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(C. 255-1) 15 Claims. 

Our invention relates to well drilling control 
devices and has particular reference to an in 
strument which may be attached to the drill 
string adjacent the bit during drilling operations 
for transmitting to the ground surface informa 
tion as to the angle and direction of inclination 
of the well bore and orientation of the drilling 
tools. 

In the drilling of oil wells it is the common. 
practice to either locate the derrick directly 
above the oil pool which is to be tapped and to 
attempt to drill the well in a true vertical direc 
tion, or to locate the derrick at some location off 
set horizontally from the pool and to cause the 
well bore to deviate from the true vertical in the . 
proper direction toward the pool. 

Drilling technique has developed sufficiently 
that a driller can cause the bit to be deflected 
suibstantially as desired. Thus, if the driller 
knows or can readily determine whether the bit 20, 
has deviated from the prescribed course, he may 
return the bore to the prescribed course before 
any appreciable amount of hole has been drilled 
in the wrong direction. Thus, he may avoid a 
great waste of time and expense which is now 
occasioned by drilling an appreciable amount of 

5 

10 

the bore and then interrupting the drilling and . . . 
surveying the bore only to discover that a con 
siderable amount of footage has proceeded in the 
wrong direction. 

It is, therefore, an object of our invention to 
provide a drilling control device which includes. 
a self-contained instrument permanently secured 
to the drill string near the boring bit and which 
may be placed into active operation immediately 
upon cessation of rotation of the drill string for 
measuring any angle of inclination of the well 
bore from the vertical and measuring the com 
pass direction of any such inclination and for 
transmitting this information immediately to the 
ground surface. 
Another object of our invention is to provide 

a drilling control device of the character set 
forth wherein the measurements or determina 
tions are transmitted to the ground surface with 
out employing interconnecting transmission me 
diums other than the materials and equipment 
employed for Ordinary drilling operations. 
Another object of our invention is to provide 

a drilling control device of the character set forth 
in the preceding paragraphs which will also 
measure and transmit to the ground surface the 
compass direction of some predetermined refer 
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instrument to be employed in the orientation of 
drilling tools within the well bore. 
Another object of our invention is to provide 

a control device of the character set forth where 
in the information may be received at the ground 
surface and there recorded to provide a visual 
record of the measurements made by the instru 
ment. - 

Other objects and advantages of our invention 
will be apparent from a study of the following 
Specification, read in connection with the ac 
companying drawings, wherein: 

Fig. 1 is a diagrammatic representation of an 
oil well bore during the drilling thereof with the 
boring equipment situated at the bottom of the 
bore, together with the instrument of our inven 
tion; 

Fig. 2 is an enlarged elevational view partly in 
Section illustrating the relationship between the 
boring bit, the sub positioned directly thereabove 
secured to the sub; 

Fig. 3 is a horizontal section taken substantially 
and the manner in which our instrument may be 

along the line III-III of Fig. 2 to illustrate fur 
ther details of the manner of securing our in 
Strument to the sub; 

Fig. 4 is a longitudinal section of a portion of 
an instrument proper embodying our invention 
with parts broken away to show the relative rela 
tionships between the various elements employed: 

Fig. 4A is a longitudinal section of another por 
tion of the instrument proper consisting of a 
continuation of the instrument shown in Fig. 4; 

Fig. 5 is an enlarged longitudinal section of a 
portion of the equipment illustrated in Fig. 4 and 
showing the details of construction of a commu 
tating device, a sequence interlocking device, an 
instrument orientation analyzing device, and a 
compass device, together with the necessary driv 
ing and interconnecting equipment; 

Fig. 6 is a diagrammatic representation in per 
spective section illustrating a portion of the 
equipment illustrated in Fig. 5; 

Fig. 7 is a longitudinal Sectional view similar 
to Fig. 5. but showing the details of construction 
of the equipment located at the extreme upper 
end of the instrument and comprising a means 

50 

for transmitting the instrument. determinations 
to the ground surface; 

Fig. 8 is a schematic representation of the 
equipment and electric circuits employed in the 
receiving device disposed at the ground surface; 

Fig. 9 is a longitudinal Section through the re 
ceiving element which is attached to the goose 

ence point on the drilling tools to permit such 55 neck at the top of the “kelly' to receive the trans 
  



2 
missions from the instrument disposed in the 
bore hole; 

Fig. 10 is a horizontal section taken substan 
tially on the line X-X of Fig. 5 to illustrate 
additional details of construction of the compass 
device employed; 

Fig. 11 is a longitudinal section taken substan 
tially along the line XI-XI of Fig. 12 and illus 
trating still another portion of our instrument 
and the details of construction of a normally 
open type of agitation or vibration responsive 
Switch; 

Fig. 12 is a horizontal section taken substan 
tially along the line XII-XII of Fig. 11 showing 
additional details of construction of this type of 
agitation switch; . . 

Fig. 13 is a view similar to Fig. 11 but illus 
trating the details of construction of a normally 
closed type of agitation switch; 

Fig. 14 is a schematic wiring diagram illustrat 
ing the electrical connections employed between 
the various instrumentalities carried by the in 
strument proper; and 

Fig. 15 is a diagrammatic representation of the 
type of chart and recording which will be made 
thereon when the instrument is employed to sur 
vey a well following a certain assumed course. 

Referring to the drawings, we have illustrated 
in Fig. 1 a typical well drilling installation where 
in a well bore is drilled by a drill bit 2 carried by 
a sub 3 connected to the lower end of a drill 
string 4 comprising a plurality of sections of 
drill pipe extending to the ground surface 5 and 
coupled to a rotary table 6 driven by means of 
power apparatus 7. The drill string 4 is sup 
ported from a swivel 8 which is suspended from a travelling block 9 of a block and tackle assembly 
including a crown block to supported at the top 
of a derrick . . . . 
The Swivel 8 normally constitutes a connection 

between the drill string 4 and a mud hose 2 con 
nected to any suitable pumping apparatus where 
by drilling fluid or mud may be circulated 
through the drill string 4 to carry the cuttings 
away from the bit 2. 
The well bore is illustrated in Fig. 1 as being 

