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This invention relates to the drilling of
bore holes, and particularly oil wells, and
diamond drill holes, and the principal object
thereof is to provide for giving a warning sig-
nal or indication, at the surface, whenever the
angular deviation of the hole from the verti-
cal, in any diréction, exceeds a certain allow-
able limit. '

-In the rotary drilling of oil wells, diamond

drill ‘holes, or other holes into the earth, in- -

clined structures, or masses of varying hard-
nesses and physical characteristics, are often

encountered, and these or other reasons fre-

quently cause the drill to be deflected from its
initial vertically downward direction, thus
causing the hole to deviate from the vertical,
and in many cases this deviation has been
found to continually increase with continued
drilling, to a very undesirable extent. In an
article in the Oil and Gas Journal, August
23, 1928, page 30, the following are included
as some of the more important causeés for
crooked holes in oil well drilling operations:

“1. Excessive weight on drill bit.

2. Too rapid drilling. =

3. Flexure of drill pipe caused by excessive
weight. ’

4. Caving formaticns allowing excessive
flexure of drill pipe..

5. Poor alignment in starting hole.

6. Bent or kinked drill pipe.

7. Unsymmetrical bits. =~

8. Dip, faulting, and fracturing of strata.

9. Changes in character of formation

5 from soft to hard and hard to soft.” ‘

A further condition which has frequently
been assigned as a cause of crooked holes is
the excessive use of circulating fluid, leading
to “hydraulicing”, that is, to erosion of the
hole by the high velocity of the fluid, so that
the hole becomes larger than the bit and al-
lows the bit to “wobble” or the drill pipe to
flex.

Many oil well holes, because of such devia-
tion, either enter the productive sands at
points far to one side of their original goals,
or entirely. fail to strike these sands. Fur-
thermore, a well started on one owner’s prop-
erty may deviate to such an extent as to strike

‘the oil sands at a point directly beneath the

property of some one else instead of beneath
the property on which it was started, thus se-
riously impairing the production of another
well properly belonging to the other prop-
erty. Another disadvantage of this devia-
tion is that it not only makes further drilling
operations more difficult but also interferes to
a considerable extent with the subsequent
pumping operations. _

In the above mentioned article in the Oil
and Gas Journal the disadvantages resulting
from crooked holes are divided into drilling
troubles and production troubles. The list
of drilling troubles there enumerated includes
the following: .

“l. Excessive depreciation of drill pipe
caused -by crystallization, and permanent
bending and kinking of pipe. Some contrac-
tors malke it a practice to use new drill pipe on
every fifth hole. ‘

2. Twisting off of drill pipe.

8. Costly fishing jobs.

4. Difficulties of fishing jobs increased by
crooked holes. v

5. Loss of drilling time on account of trou-
bles here cited. S

6. Sidetracking jobs.

7. Crookedness of holes increased by side-
tracking jobs. ' '

8. Difficulties in running casing in crooked
holes. -

9. Damage to casing caused by flexure.

10. Difficult or impossible to- finish some
rotary holes with cable tools. _

11. In extreme cases, impossible to run ca-
ble tools through casing in crooked holes.
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12. Loss of circulation through other holes -

where wells drift close together.
18. Line cutting of casing, especially in
combination drilling. )
14. Excessive wear upon drilling lines in
combination drilling. :
15. Collapsing of casing due to line cutting
and unequally distributed stresses caused by
casing flexures. .
16. Excessive consumption of power be-
cause of increased friction.
17. Cost of drilling unnecessary footage
due to extra length of crooked holes.
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18. Time lost in drilliﬁg extra footage

.caused by crooked holes.

19. Damage to neighboring wells, or from
neighboring wells, caused by actual intersec-
tion or through accidental mudding or ce-
menting of one well by another. The fre-
quently reported migration of mud fluid from
one well to another is undoubtedly due to
wells drifting close together in many cases.

20. Abandonment of holes caused: princi-
pally by unsuccessful fishing jobs, holes drift-
ing off structure or becoming too crooked to
use and the chance intersection of oné hole
by another so that one of them must be aban-
doned. : '

21. Difficulty of subsurface correlations, es-
pecially in determining-where to set casing
to make proper water shut offs.” ,

* The production troubles enumerated by the
same writer are as follows: = -

“1. Inadequate and misleading subsurface
information. o

2. Well spacing and surface locations lose
their significance from a subsurface point of

- view.

3. Inadequate
ductive sands.

4. Excessive wear and failure of sucker
rods. o
5. Red cutting of tubing.
6. Excessive wear of pump plungers.
7. Difficulties in getting plunger to enter
worlc'mg_ barrel except Wgere insert barrels
are used. .

8. Difficulty in properly counterbalancing
the pump equipment in crooked holes.

9. Difficulties in swabbing caused by cas-
ing flexures and line cutting.

10. Excessive power consumption caused
by friction losses in pumping wells.
~ 11. Difficulty in running tubing catches. -

12. Accentuation of fishing troubles, espe-
cially in the loss of time in recovering broken
rods or parted tubing.” '

testing and drainage of pro-

Means have been proposed for determining -

the course of an oil ‘well or other bore hole
after the same has been completed, by lower-
ing suitable deviation indicating or record-
ing instruments therein, but the great disad-

-vantage of all the devices heretofore pro-

posed 1s that they do not give an indication
of the deviation until all the harm is done.
If a dangerous or undesirable deviation, or
& departure from the proper position at the
depth of the oil sands, is found in a well
which has been already drilled, it is neces-
sary to re-drill the entire hole from the point

‘at which the excessive deviation begins, this
" being ordinarily done by cementing the hole
at this point, for a sufficient height, so that-

upon re-drilling through the cement, a new
gnd straighter course will be followed.
Needless to say, such operations are not only
expensive in themselves, but represent a still

1,850,369

greater loss due to the delay in starting the
well into regular production. .

It has been found, however, that if the de-
viation can be detected at its inception, or
before it exceeds a reasonable -allowable

angle, the hole may be straightened with com- -

parative ease, by simply raising the drill a
little distance and slowly re-drilling the part

* of the hole at which the excessive deviation

Legan. The object of my invention, there-
fore, is to provide for ready detection of any
excessive deviation, during the drilling oper-
ation, so as to-permit the operator to take
proper steps to eliminate it before the drill-
ing has proceeded very far in the wrong

(direction. The amount of re-drilling may

thus be reduced to 2 minimum, and the com-
pletion of a reasonably straight hole within
the shortest possible time is made possible,
in addition to insuring that the hole will
strike the .oil sands approximately at the
point intended. The possibility of having

to completely re-drill the major portion of

-the hole is thus eliminated.

