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Application January 2, 1951, Serial No. 204,036 

(CI. 73-55) 3 Claims. 
1 

This invention relates to apparatus for deter 
mining rates of change in the level of a liquid, 
and particularly the changes in level of the fuid 
in mud pits of oil, gas and other wells drilled by 
hydraulic methods, such as that known as the 
rotary drilling method. The principal purpose of 
the invention is to bring to the attention of the 
driller, as rapidly as possible, losses of fluid from 
the bore hole or the entrance into the bore hole 
of extraneous fluids, such as gas, oil or salt water. 
In the Ordinary course of drilling a Well by 

the hydraulic method a hydraulic fuid such as 
the mud fluid consisting of a suspension of clay 
or other earthy solids, various weighting and 
Wall plastering materials, in water, is forced down 
through a string of hollow drill pipe to the bot 
tom of the well, where it is discharged through 
holes in the bit and thence upwards through the 
annular Space between the drill pipe and the 
bore hole to the Surface of the ground. At the 
surface of the ground the mud is discharged 
through a flow line from the mouth of the well 
to one or more Settling pits, from which the mud 
pumps take Suction, returning the mud to the 
drill pipe, the cycle being continuous. 
The functions of this hydraulic fluid are to 

carry the cuttings from the bit to the surface, 
to cool the bit as it penetrates the formation, to 
plaster up and Seal the walls of porous forma 
tions drilled and, by its hydrostatic pressure, to 
prevent the ingreSS of fluids Such as gas or salt 
water into the bore hole from fluid bearing strata 
encountered during the drilling. 

Ordinarily, the Weight or specific gravity of the 
mud fluid is maintained at Such a value that its 
hydrostatic pressure in the hole will exceed the 
expected pressure in any fluid bearing strata en 
countered. This will often require a density of 
as much as 2.0 or more with respect to water. 
High density, on the other hand, interferes with 
the drilling and the hydraulic fluid is therefore 
ordinarily controlled within very close limits so 
that while preventing in-flow from a traversed 
strata, it will interfere to a minimum extent with 
the progress of the drilling. 
Should in-flow actually occur, drilling is seri 

ously interfered with and in the extreme case 
the well is lost and serious property damage done 
due to what is known as a "blow-out.' In-flows 
of salt water dilute the mud fluid and seriously 
interfere with its wall building and other drilling 
properties. The salt water being of lower density 
than the mud fluid normally circulating, a vicious 
circle is started, the hydrostatic head is reduced 
and the in-flow accelerated. In extreme cases 
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2 
this will result in an artesian well flowing salt 
Water, which generally means the abandonment 
Of the hole and the starting of a new Well. If 
the inflowing fiuid is gas the results may be still 
more disastrous. Wery Small volumes of gas 
bleeding, into the Column at the bottom of the 
inole expand as they are carried up in the annular 
Space. ihis expansion is very great because the 
preSSures at the bottom of the hole in the drilling 
of oil and gas Wells are normally measured in 
the hundreds of atmospheres. A quantity of gas 
entering the hole With a volume of one cubic 
foot, under botton hole conditions, will there 
fore, by the time it reaches the surface, have 
eXpanded to Several hundred cupic teet and will 
have displaced a quantity of the circulating fluid 
Of equal volume. Such a reduction of the hydro 
Static column cannot be tolerated as it would 
Start a Vicious cycle and gas would bleed in at 
the bottom at an ever increasing rate. For this 
reaSon it is very important to detect the entering 
into the bottom of the hole of very small volumes 
of gas, and long before they have reached the 
surface where they could be detected by other 
63S. 
Another important property of the mud fiuid 