disposed in a true vertical direction throughout 
the upper portion of its length while the lower 
end of the well bore f is illustrated as being de 
viated from the vertical at the point 3. The 
change in direction occurring at the point 3 may 
be either accidental or intentional for the pur 
pose of directing the well bore toward an oil pool 
disposed in an off-set location relative to the 
starting of the bore . In either event, it is nec 
essary, in order to direct the drilling of the Well 
bore f in the proper direction, that the person 
Controlling the drilling operation be apprised of 
the angle of inclination from the vertical of the 
lower portion of the well bore and the compass 
direction of such deviation. 
We accordingly provide a survey instrument 4 

which may be permanently secured to the sub 3 
and be continuously disposed near the bit 2. The 
instrument f4 is preferably housed in a cylindri 
cal casing 5 inserted in a recess 6 provided in 
the wall of the sub 3 and spaced also from the 
mud fluid passage therethrough so that the cen 
tral opening through the drill string is unim 
paired and there are no protuberances which ex 
tend beyond the normal periphery of the sub 3. 
A removable cover member 7 attached by bolts 
8 may secure the instrument 4 within the re 
cess f6. The recess 6 is so positioned that the 
longitudinal axis of the housing is always main 
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2,255,721 
tained parallel to the longitudinal axis of the 
bit, Sub, or drill string so that the axis of the in 
strument housing 5 will be disposed in the same 
direction as the direction taken by the well bore. 
While various types of orienting devices may 

be employed in the instrument of our invention, 
the preferred embodiment thereof includes a mag 
netic compass needle and the sub 3 is, therefore, 
preferably constructed of manganese steel or 
other suitable non-magnetic material or alloy. 
The instrument 4 is composed of a plurality of 
cooperating mechanisms carried by the housing 
5 which, as illustrated in Figs. 4 and 4A, may 

comprise an elongated tubular shell fitted at its 
upper and lower ends with Suitable closures or 
caps 9 and 20. Space for electrical connections 
between the various devices contained within the 
housing may be provided by employing an inner 
cylindrical shell 2 which is spaced from the in 
ner Surface of the casing 5 by spacers 22 to 
define an annular space 23 therebetween. 
Within the interior of the inner shell 2 we 

have secured a plurality of angle measuring de 
vices 24 constructed as described in detail in a 
Copending application Serial No. 162,792, filed 
September 7, 1937, by Emmett M. Irwin et al. and 
each includes a conically depressed surface 25 
upon which is placed a ball 26 adapted, upon in 
clination of the instrument to a predetermined 
angle, to roll to the outside edge of the surface 25 
and electrically interconnect the Surface 25 with 
a contact ring 27 mounted on an insulated sup 
port 28 for the supporting surface 25, whereby 
the number of such devices which have the rings 
27 and surfaces 25 thereof electrically intercon 
nected indicates the extent of any angular devia 
tion of the housing 5 from the vertical. 

Below the angular measuring devices 24 we 
Secure a commutating and Sequencing device 29 
Which may include a commutator ring 70 sup 
ported within the casing 2 by an insulated Sup 
porting plate 7 extended transversely there 
acroSS and insulated therefrom by an insulating 
liner 72. The commutator ring 70 includes three 
main Sections, two of which, indicated at 73 and 
7, comprise arc-shaped portions of electrically 
conductive material each embracing substantial 
ly 120 degrees and separated from each other by 
means of an insulating Spacer 75. The remain 
ing one-third of the ring O is composed of a 
plurality of commutator segments 76 separated 
from each other by insulating material 77. 
A wiper arm 78 is arranged to be selectively 

positioned in contact with any of the segments 73, 
55. 

60 

70 

4 or 76 and may include an arm portion 79 en 
gaging the upper surface of the commutator ring 
70 and carrying a hub portion 80 secured to and 
insulated by insulating material 82 from a drive 
shaft 8 journaled for rotation at its upper end 
by a bearing 83. The drive shaft 8 may be 
driven by an electric motor 30 whose shaft 84 is 
coupled to the drive shaft 8 through suitable 
reduction gearing 3. 
The Sequencing device 29 also includes another 

commutator ring 85 which is similar in construc 
tion to the commutator ring 70 previously de 
scribed but differs therefrom in that it comprises 
a substantially full circle segment 87 of electri 
cally conductive material interrupted at a single 
point by an insulating portion 88. The associ 
ated arm 86 is drivably secured to the drive shaft 
8 and is electrically connected thereto. 
A bore hole orientation analyzing device 33 is 

disposed below the motor 30 and includes a com 
mutator ring 89 which may comprise a plurality 
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of electrically conductive commutator segments 
90 separated from each other by verythin insu 
lating spacers 9t. The commutator ring 89 is 
mounted on an insulating supporting member 92 
carried by an insulating liner 93 secured within 
the inner sleeve 2. An electrically conductive 
bearing plate or raceway 94 rests upon the sup 
porting plate 92 and supports an electrically con 
ductive ball 95. The upper surface of the race 
way plate 94 is upwardly convex so that the ball 
95 may be continuously urged by gravity out 
wardly into engagement with the commutator 
ring 89. The raceway 94 may be insulated from 

5 
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the segments 90 by an insulating ring 96 inter 
posed between the periphery of the raceway 94 
and the inner surface of the commutator ring 89. The insulating ring 96 is preferably undercut to 
provide an annular trackway in which the ball 
95 may roll and electrically interconnect the plate 
94 and one of the segments 90. 
The commutator assembly is mounted perpen 

dicularly to the longitudinal axis of the instru 
, ment so that upon inclination of the instrument 
from the vertical the ball 95 will roll to the low 
side of its trackway to define a housing low 
point disposed diametrically opposite to the ac 
tual direction of deviation of the well bore. The 
angular location of the ball member 95 relative 
to a reference point on the instrument may be 
measured by a wiper arm 97 which has a con 
tacting arm portion 98 engaging the upper-sur 
faces of the commutator segments 90 and adapt 
ed to be so rotated as to bring the contacting 