My invention is particularly adapted for
use in connection with rotary drilling oper-
ations, as distinguished from the “cable-tool”
of “churn” method. In the rotary method
of drilling, a suitable bit is mounfed at the
bottom of a string of drill-pipe extending to
the bottom of the hole, and the pipe and bit
are slowly rotated by means of a rotary de-
vice connected to the drill pipe above the
surface. - A continual circulation of fluid,
commonly known as “rotary mud”, is main-
tdined through the hole, this mud being pre-
rared by mixing a suitable clay with water
to the proper consistency. The mud so pre-
pared 1s pumped down through the central

opening of the drill»ﬂlpi_pe and out through-

holes in the bit, at sufficient pressure to cause
it to flow back up through the hole and
around the drill pipe, to the surface, where
it is collected and re-utilized. According to
my present invention the circulating fluid
itself is utilized as a means of communicat-
ing to the surface an indication of any ex-
cessive deviagion of the hole from the verti-
cal, and the fundamental idea of the inven-
tion consists in so acting on the circulating
fluid at a point adjacent the lower end of the
hole, whenever the deviation thereof from the
vertical exceeds a certain amount, as to give

an indication of such excessive deviation in -

the circulating fluid at the surface. :
An advantageous method of detecting o
indicating excessive deviations of the hole,
according to my invention, comprises pro-
viding a charge of indicating agent adjacent
the drill bit, or adjacent the lower end of the
drill pipe, and causing 2 quantity or charge
of such agent to be delivered to the circu-
lating fluid or mud, at the bottom of the hole,
whenever the deviation thereof from the ver-
tical exceeds a certain allowable angle, such
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agent having suitable properties by which

its presence in the circulating fluid can be

readily detected, either visually or by other
direct indication, or through the agency of

suitable indicating means, upon the return

cf the fluid to the surface. As only a short

period of time is required for the mud to

pass from the bottom of the hole to the top,
it will be seen that this provides a simple
means of giving an indication at the surface
of any excessive deviation before such devia-
tion has progreszed very far.

The indicating agent may, for example,
comprise a dye or coloring agent of high in-
tensity, in which case its presence in the fluid
can be detected visually, or by use of suitable
indicating means, such as a mordant, im-
mersed in the circulating fluid and adapted
to “fix” the dye; or a substance having a
characteristic strong odor, or adapted to re-
act with water to form a gas having a strong

_odor; or it may comprise a salt or electrolyte

45
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adapted to influence the electrical conductiv-
ity or other property of the mud, and the re-
sulting variation in conductivity or other
property may be detected or indicated by any
suitable means. Another form of indicating
agent comprises a substance having a charac-

teristic chemical reaction with a certain test-

ing agent, by means of which its presence
in the circulating fluid can readily be detect-
ed. It will be understood that the above are
only a few of the many examples which will

readily suggest themselves, as suitable agents -

for use in the above method.

Any suitable deviation-responsive means
may be employed for causing the delivery of
the indicating agent to the circulating fluid in

- case of excessive deviation, but my invention

also comprises certain noveland advantageous
apparatus for this purpose. Such apparatus
comprises essentially a container mounted
adjacent the bottom of the drill pipe and con-
taining a suitable charge or quantity of in-
dicating agent, a deviation responsive ele-
ment, and means controlled by said deviation
responsive element for releasing.or deliver-
ing said agent from said contaiher into the

circulating fluid whenever the deviation of

the hole from the vertical exceeds a certain
allowable angle. ‘

In a preferred form of such apparatus, the
deviation responsive element comprises .a
weight or bob supported within a suitable
housing, <o as to swing freely about its point
of support, which- is located above its center
of gravity, whereby said weight will always
maintain a position with its center of gravity

" directly beneath said point of support.

60

Means are also provided twithin the housing
and surrounding said weight, so as to be oper-
ated by the weight whenever the deviation of

. the hole exceeds a certain predetermined

65

value, said means being .adapted to control
the release or delivery of the indicating agent.

3

For example, said control means may com-
prise electric contact means associated with

electrically controlled means for effecting the -

release or delivery of the indicating agent,

and means operable by the weight or bob for 7

closing connection between said contact
means, _ S

. In order to prevent release of the indicat-
ing agent from its container upon accidental
momentary relative movement of said weight
with respect to the housing, as in case of a
swinging movement imparted to said weight
due to sudden jarring or vibration, I prefer
to provide an arrangement, as hereinafter
described, whereby relative deflection of said
weight from the direction of the axis of the

89

hole must be maintained for a certain period -

of time, or during one or-more complete revo-
lutions of the drill pipe and bit, before de-
livery of the indicating agent will be effected.

More specifically, the preferred form of
my deviation detecting apparatus comprises
a weight or bob supported as above described,
and a plurality of circuit closing elements, dis-
posed about said weight and normally in
open-circuit position, but movable to circuit
closing position upon successive operation
thereof by said weight during one or more
revolutions of said device (due to rotation
of the drill pipe when in non-vertical posi-
tion). The contact means of all the circuit
closing elements are connected in series in
a control circuit,.so that upon movement of
all of said elements to circuit closing position
said circuit is- completed. Completion of
this circuit then acts in any suitable manner
to cause release or delivery of the indicating
agent from its container.

The above described apparatus, including
the container for the indicating agent, and
the means for effecting delivery thereof to
the circulating fluid, in case of excessive de-
viation, is preferably mounted inside the drill
pipe in such manner as to leave room for pas-
sage of the circulating fluid around the same.
This insures substantial alignment of the ap-
paratus with the drill pipe at all times, pro-
tects the apparatus from damage by contact
with objects outside the drill pipe, and per-
mits ready discharge of the indicating agent
into the stream of circulating fluid.

The accompanying drawings illustrate ap-
paratus embodying the above principles, and
the method in which the invention is carried
out, using such apparatus, but it is to
be understood that the specific forms of
apparatus shown are by way of examples
only, and that many modifications may be
made therein without departing from the
spirit and scope of my invention. _

Referring to the drawings, Fig. 1is a ver-
tical section of a bore hole with a rotary d.ill-
ing apparatus in place therein, and provid-
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E indicating excessive deviation of the bore

. detecting apparatus shown in

-

hole from the vertical.

Fig. 2 is a vertical section of L’a portion of

the drill pipe adjacent the lower end thereof,
with a deviation detecting apparatus mount-
ed therein. :

Fig. 8 is a vertical section of the deviation
Fig. 2, taken
on line 8—38 in Fig. 4. :
 Fig. 4 is a section on line 4—4 in Fig. 2,
the deviation detecting apparatus being
shown in plan view. '

Fig.'5 is a section on line 5—5 in Fig. 2.