is What is known as its Wall building character 
istics. During the course of drilling many porous 
strata are encountered and since the hydrostatic 
head in the hole is normally, for reasons already 
eXplained, maintained in excess of that in the 
formations, the fiuid circulating in the hole 
would rapidly be lost into the formations unless 
the exposed faces of Said porous formations were 
rapidly rendered more or less impermeable. The 
circulating fluid is, therefore, composed of fine 
clay particles normally added during the ordi 
nary course of drilling and, in addition, ben 
tonitic material obtained from an external source 
is added in order to bring the wall building 
ability up to the proper figure. In extreme cases 
these materials are Supplemented by the addi 
tion of Such things as Starch, cottonseed hulls, 
fiakes of Cellophane, and various other appro 
priate materials. Should the wall building 
properties of the circulating fiuid fall below that 
required to maintain leakage into the formations 
at a minimum figure, circulating fluid would be 
lost to the formations. Such losses are costly 
since the fluid is expensive and, in addition, can 
Seriously interfere with the drilling since they 
induce caving and retard the carrying of cut 
tings to the surface. In serious cases where re 
turns are lost, that is to say, where the loss to 
the formation exceeds the rate at which fluid is 
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being pumped into the drill pipe, the level in 
the hole may fall below the surface, abruptly 
reducing the hydrostatic head and all too fre 
quently leading to a "blow-out.' 

It is important, therefore, to determine at all 
times whether fluid is being lost from the hole 
or whether external fluids are entering the Well. 
Since, owing to its nature, it is extremely difficult 
to meter this mud fluid, the determination of 
loss or gain in the hole is generally made by 
watching the level in the Surface mud pit or tank. 
It will be obvious that since the circulating SyS 
tem is a closed one that any loss or gain in the 
hole will be reflected by a change in the level of 
the mud in the pit or pits at the Surface. In 
earlier drilling days these changes in level Were 
ordinarily determined by such crude methods aS. 
marks on the side of the pit, or upon an upright 
stick in the center of the pit. The mud pit or 
dinarily cannot be seen from the driller's posi 
tion, or from the derrick floor, so that more re 
cently, as the importance of accurate determi 
nation has become appreciated, instruments have 
been added which usually consist of a float con 
nected by Some means or other to a recorder. 
Changes of up to five or more feet in level of the 
fluid in the mud pit or tank are usually covered. 
by these instruments and recorded on a 10' cir 
cular chart. Interpretation of the records is 
complicated by the fact that it is frequently 
necessary to add water to the circulating fluid, 
either to reduce its density or viscosity and at 
other times undesirable components must be ex 
tracted from the circulating System. 
Mud pitS or standard mud tanks are generally 

around six feet deep, eight feet wide, and thirty 
feet long. Such a tank has a capacity of a littie 
over three and one-half (3/2) - barrels to the 
inch. 
A loSS Offiuid-fron the hole Or, alternatively, 

entrance of extraneous fluids. at the rate- of 3% 
barrels per hour, if maintained for more than 
a few minutes, can indicate Serious conditions. 
It is, therefore, very important to detect losses: 
or gains of Such magnitude within a period of 
minutes after they commence. Detection of the 
Corresponding changes in level in the mud tank 
can be made by continuous careful observation 
of marks in the tank or of the usual mud level 
recorder if it is continued for a period of, say, 
One-half hour or more. To do this would involve 
keeping an observer continuously at the mud pit, 
which is generally some distance from the der 
rick floor, or if an instrument is used, would 
require that the driller keep an eye constantly. 
upon it. Neither of these conditions are any 
thing like as easy as might at first sight appear, 
Since the driller's attention is fully - occupied 
With other aspects of the drilling operation and, 
in any case, the time required to make a deter 
mination is too long to permit remedial measures 
to be taken in proper time. 

It is, therefore, a principal object of this in 
vention to provide an apparatus that will detect 
all rises or falls in the level of the mud pit with 
in a few minutes after they start and, concur 
rently, Will provide a clear instrumental indica 
tion of the rate of Such rises or falls. A second 
object of the invention is to draw... the driller's 
attention to the fact that the level is rising or 
falling faster than a predetermined rate by 
means of attention-attracting visible or audible 
signals. 
A more specific object is to provide means for 

determining and indicating the rate of change 
of the fiuid level in a mud pit or tank. 
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4. 
Other more specific objects of this invention 

Will be readily apparent from the following de 
tailed description thereof and the accompanying 
drawings, which illustrate several embodiments 
of apparatus suitable for practicing the new in 
wention. 