3 
assembly out of contact with the pivot point and , 
clamping it in a locked position against the lower 
surface of the commutator ring 0, by a compres 
sion spring 4 enclosed in a suitable housing 
?t 5 and bearing against an abutment i? 6 on the 
lower end of a solenoid armature 2 adapted to 
freely slide within a solenoid coil if 3. The arma 
ture 2 carries at its upper end a non-magnetic 
extension portion 7 which is provided with a 
plurality of upwardly extending spider arms 8 
passed through suitable openings 9 in the plate 
07a and having feet portions adapted to engage 
the under-surface of the plate O9. The spring 
4 thus normally lifts the pivot seat if out of 

engagement with the pivot point 08 and olamps 
the compass needle 03 into engagement with the 
lower surface of the ring 0 to press the contact 
member 05 into engagement with one of the 
commutator segments. An insulating spacer 06 
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end 98 thereof into contact with each of the seg 
ments 90 in sequential order by means of a drive 
shaft 99 to which an insulated hub portion f OO 
of the arm is secured. The drive shaft is con 
nected to the electric motor 30 through reduc 
tion gearing .35 and a suitable speed governing 
mechanism 32. A compass point analyzing device 34 is mount 
ed below the orientation device.33 and comprises 
separate coacting units including an analyzing 
device having a commutator ring of (substan 
tially identical in construction to the commutator 
89 previously described with the exception that 

... no ball member or provision therefor is made) 
adapted to cooperate with a wiper arm O2 se 
cured to the drive shaft 99, and a compass unit 
which includes a magnetic compass needle. 03 ; 
and control mechanism therefor indicated gen 
erally at 04. The compass needle 03 (see Figs. 
5 and 6) comprises a permanently magnetized 
needle bar provided with a contacting element 
i05 adapted to be moved into engagement with 
the lower surfaces of the segments of the commu 
tator ring fol. The compass needle iO3 may be 
supported by a pivot member.07 extending up 
wardly from a supporting plate. Ola and termi 
nating at its upper end in a pivot point 08. The 
needle 103 may be attached to a pivot plate fo9 
which carries a downwardly extending boss mem 

40 

... i.1 and 12. 

CO 

ber 10 defining an upwardly extending tapered 
recess if adapted to encompass the pivot mem 
ber 07 and to provide a coacting pivot seat for 
receiving the pivot point fo8. The dimensions of 
the needle 03, the supporting plate fo9 and the 
boss if 0 are preferably chosen such that the cen 
ter of gravity of the system is disposed below the 
pivot point 08, whereby the compass needle as 
sembly will be stably supported for practically 
frictionless rotation upon the pivot 08. 
The pivot mechanism may be protected from 

the vibrations and shocks encountered during the 
drilling operations by lifting the compass needle 

may be provided at the opposite end of the needle 
to prevent any other part of the needle from en 
gaging the segments of the commutator of. En 
ergization of the Solenoid 3 lowers the needle 
03 upon its pivot 08. 
The manner in which the previously described 

equipment is coordinated and how this equip. 
ment functions to provide at the ground surface. 
the necessary data for permitting a drilling op 
erator to determine the exact course being taken 
by the well bore may best be understood by hav 
ing reference to the schematic wiring diagram 
(Fig. 14) and by carrying forward the description 
of the electrical connections simultaneously with 
the description of the operation of the instru 
ment. The instrument includes a self-contained pow 
er Supply such as batteries 39 mounted in the 
lower part of the inner casing 2 and the negative 
side of such batteries are grounded to the instru 
ment case by means of a series circuit including 
a conductor f37, normally open contacts of an 
agitationswitch 36, a conductor 38, and normal 
ly closed contacts of an agitation switch 38. The 
agitation switch 36 is arranged to close its con 
tacts a predetermined time after the stopping of 
the drilling operation to thereby complete the 
above described circuit and place the instrument 
in an operative condition. 
The agitation or vibration responsive switch 3 

may be constructed in the manner described in 
detail in a copending application. Serial No. 
233,208, filed October 4, 1938, by Emmett M. Irwin 
et al., such construction being illustrated in Figs. 

Briefly, the Switch mechanism 36 
comprises a cylindrical housing unit. 2 of insu 
lating material adapted to receive and closely 
encompass an electrically conductive ball 22. A 
housing bottom 23 carries a pair of electrical 
contact members 24 in a position to be inter 
connected by the ball 22 when in its lowermost 
position. A passage 25 communicating between 
the bottom and the top of the space within the 
housing 2 is formed in a body member 26 
which carries the housing member 2. A check 
valve 27 in the passage prevents the fluid with 
which the housing 2 is filled from flowing from 

... below the ball exteriorly through the passage i25 
to the space above the ball 22. The ball f22 is 
fitted closely within the housing 2 to act as a 
piston and tend to force the fluid which is below 
the ball through the passage 25. Such fluid 
flow is prevented by the check valve 27 and the 
fluid holds the ball in an elevated position rela 
tive to the contact members f24. - An adjustable bleeder valve 128 forming a by 
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pass around the check valve 27 through which 
the fluid may slowly flow permits the ball 22 to 
descend toward the contacts 24. The vertical 
component of vibration to which this device is 
subjected during drilling operation Will, by reaSOn 
of the inertia of the ball 22 and the One-Way 
action of the check valve 27, cause the ball 22 
to rise in the housing 2. As soon as vibration 
ceases, as upon the stopping of the drilling op 
erations, the ball 22 will slowly settle by gravity 
toward the contacts 24 and establish an electri 
cal circuit therebetween a predetermined adjust 
able time after the cessation of the drilling Op 
erations. 
The agitation switch 38 is responsive to pro 

tracted idle periods to place the instrument in an 
inoperative condition and a similarly constructed 
agitation switch 37 is employed for controlling 
the solenoid 3 of the compass clamping mech 
anism as described hereinafter. The switches 
31 and 38 are similar in principle to the Switch 36 
previously described but are provided with nor 
mally closed contacts and may be constructed as 
illustrated in Fig. 13. A cylindrical passage 29 
is formed in a body member 30 and a ball men 
ber 3 is closely fitted therein. The passage 29 
is filled with oil and an auxiliary control passage 
32 communicates between the upper and lower 

ends of the cylindrical passage 29 and has placed 
therein a check valve f33 and a by-pass control 
valve 34 arranged to by-pass fluid from Within 
the housing 29 into the passage 32 around the 
check valve 33. 
The electrical circuit may be established by the 

ball 3 f between the electrically conductive Walls 
of the passage 29 and a flexible conical compres 
sion spring 35 which is disposed immediately 
above the ball 3 and secured to the body men 
ber 30 from which it may be insulated by an in 
sulating bushing 36. Wibrations due to drilling 
operations will cause the ball 3 to rise in its 
cylinder 29 and upon cessation of drilling opera 
tions the ball 3 will slowly settle. 
We prefer to make the compression spring 35 

