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This invention relates to improvements in the method 
and apparatus for determining the rotary speed of a mud 
driven turbine which is in operation at the bottom of a 
well, more particularly of the type of deep oil or' water 
wells. 

It has been found, in the drilling of deep wells with 
the so called “mud turbine” as a source of rotational en 
ergy for the bit that it is essential for economical opera 
tion to know rather precisely the revolutions per minute 
of the rotor which is directly proportional to the revolu 
tions per minute of the bit. It will be apparent that the 
rate of penetration of the drill which is actually the 
measure of effectiveness of the drilling operation, is a 
function of the load on the drill and its rotary speed. 
When it is appreciated that the operator of the drill 

rig is operating the bit which may be several thousand 
feet to several miles deep in a comparatively small well, 
it will be realized that his only controls are mud pressure 
and rate of ?ow and the actual load on the bit. It is 
essential, therefore, that he be constantly advised as to 
the rotary speed of the bit. 
While the need of such information has been recog 

nized and some inventors have suggested solutions as for 
example requiring the use of electrical cables, it is quite 
apparent that these solutions are not feasible, either be 
cause of excessive cost, technical complications, or mere 
incomplete or inaccurate reporting. 
More recently a well logging system has been disclosed 

in which signals at the bottom of the well could be en 
coded through actuating means and, using the drilling 
?uid as the transmission medium, could be decoded at the 
top of the well. Thus not only are the results constantly 
available to the drilling operator but there isno need for 
auxiliary conductors, cables or the like. 
An adaptation and improvement on this invention is 

shown in the Otis et a1. Patent 2,700,131 in which the 
signals impressed on the drilling ?uid are at spaced inter 
vals of such a type that the interval is integrated to show 
a characteristic related to the original signal. While ‘such 
a system is effective for the intermittent reporting ‘of 
various electrical conditions, it is considered too elaborate 
for routine reporting of the variable rotary speed of a 
device‘ such as a “mud turbine” and its bit. It would be 
too slow for normal operating conditions as a drilling 
operator might lose his bit due to changes of speed be 
tween reporting intervals. . ’ 

My invention, while speci?cally concerned with the 
continuous and highly accurate measure of the revolu 
tions per minute of a bit (or turbine rotor) ‘at the bottom 
of a hole which is rapidly deepening, is ‘necessarily 
rugged, simple and of low cost. It is primarily intended 
for the single purpose and embodies only those elements 
which make an accurate and direct reading possible. It 
is to be noted however that recognition must be made of 
the environment of the drill and the recording device and 
the presence of surface interferences such as the mud 
Pump 
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The following description taken in connection with the 
attached drawings is a disclosure of a preferred form of 
embodiment of my invention. 

In the drawings: 
Figure 1 is an elevational view, partly schematic and 

partly in longitudinal section illustrating the general ar 
rangement of the apparatus as employed in connection 
with a typical drilling well. 

Figure 2 is a central, vertical, partial cross-sectional 
view of the upper part of a mud driven turbine. 

Figure 3 is a transverse cross-section through Figure 2 
substantially on the line 3—-3 thereof. 

Figure 4 is a central, vertical, partial cross-sectional 
view of the upper part of a modi?ed type of mud driven 
turbine. 

Figure 5 is a transverse cross-section taken substan~ 
tially on the line 5—5 of Figure 4. 

Figure 6 is a transverse cross-section substantially on 
the line 6--6 of Figure 4. 

Referring to Figure 1 in which the general disposition 
of the apparatus of the invention is shown in relation to 
a conventional drilling rig and drilling well, 10 is the 
lower uncased portion of the bore hole and 11 the upper 
portion of the bore hole in which the usual surface string 
or conductor string of casing 12 has been set. Within 
the bore hole and at the surface above the bore hole is 
shown a conventional drilling rig comprising a drill bit 
13, a turbodrill 14 and a drill stern composed of drill 
pipe 15 connected at its upper end to a swivel 17 which 
in turn is suspended from a traveling block hook 18, 
traveling block 19, drilling line 20‘ and crown block 
located in the top of the derrick 22. 
The mud circulation passage extending through the 

drill bit 13, turbodrill 14 and drill stem 15 extends 
through the swivel 17 and is connected through suitable 
?exible connections or hose 31 to the discharge connec 
tion 35 of a drilling ?uid circulating pump 36. The drill 
ing ?uid circulating pump 36 takes suction through pipe 
38 from a body of drilling ?uid contained in a mud 
reservoir or sump 40. The upper end of the surface cas 
ing 12 which provides a return path for circulating drill 
ing ?uid there below is provided with a lateral outlet pipe 
42 which extends to and discharges into the ?uid res 
ervoir 40. A surge chamber 45 is preferably connected 
to the discharge 35 of the drilling ?uid circulating pump 
36 for the purpose of smoothing out or reducing the 
pump discharge pressure ?uctuations. 