In the dra WingS: 
Fig. 1 is a generalized view showing the posi 

tion in a body of fluid of the float elements em 
ployed to actuate the indicating device; 

Fig. 2 is a CrOSS-Section of the fiOat arm taken 
along line 2-2 of Fig. ; 

Fig. 3 is a Side elevational view of one embodi 
ment of apparatus for indicating the rate of 
change in level of the fluid; 

Fig. 4 is an elevational view looking toward 
the righthand end of the apparatus shown in 
Fig. 3; 

Fig. 5 is a diagrammatic illustration of elec 
trical indicating circuits employed in connection 
With the embodiment illustrated in Figs, 3 and 4; 

Fig. 6 is a diagrammatic view of another em. 
bodiment of apparatus in accordance with this: 
invention; and 
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Fig. 7 is a generally diagrammatic view of still. 
another embodiment in accordance with this in 
Vention. 

Referring to Fig. 1, a float. is empioyed which 
is adapted to float in a body of liquid H., con 
tained in a suitable container C, such as a mud 
pit or tank, and to rise and fall with the changes 
in level f of the body of liquid. Float it is of 
any Suitable shape, preferably such that its water 
table is relatively large and its center of buoy 
ancy does not change appreciably with its angle 
of heel. Float is connected to one end of an 
arm, designated generally by the numeral 2, the 
other end of which is keyed to a shaft 3 which 
projectS from an instrument box A, which houses. 
apparatus responsive to the rotations of shaft, 3. 
and for recording changes in level I, as Will be 
more fuily described hereinafter. It will be 
understood that instrument box 4 will be 
mounted in any convenient manner on the side 
of the mud tank or pit but so that float may 
rise and fall without obstruction in following the 
changes in level of the body of liquid H. 
The arm 2 is telescopic in order that the dis 

tance between the center of buoyancy of the float. 
and the Shaft 3 can be varied according to the 
size of the tank. As previously explained, the 
usual tank has a capacity of around 3%, barrels 
per inch, but there. are tanks used that vary as 
much as 30% on either side of this figure. The 
telescopic arm is preferably made adjustable. 
in length. So that by appropriate. adjustment 
thereof, a rise of a certain number of barrels in 
the mud pit will give a pre-selected number of 
degrees of rotation to shaft 3. 

It is important that any change in the level of 
the hydraulic fluid be accompanied by a corre 
Sponding rotation of shaft 3, and since there may 
be some friction in the bearings of this shaft, and 
Since Some power is required to drive the record 
ing equipment associated with apparatus. box 8, 
it is important that the combination of shaft 3 
and float , considered as a spring, be as stiff 
as possible. In other words, a small change in 
level must produce a big change in buoyancy of 
the float, and this change must be transmitted by 
a. Stiff arm to shaft. 3. To attain this end, one 
form of a Suitable construction for arm 2 is illus 
trated ini Figs. 1 and 2 wherein arm 2 is com 
posed of a pair of spaced parallel tubular sleeves 
5-5 which are connected together lengthwise 

  



2,627,178 
5 

by a rigid web 6 and at one end by a transverse 
end-plate 7 through which shaft 3 extends to 
form the connection between arm 2 and shaft 3. 
A key 8 locks arm 2 to shaft 3. A pair of Spaced, 
parallel tubular extension members 9-9 extend 
slidably into the outer ends of sleeves 5-5 and 
are rigidly connected at their outer ends to float 
. The telescopically engaged ends of extension 
members 9-9 and sleeves 5-5 may be connected 
together by suitable clamping means, Such as 
bolts -- 0, the ends of members 9-9 being 
provided with a series of axially spaced holes 
- to permit axial adjustment of members 

9-9 relative to sleeves 5-5 whereby to vary the 
length of arm 2 as described. It will be under 
stood that the described construction of arm 2 
to impart the desired degree of stiffness and 
longitudinal adjustability is merely exemplary 
and that any other suitable and more or less con 
ventional construction ranay be employed to ob 
tain these desired characteristics. 