with such resilience that upward movement of 
the ball 3 will be permitted and the electrical 
circuit between the body member 30 and the 
spring 35 will be completed by the ball mem 
ber. When the ball 3 settles to a position cor 
responding to the unflexed position of the Spring 
35, the circuit will be broken by the separation 

of the ball therefron. 
The adjustment of the agitation switch 38 is so 

arranged that the contacts thereof will remain 
closed a sufficient length of time to allow the in 
strument to operate to make one or more con 
plete sets of survey readings, after which these 
contacts open to place the instrument in an 
in operative condition. 
A conductor 39 extends from the battery posi 

tive to one of the terminals of the motor 30 and 
the other terminal is connected by a conductor 
40 to ground so that the motor will be energized 

by the closing of the agitation switch 36 to start 
the sequential operation of the equipment. 
We employ a mechanically operated inter-lock 

or timing means which operates each time the in 
strument is placed in operation to maintain the 
instrument operating during a complete time 
cycle of operations ag represented by a complete 
revolution of the wiper arm 86 which is connect 
ed to ground, the commutator ring 8 being con 
nected to the negative battery terminal through 
a conductor 4 f. 
The wiper arm 86 rotates in the direction indi 

2,255,721. 
cated by the arrow 42 and establishes a holding 
circuit across the agitation switches 36 and 38 So 
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that the equipment will be maintained in opera 
tion after opening of either of the switches 36 
or 38 until the wiper arm 86 is rotated into con 
tact with the insulating segment 88 at which time 
the circuit 4f Will be interrupted. 
The circuits for transmitting to the ground 

surface the angle of inclination of the well bore 
from the vertical include a series circuit extend 
ing from the positive battery terminal through 
a conductor 43 to one terminal of a solenoid 
46 forming a part of a transmitting device 40 
adapted to transmit sound signals to the ground 
surface upon energization of the solenoid 46, and 
from the other terminal of the solenoid 46 through 
a conductor 44 to the wiper arm of the com 
mutating device 70 through a spring brush 45 
engaging the hub portion 80 of the wiper arm 78. 
The first of the segments 76 is connected di 

rectly to ground by means of a conductor 46 
and each of the remaining segments 76 are con 
nected by conductors 47a, 47 b and 4 c through 
4Th to the contact ring portions 27 of each 
of the angle measuring devices 24, the support 
ing plane portions 25 of each of these devices 
being grounded to the instrument case. 
The transmitter 40 may be constructed as de 

scribed in the aforementioned copending ap 
plication, Serial No. 233,208, such construction 
being illustrated in Fig. 7 as including a dia 
phragm 4f secured between the upper cap 9 
and a clamping ring 42 secured to the casing 5. 
The diaphragm 4 is equipped with an acoustic 
impedance-matching coupling device comprising 
an elongated rod 43 secured to the diaphragm 4 
and carrying at its lower end a rod weight 44. 
The rod weight 44 is disposed in a position to be 
engaged by the upper end of a solenoid armature 
45 upon upward movement thereof in response 
to energization of the Solenoid coil 46. 
Proper proportioning of the dimensions of the 

rod.43 and the rod weight 44 relative to the di 
mensions and material employed in the dia 
phragm 4 causes this assembly to operate to 
transmit to a fluid in contact with the dia 
phragm 4f sound vibrations of a predetermined frequency when the rod weight 44 is struck a 

50 
sharp blow. A spring 47 surrounds a tail-piece 
48 secured to the lower end of the arnature 45 
for balancing the Weight of the armature and an 
adjusting means 49 permits the normal position 
ing of the armiature 45 to be adjusted as desired. 
An opening 50 communicates with the fluid 

passage in the sub 3 (identified in Fig. 2 by the 
reference character 5) and extends to a posi 
tion permitting the drilling fluid to contact the 
diaphragm . A small bleeder hole may con 
municate between the passage 50 and the ex 

60 
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terior of the sub 3 so that air which might other 
Wise be trapped in the dead-end passage 50 may be discharged outwardly. 
We have illustrated diagrammatically in Fig. 8 

equipment which may be employed at the ground 
Surface for receiving the signals produced by the 
transmitting device 40 as including a sound or 
preSSure Wave responsive mechanism 53 which is 
exposed to the effect of the pressure waves sent 
up through the liquid column. The mechanism 
53 may be enclosed in a housing 54 attached to or 
formed as an integral part of a gooseneck 55 dis 
posed above the swivel 8 and connected to the 
mud hose 2. The Sound responsive device 53 
may be constructed as illustrated and described 
in the aforementioned copending application, 
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Serial No. 233,208, such construction being illus 
trated in Fig. 9 as including a collar 60 securing 
the housing 54 to a boss 6 provided on the 
gooseneck 55. The collar 60 secures a diaphragm 
62 in sealing position across an opening in the 
boss, 6 So as to lie in direct contact with the 
mud fluid which is circulated through the goose 
neck 65. The diaphragm 62 is provided with an 
impedance-matching coupling device including 
a rod 63 secured to the diaphragm 62 and carry 
ing at its upper end a rod weight 64. The rod 
weight 64 and the rod 63 may be held in a cen 
tralized position within the housing 54 by means 
of a flexible spider 65. A suitable microphone 
or other translation mechanism 66 is either Se 
cured to the rod weight 64 or...held in a position 
cooperating therewith so that vibrations of the 
rod weight 64 resulting from the impact of Sound 
waves on the diaphragm 62 will cause a similar 
change in electrical conditions existing in a pair 
of microphone leads 67. 
We employ, in the preferred embodiment of our 

invention, a 'crystal' microphone which is pe 
culiarly adapted to be secured to and form a part 
of the rod weight 64. By properly selecting the 
weights and dimensions of the rod weight 64, the 
microphone 66, the Sound rod 63, and the dia 
phragm 62 the system may be tuned to the same 
frequency as that transmitted by the transmitting 
device. 40 so that extraneous noises will be largely 