Fig. 6 is an enlarged sectional view of the

deviation responsive control element of the,

apparatus shown in Fig. 3. _

Fig. 7 is a vertical section thereof on line
7—71n Fig. 8. ’

Fig. 8 is a horizontal section on line 8—8
in Fig. 6, with the exterior casing 26 omitted.

Fig. 9 is a horizontal section on line 9—9
in Fig. 6, with the exterior casing 26 omitted.
~ Fig. 10 is an inverted horizontal section
on line 10—10 in Fig. 6, with the exterior
casing 26 omitted. .

Fig. 11 is a sectional view of the structure

. shown in Fig. 6 taken along the line 11—11

30

15

40

looking in the direction indicated, with the
exterior casing 26 omitted. '

Fig. 12is a view similar to Fig. 7 but show-
ing the device in a tilted position, so as to
illustrate the action thereof. v

Fig. 13 is a vertical section of thé receptacle

for receiving the fluid upon its return to the-

surface, showing an advantageous means for
indicating the presence of an indicating agent
in the fluid. 1 ‘

Fig..14 is a partly sectional side elevation
of an apparatus having a modified form of
means for effecting deﬁvery of the indicat-
ing agent. o

Fig. 15 is a section on lines 15—15 in
Fig. 14 '

Fig. 16 is a vertical section of the upper
section of a detecting apparatus, showing

. another means of effecting delivery of the in-

80

55

dicating agent. :

Fig. 17 1sa section on line 17—17in Fig. 16.

Fig. 18is a section on line 18—18 in Fig. 16.
. Referring to-Fig. 1, a bore hole is shown,
comprising an upper portion 1 of relatively
large diameter provided with a string of
casing 2 cemented off at its lower end in the
usual manner as shown at 3, and a lower por-
tion 4 of somewhat smaller diameter. The
pump is shown as comprising a string of ro-
tary drill pipe 6 having a bit 7 at the lower
end thereof and provided at its upper end
with bevel gear means 8 for effecting rotation
thereof at any usual or suitable speed. The
upper end of the drill pipe is connected
through the usual swivel 9 and flexible hose
11 to a pump 12 whose inlet pipe 13 leads to
a sump or other storage means 14 in which

is provided a supply of mud or fluid of proper.

1,850,399

consistency for circulation through 'the
pump. From the upper end of casing2,a pipe
16 leads to storage means 14, and in order to
facilitate detection of the presence of an in-
dicating agent in the fluid delivered through %
said pipe, I prefer to provide a separate re-
ceptacle 17 in position to receive the fluid
discharged from said pipe. From said sep-
arate receptacle the fluid may pass in any
suitable manner to the main storage means, %
as by overflowing a weir 18. Means, such as
indicated at 15, may be provided in receptacle
17 for indicating the presence of the indi-
cating agent in the fluid. It will be under-
stood, of course, that the drill pipe is pro- ¢
vided with an- internal passage for down-
flow of fluid throughout its entire length, the
lower portion of said passage being indicated
in dotted lines at 19, and the drill bit 7 is
provided with one or more passages 21 com- {
municating with the lower end of passage 19
for permitting outflow of fluid adjacent the
cutting edges or faces of the bit. :
According to my invention a deviation
detecting apparatus 22 is mounted adjacent !
the bit or the lower portion of the drill pipe, :
and said apparatus is preferably mounted :
within the interior passage 19 of the drill .
pipe and as near the lower end thereof as is
convenient, for example in the position in- !
dicated in dotted lines in Fig. 1. -
The deviation detecting apparatus 22 is
shown as comprising a housing formed of -
three sections of tubing 24, 25 and 26. The
upper section 24 serves as a container for -
the indicating agent and is provided with
suitable electrically controlled means for
causing delivery of said indicating agent
therefrom upon completion of the control
circuit. The intermediate section 25 con-
tains the source of electric power for said
control circuit, while the lowermost section
96 .contains the deviation responsive means
for causing completion of said control cir-
cuit whenever the axis of the detecting ::lp-
paratus, during rotation of the drill pipe, de-
viates from the vertical beyond a certain an-
gle, due to deviation of the bore hole. The
upper housing section 24 is provided with
a cap member 27 threadedly mounted or
otherwise tightly secured thereon as at 29,
and is threadedly connected or otherwise
tightly secured at its lower end to the upper
end of the intermediate section 25, as at 30.
An end wall 28 is preferably provided at the
upper end of section 25, so as to serve as a
partition between the interiors of the upper
and intermediate sections. The intermediate
casing section 25 is in turn threadedly con- .
nected or otherwise tightly secured at its
lower end to the upper end of the lower sec-
tion 26, as shown at 31, and an end wall 32 is
also preferably provided at the upper end of .
the lower section, so as to serve as a partition
between the lower and intermediate sections.
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A closure member 33 is threadedlj mounted

or otherwise tightly secured to the lower end

of the lower section 26, as shown at 34.
The detecting apparatus may be mounted

within the drill pipe in any suitable manner
so as to maintain the same in substantially
rigid position therein and with its axis in
su%lstantial alignment with theaxis of thedrill

pipe. The external diameter of the housing of

the detecting apparatus is. somewhat .sma,iler
than the internal diameter of the drill pipe,
so that it may be mounted in the passage 19
of the drill pipe without completely filling
the same, thus leaving an annular space
around the apparatus, as indicated at 19" in
Fig. 2, for passage of the rotary mud past

the apparatus. An advantageous form of

means for rigidly mounting the detecting ap-
paratus in proper position 1n the drill pipe is
illustrated in Figs. 2, 4 and 5. Such means
may comprise a plurality of centering arms
or members 36 preferably pointed at their
outer ends and slidably mounted in recesses
37 in cap member 27 so as to be adjustable in-
wardly or outwardly, and provided with
means such as set screws 38 for holding the
same in any position of adjustment, and a