Referring now to Fig. 3, which illustrates the 
indicating apparatus enclosed Within apparatus 
box , a crank arm 2 has one end Connected 
to the inner end of shaft 3, being non-rotatably 
locked thereto by means of a key i3 in a posi 
tion parallel to arm 2, so that when shaft 3 is 
rotated by the angular movement of arm 2 in 
response to the rise and fall of float , crank arm 
f2 will move through the identical arc in paral 
lel. With arm. 2. The free end of crank arm 2 is 
pivotally connected by means of a pivot pin 4 
to the lower end of a vertically extending rod 5, 
provided at its upper end portion with a rack. 6. 
With this arrangement, it Will be evident that the 
vertical movements of rod 5 will be substantially 
linear with respect to the changes in the liquid 
level. In other Words, a certain change in level 
L will correspond to a certain vertical movement 
of rod 5, irrespective of the level at Which this 
change of level takes place. 
Rack 6 meshes with a gear 7, which is mount 

ed on a shaft, 8, and is connected to drive a 
larger diameter gear 9, which is also mounted on 
shaft 8, through the medium of a conventional 
form of friction clutch device 20, such, for ex 
ample, as the Well-known "star drag' employed 
On fishing reels and the like. Friction device 20 
is incorporated in order that, if for any reason 
the float and its arm 2 are moved violently, 
for instance during transportation, the motion 
will not damage the higher speed parts of the 
gear train but will merely result in slipping of 
friction device 2. 
The upper end of rod 5 is connected by a 

cable 2 to a mechanical recorder 22 shown in 
stalled on top of apparatus box 4 in Fig. 1. This 
mechanical recorder may be any one of the well 
known mechanically operated types and provides 
a record against time of the vertical position of 
rod 5, Fig. 2, and therefore of float , and con 
sequently of the level of liquid in container C. 
Such records are useful for reference purposes 
although, as explained earlier, they do not full 
fill the purpose of this invention. 
Gear 9 meshes With a gear 23 rigidly connect 

ed to a shaft 24 (Fig. 4). The outer end of shaft 
24 is surrounded by a sleeve 25 with which is in 
corporated an elongated pointer 26. Sleeve 25 
and its pointer are free to turn on shaft 24 in a 
manner to be described later. Pointer 26 is 
counter-balanced by an extension at 27 in order 
that it and the sleeve 25 may float on the shaft 
24 and at the same time be statically and dynam 
.ically balanced. This insures that the position 
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6 
of the pointer 26 will be affected a minimum 
amount by vibration. A coil spring 28 is con 
nected to the upper end of a lug 29 which ex 
tends upwardly from sleeve 25, the upper end of 
Spring 28 being anchored to a vertically adjust 
able Screw 30 by which the tension in spring 28 
may be adjusted as desired. Spring 28 tends to 
return the pointer to the middle position after 
it has been displaced in either direction. This 
Spring, in addition, Supports a large part of the 
Weight of pointer 26 and sleeve 25 in order that 
the latter may float on shaft 24. Pointer 26 is 
equipped at one extremity with a slider 3 which 
operates on an electrical resistor 32, of generally 
Conventional type. In this manner the posi 
tion of pointer 26 can be transmitted as an elec 
trical signal to a remote point in a manner that 
Will be described later. The outer end of ex 
tension 27 is equipped with a flexible switch blade 
33 and two adjustable contacts 34-34 positioned 
On Opposite sides of the free end of switch blade 
33. These adjustable contacts 34-34 can be 
pre-set so that when the pointer departs by a 
pre-determined amount from the middle position, 
contact is made and an audible or visual signal 
transmitted to a remote position. A damping 
means of any conventional design, such as a 
dash pot 35, is suitably connected to pointer 23 
to prevent any unwanted vibration of pointer 26. 

