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1. 
The present invention relates to improved ap 

paratus for indicating the rate of drilling a well, 
the depth of the well, and the position of the 
drill string relative to the well bottom during 
off-bottom movement of the drill string, and 
more particularly to improvements in apparatus 
Of the general character described in Patent 
No. 2,326,219-Hayward and Patent No. 2,166,212 
-Hayward. 
As explained in the above noted Hayward 

patent of higher number, in modern well drill 
ing operations utilizing rotary rigs, it is high 
ly important that the progress of the drill at 
the end of the drill string and the depth of the 
well be known at all times within very narrow 
limits of accuracy, in order that the tests and 
indications which are representative of partic 
ular strata may be correctly related to the actual 
depth of the strata in the well. It is also in 
portant during off-bottom movements of the 
drill string, which are required in raising and 
lowering the drill string for pipe joint additions 
and bit changing purposes, to know the exact 
position of the drill string relative to the botton, 
of the well, since otherwise caution requiring 
the consumption of time must be exercised in 
lowering the drill string until the bit end there 
of reaches the well bottom. In the interests of 
ease of operation, a system for providing the 
described indications should also include facili 
ties for so correlating the functions of the in 
dicating devices that they are automatically 
rendered operative only during appropriate 
movements of the drill string without any in 
tervention on the part of the equipment user. 
Thus, for example, the off-bottom drill string 
indicating facilities should remain inactive dur 
ing a drilling period when the depth and drilling 
late indicating facilities are in operation. Con 
versely the Well depth and drilling rate indi 
Cating devices should be rendered inactive with 
out changing the settings thereof incident to 
off-bottom movement of the drill string. 
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It is an object of the present invention, there 
fore, to provide simple, rugged and reliably ac 
curate apparatus of low cost for concurrently in 
dicating the depth of a well and the rate of 
drilling, and for indicating the position of the 
drill string relative to the bottom of the well 
during off-bottom movement of the drill string. 
According to another object of the invention, 

improved and exceedingly simple facilities are 
provided for so interrelating the operation of 
the drilling rate indicating device and the depth 
indicating device with the operation of the drill 55 

2 
string position indicating device that these de 
vices are only rendered operative during cor 
responding drilling or non-drilling intervals, all 
with a minimum duplication of equipment. 

It is a further object of the invention to pro 
wide improved drilling rate indicating apparatus 
which is of rugged and economical construc 
tion, may be easily installed, Operated and serv 
iced by relatively unskilled users of the appa 
ratus, and is reliably accurate in its operation to 
provide an indication of the rate of progress of 
a drill string into a Well. 

It is still another object of the invention to 
provide improved and simplified apparatus for 
indicating the depth of a well and an indical 
tion of off-bottom movement of the drill string. 
The invention, both as to its organization and 

method of operation, together with further ob 
jects and advantages thereof, will best be un 
derstood by reference to the following specifica 
tion taken in connection with the accompany 
ing drawings, in which: 

Figs. 1 and 2, when positioned one above the 
other in the Order named, schematically illustrate 
improved apparatus characterized by the features 
of the present invention; 

Fig. 3 is a front view of the indicating devices 
and associated mechanism shown in Fig. 1 of 
the drawings; 

Fig. 4 is a detail view partially in section taken 
along the lines 4-4 in Fig. 3; 

Fig. 5 is a detail view of the pulse generating 
cams and contact assemblies included in the ap 
paratus shown in Fig. 1; 

Fig. 6 is a detail view illustrating certain com 
ponents of the apparatus shown in Fig. 2; 

Fig. 7 is a detailed view of the differential 
mechanism embodied in the apparatus shown in 
Fig. ; 

Fig. 8 is an enlarged fragmentary view of 
the clutch mechanism embodied in the appa 
ratus shown in Fig. 1; and 

Fig. 9 is a schematic view of the indicating 
facilities associated with the apparatus shown 
in Fig. 2. 

Referring now to the drawings and more 
particularly to Figs, 1 and 2 thereof, the present 
improved apparatus is there illustrated in its 
use to indicate, during a well drilling operation, 
the rate of penetration of a drill bit 2 into 
a Well 0, the depth of the well, and the position 
of the drill string if relative to the well during 
off-bottom movement of the string. Specifical 
ly, the bit 2 is carried at the lower end of a 
string of hollow drill pipe of the character 
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ordinarily employed in a rotary drilling opera 
tion. This bit is provided with drilling fluid 
openings 3 through which drilling fluid or mud 
of the type conventionally used in rotary drilling 
operations is discharged into the drill hole at 
the bottom thereof for upward movement to 
the top of the well through the annular space 
between the drill string and the side walls of 
the well. At its upper end, the drill string 
is carried by the usual Kelly if a which is at 
tached by means of a swivel 4 to the hook of 
a travelling block 5. A hoisting or drilling line 
6 connecting the travelling block 5 with the 

usual crown pulley 6 provided at the top of 
the derrick 7, is utilized to raise and lower the 
drill string relative to the bottom of the well 
GO. A rotary table 9 of conventional construc 
tion and supported by the derrick floor 8 is 
utilized to impart rotary movement to the Kelly 
and drill string during each drilling period. 