: excluded. 
A suitable microphone transformer 68 may be 

employed to match the impedances of the micro 
phone SS and a transmission line 69 extended to 
an amplifier 56. The amplifier 56 may operate 
a recorder 57 or an individual translation de 
vice such as earphones, 58 and the circuit may 
include a band-pass filter 59 to further limit 
the response of the recorder 57 and earphones 
58 to the signals emitted by the transmitter 40. 
The manner, in which the previously described 

angle neasuring devices cooperate to actuate the 
transmitting device 40 and transmit to the ground 
surface the determinations of the angle of in 
clination of the well bore from the vertical 
through the agency of the sequencing device may 
best be understood by assuming certain operating 
conditions and describing the operations of this 
equipment under such assumed conditions. 
Assume, for example, that the well bore is de 

viating one and one-half degrees from the verti 
cal and that the angular interval of each of the 
angle measuring devices 24 is one-half of one 
degree so that three of the balls 26 will have 
electrically connected their associated contact 
rings 27 to ground. As soon as the Wiper arm 78 
is moved across the commutator segments 75, the 
circuit from the battery positive terminal through 
conductors 43, the solenoid 46, and conductor 
44 will be completed four times, Once upon COn 
tacting the first segment 16 and once for each 
of the three succeeding segments which are 
grounded through circuits 47a, 47b and 147c, 
to energize the solenoid 46 a corresponding num 
ber of times and cause four sound impulses to 
be transmitted to the ground surface and re 
corded on the recorder 57. ". . 
We have illustrated in Fig. 15 the appearance 

of a section of tape (48 produced by the recorder 
57 upon which are illustrated recordings made 
by the recording device 57 under these assumed 
operating conditions. The first signal produced 
y the transmitter 40 will produce one mark 49 
on the tape and the three succeeding impulses 
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transmitted to the ground surface will be re 
corded on the tape 48 as marks 50, 5 and 
52. The first mark 49 indicates to the oper 

ator the starting point of a time cycle of oper 
ation, and the remaining three marks 50, 5 
and 52 indicate that three of the angle measur 
ing devices -24 are in the displaced position and - - - 
that the angle of deviation of the well bore from 
the vertical is equal to three one-half degree 
increments or one and one-half-degrees. 
As soon as the wiper arm 78 has traversed all 

of the contact segments T G to complete a first 
of three time periods, it comes into contact next 
With the transfer segment 73 which is connected 
by conductor f53 to the wiper arm 97 of the 
orientation devices 89 through a brush mecha 
nism 54. 
The Wiper arm 97 may be caused to traverse 

all of the segments 90 during the second time 
period while the wiper arm 78 is in contact solely 
with the segment 73 by so arranging the ratios of 
the reduction gearings. 31 and 35 that the wiper 
arms 9 and 02 will make three complete revo 
lutions during the time the wiper arms 78 and 86 
are making one complete revolution. 
The first of the segments 90 which will be con 

tacted by the wiper arm 97 at the start of the 
Second time period is grounded by conductor 55 
to provide a reference point on the instrument 
housing so that engagement of the arm 97 with 
this grounded segment will complete a circuit 
through the transmitting solenoid 46 and con 
ductors 43, 44, f 53 and 55 to cause operation 
of the transmitting device and produce a mark 
56 on the chart 48 comprising a chart reference 

point indicating the time at which the wiper 
arms were moved to coincidence with the hous 
ing reference point. 

Since the instrument is inclined, the ball mem 
ber 95 rests on the low side of its raceway and 
establishes an electrical circuit between one of 
the commutator segments 90 and the grounded 
Supporting surface 94. Assume, for example, 
that the bore hole is inclined in a direction due 
east and that the instrument housing reference 
point is disposed in a position 135 degrees west 
of north. In the assumed case the wiper arm 97 
will come in contact with that one of the seg 
ments, 90 which has been connected to ground 
by means of the ball 95 after 225 degrees of ro 
tation, at which time the signalling circuit will 
be completed through the transmitting solenoid 
46 so as to cause another mark f57 to be made 
On the chart 48. 
Upon arrival of the wiper arm 97 at its original 

starting point the wiper arm 78 will cross the 
insulating segment 75 and establish contact be 
tween the conductor f44. and the next transfer 
segment 74 which is connected by conductor 58 
to the wiper arm 02 through a suitable brush 
mechanism 59. 
The solenoid 3 is connected in a circuit 60 

which extends from the battery positive terminal 
and includes contacts of the normally closed agi 
tation switch 37. The solenoid f i3 is thus ener 
gized simultaneously with the motor 30 to lower 
the compass needle 03 on to its pivot point 08. 
The needle then aligns itself with the direction 
of the earth's magnetic field So that the con 
tacting element 05 carried thereby is pointing 
north. After sufficient time has elapsed to per 
mit the compass needle 03 to properly orient 
itself, circuit 60 is opened by the agitation Switch 
37, thereby de-energizing the solenoid 3 and 
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permitting the spring 4 to clamp the compass 
needle 03 in its upper position and ground the 
commutator segment of the compass point ana 
lyzing device which is disposed in the Sane angu 
lar position as is the compass needle 03. This 
operation is completed before the start of the 
third and last time period. 
At the beginning of the third time period the 

compass needle 03 will thus be located in a 
position disposed 135 degrees east of the starting 
point of the wiper arm 02 and will occupy its 
clamped position grounding that one of the com 
mutator segments which is disposed in this lo 
cation. The first commutator segment is ground 
ed by conductor 6 so that the beginning of the 
third time period will be indicated by an impulse 
transmitted to the ground surface and producing 
a third monitor recording 62 on the chart 48. 
Continued rotation of the wiper arm 02 Will bring 
it into contact with the grounded commutator 
segment and transmit to the ground surface and 
cause to be recorded on the tape 48 a compass 
point indication 63. Thereafter the wiper arm 
f02 will be moved to the end of its full circle of 
rotation at which time wiper arms 18 and 86 
of the commutating and sequencing devices will 
arrive at their original starting positions to indi 
cate the completion of the first time cycle. 