Now, returning to the manner in which sleeve 
25 and pointer 25 are driven by shift 24. As previ 
ously mentioned, sleeve 25 has a clearance fit 
on shaft 24 and if there were no friction, shaft 
24 could revolve in either direction without dis 
placing the pointer. According to the present 
invention the clearance space 36 between shaft 
24 and sleeve 25 is filled by a viscous fluid, in 
dicated by the numeral 37, such as Dow Corning 
200 fluid. The film between the shaft and the 
sleeve is inaintained by a lubricator 38 mounted 
On sleeve 25 and communicating with the clear 
ance space 38, which is filled from time to time 
to maintain the Supply of liquid in the clearance 
Space. Owing to the viscous drag of the fluid 
in the clearance space, rotation of shaft 24 in 
either direction will tend to cause displacement 
of pointer 26 in the corresponding direction. 
Such displacement will be resisted by spring 28, 
With the result that pointer 26 will take up some 
position, dependent upon the dimensions of shaft 
and Sleeve, the viscosity of the fluid and the 
angular Velocity of shaft 24. As previously de 
Scribed, the angular velocity of shaft 24 varies 
directly as the vertical velocity of float . Stops 
39, disposed on opposite sides of pointer 28, limit 
the extreme movement of pointer 26. The con 
nection between shaft 24 and sleeve 25 may be 
termed "fluid friction coupling.' 
The departure of pointer 26 from the mid 

position depends upon the dimensions of the shaft 
and sleeve, the restoring force of spring 28, the 
Viscosity of the fiuid in the annular space 36, and 
the Sense and magnitude of the angular velocity 
of shaft 24. At constant temperature, the spring, 
the clearance and the viscosity do not vary and 
there would, therefore, be a unique position of 
pointer 28 for every angular velocity of shaft 24, 
and therefore, for every rate of rise or fall of the 
level in container C. 
By proper choice of the fluid and of the ma 

terials of which shaft 24 and sleeve 25 are made, 
the apparatus can be given automatic tempera 
ture compensation. We have found Dow Corning 
Silicone fluids Suitable for this purpose. It is well 
known that the Viscosities of these silicone fluids 

  



2,827,178 
7 

vary only about one percent as much as that of 
petroleum oils with changes in temperatures. By 
use of dissimilar metals for shaft 24 and sleeve 
25, and suitable choice of the clearance, the 
change in viscosity of the silicone fluid can be 
properly compensated. This compensation can be 
obtained by using, for instance, steel for sleeve 25 
and aluminum or brass for shaft 28. To give an 
example: 
Coefficient of 
expansion, aluminum=12.3X10 per degree F. 

Coefficient of 
expansion, Steel 

Difference 
- 6.4x10-6 per degree F. 
= 5.9X106 per degree F. 

Let the aluminum shaft radius be 0.688' and the 
clearance at 75° E. be .0005'', then at 150 F. the 
clearance will be: 

.0005- (5.9x10-6X.683X75)=.0005''-.0003' 
-.0002' 

The ratio, therefore, of the clearance at 5 F. to 
that at 

-9902-2.5 0002%. 
Now, the viscosity of Dow Corning fluid increases 
in the ratio of 2.5 to 1.0 in cooling from 150 i. 
to 75°F. The mechanism may, therefore, be auto 
matically compensated for temperature changes 
in this manner. 
While we have found silicoine fluids to be par 

ticularly useful for the purposes of this inven 
tion, it will be evident that other fluids of Suit 

150°F. 