All of the described indications are obtained 
by measuring the extent and rate of movement 
of the drill string relative to the top of the 
rotary table 9, which surface is utilized as the 
reference level. To this end, a measuring line 

is attached to the traveling block 5 and car 
ried over two idler pulleys 8 and 9 Supported 
at the underside of the derrick Crown. Inter 
mediate these pulleys, the measuring line is 
looped around a takeoff pulley 60 to rotate the 
latter pulley in accordance with movement of 
the drill string relative to the derrick platform 
8. The free end of the measuring line is 
passed through a tension demultiplying mecha 
nism 20 of conventional structure to carry a 
tensioning weight 2. Specifically, a weight 2 
of approximately 200 pounds is used, and the 
tension denultiplication obtained within the 
mechanism 20 is such as to produce a tension 
of 12 pounds in the portion of the measuring line 

which extends between the mechanism 20 
and the travelling block 5. This measuring line 
is preferably constructed of metal, such, for 
example, as piano wire, having high tensile 
strength and a relatively low temperature-ex 
pansion characteristic. In this regard it is noted 
that the tension developed within the measuring 
line by the weight 2 should be such that no 
slippage occurs between this line and the take 
off pulley 60. The pulley 60 is connected through 
a shaft 6 to a drive Sprocket 6a, which in turn 
is utilized directly to actuate the improved Wei 
depth and off-bottom position indicating facili 
ties illustrated in Fig. 1 of the drawings. 
In brief, these facilities comprise well depth 

indicating means in the form of a plural Order 
Wheel register 65, off-bottom indicating means 
in the form of a second plural order wheel regis 
ter 66, and a differential mechanism, indicated 
generally at 67, for selectively transmitting 
rotary movement of the drive sprocket 6 a to 
the actuating shafts of the two registers in a 
manner determined by the position of the drill 
bit 2 relative to the bottom of the well and the 
direction of movement of the drill string. The 
registers 65 and 66 are conventional revolution 
counters being respectively utilized to count the 
revolutions of the drive shafts 69 and To through 
which they are actuated. While these registers 
may be of any desired commercial construction, 
they are preferably of the type known as the 
'Productinnetter,' Model 5-BA-71-C, manus 
factured by The Durant Manufacturing Com 
pany of Milwaukee, Wisconsin. Each register is 
capable of being reversely operated to add to 
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4. 
its total or to subtract from the amount regis 
tered therein, the Order wheels being operated 
upon the decinal system with suitable tens 
transfer mechanisms being provided between the 
wheels of successively higher order. Further, 
the mechanism of each counter is such that when 
the actuating shaft thereof is rotated in the sub 
tracting direction through the zero total setting 
thereof, all of the order wheels, and particular 
ly the fourth order wheel of the counter 66, 
tend to be rotated simultaneously to the '9' 
positions thereof. 
More specifically considered and as best shown 

in Fig. 7 of the drawings, the differential mecha 
nism 67 comprises an input or drive shaft 68 
carrying a bevel gear 94 which meshes with a 
ring gear 96 rotatable about the shaft 69. This 
ring gear carries a differential yoke f OO, the 
legs of which are utilized rotatably to support 
the two orbital gears of and O2 of the mecha 
nism. The latter gears in turn mesh with corre 
spondingly beveled take-off gears 03 and O4 
fixedly carried by the register drive shafts 69 and 
70. In accordance with a particular feature of the 
present invention, the ring gear 96 is also utilized 
to drive a vernier disc 9 through the meshing 
bevel gear 95 and a shaft upon which the 
disc is mounted. This disc is provided with a 
Scale around its peripheral edge graduated in 
fractions of a foot, and is arranged to coact 
With a stationary pointer 99 to provide fractional 
footage indications not registerable upon the 
register 65. In accordance with a further feature 
of the present invention, this plate is also pro 
vided with an axially offset manually operable 
knob 98 by means of which the shaft may 
be rotated for the purpose of manually actuat 
ing either of the two registers 65 and 66 to any 
desired setting. 

Rotation of the differential drive shaft 68 in 
response to rotation of the drive sprocket 6 a. 
is obtained by providing a driving connection 
between these two elements which comprises an 
electro-magnetically Operated clutch mechanism 
75, an input shaft 64, and a chain and Sprocket 
connection between the shaft 64 and the shaft 
6. This chain and sprocket connection con 
prises the sprocket 6 a carried by the shaft 6, 
a sprocket 63 mounted for rotation with the 
shaft 64, and an endless chain 62 engaging the 

The clutch 
mechanism 75 comprises a pair of clutch plates 
2 and 73 respectively mounted upon the shafts 
64 and 68 for rotation therewith, and normally 
held \in driving engagement by means of a coil 
Spring 77 embracing the shaft 64 and stressed 
between the shaft bearing 78 and the plate 73. 
For the purpose of moving the shaft 64 axially 
to disengage the clutch plate 72 from the clutch 
plate 73, a declutching assembly is provided 
which comprises a clutch collar 74 rotatably car 
ried by the shaft 64; an L-shaped arm 75a piv 
otally mounted as indicated at 8; and having 
a bifurcated leg embracing the collar 74; and an 
electromagnet 82 adapted when energized to pivot 
the arm 75a in a counter-clockwise direction. 
Ball bearing assemblies 76a and 76b respectively 
interposed between the collar 74 and the plate 
12, and between the plate 73 and the bearing 
Support 80, are provided for preventing the axial 
thrust exerted by the spring 77 from interfering 
with rotation of the clutch connected shafts 64 
and 68. Energization of the magnet 82 is ef 
fected under the control of a manually operable 



on-off switch 93 which normally occupies its 
open circuit position. 
As will be evident from the above explanation, 