In normal operations with the turbodrill, the drilling 
mud is pumped from pump 36 through the drill pipe 15 
and the turbodrill 14 in such a manner as to rotate the 
bit 13. The discharge from the Well bore as before 
mentioned not only carries the cuttings out of the hole 
but tends to plaster up the wall in the usual manner. 

In accordance with present practice, the turbodrill op 
erates in such a manner as to rotate the bit at approxi 
mately 450 to 800 revolutions per minute under optimum 
conditions. The pump 36 which is a high pressure, low 
speed pump usually of the triplex type normally operates 
at approximately 60 to 70 revolutions per minute. 

In accordance with my invention, the rotational speed 
of the turbine may be continuously reported at the drill 
rig by the following means. 
Within the turbodrill casing 14 is normally mounted a 

rotor member generally designated at 50 in Figure 2. 
This is diagrammatically shown and is a part which can 
be attached directly to the rotor shaft or may be a part 
of the rotor itself. The rotor member 50 has a cap 51 
and is provided with one or more openings 52 as shown 
in Figure 3 through which the mud ?ows from the drill 
pipe 15 through the turbodn'll casing 14 into the turbine 
mounted below. 
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Adjacent the mud opening 52 I provide one or more 
?ow interrupter or restrictor elements generally indicated 
at 54 in such a manner that as the rotor turns there will 
be some obstruction to ?ow as the opening 52 passes the 
interrupter head. This in turn will generate a pressure 
pulse on the ?uid stream which is substantially instan 
taneous. Bearings 56 tend to center the rotor member 
50 in the turbodrill casing 14. 

If two interrupter bodies 54 and 54A as shown in 
Figures 2 and 3 are used, there will normally be two 
pressure pulses per revolution. It will be apparent that 
if there were more than two there would be an increasing 
number in proportion to the revolutions per minute. If 
there is only one, the pressure pulses are equal to the 
revolutions per minute. 
The detection of these pressure pulses at the surface of 

the well is accomplished by a suitable pressure pick up 
device 47 which may be of any suitable type such as 
Consolidated Engineering Corporation pressure trans 
ducer model No. 4-311 adapted to convert ?uid pressure 
communicated to it from pipe 35 into corresponding val 
ues of electrical current or potential. This transducer 
may be energized by a suitable electrical current supply 
and when so energized is capable of producing an elec 
trical output signal which is a direct function of the 
instantaneous ?uid pressure applied to it which pressure 
in the present case is that appearing in pipe 35. 
The pressure pick up device 47 is, in turn, connected 

through insulated conductors 48 to a suitable meter 
unit 56 which may be adapted to indicate the revolutions 
per minute of the rotor. While the details of such meter 
unit are not considered a part of this disclosure, it is 
known that it will normally include an ampli?er, a band 
pass ?lter and usually a frequency meter. The ampli?er 
and band pass ?lter may not always be necessary, especial 
ly where the pulse is strong and sharp. 

With a frequency of 450 to 800 revolutions (or pulses) 
per minute, or multiples thereof, a General Radio Cor 
poration direct reading frequency meter Type 1178-A 
may be used. The band pass ?lter will be designed in 
the usual manner to discriminate against frequencies out 
side the range of interest. A General Radio Corporation 
unit ampli?er Type 1206-B may be used. A tuned cir 
cuit may be automatically or manually adjusted to the 
resonant frequency. 
The matter of attenuation of the hydraulic signals 

must be taken into consideration based on the nature of 
the mud pump 36. It will be apparent that if a triplex 
pump operates at 70 revolutions per minute, it generates 
approximately 420 pulses per minute. This might tend 
to interfere with reception of signals if the rotor of the 
turbine was operating at the low end of its scale and 
the single pulse only were sent out per revolution. While 
it is known that attenuation increases rapidly with fre 
quency, some rate of pulse generation in proportion to 
turbine (or bit) rotation is usually desirable. 

There is however an alternate method of sending out 
pulses by which the strongest signals are received. If, 
for example, the mud ?ow interrupter is operated at a 
ratio of less than one under some conditions which will 
be hereinafter described, better results will be obtained. 
In this form of embodiment of the invention as shown 
in Figure 4, the turbodrill body 14 is similarly adapted 
to receive a turbine rotor 50 having the mud openings 
52 but is surmounted by a modi?ed type of cap 60. In 
this case as will be seen from the cross-sectional view 
Figure 5, the shaft of the cap is eccentric and is adapted 
to receive an internal gear 61 which in turn meshes with 
an external gear 62 suitably secured to the wall of the 
turbodrill 14. The pinion gear 61 is provided with a 
?uid passage generally indicated at 64. A suitable inter 
rupter 65 is mounted below the internal ring gear in such 
a position that it will interrupt the ?ow of mud down 
wardly through the turbodrill body 14 and into the open 
ing 52. V 
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In view of the fact that the internal gear is eccentrically 

mounted with respect to the turbine rotor there will be 
a gear reduction depending upon such eccentricity so that 
the number of interruptions of ?ow can be established 
as some fraction of the rate of rotation of the rotor. 