~ plurality of centering and supporting arms

30

b3

_in the drill pipe, the centerin

o

-

b

s also make a tight sliding fit inside

or members 41 preferably pointed at their

“outer ends and similarly mounted in re-

cesses 492 in the lower closure member 33 and
provided with means such as set screws 44
for holding them in adjusted position, said
arms 41 also having downwardly extending
portions or branches 45 preferably pointed at
their lower ends. In mounting the apparatus
arms 36 at
thereof may be first adjusted
<o as to make a tight sliding fit with the in-
side of the drill pipe, and the apparatus may
then be inserted upwardly into the lower end

the upper end

of a “joint” or section of drill pipe such asin-

dicated at 6. The supporting arms 41 are
also adjusted so that their outer extremities
the pipe
and so that their downwardly projections 45
will rest upon a suitable part of the tool joint
which is to be secured to the lower end of this
joint of drill pipe, in case the arms 36 and 41
should not engage the side walls tightly

enough to prevent the apparatus from slip-:

ipe. For example,

ping downwardly in the
er 47 of the usual

in Fig. 2 the “pin” mem

tool joint is shown as secured to the lower end’

of pipe 6, and the supporting arms 41 are
shown as resting upon the bevelled internal
face portion 48 thereof. The purpose of the
downward projections 45 on arms 41 is to
make certain that, in case the apparatus
should slip downwardly in the pipe, it will
be arrested upon engagement of said projec-
tions with the bevelled portion. 48 or other
portion of the tool joint and while the lower

end of the apparatus is still sufficiently above

the opening 46 through the tool joint to per-

28 and making

5

mit free flow of fluid beneath the bottom of
the apparatus and into said opening. Clog-
ging of this opening is thus prevented, as 1t
ill be seen that, whether the arms 36 and
41 engage the inside of the pipe tightly

70

enough to hold the apparatus in the position

in which it is first placed in the pipe, or
whether it is initially placed, or subsequently
falls to, the position shown in Fig. 2, said
arms will cause the axis of the apparatus to
be at all times in alignment with the axis of
the drill pipe and will also exert sufficient
frictional force to cause the detecting appa-
ratus to rotate. with the drill pipe.

For use in the form of apparatus shown
in Fig. 3, the indicating agent, such as iodine
or a dye, in dry finely divided form, may be
placed in the interior of the upper casi

casing sec-
tion 24 of the detecting apparatus.- Such in-

dicating agent is preferably volatile and may:

be intimately admixed with a suitable com-
pbustible material, such as a slow burning pow:
der, the mixture of slow burning powder and
indicating agent, shown at 51, being advan-
tageously contained in a container 52 formed
of paper, cardboard, or other suitable ma-
terial, removably inserted within the upper
section 24. An igniting fuse 53 is embedded
within the mixture 51 and is provided with
conducting leads 54 and 55 extending out
through the lower end of container 52. One
of said leads, such as 54 may be connected to
binding post 56 extending centrally through

80
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95

and insulated from the end wall 28 of the

intermediate casing section 25 and provided
at its lower end with spring contact means
57, while the other lead 55 may be connected
to a binding post 58 mounted upon end wall
an electrical connection there-
with. The wall of container 52 is prefer-
ably sufficiently thin to permit rupture there-
of by the pressure generdted upon ignition
of the contents of said container. The cap
member 27 is provided with passages 61 and
62 leading from the interior thereof to the
outside, and a check valve 63 is provided be-
tween said passages for preventing entrance
of mud or other material from the outside
into the interior theréof. A light coil spring

¢4 may be provided if desired for normally :

holding the check valve in elosed position
when the apparatus is not in use, it being
understood that when in position in the bore
hole during the drilling operation. The
pressure prevailing within the drill pipe will
be sufficient to tightly hold said valve closed.

The source of electric current, located in

" the intermediate casing section 25, may ad-

vantageously comprise, as shown, a suitable
number of small dry cells 66 such as are com-
monly used in pocket flash lights, placed end
to end therein with their terminals in con-
tact. The number of said dry cells should be
sufficient to produce sufficient current through
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_ the igniting fuse 53 to cause said fuse to func- weight were caused to whirl rapidly upon rap-

10

tion. A sleeve 67 of insulating material may id rotation of the drill pipe. By supporting
be provided between said dry cells and the the ball 88 upon the ball bearings 91, the fric-
walls of casing section 25. The upper termi- tional force exerted upen ball 88 is so reduced
nal 68 of the series of dry cells makes con- that the inertia of weight 86 will be sufficient
tact with the spring contact means 57 while to cause the same to remain substantially sta-
the lowermost terminal 69 thereof makes con- tionary regardless of rotation of the rést of
tact with the head 71 of a binding post screw the apparatus. ‘ ‘

72 extending centrally through and insulated
from the top wall 82 of the lowermost sec-
tion 36. '

The deviation responsive circuit-control-

_The body member 76 is provided with 2
plurality of cylindrical chambers 94 open at-

their lower ends, in which are slidably
mounted plungers 95 which are preferably

70 -

(]

. ling means mounted in the lowermost section rounded at their lower ends as shown at 96 -

20

26 of the apparatus is shown as comprising a and which rest on the upper face 97 of weight
cylindrical body member 76 supported by 86. Suitable means.are provided for permit-

80

threaded rods 77 from an insulating support ting flow of fluid into or out of cylinders 94 -

78 consisting, for example, of a disc or plate
of bakelite or other suitable material, said
insulating support being in turn supported
by the binding post screw 72 aforesaid, which
may be threaded into. a metal bushing 79 se-

" cured centrally of said insulating support.

25

33

The threaded rods 77 extend through the in-
sulating support 78 and are provided with ad-
justable clamping nuts 81 and 82 above and
below said insulating support, whereby the
vertical position of said insulating support
relative to rods 77 and body portion 76 may

above the plungers 95. For this purpose the
plungers 95 may be made to fit loosely in said
cylinders so as to permit flow of fluid be-
tween the plungers and the walls of the cyl-
inders. In the particular construction shown
I have provided three cylinders and plungers,
but it will be understood that any desired
number thereof may be provided.- Each of
the plungers 95 is provided with a rod or
stem 101.extending upwardly through a re-

duced opening 102 in the body member 76 A
and provided at its upper end with a knob or ~ -

bé adjusted. It will be seen that when the head 103 threadedly mounted or otherwise

binding post screw 72 is screwed tightly into secured thereon. Each plunger 95 with its
bushing 79, the upper ends of rods 77 are knob 103 constitutes a circuit closin, member.
caused to bear against the top wall 32 so as The circuit closing knobs 103 are electrically
to hold the parts above mentioned in rigid insulated from one another in any suitable

position and to also establish electrical con-

35 ‘nection of rods 77 to said wall .32 and hence

to the entire metallic casing. The body mem-
ber 76 preferably makes a snug fit with the
inside of the casing section 26 so as to fur-

- ther assist in holding the parts firmly in po-

40
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sition. Said body member, however, may be
provided with vertical grooves 84, so as to
permit free displacement of liquid from one
side of said member to the other when insert-
ing the same into the casing section or when

‘vertically adjusting the same.