in order. to transmit rotary movement fro 
shafts to the shaft 69 which drives the depth 
indicating register 65, it is necessary to lock the 
shaft. O against rotation. To this end, and as 
best shown in Fig. 4 of the drawings, the fourth 
order wheel of the off-bottom register 66 is 
drilled and tapped to receive a combination stop 
and switch actuating pin .0 which projects 
through an aperture of slightly greater diameter 
formed in the top wall of the register housing. 
With this arrangement, and when the order 
wheels of the register 66 all occupy their Zero 
settings, rotation of the shaft 68 in the proper 
direction to drive the register 65 in its adding 
direction, tends to drive the shaft 0 in its sub 
tracting direction, i. e. to rotate the order wheels 
of the register 66 to their respective '9' posis 
tions. Such tendency to rotate the shaft 0 is, 
however, prevented by engagement of the pin 
fo with the edge of the housing aperture through 
which it extends. Thus, the pin 0 coacts with 
the register housing to lock the shaft 70 against 
rotation during rotation of the shaft 68 in a di 
rection indicating an increase in the depth of 
the well O. 
This pin is also utilized to so control the Set 

ting of a microswitch OS, of the single pole, 
double throw type, that the register. 65 and shaft 
69 are locked against operation during off-bottom 
movements of the drill string . In this regard, 
it will be understood that in Order to drive the 
register drive shaft 70 during off-bottom move 
ment of the drill string , it is necessary to lock 
the shaft 69 against rotation. To this end the 
pin O is arranged for a small amount of nove 
ment within the housing aperture through which 
it extends, and is also arranged to coact with an 
arm 07 pivotally supported at 08 upor the 
housing of the register 66 to control the set 
ting of the microswitch OS. Specifically, the 
arm O is provided with an adjustable actu 
ating screw 09 axially aligned with the mi 
croswitch actuating button 106 and normally 
held in engagement with this button to hold 
the contacts 2 closed and the contacts 3 
open under the influence of the force exerted 
upon the arm O by the pin to when the order 
wheels 66 occupy their zero setting and the shaft 
68 is being driven in a direction to produce Sub 
tractive rotation of the shaft 70. This force is, 
of course, relieved in response to reverse rotation. 
of the shaft 70, indicating that the drill string f 
is being withdrawn from the well 0, and when 
relieved, the bias exerted upon the actuating but 
ton f6 internally of the Switch 05 predominates 
thereover Sufficiently to produce slight rotation 
of the arm O and resulting Operation of the 
switch to open its contacts 2 and close its con 
tacts f3. These contacts are arranged to cons 
trol the energization of a locking magnet 92 
which, in conjunction with a pivoted latching 
arm 9, is utilized to lock the depth indicating 
register 65 against operation during off-bottom 
movement of the drill string . 
The microswitch. OS, as controlled in the de 

scribed manner by the off-bottom register 66, is 
also utilized to control the operation of the drille 
ing rate indicating device illustrated in Fig. 2 of 
the drawings and is connected thereto by a cons 
ductor 2, his device is further controlled in 
accordance with the operation of the depth in 
dicating register 65. To this end, the input shaft 
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6 
carries for rotation therewith a gear 83 which 

is employed to drive a shaft 85 upon which two 
pulse generating cams 8 and 88 are mounted. 
The shaft 8 is journalled for rotation in bearing 
members carried by the housing of the register 
6, and mounts a gear 84 meshing with the drive 
gear 83 and with which the latching element 9 
is directly engageable. As best shown in Fig. 5, 
of the drawings, the pulse generating cams 87 
and 88 are arranged respectively to control 
pulsing contacts 89 and 90 which are intermit 
tently closed through engagement by the cam 
lobes la and 88a. Assuming that the cams are 
rotated in a counter clockwise direction as viewed. 
from the left end of the shaft 85, the lobe 88a, is 
disposed to lead the lobe a so that the contacts 
-90 are closed and then opened before closure of 
the contacts 89. With this arrangement, the two 
cam and pulsing contact assemblies function to 
generate two trains of pulses at a pulsing rate 
which is determined by the speed of rotation of 
the shaft 69, and hence varies in accordance with 
the rate of bit penetration into the well O. The 
contacts 89 and 90 are connected by conductors 
2 and 22 respectively with motors 28 and 52 
described in . greater detail hereinafter. The 
pulsing rate for a given rate of bit movement 
may, of course, be changed as desired by appro 
priately changing the gear ratio between the 
shaft 69 and the camshaft 85. 

In brief, the drilling rate indicating device as 
shown in Fig. 2 of the drawings comprises an 
actuating or indicating element 23 in the form 
of an arm carried by a rotatable shaft 24 and 
having a normal or reference setting which is de 
termined by engagement of a stop arm 25, also 
fixedly carried by the shaft 24, with a stop 26 
fixedly mounted upon the upstanding frame 
member 84a of the apparatus. For the purpose 
of measuring the time required to produce pene 
tration of the bit 2 a given distance into the 
well 0, driving means including a constant and 
slow Speed motor 28 are provided for moving the 
element 23 away from its normal setting. More 
specifically, the motor 28 is normally connected 
in driving relationship with the element 23 
through a driving connection which comprises a 
gear train, not shown, a shaft 3, and a pair of 
engaged clutch members 32 and 33, the first of 
which is mounted for rotation with shaft 3, and 
the Second of which is mounted for rotation with 
the shaft 24. The shaft. 24 is journalled for 
rotary and axial movement in a bearing member 
38 which is carried by the frame member 34a. 
This bearing member is provided with an en 
larged cup-shaped part 38a which houses a heli 
cal restoring spring 39 having the function of 
normally biasing the shaft 24 and the element 23 
to their respective normal settings, i. e. to posi 
tions wherein the stop arm 25 engages the stop 
26. The motor 28, gear train, shaft 3 and clutch 
member 32 are supported upon a second upstand 
ing frame member 34b, suitable bearing means 
being provided upon this frame member for re 
ceiving the shaft 3. For the purpose of normal 
ly maintaining the tWO clutch members 32 and 
33 in clutching engagement, a compression spring 
37 is provided which is held under compression 
between the end of the bearing member 38 and 
the clutch member 33. To provide for intermit 
tent declutching of the two clutch members, a 
clutch release mechanism is provided which com 
prises a clutch collar 35 mounted upon the shaft 
2 and movable axially and rotatably relative 
thereto. This collar is interposed between the 