If, at this time, the agitation switch 38 has 
opened its contact, the interruption of the hold 
ing circuit 4 at segment 88 will stop the equip 
ment. If, however, at this time the agitation 
switch 38 has not interrupted the circuit 37 
38, the device will operate to repeat exactly the 

cycles of operation previously described until 
such time as switch 38 interrupts the circuit 
f37-38. The instrument will stop after it con 
pletes the particular time cycle in which it was 
operating at the time this agitation switch Oper 
ated. After the instrument has operated in the 
above described fashion, the drilling Operator 
may again start the drilling operation to con 
tinue the extension of the bore hole along the 
course indicated by the instrument. Resumption 
of the drilling operations will place the agitation 
switches 36, 37 and 38 in their non-operated posi 
tion so that whenever the drilling operator de 
sires to make another survey to check the course 
being taken by the well bore he may do So by 
again stopping the rotation of the drill string. 
Reference to Fig. 15 will indicate that each 

of the three monitor marks 49, 56 and 62 are 
spaced from each other on the chart 48 a dis 
tance 64 representing either 360 degrees of rota 
tion of the wiper arms 97 and 02 or the length 
of each of the three time periods. The governor 
32 insures constancy of speed of rotation of vari 
ous wiper arms and the tape 48 is likewise ad 
vanced at a constant speed so that the distances 
separating these monitor indications will be sub 
stantially constant. 
By comparing the distance 64 with a distance 

65 (measured between the second monitor indi 
cation f 56 and the bore hole position indication 
57) and With a distance 66 (measured from the 
monitor mark 62 to the compass point indica 
tion marked i33), the direction of the deviation 
of the well bore may be determined. Under the 
assumed conditions the angular distance of the 
housing reference point to the point which caused 
transmission of the mark 5 is 225 degrees. So 
that the linear distance 65 will bear the same 
ratio to the linear distance 164 as does 225 degrees 
to 360 degrees. In the same fashion, comparing 
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64 will reveal that the dimension 66 represents 
an angle of 135 degrees. The difference between 
these angular measurements; namely, 90 degrees, 
represents the angular disposition of the direc 
tion of the bore hole relative to the magnetic 
north direction. 
The various wiper arms are preferably rotated 

in a clockwise direction and since the dimension 
66 is smaller than the dimension f 65, the devia 

tion of the well bore is east of north 90 degrees 
or due east. 
The dimension 66 when compared to the di 

mension 64 indicates the angular position of 
the instrument housing reference point relative 
to the predetermined compass direction indicated 
by the compass needle 03. Since the relative 
angular positions between the instrument refer 
ence point and the direction along which a whip 
stocking tool will operate may be easily deter 
mined prior to the insertion of the tool into the 
well, the dimension 66 provides the drilling oper. 
ator with a basis from which he may readily 
determine the actual compass direction along 
which the whipstocking tool will drill. Thus, 
the instrument may be employed at any time 
for the purpose of initially placing a whipstocking 
tool in the correct position to deviate the well 
bore from its present course along a new pre 
scribed course or for the purpose of checking at 
any time the course along which such a whip 
stocking tool is then operating. 
We have thus provided an instrument which 

may be permanently associated with the boring 
bit So that the direction or course of the well 
bore may be very quickly and readily determined 
without requiring the insertion of an instrument 
into the well bore or the removal of tools from 
the well in order to obtain the necessary survey 
information. 
While our instrument is particularly adapted 

to Substantially permanent association with the 
drill string, the instrument and housing 5 com 
prise a self-contained unit which may be lowered 
into the well bore or into the mud fluid passage 
in the drill String by means of a sand line in 
order to Survey a completed or partially com 
pleted well. 
While we have shown and described the pre 

ferred embodiment of our invention, we do not 
desire to be limited to any of the details of con 
Struction shown or described herein, except as 
defined in the appended claims. 
We cIain: 
1. In a device for determining the angular 

position of a well tool insertable in a well bore 
and having a tool reference point thereon, the 
combination of: a housing having a housing 
reference point thereon; means mounting said 
housing upon said well tool with said housing 
reference point in a predetermined angular posi 
tion relative to said tool reference point; a device 
in said housing for at any time measuring the 
angular relation between a predetermined com 
pass direction and the location of said housing 
reference point; timing means in said housing 
for defining a time cycle; signal producing means 
in Said housing; and means coacting with said 
timing means for actuating said signaling means 
to produce a pair of signals, the relative position 
of which in said time cycle are representative of 
the angular disposition of said housing reference 
point relative to said predetermined compass 
direction. 

2. In a device for measuring the inclination 
the linear distance 66 to the linear distance 75 and direction of a well bore, the combination of: 
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a housing; means mounting said housing upon a 
drilling tool insertable in said bore; a device in 
said housing for measuring the angle of inclina 
tion of said tool from the vertical; mechanism in 
said housing for measuring the angular position 
of the low point of said housing relative to a 
predetermined reference point on said housing; 
compass means in said housing for measuring 
the compass direction of said reference point; 
and means for transmitting to the ground Sur 
face the measurements made by said device, 
mechanism, and compaSS means. 

3. In a device for measuring the direction of 
deviation of a well bore from the vertical, the 
combination of: a housing; means mounting Said 
housing upon a drilling tool insertable in said 
bore; a device in said housing for determining the 
low point of said housing relative to a predeter 
mined reference point on said housing; mecha 
nism in said housing for measuring the compass 
direction of said reference point; timing means 
on said well tool for defining a time cycle; Sig 
nal producing means in said housing; and means 
for successively connecting said device and Said 
mechanism to said signaling means in a prede 
termined sequential order to produce signals, the 
position of which in said time cycle is represen 
tative of the measurements made by Said device 
and said mechanism. 

4. In a device for measuring the inclination 
and direction of a Well bore, the combination of: 
a housing; means mounting said housing upon a 
drilling tool insertable in said bore; a device in 
said housing for measuring the angle of incli 
nation of said drilling tool from the vertical; 
orientation means in said housing for determin 
ing the low point of said housing relative to a 
predetermined reference point on said housing; 
mechanism in said housing for measuring the 
compass direction of said reference point; timing 
means in said housing for defining a time cycle; 
signal producing means in Said housing; and 
means coacting with said timing means for suc 
cessively connecting said device, orientation 
means, and said mechanism to said signaling 
means in a predetermined sequential order to 
produce signals, the position of each of which in 
said time cycle is representative of the measure 
ments made by said device, orientation means 
and said mechanism. 