A weight or -bob 86 is supported beneath
the body member 76 in such manmner as to

permit free movement thereof in any direc-

tion about a point of support indicated at 87,

'said point of support being located above the

center of gravity of said weight, so as to cause

manner, as for example, by means of insulat-
ing sleeves 103’ between said knobs.and the
respective rods 101, as shown in Fig. 6.

On the lower si.ie of the insulating support
78 are mounted a plurality of pairs of con-
tact members, the number of said pairs of
contact members corresponding to the num-
ber of circuit closing members. In this case
I have shown three such pairs of contact mem-
bers indicatéd at 104, 105 and 106 respec-
tively. Each of said contact members is
formed as a resilient downwardly extending
arm, and the arms of each pair are provided
at their lower ends with portions such as.in-
dicated at 107 disposed at opposite sides of
one of the circuit closing knobs 103 and some-
what above the same when the device is in
vertical position, but adapted to be engaged

said weight to always assume a position with' by said circuit closing member upon raismg

its center of gravity directly below said point
of support. Said weight may be supported,
for example, by means of a ball 88 connected
thereto by pin 89, said ball resting in turn
upon ball bearings indicated at 91 mounted

tom of body member 76. An important func-
tion of the ball bearings 91 is to minimize the
tendency for the weight 86 to be rotated with
the rest of the apparatus, upon rotation of
the drill pipe, and thus prevent a gyroscopic
action or a swinging of the weight about its
point of support such as might occur if the

-

of the corresponding plunger due to deviation
of the device from the vertical. All of the
pairs of contact members above described are
_connected in series in the electric control cir-

@

100

108

110

115

120

_cuit. For this purpose the metal bushing 79 .
in a retaining member 92 secured to the bot:”™ of binding post 72 is shown as connected by

a conducting member such as a thin ‘metal
strip 109, secured thereto by nut 109’, to one
of the contact members 104, while conducting
members such as metal strips 111 and 112
establish connection between the other contact
member 104 and one of the contact members
105 and between the other contact member

1256
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105 and one of the contact members 106 re-

spectively. The other contact member 106

is connected by conducting strip 113 to one

of the rods 77. As above stated, said rod
5 is in electrical contact with the top-wall 32 of
the section of the casing, so that an electrical
connection to the wall of the casing is thus
provided.

The interior of casing section 26 is prefer-
ably entirely filled with a _liquid, such
as a substantially non-conducting oil, which
serves not only to lubricate all of the parts
and insuve free movement thereof, as well

. as to prevent sparking at the contact points,
15 but also interposes a certain resistance to dis-
placement from the cylinders 94 upon appli-
cation of a lifting force to the plungers by
relative movement of weight 86, in case of
deviation of the device from the vertical.
20. The manner in which the -above described
~ apparatus operates to give an indication of
excessive deviation of the bore hole from the
vertical is as follows: With the device in po-
sition in the drill pipe, the drilling operation
groceeds in the usual manner, accompanied
y a continual circulation of rotary mud or
fluid from sump 14, through pipe 13, pump
12, flexible hose 11, swivel 9, thence down-
wardly in the internal passage 19 of the drill
80 pipe and around the detecting device 22, out
through the passage means 21 in the bit, then
upwardly through the bore hole 4 and casing
9 and finally threugh pipe 16 to the receptacle
17, whence it overflows into the main body.
of mud in the sump. So long as the bore
hole remains substantially vertical, or does
not deviate from the verfical beyond a cer-
tain allowable angle, the electric control cir-
cuit remains broken between the contact
members above described. :

However, in case of deviation of the bore
hole from the vertical, the drill pipe, and
hence the detecting device located therein,
will also deviate from the vertical, as indi-
cated, for example, in Fig. 12, and as the
weight 86 tends to always maintain a verti-
cal position, that is to say, with its center of
gravity directly beneath its point of support
87, a lifting force will be exerted by said
weight upon each of the plungers 95 when it
reaches a position, such as indicated at 95a
in Fig. 12, during rotation of the device, and
as the device is continually rotated with the

_ drill pipe, such lifting force will be exerted
66 in turn upon each of said plungers. Upward

10
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movement of said plungers, however, is re- .
sisted by the liquid contained in the cylinders’

94 above the plungers, and the rate of such
upward movement is determined by the rate
60 at which liquid can escape from said cylin-
ders aroun(cll the plungers. The ciearance
provided around said plungers is preferabiy
so designed, in relation to the upward ferce
exerted thereon, that an appreciable bme will
g5 be required to move any one of the pluagers

7

upwardly far.enough to close the circuit be-

tween the corresponding contact members, so
that a single or momentary upward force or
impulse delivered to said plungers, as in case
of accidental swinging or vibration of the
weight, will be insufficient to effect such lift-

ing of the plungers.- However, in case of

actual deviation of the drill pipe and the de-
tecting device from the vertical, during the
drilling operation, each plunger is subjected

to a lifting action at each rotation of the drill -

pipe, and as the mass of weight 86 is relative-
ly large in proportion to the mass of each in-
dividual plunger 95, each plunger will be
unable to return by its own. weight to its
original position during a rotation-of the
drill pipe and between successive upward im-
pulses, but will remain in raised position, as

80

shown, for example, at 95b, so that eventually -

all of the plungers will be raised to such po-

sition that the circuit closing knobs 103

thereof engage the portions 107 of the cor-
responding contact members, thus closing all

‘of the normally open breaks in the control

circuit. ' : . ‘
When the control circuit is completed as
above described, electric current will pass
through the ignition fuse 53, through the fol-
lowing circuit: from the bottom terminal 69
of the dry cells 66, through binding post 72,

-bushing 79, conductor 109, contact members

85

90

95

104 and the circuit controlling member 103 -

therebetween, conductor 111, contact mem-
bers 105 and the circuit closing member there-
between, conductor 112, contact members 106
and the circuit closing member therebetween,
conductor 113, rod 77, and wall 32, thence up-
wardly through the wall of the casing sec-

tions 26 and 25 to binding post 58 and through.

lead 55, fuse 53, lead 54, binding post 56 and
contact means 57, back to the upper terminal

68 of the dry cells. Fuse 53 will thereupon.

ignite the combustible constituent of the mix-
ture 51 which will burn, heating the indicat-
ing agent contained in said mixture sufficient-
ly to volatilize the same. The pressure gener-
ated by the gas resulting from combustion
of the powder, and by vaporization of the in-
dicating agent, will be sufficient to rupture
the container 52 and open check valve 63
against the hydrostatic pressure in the well,
so as to permit the indicating agent to pass
through passages 61 and 62 into the stream of
rotary mud. o

The indicating agent need not necessarily
be volatile at the pressure existing in the drill
pipe and at the temperature produced liy
combustion of the combustible material. If

.an indicating agent is employed which is
it will.

non-volatile under these conditions,
simply he carried out in finely divided form

‘with the outflowing combustion gases, into

the circulating fluid, and will become dis-

.solved therein.