7 
clutch member 33 and a thrust member 36a 
pinned to the shaft 24 and against which the 
spring 3 directly bears. A ball bearing assemi 
by 36b is interposed between the left end of the 
spring 37 and the thrust sleeve 36a, and a second 
ball bearing assembly 34 is provided between the 
clutch member 32 and the bearing for the shaft 
3, these two bearing assemblies coacting to ab 
sorb the thrust of the spring 37 when the two 
clutch members are engaged, and thus provide 
for unrestricted rotation of the two shafts 24 and 
3 under the influence of the motor 28. Similar 
ly, a ball bearing assembly 36 is interposed be 
tween the thrust member 36d. and the collar 35 
to coact with the ball bearing assembly 36b in 
permitting free rotation of the shaft 24 under 
the influence of the retracting spring 39 when 
the two clutch members are disengaged. 

Declutching of the two clutch members 32 and 
33 is effected through. Operation of an electro 
magnet 43 having a plunger 42 which is adapted 
to thrust against the lower end of an arm 40 
pivotally mounted by means of a pivot pin 4 
upon a supporting member 27 which is carried 
by and projects laterally from the upstanding 
frame member 34a of the device. At its opposite 
end, this arm is bifurcated to embrace the collar 
35, and the bifurcations carry opposed fingers 
entering the channel of this element to provide 
the required mechanical connection between the 
parts 35 and 40. As explained below, the Sole 
noid 43 is arranged for intermittent. energiza 
tion under the control of the contacts 89 at the 
rate of one energizing pulse for each predeter 
mined increment of drilling movement of the 
drill bit 2. 

For the purpose of indicating the off-normal 
settings which are imparted to the element 23 
through operation of the above-described facili 
ties, indicating means are provided which com 
prise a rotatable shaft. 44 having mounted for 
rotation thereWith an indicating pointer 50 
which, as shown in Fig. 9 of the drawings, may be 
cooperable with a scale 5 to identify the angu 
lar setting thereof. If electrical means are to be 
employed in indicating the drilling rate as repre 
sented by the angular setting of the shaft 44, 
this shaft may also be utilized to control the 
setting of an adjustable potentiometer 47 
mounted upon the frame member 34c and having 
a wiper arm 47 a rotatable with the shaft 44 in 
sliding engagement with a resistor element 4b. 
This potentiometer may be used to control the 
indication of a measuring instrument 49 having 
its scale appropriately graduated to indicate the 
drilling rate. m 
connection is provided between the shaft 44 and 
the element 23 for the purpose of causing this 
shaft to follow movement of the element 23 away 
from its normal setting. This connection Com 
prises a reel or drum 45 fixedly connected to the 
shaft 44 adjacent the element 23 and provided 
with an eccentrically mounted pin 46 which is 
engageable with the element 23. 

In order to rotate the shaft 44 in the reverse 
direction when the increments of movement of 
the element 23 away from its normal setting are 
decreased, reverse driving means are provided 
which comprise a torque motor 52 Supported by 
the frame member 34c. This motor is arranged 
for intermittent energization under the control 
of the pulsing contacts 90 which are connected 
to the motor 52 through conductor 22 as men 
tioned above and is provided with a pulley 53 

A one-way lost-motion driving . 
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fixedly connected to its rotor shaft and con 
nected by means of a string. 54 to the pulley 45. 
One or two turns of this string are wrapped 
around each pulley and the respective ends there 
of are fixedly attached to the two pulleys. Cur 
rent for energizing the various described circuit 
components of the apparatus shown in Figs. 1 and 
2 of the drawings is supplied by a current source 
4 of appropriate voltage through a master 

switch 5. - 
In considering the operation of the described 

apparatus, and particularly the depth and off 
bottom indicating facilities shown in Fig. 1 of the 
drawings, it will be understood that before a 
drilling operation is initiated, the registers 65 
and 66 are actuated. to their respective Zero 
settings, i.e. to settings in which all order wheels 
thereof display a zero indication. Coincident 
with initiation of the drilling operation, the mas 
ter switch 5 is closed to energize the motor 28 
in the manner described below and to prepare 
circuits for the other circuit components of the 
apparatus. As the drilling. Operation is started 
and the drill string moves downwardly in the 
well, the traveling block 5 is correspondingly 
lowered to rotate the pulley 60 through following 
movement of the measuring line 7 with the 
traveling block. As a result, the shaft 68 is 
rotated in a counter-clockwise direction as 
viewed from the lower end thereof to drive the 
ring gear 96 in a clockwise direction as viewed 
from the left side thereof. Such rotation of the 
ring gear Serves to rotate the differential yoke 
and the orbital gears. O and 92 in a corres 
sponding direction, thus tending to rotate the 
two shafts 69 and O in the same direction 
through the meshing engagement of the Orbital 
gears with the gears 03 and 04. The torque 
thus transmitted to the shaft to tends to rotate 
the Order Wheels from their respective. Zero Set 
tings to their respective '9' settings, such rota 
tion being prevented through engagement of the 
pin O with the arm O and the edge of the 
housing aperture through which the pin 0 ex 
tends. The resulting movement of the arm OT 
serves to hold the Switch 05 in a setting wherein 
the contacts. 2 are closed and the contacts 3 
are open. Since the shaft To...is thus locked 
against rotation in the direction dictated by the 
direction of rotation of the shaft 68, the orbital 
gears to and O2 are rotated around the bevel 
gear 104 and function to rotate the shaft 69 in 
a counter-clockwise direction as viewed from the 
right end thereof. Such rotation of the shaft 69 
functions to produce additive rotation of the or 
der wheel actuating, shaft embodied in the well 
depth register 65. By appropriate selection of . 
the drive ratio between the shaft 6 and the shaft 
69, the register 65 may be controlled in the man 
ner just described accurately to indicate the 
depth of the well 0 as the drilling string is 
advanced downwardly. Thus, this ratio should 
be such that the shaft 69 is rotated through 
exactly one revolution in response to each foot 
of downward movement of the travelling block 
5, representing a one foot increase in the depth 

