a column of drilling mud therein,
said drill collar having a plurality of superposed con-
strictions therein, a tubular piston rod mounted in said
drill collar for vertical movement therein, a piston on said
piston rod to be acted upon by the drilling mud to force
the piston rod downwardly in the drill collar, a head on
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said piston rod, said head being movable past said con-
strictions to create a pulse in the drilling mud, and pulse
receiving means at the surface of the bore hole, a second
rod -extending into said tubular rod and slidable therein, a
cylinder fixedly mounted in- the drill collar, said- piston
being slidably mounted in said cylinder, the drilling mud
bearing against one side of the piston, a transverse wall
in the cylinder separating said cylinder into upper and
lower chambers; said wall having an orifice therein con-
necting said upper and lower chambers, valve means in
said wall adapted to open and close said orifice, actuating
means connecting said valve means and the second rod
whereby said valve means is operated, a metering cylinder
on said wall, said valve means being movable to con-
nect said . upper cylinder and the metering cylinder, said
metering. cylinder having an orifice therein extending
through a wall thereof, a plunger in the metering cylin-
der, said plunger being movable over the metering orifice
to.control the size thereof and control fluid flow there-
through, a pendulum in said cylinder, and means on the
pendulum engageable by the plunger: to limit the move-
ment of said plunger in the metering cylinder, the open-
ing of the fiuid: port: by the valve means being approxi-
mately proportional to the. tilt of the weighted means, a
second port in said: wall, a:second. valve means. con-
trolling the second: port; and means coupling the second
valve means and said pision rod: to actuate the second
valve means as-the piston rod moves vertically.

. 6. In. a bore hole declinometer: a. drill string in the
bored hole; a bit on:the lower end of said drill string; a
drill coliar-in said drill string above said bit, said drill
collar comprising  the housing for a hole declinometer,
said drill string Liaving a column of drilling mud therein,
said drill:collar having a plurality of superposed constric-
tions therein, a tubular piston.rod mounted in said drill

collar. for vertical movement therein, a piston on said

piston rod to be acted upon by the drilling mud to force
the piston rod downwardly in. the drill collar, a head on
said piston rod, said head being movable past said con~
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strictions to create a pulse in the drilling mud; and pulse-
receiving means at the surface of the bore hole, a second
rod extending into said tubular rod and siidable therein,
a cylinder fixedly mounted in the drill collar, said piston-
being slidably mounted in said cylinder, the drilling mud’
bearing against one side of the piston, a transverse wall'in
the cylinder separating said cylinder into-upper and-lower
chambers; said wall having an orifice therein connect-
ing said upper and lower chambers, valve means in said
wall adapted to open and close said orifice; -actuating:
means connecting said valve means and the second rod
whereby said valve means is operated, a-metering cylinder
on said wall, said valve means being movable to connect
said upper cylinder and the mstering cylinder, said meter-
ing cylinder having an orifice therein extending through
a wall thereof, a plunger in the metering cylinder, said
plunger being movable over the metering orifice to control
the size thereof and control fluid flow therethrough, a pen-
dulum in said cylinder, a head on the pendulum, a plu-
rality of spaced stop shoulders on the head, and means
projecting from said plunger, said means on the plunger
being engageable with any of the:stop shoulders to-con-
trol the movement of the plunger over the metering:
orifice, the opening of the fiuid port by the valve means:
being approximately proportional to the tilt' of the
weighted means, a second port in said wall, a second valve:
means controlling the second port, and means coupling
the second valve means and said piston rod to actuate the:
second valve means as the piston rod moves:vertically:
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