In other words a frequency of interruption of one inter 
ruption for each ten revolutions or more or less depend 
ing upon the desired frequency and the approximate ro 
tational rate can be obtained. With a normal rotational 
speed of the turbine from 450 to 800 revolutions per 
minute would be re?ected by as low as 45 to 80 interrup 
tions or cycles per minute. 

While it may not be possible to use the same electrical 
equipment as shown in the unit 56 for either the high 
frequency or the low frequency operations due to the 
electrical limitations of the equipment, it is of course pos 
sible to substitute appropriately balanced circuits which 
will operate in the range of less than one cycle per sec 
ond to several cycles per second as well as operating in 
the range ten to a hundred cycles per second. 

It is thus to be understood that I am not limited to 
either the direct frequency of rotation which may inter 
fere with the frequency of pulse of the pump but can 
operate with either a fraction of such frequency or a 
multiple of such frequency. 
As heretofore mentioned there are advantages in using 

multiple frequencies because of the simplicity of the 
electrical equipment whereas there are advantages in us 
ing a fraction of the frequency not only because of the 
much stronger pulse, but the sharper recognition of the 
pulse and less attenuation in the well. 

While I have shown a simpli?ed and schematic con 
struction of interrupter it will be appreciated that modi 
?cations in design will be made to ?t the particular type 
of turbodrill construction. The invention is applicable 
to either the direct driven bit or to the gear driven bit 
except that the number of responses is preferably in 
accordance with the bit rotation which is critical rather 
than the turbine rotation if it should happen to be of 
the gear driven type. 

I claim: 
1. A method for continuously measuring the rotational 

speed of a ?uid-driven turbine mounted adjacent the 
lower end of a drill pipe and while located adjacent the 
bottom of a drill hole which comprises: circulating drill 
ing ?uid down the drill pipe to drive said turbine; pe 
riodically varying the resistance to ?ow of said ‘?uid, at 
a point adjacent said turbine, at a frequency which bears 
a simultaneous, predetermined relation to the rotational 
speed of said turbine and which frequency is a multiple 
fraction greater than one of the rotational speed of the 
turbine thereby generating pressure pulses in the ?owing 
drilling ?uid having a frequency which is a multiple frac 
tion greater than one of the rotational speed of the turbine 
‘and which pulses are transmitted through the flowing 
drilling ?uid to a point adjacent the top of such drill pipe; 
and intercepting said pusles at said point to obtain there 
by a signal bearing a substantially simultaneous, predeter 
mined relationship to the frequency of said pulses. 

2. Apparatus for making turbodrill rotational speed 
measurements while drilling comprising: a drill stern hav 
ing a ?uid circulating duct therethrough; a turbodrill 
member, including a non-rotating housing and a rotata~ 
ble turbine, attached to said drill stem; pump means for 
circulating ?uid down through said duct to said turbine; 
a cylindrical rotor member coupled to said turbine for 
rotation therewith and positioned within said housing; 
means forming an opening in the curved surface of said 
rotor member; inwardly extending ?uid ?ow restriction 
means formed on the wall of said housing adjacent said 
rotor member; transducer means for detecting the varia 
tions of resistance to flow of ?uid through said duct pro 
duced as the opening in said rotor member passes said 
restriction means upon rotation of said rotor means by 
said turbine and for producing electrical signals of a 
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frequency bearing a predetermined relation to the rota 
tional speed of said rotor; and means for indicating said 
signals. 

3. Apparatus for making turbodrill speed measurements 
while drilling comprising: a drill stem having a fluid cir 
culating duct therethrough; a turbodrill member, includ 
ing a non-rotating housing and a rotatable turbine, at 
tached to said drill stem; pump means for circulating 
?uid down through said duct to said turbine; a cylindrical 
rotor coupled to said turbine for rotation therewith; 
means forming an opening in the curved surface of said 
rotor; a pinion gear eccentrically mounted on the top of 
said rotor for the rotation therewith; gear means secured 
to the inner wall of ‘said housing to mesh with said pinion 
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6 
gear; ?uid ?ow interrupter means extending from the in 
her wall of said housing between said pinion gear and 
the opening in said rotor; means forming a ?uid passage 
in said pinion gear; transducer means for detecting varia 
tions in resistance to ?uid ?ow in said duct and produc 
ing electrical signals of a frequency bearing a predeter 
mined relation to the rotational speed of said rotor; and 
means ‘for indicating said signals. 
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