of the Well O. 
The drilling and depth registering operation 

continues in the described manner until the well 
has been drilled to a depth substantially equalling 
the length of the Kelly a which is usually of 
the order of 40 feet. Since, however, depth mease 
urement is normally started when the lower end 
of the drill bit 2 begins to descend below the top 
of the rotary table 9, the total depth registered 
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after the full length of the Kelly has been drilled 
will be equal to the length of the Kelly. plus the 
length of the bit stem and collar which is ap 
proximately 20 feet, representing a total recorded 
depth of 60 feet. After this depth is reached, it 
becomes necessary to add a joint of drill pipe 
having a determined length of 40 feet, for ex 
ample, in order to continue deepening of the 
well. To perform this operation, the drill string 
must be drawn upward out of the well until the 
lower end of the Kelly fla is above the rotary 
table 9. This requires that the bit be lifted off 
bottom a distance SOmewhat greater than the 

10 

length of the Kelly in order that the upper end 
of the drill collar and bit may be seized by the 
usual slips and held while the Kelly is being un 
Screwed. Thus the total reverse movement of 
the drill string may be assumed to approximate 50 
feet. During such reverse movement of the drill 
string and the travelling block 5, the differential 
drive shaft 68 is reversely rotated, i. e. is driven 
in a direction opposite that required to produce 
additive operation of the depth register 65. Im 
mediately this reverse rotation of the shaft 68 
is started, the force holding the pin to against 
the arm 97 is relieved, permitting the switch 05 
to shift its setting in the manner explained above. 
Incident to this switch Operation, the contacts 2 
are opened to deemergize the motor 28 and the 
contacts 3 are closed to complete an obvious 
circuit for energizing the locking magnet 92. In 
operating, this magnet attracts the latching arm 
9 into engagement with the gear 84, thereby to 
lock the shaft 69 against further rotation. With 
the shaft 68 rotating in a clockwise direction as 
viewed from the lower end thereof, and the shaft 
69 held against rotation, the shaft 0 is rotated 
to produce additive actuation of the register S6, 
whereby the upward movement of the drill string 
and more particularly the distance between the 
end of the drill bit and the bottom of the Well is 
registered upon the register 66. Obviously the 
same drive ratio obtains between the shaft 6i 
and the shaft 70 as obtains between the shafts 6 
and 69, so that the off-bottom movement of the 
drill string is accurately indicated by the regis 
ter 66. Accordingly, after the drill string has 
been elevated the required 50 feet, this footage 
will be indicated by the register 66. Further, 
this indication is obtained while holding the 
depth indication of 60 feet previously set up on 
the register 65. 
In Order to add the new joint drill pipe, the 

Kelly a must be unscrewed from the bit stem 
and set aside while the travelling block 5 and 
hook are employed to lift the new section of pipe 
into the proper position for making the required 
Screw connection with the bit stem. The auxil 
iary movement thus required on the part of the 
travelling block incident to joining the joint of 
drill pipe to the drill stem is, of course, trans 
mitted to the crown block pulley 6. It will be 
understood, therefore, that if the driving con 
nection between the shafts 6 and 68 is main 
tained during such auxiliary movement of the 
travelling block 5, it is manifested as a change 
in the footage total indicated by the off-bottom 
register 66. Preferably, however, the driving 

' connection between the shafts 6 and 68 is bro 
ken at the time the drill stem is slip connected 
to the rotary table 9, thereby to prevent opera 
tion of the Off-bottom footage counter 66 in re 
sponse to the described auxiliary movement of 
the traveling block 5. To this end, the switch 
93 may be closed to complete an obvious circuit 
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for energizing the clutch magnet 82. 
0 