. The fluid, laden with ioding or other indi-
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cating agent, then passes out into the hole"

and upwardly therein, and hence into recep-
tacle 17, where its presence may be indicated

or detected in any suitable manner. For ex-

s ample, when iodine is used as an indicating
agent, the indicating means 15 may comprise

a rod containing insoluble starch. 'When the
iodine-laden portion of the mud passes said
rod it will take on the characteristic deep

10 blue or black color produced by solution of
indicating agent, the indicating means 15
may be made of or contain a mordant, such
as aluminum hydroxide, which will remove
such dye from solution in the circulating
fluid, forming a “lake”, and the presence of
even a small concentration of dye in the fluid
will cause a cumulative coloring of the indi-
cating means. A readily perceptible indica-
20 tion is thus given, at the surface, that the hole
is beginning to deviate excessively from the
vertical, and steps may immediately be taken

to correct such deviation, before it has pro-
gressed to such a point as to make such cor-

26 rection difficult or expensive. .
The amount of indicating agent delivered

to the fluid at any one operation of the device

is preferably sufficient to affect only a
portion of the entire quantity of fluid in the

80 system, so that while its concentration in this
portion, upon its first passage through recep-
tacle 17, is sufficient to be readily detectable,
for example by the means above described,yet

15

when distributed throughout the entire quan-.

85 tity of fluid its concentration becomes insuf-
fictent to be so detected. Therefore, the same
fluid may continue to be used, and after it
has once circulated and become thoroughly
re-mixed, there will be no visible or appreci-
able evidence of the presence of the indicat-
ing agent therein, until the device, having
been re-loaded meanwhile with a fresn
charge of indicating agent, again operates to
deliver the same to the circulating fluid.

If desired, however, after an indication has
been received, the indicating agent may be
rendered ineffective by destroying’ or neu-
tralizing the same by addition of a suitable
reagent to the fluid. For example, if iodine
is used, it may be removed by addition of a
suitable reducing agent, such as sodium thio-
sulphate, or, if a basic dye is used, it may be
neutralized with acid. In any case, the re-
agent may be added in sufficient amount to
substantially destroy the effectiveness of the
indicating agent for further indicating pur-

oses. : -

A particularly advantageous form of
means for indicating, and in fact recording,
the presence of an indicating agent such as
iodine or dye in the circulating fluid, is
shown in Fig. 13. Such means comprises a
tape or ribbon 121, formed of paper, fabric,
or other flexible material, impregnated with
65 starch in the case of iodine, or with a mor-
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the iodine in the starch. If a dye is used as -
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dant in the case of a dye, and passed in any
suitable manner over rollers 122, so disposed
that a portion thereof is always Immersed in
the fluid in receptacle 17. . Said tape-or rib-
bon may be passed at a regular rate through

“the- fluid, and may if desired be marked to

indicate the time of passage of each portion
thereof through said fluid, so that a lasting
record is produced, showing the exact time
at which deviation of the hole from the ver-
tical occurred, as indicated by coloration of

“the tape by iodine or dye delivered to the

mud. : . :
A modified form of detecting apparatus is
shown in Figs. 14 and 15. In this case the

70
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lowermost section 26 and the deviation re-

sponsive control means located therein, and

-the intermediate section 25 with the source

of electric current therein, may be substan- -

tially the same as above described. The up-
per section 24a, however, is in this case pro-

vided with a horizontal partition 126 serv-.

ing to divide the interior thereof into a low-

er compartment 127 and an upper compart-

ment 128. The compartment 127 contains a
charge of combustible material, such as slow
burning powder, indicated at 129, which may
be included in the thin walled container 130
and provided with an igniting fuse 131 con-
nected by leads 182 angni?:?» to the binding
posts 56 and 58. The upper compartment 128
contains a quantity of liquid 136 comprising
or containing the indicating agent. Said liq-
uid, for example, may consist of a concen-
trated solution of iodine or of a dye. A pipe
137 is provided opening at its lower end into
compartment 127 and extending upwardly
to above the liquid level in compartment 128
and opening at its upper end into said com-
partment above said liquid level. The re-
movable cap 27a of this section of the casing
is provided as before with passages 61z and

"

{

100

105

62a and with a check valve 63¢, and a pipe -

141 is provided leading downwardly from
passage 6la to-near the bottom of compart-
ment 128 and being open at its lower end as

at 142,

In the operation of this form of detecting
device, the deviation responsive means func-
tions as before to complete the electric con-
trol circuit and cause ignition of the combus-
tible material in compartment 127. The
gases under pressure resulting from the com-
bustion of ‘this material,. pass upwardly
through pipe ¥37 and cause the liquid 136 to
be displaced from the upper compartment
and to pass through pipe 141 and passages
61z and 62a, the pressure being sufficient to
open check valve 63a." The indicating agent
is thus delivered as before into the rotary
fluid adjacent the lower end of the drill pipe
and its presence therein may be detected in
any suitable manner, for example as above
described, when the por(t’;%n of\the fluid con-
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taining such indicating agent reaches the

. surface. -

10

15

20

25

30
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In addition to the indicating agents above
mentioned, many others may also be used.
For example, the indicating agent may. con-
sist of potassium ferro-cyanide which may
be used in dry form in the apparatus shown
in Fig. 8, or in solution-in the apparatus
shown in Fig. 14, and its presence in the
circulating fluid may be detected by reaction

.with a ferric salt, producing the dark blue

precipitate known as Prussian blue. For this

purpose, the indicating means 15 may con-"

sist of, or contain, ferric hydroxide, which,
upon contact of fluid therewith containing
potassium ferro-cyanide, will take on a deep
blue color.

" The deviation responsive means above de-
scribed may be so adjusted as to cause com-
pletion of -the electric current and hence
cause delivery of the indicating agent into
the circulating fluid, whenever the devia-
tion from the vertical exceeds any desired
predetermined angle. Such adjustment is
effected, before the deviation responsive cir-
cuit control device is inserted in the casing
section 26,.by loosening the nuts 81 and 82
on the several rods 77, bringing the insulat-
ing support 78 to the desired position reia-
tive to said rods, and then tightening said
nuts, so as to hold said insulating support in
this position. It is evident that the relative
positions of these parts determines the angu-
lar deviation necessary to effect completion of
the electric circuit, for lowering of said in-
sulating support on said rod lowers the con-

tact making portion 107 of the several contact

-members relative to the respective circuit

40
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closing knobs 103, and hence decreases the an-
gular deviation required to effect movement
of said circuit closing knobs into engagement
with said contact members, while raising of
said insulating support produces a reverse ef-
fect and increases the angular deviation re-
quired to effect closing of the circuit between
the several contact members.