5. In an oil Well drilling control device, the 
combination of: an instrument comprising a 
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6. In an oil well drilling control device, the 

combination of: an instrument comprising a 
housing detachably secured to a drilling tool in 
Sertable in a well bore, a device in said housing 
for measuring the angle of inclination of said 
drilling tool from the vertical, orientation means 
in said housing for determining the low point of 
said housing relative to a predetermined refer 
ence point. On Said housing, mechanism in said 
housing for measuring the compass direction of 
Said reference point, timing means in said hous 
ing for defining a time cycle, signal producing 
means in said housing, and means coacting with 
said timing means for successively connecting . 
Said device and said orientation means and said 
mechanism to said signaling means in a prede 
termined sequential order to produce a plurality 
of sets of signals whose position in said time 
cycle is representative of the measurements made 
by said device and said orientation means and 
Said mechanism; and translation means at the 
ground surface comprising a receiving means for 
receiving the signals transmitted by said instru 
ment, and a recording means actuated by said 
receiving means for recording the position of 
said signals in said time cycle to provide a visual 
record of the angle of inclination of said well 
bore from the vertical, the compass direction of 
Said instrument reference point, and the angular 
position of said reference point relative to the di 
rection of deviation of said well bore. 
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housing detachably Secured to a drilling tool in- . 
Sertable in said bore, a device in said housing for 
measuring the angle of inclination of Said drilling 
tool from the Vertical, a mechanism in said hous 
ing for measuring the compass direction of the 
inclination of said drilling tool from the vertical, 
timing means in said housing for defining a time 
cycle, signal producing means in said housing, 
and means coacting with said timing means for 
successively connecting said device and said 
mechanism to said signaling means in a predeter 
mined sequential order to transmit to the ground 
surface a plurality of signals, the position of each 
of which in said time cycle is representative of 
the measurements made by said device and Said 
mechanism; and translation means at the ground 
surface comprising a receiving device for re 
ceiving said signals, and a recording device ac 
tuated by said receiving means for recording the 
positions of said signals in said time cycle to 
provide a visual record of the angle of inclina 
tion of said well bore from the vertical and the 
compass direction of said inclination. 

55 

7. In a device for measuring the direction of a 
well bore, the combination of: an instrument 
housing insertable in said bore; means in said 
housing defining a reference point thereon; a 
device in said housing for defining a housing 
low point when said housing is disposed at an 
angle to the vertical; compass means in said 
housing for defining a predetermined compass 
direction; signal producing means in said hous 
ing; timing means in said housing for defining 
a time cycle including a pair of time periods; 
transfer mechanism coacting with said timing 
mechanism for associating one of said time peri 
ods with said device and for associating another 
of Said time periods with said compass means; 
means cooperating with said device and said sig 
naling means for actuating said signaling means 
to produce a pair of signals whose relative posi 
tions in said first time period are representative 
of the angular position of said low point relative 
to said reference point; and means cooperating 
With said compass means and said signaling 
means for actuating said signaling means to pro 
duce another pair of signals whose relative posi 
tions in Said other time period are representative 
of the angular position of said reference point 
relative to said predetermined compass direction. 
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8. In a device for measuring the direction of 
a well bore, the combination of: an instrument 
housing insertable in said bore; means in said 
housing defining a reference point thereon; a 
device in Said housing for defining a housing low 
point When Said housing is disposed at an angle. 
to the vertical; compass means in said housing 
for defining a predetermined compass direction; 
signal producing means in said housing; timing 
means in Said housing for defining a time cycle 
including a pair of time periods; transfer mecha 
nism coacting with said timing mechanism for 
associating one of said time periods with said 
device and for associating another of said time 
periods with said compaSS means; means co 
operating with said device and said signaling 
means for actuating said signaling means to pro 
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duce a pair of signals whose relative positions in 
said first time period are representative of the 
angular position of Said low point relative to 
said reference point; means cooperating with 
Said CCmpaSS means and Said signaling means for 
actuating said signaling means to produce an 
other pair of Signals whose relative positions in 
said second time period are representative of the 
angular position of Said reference point relative 
to said predetermined compass direction; receiv 
ing means at Said ground Surface for receiving 
said signals; and recording means actuated by 
said receiving means for translating each of said 
signals into visual indicia disposed in Spaced re 
lationship relative to each other representative 
of the relative positions of said Signals in each of 
said time periods. i 

9. In a device for measuring the inclination 
and direction of a well bore, the combination of: 
an instrument housing insertable in said bore; 
mechanism in Said housing for measuring the 
angle of inclination of said housing from the ver 
tical in terms of a plurality of angular incre 
ments; means in said housing defining a refer 
ence point thereon; device in said housing for 
defining a housing low point when said housing 
is disposed at an angie to the vertical; compass 
means in said housing for defining a predeter 
mined compass direction; signal producing means 
in Said housing; tinning means in Said housing 
for defining a time cycle including three time 
periods; transfer mechanism coacting With Said 
tinning mechanism for aSSociating One of each 
of said time periods respectively with said mecha 
niSn, said device and said compaSS means; means 
cooperating with said mechanism and said sig 
naling means for actuating Said signaling means 
during the first of said time periods to produce 
a plurality of Signals equal in number to the 
number of angular increments measured by Said 
device; means cooperating with Said device and 
said signaling means for actuating Said Signal 
ing means to produce a pair of signals whose 
relative positions in the second of Said time peri 
ods are representative of the angular position 
of said low point relative to said reference point; 
and means cooperating With Said device and Said 
compass neans for actuating Said Signaling 
means to produce a pair of Signals Whose rela 
tive positions in the third of Said time periods 
are representative of the angular position of 
said reference point relative to Said predeter 
mined compaSS direction. 

10. In a device for measuring the direction of 
a well bore, the combination of: an instrument 
housing insertable in Said bore; means in Said 
housing defining a reference point thereon; 
means in said housing for defining a housing low 
point when said housing is disposed at an angle 
to the vertical; tinning means in Said housing 
for defining a time cycle including a plurality 
of time periods; a device in said housing coacting 
with said timing means and continuously mov 
able in a closed path from a starting position 
corresponding to said reference point at the be 
ginning of the first of said time periods through 
an indicating position coll'esponding to, said low 
point to said starting position at the end of Said 
first time period; compaSS means in Said housing 
for defining a predetermined compass direction; 
nechanism in said housing coacting with said 
tinning means and continuously novable in a 
closed path from a starting position correspond 
ing to said reference point at the start of the 
second of Said time periods through an indi 
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cating position corresponding to Said predeter 
mined compaSS direction to Said starting posi 
tion at the end of said second time period; sig 
nal producing means in Said housing; means con 
necting said device and said mechanism to Said 
signaling means and responsive to movement of 
said device and Said mechanism to their respec 
tive starting and indicating positions for actu 
a ting said Signaling means to produce a plurality 
of signals, the position of those in said first time 
period being representative of the angular posi 
tion of Said low point relative to Said reference 
point and the position of those in Said second 
time period being representative of the angular 
position of Said reference point relative to said 
compaSS direction. 