In attract 
ing the armature end of the arm 75a, the magnet 
82 relieves the bias exerted by the spring 77 upon 
the clutch plate 72 and thus breaks the driving 
connection between the shafts 6 and 68. 
When the new joint of drill pipe, assumed to 

be of the same length as the Kelly if a., i.e. 40 feet, 
is joined to the drill stem to extend above the 
floor of the derrick, the travelling block 5 will 
necessarily have been returned to the position 
which it occupied at the end of the drill string 
lifting operation, i. e., a position 50 feet above 
the top of the rotary table 9, which distance is 
registered on the off-bottom footage register 66. 
The next operation is that of replacing the Kelly 
at the top of the drill string. This requires low 
ering of the travelling block and drill string, now 
including the new joint of pipe, into the well until 
only the upper end of the drill pipe projects above 
the rotary table 9. It may be assumed that 40 
feet of downward movement of the drill string are 
required for this purpose. Before such down 
Ward movement of the drill string is started, the 
Switch 93 is opened to deemergize the magnet 82 
and thus reestablish the driving connection be 
tween the shafts 6 and 68. Accordingly, as the 
drill string is lowered into the well, the register 
actuating shaft 70 is reversely rotated to subtract 
40 feet from its total. In this regard it will be 
understood that since no torque is transmitted 
through the fourth order wheel of the regis 
ter, the microswitch 05 retains it normal setting 
to maintain the magnet 92 energized. At the 
end of the 40 feet of downward movement of the 
'drill string, the register 66 will, therefore, ob 
viously have a reading of 10 feet indicating that 
the end of the drill bit is 10 feet above the bottom 
of the Well, 

. With the drill string in this position, the switch 
93 is again actuated to energize the magnet 82 
and thus break the driving connection between 
the shafts 68 and S8. Following this operation, 
the travelling block 5 may be disconnected from 
the drill String and utilized to move the Kelly 
to a position wherein the required screw con 
nection may be made between the lower end 
thereof and the upper end of the drill pipe joint. 
When this operation is completed, the travelling 
block is, of course, in a position 50 feet above 
the top of the rotary table 9, but since the driv 
ing connection between the shafts 6 and 68 
was broken during such elevation of the travel 
ling block, the register 66 still accurately indi 
cates the actual distance between the drill bit 
and the bottom of the well. Following the de 
Scribed operation, the switch 93 may be again 
opened to deemergize the magnet 82 and thus re 
establish the driving connection between the 
shafts 6 and 68. The travelling block 5 may 
now be operated to lower the drill string further 
into the well until the drill bit engages the 
bottom of the hole. During such final downward 
novement of the drill string, the footage indi 
cated by the register 66 is gradually reduced to 
Zero, thus providing a positive indication which 
prevents the driller from too rapidly bringing 
the drill bit into contact with the bottom of 
the hole. 

Coincident with engagement of the drill bit 
With the well bottom, all order wheels of the 
register 66 pass through their zero Settings to 
Ward their "9" setting, thereby to actuate the 
microswitch 05 in the manner explained above. 
Incident to such operation of the switch 05, 
the contacts f2 are opened to deenergize the 
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locking magnet 92 and thus free the depth in 
dicating register 65 for further operation. Also, 
incident to such switch operation, the contacts 
3 are closed to reestablish the circuit for ener 

gizing the motor 28. Following these switching 
operations, the pin fo engages the edge of the 
aperture through the housing of the register 66 
and thus locks the shaft 70 against further ro 
tation. Accordingly, continued downward move 
ment of the drill string produced through 
continuance of the drilling operation results 
in a corresponding additive change in the total 
indicated by the depth register 65. 
As will be evident from the foregoing explana 

tion, the described operating steps are repeated 
as required during progressive deepening of the 
well necessitating further pipe joint additions to 
the drill string. From this explanation, it will 
be understood that by suitable mainpulation of 
the switch 93, auxiliary adjustment of the off 
bottom footage register 66 to change the total 
indicated thereby is not required incident to the 
addition of each drill pipe joint. It may be de 
sirable, however, particularly in the drilling of 
deep wells, to alter the indication of the off 
bottom footage register 66 by predetermined in 
crements, depending upon the depth of the well, 
in order to compensate for "stretch' in the drill 
string. This may be accomplished on an empir 
ical basis, predicated upon knowledge of the 
stretch characteristics Qf the drill pipe, by ap 
propriate manipulation of the vernier disc 97 to 
drive the register actuating shaft 70 in the proper 
direction to subtract from the indicated total 
the empirically determined footage representing 
"stretch' in the drill string. This vernier disc 
may also be conveniently employed to normalize 
either of the two registers 65 and 66 at any de 
sired time. Preferably this is accomplished by 
first actuating the register 66 to zeroize the order 
wheel indications thereof during a period when 
the Switch f is closed, and by then reversely 
rotating the plate to zeroize the order wheel in 
dication of the register 65, all with the clutch 
plates 2 and 73 disengeged. During such re 
verse rotation of the plate 97 it is, of course, 
necessary to hold the shaft 70 against rotation 
in order that the rotary movement may be trans 
mitted to the actuating shaft of the register 65. 
The Vernier disc 97 also operates in conjunc 

tion with the stationary pointer 99 to provide 
fractional footage indications. Thus this disc 
is driven through the meshing gears 94, 96 and 
95 at the same rate of speed as the shaft 68. 
Moreover, a predetermined drive ratio exists be 
tween the speed of rotation of the disc 97 and 
the Speed of rotation of either of the two shafts 
69 and 70. Accordingly, by appropriate grad 
luation of the scale indicia provided around the 
periphery of the plate 97, this scale may be 
made to coact with the pointer 99 in providing a 
fractional footage indication which, in Conjunc 
tion with the register 65, indicates the depth of 
the Well to a fraction of a foot during downward 
progress of the drill string, and in conjunction 
with the register 66, provides a fractional footage 
indication of the position of the drill String 
relative to the bottom of the well 
As will be apparent from the preceding ex 

planation, during each period when drilling is 
in progress and the register 65 is being operated 
to add to its depth total, the pulsing cams 87 
and 88 are rotated, through the driving con 
nection afforded by the meshing gears 83 and 

and the shaft 85, to open and close the con 
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tacts 89 and 90, respectively, and thus generate 
two trains of current pulses which are utilized 
to control the drilling rate indicating facilities 
illustrated in Fig. 2 of the drawings. It will 
also be understood that the rate of such current 
pulse generation is determined in exact accord 
ance with the rate of downward progress of the 
drill string during the drilling operation. Fur 
ther, generation of the pulses is arrested con 
Currently with operation of the magnet 92 to 
arrest operation of the depth indicating, register 
65 at the end of a drilling operation. Thus 
energizing current for the motor 28 and control 
pulses are only delivered to the drilling rate in 
dicating apparatus during those periods when 
drilling is actually in progress. - 
With the motor 28 in operation, the element 