Another modified form of means for caus-
ing delivery of the indicating agent from the
detecting apparatus is illustrated in Figs. 16

-and 17. Tn this case the delivery of the indi-

cating agent is effected by mechanical dis-
placing means whose operation is controlled
by the electrical control circuit of the de-
tecting apparatus. The upper casing sec-
tion 175 of the detecting apparatus is pro-
vided adjacent its upper end with a flange or
collar 176 in which are mounted the adjust-
able centering arms 177 which may, for exam-
ple, be similar to the centering arms 36 of
the other form of the invention above de-
scribed. A plunger 178 is slidably mounted
in the casing 175. said plunger being shown as
comprising a leather cup 179 making a tight
sliding fit with the wall of the casing and a
metal disc 181 backing up said leather cup..

9

Said leather cup-and disc may be secured, as
by clamping members 182, to a vertical rod
183 extending centrally of the casing.

Beneath the lower end of rod 183, a pair of
holding arms 184 are pivotally mounted on a
shaft 185, said shaft being in turn mounted at-
its ends on an annular ring or collar 186 se-
cured to casing 175. Said arms are pro-
vided at their upper end with inwardly ex-
tending lips 187 adapted to engage over the
top of an enlarged head 188 on the bottom of
rod 183, so as to hold said rod from upward
movement. Means such as spring 189 are
provided tending to hold arms 184 inward-
ly in holding position. The respective arms
184 are provided with armature members 191
formed integrally therewith or. rigidly se-
cured thereto, said arms extending.outward-
Iy over the upper-ends of.a U-shaped mag-
netic core member 192, on the arms of which
are mounted electromagnetic coils 193. The
upper casing section is shown as secured te
the upper end of an intermediate casing sec-
tion 25 as before, in which is provided a bat-
tery 66 or other source of current, and electro-
magnets 193 are connected in series between
the binding posts 56 and 58 by wires 194, 195
and 196. ,

The upper end of the casing section 175 is

-open as shown at 198 and a removable cap

member 199 is mounted upon the open upper

end thereof, said cap member fitting thereon

in such.manner as to be readily removed upon

upward movement of plunger 179. Said cap

member preferably has a bevelled face 202
engaging a bevelled seat 203 on the casing.

The rod 188 may advantageously be continued

upwardly above the plunger 178, as shown

at 1837, and cap member 199 may be threaded-

ly mounted on the upper end thereof as at 201.

A spider 204 is threadedly mounted in the

upper end of casing section 175, the center or

hub portion 205 of said spider being provided

with an opening 216 of square or other polyg-

onal cross section, adapted to engage a corre-

spondingly shaped portion 217 on shaft 183

when the plunger is in its lowermost posi-

tion, so as to hold said rod from turning when

the cap member 199 is screwed thereon..
Said hub portion also serves as a stop for the
plunger in its upward movement, and as a

guide for rod 183 during such upward move-

ment. :

The indicating agent, such as a solution
of a dye or other suitable material is placed
in the Interior of casing section 175 above the
plunger 178, as indicated at 206, in sufficient

- amount to substantially fill said casing to the

upper end thereof and leave no gas space
therein for compression by the pressure of -
the surrounding circulatingfluid when in posi-
tion in the well. For effecting upward move-
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ment of plunger 178, a compression spring -

208 of suitable strength is mounted between
the plunger 178 and an annular collar or ring

22
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209. In order to equalize the pressure above

and below the plunger, and diminish the force
required to move said plunger upwardly and
force the indicating agent out of the device,
the casing 175 is preferably provided with a
plurality of perfarations or openings 211 at
a level beneath the plunger 178 so as to admit
fluid or mud through these openings. The
pressure beneath the plunger is, therefore, at

all times equal tp the pressure outside the de-

vice, s0'that spring 208 need be only of suffi-

_cient strength to overcome the force of grav-

15

20

ity and lift the plunger 178 and the indicating
agent above the same upwardly out of the
casin ' T

ing the electromagnets 193 and their arma-
tures 191 from access of circulating fluid.
For this purpose a flexible membrane 212 of

leather or the like may be secured between

collars 209 and 186, said membrane making a
snug fit at its center about the hinge portions
of arms 184. The space 214 beneath said flex-
ible membrane.is also preferably substantial-.
ly filled with a suitable liquid, such as oil, so
as to _eliminate air or gas from said space,

- since if any gas were left in this space it would

a:g
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be compressed by the pressure of the. fluid
above said membrane, causing undue strain
upon said membrane. = -

In preparing the device for use, the plung-
er 178, with the cap member 199 removed
from the upper end of rod 183, is pressed
downwardly, compressing spring 208, until
‘the head 188 at the lower end of said rod

passes between lips 187 and is caught beneath.

hesame. The indicating agent is then placed
in the space above said plunger, substantially

filling the same, and cap member 199 is then

secured in place on the upper end of rod 183.

In the operation-of this form of delivery
means, completion of the electric control cir-
cuit will energize electromagnetic coils 193,
: armatures 191, downwardly
against the upper ends of core 192, against
the action of spring 189. Thelips 187 on arms
184 will thus be moved out of engagement
with the enlarged head 188 on rod 183. Said
rod is thus released, whereupon spring 208
forces plunger 178 and the charge of iniicat-

- ing agent above the same upwardly out of the
‘upper end of the casing, at the same time

raising cap member 199 off of its-seat. The
charge of indicating agent is thus quickly de-
livered into the circulating fluid and its pres-

.'ence therein may be detected or observed in

-t

a5

the same.manner as before.

- If the space between the plunger'and cap-
180 is completely filled with liquid indicating

agent, there will be substantially ho compres-
sion of the contents of said space and conse-
quently no tendency to leakage of fluid into
said space. If, however, this space is not
completely filled with liquid, due for example

1,850,399

I s;i.o' prefer to brovide means for protect--

to trapping of air beneath the eip member.

when securing the same in place, the air or
other gaseous material contained therein will
be compressible, and in ordeér to- prevent
damage to the plunger or other garts, due to
a high difference in pressure between the
fluid beneath the plunger and the contents
of said space, I prefer to provide bleeder
mearis for permitting inflow of fluid into said
space under these conditions, Such bleeder
means are, in-the construction shown, pro-
vided by the leather cup 179, which is suffi-
ciently flexible to yield; under pressure from

_below, and permit upward passage of fluid

past the same into the space above.