able viscosity and viscosity index characteristics 
may be employed. 
As shown above, there will be a unique posi 

tion of pointer 26 for every rate of rise or fall of 
level in the pit and since slider 3 is attached to 
pointer 26, there will be a unique position of this 
slider on resistor 32. This may be transmitted 
as an electrical signal to the driller's position by 
the generally conventional electrical circuit, in 
dicated at 40, shown in Fig. 5 in which é desig 
nates a suitable indicating or recording instru 
ment which may be located adjacent the driller's 
position. Instrument 4 may be calibrated to 
display the rate of change in the liquid level as, 
for example, in inches per minute or per hour, or 
on any other suitable scale. Also, as was previous 
ly noted, contacts 34-34 may be set relative to 
switch blade 33 to close at any pre-determined 
rate of change in level L. in pit C, whereby to 
transmit an electrical signal by means of the gel 
erally conventional electric circuit, indicated at 
42, to produce an audible or visible signal, as by 
means of buzzar A3 or light 44, to draw the 
driller's attention to the reading on instrument 4 . 

It will be obvious that a Signal corresponding 
to the position of sleeve 25 and therefore of the 
rate of rise or fall of the level in the pit could 
be transmitted to the driller's position by any of 
the well known means, Such as by Selsyn or by an 
air transmitter. 

It will also be obvious that the instantaneous 
angular position of shaft 24 could be transmitted 
by any well known means to a corresponding shaft 
mounted in an apparatus box adjacent to the 
driller's position, said apparatuS box including a 
sleeve, spring and viscous fluid System similar to 
that already described. A pointer driven through 
suitable multiplication from the sleeve would then 
indicate to the driller the rate of rise or fall in the 
pit. 

Fig. 6 illustrates more or less diagrammatically 
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another embodiment in accordance with this in 
vention, by which the rate of change of level I 
may be readily determined and indicated or re 
corded for information of the driller. In this 
embodiment float arm 2 is suitably connected to 
a conventional form of so-called "pneumatic 
transmitter,' the details of which are well un 
derstood by those skilled in the instrument art 
and which, of themselves, form no part of this 
invention. A suitable transmitter of the type 
contemplated is model No. 226R, manufactured 
by Taylor Instrument Company, Rochester, N.Y., 
and described in detail in its Bulletin 98,156, 
March 1947. Transmitters of this type are 
adapted to vary the pneumatic pressure, Such as 
air pressure, in a line 45 leaving the instrument 
(which is illustrated as housed in apparatus box 
4) in accordance with the position of float f and 
its arm 2. The change of pressure in line 45 
corresponding to the change in position of float 
may be indicated or recorded on a Suitable in 
strument 46 connected to line 5, and placed ad 
jacent to the driller's position. Instrument 46 
will correspond in general to recorder 22 of the 
previously described embodiment and Will at all 
times show the position of float and, therefore, 
the actual level of liquid in the pit, which indi 
cation, while useful, will not show the rate and 
direction of the change in level in accordance 
with the principal objects of the present inven 
tion. In order to accomplish the purposes of the 
present invention, line 65 is connected to ter 
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minate in a closed chamber 3, which may be 
double-walled and insulated to minimize temper 
ature effects. A throttling orifice AB is installed 
in line 5 in advance of its entrance into chain 
ber 47 and a differential gage 39, of generally con 
ventional and well known design, is connected to 
line 45 across orifice 38. Under static conditions, 
the pressure in chamber 3 and line A5 will have 
become stabilized and there will, therefore, be no 
difference in pressure -on the opposite sides of 
orifice 48 and no differential will, therefore, be 
registered by differential gage 9. ASSume now 
that there is a rise in level of liquid H in pit C. 
This will be accompanied by a corresponding rise 
in the position of float and the pneumatic trans 
mitter Will be actuated thereby to cause a corre 
Sponding change in pressure in line 63. The flow 
restriction provided by orifice 38 will prevent this 
change in pressure from being transmitted imme 
diately to chamber 47 and a difference in pres 
sure will thereby be created in line 45 on opposite 
sides of orifice i3. This difference in pressure will 
be shown by the indication on differential pres 
Sure gage 69. The more rapidly float f rises or 
falls, the more rapidly will the pressure change 
in line 43 and depart from that in chamber A. 
Differential gage i9 will, therefore, reflect an in 
dication corresponding to the rate of the rise and 
fall of the level of liquid in pit C. By suitable 
calibration of the scale of gage 49, the indication 
may be made to appear in any rate terms desired. 