23 is driven away from its normal setting 
through the driving connection afforded by the 
gear train, not shown, the shafts 3 and 24, and 
the engaged clutch members 32 and 33. Since 
the motor 28 is a constant speed device, move 
ment of the element 23 away from its normal 
setting proceeds at a constant rate of speed. 
As the element 23 is rotated away from its nor 
mal Setting, it correspondingly rotates the shaft 
44 through the driving connection afforded by 
the pulley 45 and the pin 46. In other words, 
the shaft 44 and the indicating elements car 
ried thereby follow the movement of the ele 
ment 23 away from its normal setting. Such 
rotation of the shaft 44 and the pulley 45 also 
results in rotation of the torque motor rotor 
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through the connection provided by the string 54. 
With drilling in progress, the cam 88 inter 

mittently closes the contacts 90 in the manner 
just explained. Each time these contacts are 
closed to indicate the deepering of the well O 
by a predetermined amount, an obvious circuit 
is completed through these contacts for en 
ergizing the torque motor 52 from the current 
Source 4. During the initial operation of the 
apparatus such energization of the motor 52 is 
without effect since the pin 46 is directly en 
gaged with the element 23. Immediately the 
contacts 90 are opened, the torque motor 52 is 
deenergized. When thereafter the contacts 89 
are closed by the cam 87, an obvious circuit is 
completed through these contacts for energizing 
the magnet 43 from the source f4. In operating, 
this magnet attracts its plunger 42 into engage 
ment with the lower end of the arm 40, there 
by to move the declutching collar 35, the shaft 
24 and the clutch member 33 slightly to the 
right and thus disengage the clutch member 
33 from the clutch member 32. When thus 
released from the driving force of the motor 
28, the shaft 24 and the parts carried thereby 
are returned to normal under the influence of 
the Spring 39, which spring is obviously ten 
Sioned during movement of the element 23 
away from its normal setting. Thus, the ele 
ment 23 is restored to normal and the shaft 
44 is left standing in the position to which it 
was actuated during movement of the element 
23 away from its normal setting. During con 
tinued rotation of the cam 87, the contacts 89 
are Opened to deemergize the magnet 43 and 
thus permit reengagement of the clutch men 
bers 32 and 3 under the influence of the 
Spring 37. Incident to re-engagement of the 
clutch members 3 and 32, the motor 28 is 
again rendered operative to drive the element 
23 away from its normal setting. The incre 
ment of movement which occurs during the 
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interval between the delivery of successive cur 
rent pulses to the magnet 43 is, of course, de 
termined by the rate of penetration or down 
ward movement of the drill bit 2, i. e. the 
drilling rate. If the drilling is decreasing, the 
interval between the last described pulse de 
livery to the elements 52 and 43 and the next 
succeeding pulse delivery will, of course, be of 
increased length, so that the element 23 will 
be moved a greater increment away from its 
normal setting during the timing interval under 
consideration than the increment of movement 
which Occurred during the preceding timing 
interval. In moving beyond its previous Off 
normal setting, the element 23 further advances 
the shaft 44 and the indicating elements 50 and 
47a carried thereby away from their respective 
normal Settings, Hence during the next Suc 
ceeding current pulse interval, in response to 
which current is again delivered to the torque 
motor 52 and the release magnet 3 in the 
order named, the torque motor is still ineffective 
to rotate the shaft 44 back toward its normal 
setting. Energization of the release magnet 
43 results in normalizing of the element 23 in 
the exact manner explained above. 
From the preceding explanation, it will be un 

derstood that so long as the drilling rate de 
creases to decrease the rate of pulse generation 
of the cams 87 and 89, the increments of move 
ment of the element 23 away from its normal 
setting which occur between Successive Operations 
of the magnet 43 are progressively increased to 
progressively move the shaft 44 and the indicat 
ing elements controlled thereby farther away 
from their respective normal settings. When the 
drilling rate becomes constant, the increments 
of movement of the element 23 away from the 
normal setting of this element become equal. In 
this case also, the momentary energization of 
the torque motor 52 which occurs at the end 
of each timing interval is likewise without effect 
to produce movement of the shaft 44. Thus, the 
indicating elements 47a and 50 are held in Set 
tings representative of the constant drilling rate. 
When, on the other hand, the drilling rate 

increases, the periods separating the delivery of 
current pulses to the magnet A3 become COrre 
spondingly shorter. As a result, the increments 
of movement of the element 23 away from its 
normal setting are correspondingly decreased, SO 
that in each instance the element 23 stops short 
of engagement with the pin 46. In Such case 
the momentary energization of the torque mo 
tor 52 which occurs at the end of each timing 
interval results in rotation of the shaft 44 back 
toward its normal setting by the driving force 
exerted thereon through the pulley 53, the string 
54 and the pulley 45. In this regard it is noted 
that regardless of the setting of the element 23 
relative to the pin 46 at the time the torque mo 
tor 52 is energized, this motor is only capable 
of developing sufficient torque during its short 
period of energization to move the shaft 4 a. 
Small increment back toward its normal Setting. 
Thus, it will be understood that if a large in 
crease in the drilling rate occurs and is sustained, 
Several timing intervals will elapse before the 
torque motor 52 fully returns the shaft 44 to a 
setting representative Of the actual drilling rate, 
i. e. a setting wherein the pin 46 is engaged with 
the element 23. The purpose of this arrange 
ment is to prevent the shaft 44 and the indicat 
ing elements carried thereby from following tran 
sient increases in the drilling rate which may 
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not be truly representative of a sustained in 
crease in this rate. - 
From the above explanation, it will be appar 