Iclaim: . .. . : :

1. An apparatus for indicating excessive
deviation of a rotary drill hole from the ver-
tical during drilling thereof, comprising, in
combination with a rotary drill including a
drill pipe, means adjacent the lower end of
the drill- pipe containing a quantity of in-

-dicating agent, and means at the lower por-

tion of the drill pipe and responsive to devi-
ation of such portion of the drill pipe from
the vertical and operable only upon continued
rotation of the drill pipe while such devia-
tion exceeds a certain angle to cause delivery

70

5

80

85

90

of said indicating agent to the circulating

- fluid adjacent said portion of the drill pipe.
2. An apparatus ‘for indicating excessive
-deviation of a rotary drill Liole from the ver-

tical during drilling thereof, comprising, in
combination with a rotary drill ‘including

a drill pipe, a deviation detecting device

mounted adjacent the lower end of the drill
pipe and containing a quantity of indicating
agent and operable only upon continued ro-
tation of the drill pipe while the deviation of

100

the drill pipe from the vertical exceeds a cer-

tain angle to cause delivery of said indicating
agent to the circulating fluid, and indicating
means disposed in the path of the circulating
fluid upon its return to the surface and adapt-
ed to give an indication of the presence of

said indicating agent in the circulating fluid. -

3. An apparatus for indicating excessive

~deviation of a rotary drill hole from the ver-

tical during drilling thereof, comprising, in
combination with a rotary drill-including a

drill pipe, means adjacent the lower end of :

the drill pipe containing a quantity of indi-
cating agent, electrically controlled means
operable upon passage of an electric current
therethrough for causing delivery of said

indicating agent to the circulating fluid, an -

electrical control circuit for said electrically
controlled means; including a source of elec-
tric current mounted adjacent the lower end
of the drill pipe, and means also mounted ad-
jacent the lower end of the drill pipe and
operable to complete said control circuit only
upon -continued' rotation of the drill pipe
while such deviation of the drill pipe from

‘the vertical exceeds a certain angle.

4. An apparatus as set forth in claim 3, said

205
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circuit completing means comprising a plu-
rality of circuit closing members disposed at
different angular positions about a common
center and operable to position to close. cor-
responding normally open breaks included
in series in said control circuit,.and means
eperable upon deviation of said drill pipe
from the vertical, during rotation thereof, to
successively engage said circuit closing mem-
bers and to cause movement of said circuit
closing members to circuit closing position
when said deviation exceeds a certain angle.

5. An apparatus for indicating excessive
deviation of a rotary drill hole from the ver-
tical during drilling thereof, comprising, in
combination with a rotary drill including a
drill pipe having an internal passage for cir-
culating fluid, enclosed casing means mount-
ed within said internal passage and spaced
from the walls thereof, so as to permit pas-
sage of said circulating fluid around the same,
a quantity of indicating agent .contained
within said casing means, and deviation re-
sponsive means also contained within said cas-
ing means and operable only upon continued
rotation of the drill pipe when the deviation
of the drill pipe from the vertical exceeds a
certain angle to cause delivery of said indicat-
ing agent from said casing means into said
circulating fluid.

6. In combination with a rotary drill pipe

_having an internal passage, an apparatus

(4]
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for indicating excessive deviation of said
drill pipe from the vertical during drilling
operations, comprising an elongated tubular
casing mounted within said internal passage
and spaced from the walls thereof, a quantity
of indicating agent contained within said
casing, means within said casing and oper-
able only upon continued rotation of the
drill pipe to cause delivery of said indicating
agent from said casing into the circulating
fluid in said internal passage of the drill
pipe when the deviation of the drill pipe
from the vertical exceeds a certain angle,
and adjustable centering means for mount-
ing said tubular casing within said internal
passage and adapted to maintain the axis of

said casing substantially parallel to the axis.

of the drill pipe.
7. In combination with a rotary drill pipe

~ having an internal passage for circulating

co

fluid, an enclosed tubular casing whose exter-
nal diameter is less than the diameter
of said internal passage, means for sup-
porting said tubular casing within said
internal passage, so as to hold the
same in substantially fixed position with
respect to said drill pipe and with its axis
substantially parallel to the axis of the drill

within said casing and means mounted with-
in said casing and operable only upon con-
tinued rotation of the drill pipe to cause de-
livery of said indicating agent from said cas-

11

ing into the circulating fluid when the devia-

tion of said casing from the vertical exceeds -

a certain angle.

8. In an electrically controlled apparatus
for detecting excessive deviation of a rotary
drill pipe from the vertical, an electric cir-
cuit having contact means defining a plu-
rality of normally open breaks in series
therein, a casing mounted with its axis sub-
stantially. parallel to the axis of the drill
pipe, a weight disposed within said. casing
and supported in such manner as to permit

free pivotal movement thereof in all direc-.

tions about its point of support, and a plu-
rality of circuit closing members disposed at
different positions about the center of said
weight and movable into and out of circuit
closing position with respect to the contact
means defining the respective breaks in said
circuit, said circuit closing members bein
in position to be successively engaged by sai
weight upon deviation of said casing from
the vertical, during rotation thereof about a
longitudinal axis, and being movable to cir-
cuit closing position by such engagement of
said weight therewith, when said deviation
exceeds a certain angle. )

9. In combination with the electric control
circuit of an electrically controlled appa-
ratus for detecting deviation of a rotary drill
pipe from the vertical, a plurality of circuit
closing members operable to position to close
corresponding normally open breaks con-

nected in series in said circuit, and a weight

mounted to swing freely in all directions
about-a point of support and adapted to al-
ways maintain a vertical position, said
weight being adapted to successively engage
said cireuit closing members upon deviation
of said drill pipe from the vertical during
rotation thereof, and to move said circuit

closing members to circuit closing position,

when said deviation exceeds a certain angle.

10. An apparatus for detecting excessive
deviation of a rotary drill pipe from the ver-
tical, during drilling operations, comprising
means adjacent the lowerendofthe drill pipe,
containing a quantity of indicating agent, a
weight freely supported adjacent the lower
end of the drill pipe for pivotal movement

in all directions, so as to be gravitally main-.

tained in vertical position at all times, and
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means operable upon a certain prolonged de-

viation of said drill pipe relative to the ver-
tical ‘axis of said weight, during continued
rotation of the drill pipe, to cause discharge
of said indicating agent into the circulating
fluid adjacent said containing means. :
In testimony whereof I have hereunto sub-

U Y, LeLtol ib this 5th day of March, 1929.
pipe, a quantity of indicating agent contained fscrl ed my pame L J ’

JOHN J. JAKOSKY.
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