Fig. 7 illustrates still another embodiment in 
accordance with this invention by which the rate 
of change in level may be readily determined and 
indicated or recorded for information of the 
driller. In this embodiment shaft 25 is directly 
connected to a direct current generator 50, of 
generally conventional design, which is prefer 
ably of the permanent magnet type, preferably 
having skewed arnature slots in order to Smooth 
out the required torque, and in which the arma 
ture is wound with a large number of turns in 
;order that the ratio of voltage to angular velocity 
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shall be high, and also preferably having a large 
number of commutator bars in order to minimize 
ripple. Such generators are well known and com 
mercially available, and the details thereof do 
not, of themselves, form a part of this invention. 
A damping means, designated generally by the 
numeral 5, is applied to shaft 24 to control non 
Significant oscillations of the shaft which night 
result from vibrations of the float and ficat arm 
due to vibrations around the driliing rig. In the 
embodiment illustrated in Fig. 9, the damping 
means comprises a cylinder 52 which is rigidly 
mounted on shaft 25 and arranged to rotate inside 
a fixedly positioned concentrically nounted tubu 
lar sleeve 53 with a Small amount of annular 
clearance therebetween. The annular space be 
tween cylinder 52 and sleeve 53 Will be filled with 
a Viscous liquid similar to liquid 3, described 
above. The drag created by this liquid between 
the adjacent surfaces of cylinder 52 and sleeve 33 
will effectively damp the rotations of shaft 24. 
The output from generator 56 will be applied 

through terminals 53-53 through leads 55-55 
to a generally conventional electrically operated 
registering device 56, which may be an indi 
cating and/or recording meter, and which may 
be installed at a point convenient to the driller's 
position. This meter should be highly damped 
Within itself and, in addition, should have its 
critical damping resistance equal to, or greater 3 
than, that of the generator. In order to supple 
ment the viscous damper 5, we have found it 
advantageous to shunt a large condenser 57 
acroSS leads 55-55. 
With this embodiment it will be evident that 

the amount of electrical current generated by 
generator 50 and transmitted to register 56 Will 
Correspond directly to the rate of rotation of 
shaft 24, which will, in turn, correspond to the 
rate of change of level L of liquid H. 
By means of the above described invention, it 

Will be evident that the magnitude and direction 
of the rate of change in the level of the liquid 
may be readily detected and indicated or re 
corded, as desired. 
In each of the above-described embodiments 

it Will be evident that the float is connected to 
a transmission means which will produce a linear 
response corresponding to the positions of the 
float which may be suitably registered to show 
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the level of the liquid; and that this linear re 
Sponse may be employed to actuate mechanism 
Which Will produce a second response corre 
Sponding to the rate of change in the movements 
Of the float, which second response may also be 
Suitably registered to Show the rate of change 
in level of a liquid. 

It will be understood that various alterations 
and changes may be made in the details of the 
illustrative embodiments, above described, with 
Out departing from the scope of the appended 
claims but within the spirit of this invention. 
What we claim and desire to secure by Letters 

Patent is: 
1. A liquid level rate of change indicating de 

Vice, Comprising, a float means adapted to rise 
and fall With changes in level of a body of liq 
Uid, a shaft rotatively driven by said float in 
accordance with the movements thereof, a direct 
Current generator driven by said Shaft, and means 
to record the output of said generator. 

2. A liquid level device according to claim 
having a danping means connected to said shaft. 

3. A liquid level device according to claim 1 
having a damping means connected to said shaft, 
said damping means comprising, a cylinder fixed 
to rotate with said shaft, a stationary sleeve con 
Centrically Surrounding Said cylinder and pro 
Viding a Small annular clearance Space there 
between, and a Viscous damping liquid filling Said 
clearance space. 

JOHN T. HAYWARD. 
PAUL A. WOLFF. 
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