ent that the shaft 44 is controlled rapidly to 
follow any decrease in the drilling rate but only 
slowly to follow an increase in the drilling rate. 
It will also be understood that the iridicating 
element 50 assumes a setting relative to the scale 
5, which is indicative of the drilling rate. Pref 
erably this scale is suitably graduated to indi 
cate the drilling rate directly in feet per hour. 
Similarly, the wiper arm, 47a is variably posi 
tioned along the resistor 4.7b in accordance with 
the drilling rate. This wiper, when adjustably 
positioned along the resistor 47b, impresses a 
variable portion of the voltage of the source f4 
across the terminals of the indicating instru 
ment 49, this voltage increment increasing with 
a decrease in the drilling rate and vice versa. 
Thus, by suitable graduation of the instrument 
scale, the instrument 49 may be controlled di 
rectly to indicate the drilling rate in feet per 
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hour. 
While there has been described what is at pres 

ent considered to be the preferred embodiment 
of the invention, it will be understood that var 
ious modifications may be made therein which 
are within the true spirit and scope of the in 
vention as defined in the appended claims. 
We claim: 
1. Apparatus for indicating the rate of drilling 

a well, the depth of the well and the position of 
the drill string relative to the bottom of the 
well; comprising depth indicating means respon 
sive to downward progress of the drill string into 
the Well for Cumulatively indicating the depth 
of the Well, a magnet adapted when energized 
to lock said depth indicating means against op 
eration, drilling rate indicating means including 
an indicating element and motor means for mov 
ing said element to a position indicative Of the 
rate of downward progress of the drill string, 
drill string position indicating means responsive 
to upward movement of the drill string to indi 
cate the position of the drill string relative to 
the bottom of the well, and switching means con 
trolled by said position indicating means to en 
ergize said motor means So long as drilling is 
in progress and to deemergize said motor and 
energize said magnet when said string is moved 
to a position of the bottom of the well. 

2. Apparatus for indicating the rate of drilling 
a Well, the depth of the well and the position of 
the drill string relative to the bottom of the well; 
comprising depth indicating means responsive to 
downward progress of the drill string into the 
Well for cumulatively indicating the depth of the 
Well, pulse generating means responsive to the 
Operation of said depth indicating means for gen 
erating Current pulses at the same rate, means 
for varying said rate of current pulse generation 
in response to the rate of downward progress of 
the drill string, a magnet adapted when energized 
to lock said depth indicating means against op 
eration and to arrest the generation of said 
pulses, drilling rate indicating means including 
motor means, means responsive to said current 
pulses, and an indicating element jointly respon 
Sive to the operation of Said two last-named 
means for indicating the rate of downward prog 
reSS of the drill String, drill string position in 
dicating means responsive to upward movement 
of the drill string to indicate the position of the 
drill string relative to the botton of the well, and 
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switching niearis controlled by said position indi 
cating means to energize said motor means SO 
long as drilling is in progress and to deemergize 
said motor and energize said magnet when said 
string is moved to a position off the bottom of the 
well. 

3. Apparatus for indicating the rate of progress 
of a drill String into a well during a well drilling 
operation, comprising constant speed drive 
means, an element movable by said drive means 
away from a normal setting to an off-normal Set 
ting representative of the rate of progress of the 
drill String into the Well, a release magnet, means 
responsive to energization of said release magnet 
for returning said element to its normal setting, 
means responsive to movement of the drill string . 
into the well for intermittently energizing said 
release magnet at intervals varying in accordance 
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with variations in the rate of progress of the 
string into the well, whereby variations in the 
increments of movement of said element away 
from said normal setting are produced in re 
sponse to variations in the rate of progress of 
the drill string into the Well, an indicating ele 
ment directly actuated by said first-named ele 
ment to indicate any increase in the increment 
of said first-named element away from said nor 
mal setting, motor means for causing said in 
dicating element to follow any decrease in the 
increments of novement of Said first-named ele 
ment away from said normal Setting, and means 
responsive to movement of the drill string into 
the well for energizing and then deemergizing said 
motor means just prior to energization of said 
magnet. 

4. Apparatus for indicating the rate of progress 
of a drill string into a well during a Weil drilling 

25 

30 

35 

2,628,887 
16 

operation, comprising an electromagnet, a motor, 
pulse generating apparatus including means for 
alternately transmitting non-overlapping pulses 
to Said motor and said electromagnet, each pulse 
delivered to said motor being completed before 
the next succeeding pulse is delivered to said 
electromagnet, means responsive to changes in 
the rate of movement of the drill string into the 
well for correspondingly varying the rate of gen 
eration of Said pulses by said pulse generating 
means, an indicating element for indicating Wari 
ations in the rate of môvement of the drill string 
into the well, said indicating element having a 
normal setting, means in part controlled by op 
eration of said electromagnet for adjustably mov 
ing said indicating element away from said nor 
mal setting, and means responsive to operation 
of said motor for returning said indicating ele 
ment toward said normal setting. 
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