11. In a device for measuring the direction of 
a Well bore including a housing insertable in Said 
Well bore and means defining a reference point 
on said housing, a device for measuring the angu 
lar disposition of said reference point relative 
to the direction of deviation of Said Well bore from 
the vertical, comprising: an electrically conduc 
tive supporting plate in said housing disposed per 
pendicularly relative to the axis thereof; a con 
mutator including a plurality of electrically con 
ductive segments insulated from each other and 
disposed in positions encircling Said plate and in 
sulated therefron for defining a circular track 
way; means disposing one of said segments in 
a position corresponding to said reference point 
and electrically connecting said segment to Said 
plate to define a monitor segment; an electrically 
conductive rolling member carried on Said plate 
and movable by gravity around said trackway to 
the low side thereof to define a low point Seg 
ment by electrically connecting said plate to the 
one of said segments disposed at said low side 
when the axis of said housing is disposed at an 
angle to the vertical; a rotary member engag 
ing said commutator and movable thereover to 
complete an electric circuit between said rotary 
member and said plate through said monitor Seg 
Jinent and through Said low point Segment when 
said rotary member is moved into contact there 
with; means mounting said rotary member for 
movement over said commutator from Said non 
itor segment to said low point segment to traverse 
the angle between said segments; and signaling 
neans in Said circuit responsive to completion 
thereof for producing a pair of signals spaced 
in time in accordance with the magnitude of the 
angle traversed by Said rotary member. 

12. In a device for measuring the direction of 
a well bore including a housing detachably se 
cured to a drilling tool adapted to be moved to 
cause drilling of said well bore and means de 
fining a reference point on said housing, a com 
paSS means in Said housing for permitting the de 
termination of the compass direction of said 
reference point, comprising: a magnetic com 
paSS needle for defining a predetermined com 
paSS direction and including a pivot seat; a pivot 
point carried by said housing receivable in said 
pivot Seat for pivotally supporting said compass 
needle for movement to a position defining said 
predetermined compass direction; clamping 
means for moving said needle from a pivotally 
Supported free position to a clamped position 
Clamping Said needle against movement relative 
to Said housing and disposing said pivot and said 
pivot seat in Spaced relation relative to each 
Other, and means rasponsive to movement of said 
drilling tool cooperating with said rairing 
means for actuating said camping nearis is my 
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said needle to said clamped position when said 
tool is moved to drill said bore and for actu 
ating said clamping means to move said needle 
to said free position when movement of Said 
drilling tool is stopped. 

13. In a device for measuring the inclination 
and direction of a well bore including a housing 
detachably Secured to a drilling tool adapted to be 
moved to cause drilling of said Well bore and 
means defining a reference point on Said housing, 
a CompaSS means in Said housing for permitting 
the determination of the compass direction of 
Said reference point, comprising: a magnetic Com 
paSS needle for defining a predetermined compass 
direction and including a pivot seat; a pivot point 
carried by said housing receivable in said pivot 
Seat for pivotally supporting said compaSS needle 
for movement to a position defining said prede 
termined compass direction; clamping means for 
moving said needle from a pivotally supported 
free position to a clamped position clamping said 
needle against movement relative to said hous 
ing and disposing said pivot and Said pivot Seat 
in spaced relation relative to each other; means 
responsive to movement of said drilling tool co 
Operating With Said clamping means for actuat 
ing said clamping means to move said needle to 
said clamped position when said tool is moved 
to drill said bore and for actuating said clamp 
ing means to move said needle to said free posi 
tion when movement of said drilling tool is 
stopped; a rotary means in said housing movable 
from said reference point to a position corre 
sponding to the clamped position of said needle 
to measure the angle between said point and said 
predetermined compass direction; and indicating 
means coupled to said rotary means and respon-. 
Sive to departure of Said rotary means from Said 
reference point and responsive to arrival thereof 
at said corresponding position for indicating the 
angle measured by said rotary means. 

4. In a device for measuring the direction of 
a Well bore including a housing detachably se 
cured to a drilling tool adapted to be moved to 
cause drilling of Said well bore and means de 
fining a reference point on said housing, a com 
pass means in said housing for permitting the 
determination of the compass direction of Said 
reference point, comprising: a magnetic Com 
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pass needle for defining a predetermined compass 
direction and including a pivot seat; a pivot point 
carried by said housing receivable in Said pivot 
Seat for pivotally Supporting Said CompaSS needle 
for movement to a position defining Said prede 
termined compaSS direction; clamping means for 
moWing Said needle from a pivotally Supported 
free position to a clamped position clamping said 
needle against movement relative to said housing 
and disposing Said pivot and Said pivot seat in 
Spaced relation relative to each other; control 
means responsive to movement of said drilling 
tool cooperating with said clamping means for 
actuating said clanping means to move said 
needle to said clamped position when said tool 
is noved to drill Said bore and for actuating said 
clamping means to move said needle to said free 
position. When movement of said drilling tool is 
stopped; time delay means cooperating with said 
clamping means and said control means for actu 
atting Said clamping means to again move said 
needle to Said clamped position a predetermined 
time after Operation of Said control means; and 
indicating means responsive to operation of said 
control means and said time delay means for 
indicating the angular position of said reference 
point relative to said predetermined compass di 
rection when said needle is again moved to said 
clamped position. 

15. In a device for determining theorientation 
of a Well tool insertable in a well bore and hav 
ing a reference point thereon, the combination 
of: a housing having a reference point thereon, 
means mounting Said housing upon said well tool 
With said housing reference point in predeter 
mined angular position relative to said tool refer 
ence point; a device in Said housing for at any 
time measuring the angular relation between a 
predetermined compass direction and the loca 
tion of said housing reference point; and a means 
in Said housing for transmitting to the ground 
surface the measurements made by said device. 
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