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LOGGING-WHILE-IDRILLIING ENCODER 

BACKGROUND OF THE INVENTION 

This invention relates to the logging of wells during 
drilling and more particularly to the telemetry of data 
relating to downhole conditions by means of an acous 
tic signal transmitted through drilling liquid within a 
well while concomitantly drilling the well. 
Various telemetering methods have been suggested 

for use in logging-while-drilling procedures. Examples 
are shown in US. Pat. Nos. 3,015,801 and 3,205,477 
to Kalbfell. In the Kalbfell systems, an acoustic energy 
signal is imparted to the drill pipe and the signal is fre 
quency modulated in accordance with a sensed down< 
hole condition. Frequency shift keying is employed to 
transmit the acquired data in a digital mode. Yet other 
telemetering procedures proposed for use in logging 
while-drilling systems employ the drilling liquid within 
the well as the transmission medium. One such tech 
nique is described in US. Pat. No. 3,309,656 to God 
bey. In the Godbey procedure, an acoustic wave signal 
is generated in the drilling liquid as it is circulated 
through the well. This signal is modulated in order to 
transmit the desired information to the surface of the 
well. At the surface the acoustic wave signal is detected 
and demodulated in order to provide the desired read 
out information. . 

In US. Pat. No. 3,789,355 to Bobby J. Patton, there 
is disclosed a technique utilizing a modulator similar to 
that disclosed in the Godbey patent for the purpose of 
encoding pressure signals in a phase shift keying mode. 
In the foregoing an electric motor is utilized to control 
the operation of the modulator. 

SUMMARY OF THE INVENTION 

In accordance with the present invention the operat 
ing characteristics of an electrical motor are controlled 
to drive a mud stream interrupter or modulator at a 
predetermined speed. 
The invention relates to a method of and apparatus 

for imparting a high degree of phase coherence to an 
acoustic signal generated by a rotary valve driven by 
the motor. The phase of the acoustic signal is changed 
by 180° thereby encoding a binary bit into the signal. 
In carrying out a change in phase, the speed of a motor 
is changed by initially applying a step voltage to a volt 
age controlled motor speed control circuit. Added to 
the step voltage is a linearly increasing voltage. 
The step and ramp voltage cause the motor to accel 

erate thus changing the phase of the acoustic signal. 
The amount of phase shift in the acoustic signal is mea 
sured. Upon the occurrence of a predetermined phase 
shift, the voltage applied to the voltage controlled 
motor speed control circuit is immediately reduced to 
a lesser value. The application of the voltage of lesser 
value is continued for a predetermined time at which 
the acoustic signal will have substantially attained a 
180° phase shift. At the end of this predetermined time, 
the speed of the motor is phase-locked to the local 
clock. 
The frequency and phase of the acoustic signal is de 

termined by the rotation of an induction motor which 
drives the rotary valve through a positive, nonslip drive 
train. The rotation of the motor is phase~locked to a 
highly stable clock. Phase locking is accomplished in a 
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2 
near optimal manner by sampling the phase error be 
tween the clock and a motor angular position reference 
every half period of the acoustic signal and immedi 
ately correcting the frequency of the motor supply in 
proportion to the phase error. 

DESCRIPTION OF THE DRAWINGS 

FIG. ll illustrates in block schematic form a transmit 
ting system embodying the present invention utilized in 
controlling the operation of a rotary valve for the gen 
eration of an acoustic signal within a liquid path in a 
well; 
FIG. 2 illustrates in block schematic form further de 

tails of the pulse generator and the phase error detector 
of FIG. ll; 
FIG. 3 illustrates in block schematic form further de 

tails of the transmitter control and transition phase shift 
detector of FIG. 1; 
FIGS. 4 and 41A depict the waveforms associated with 

the operation of the equipment illustrated in FIG. 2; 
FIG. 5 depicts waveforms associated with the opera 

tion of the equipment of FIG. 3; and 
FIG. 6 illustrates in circuit schematic form details of 

the sample-and-hold and ampli?er and ramp generator 
of FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The Overall Logging-While-Drilling System, FIG. 1 
In accordance with the preferred embodiments of the 

invention as descirbed in more detail hereinafter, an 
acoustic signal is transmitted through the drilling liquid 
employed in normal drilling operations. As the well is 
drilled, at least one downhole condition within the well 
is sensed and a signal, in most cases analog, is gener~ 
ated which is representative of the sensed condition. 
An analog signal is converted to a serial digital signal. 
The acoustic signal generated within the drilling liquid 
is modulated in response to the digital signal by corre 
lating the phase of the acoustic signal during sequential 
time periods corresponding to the digit intervals of the 
digital signal with a plurality of phase conditions repre 
sentative of the respective digit values of the digital sig 
nal. The acoustic signal is received at an uphole station 
and demodulated as described in the aforesaid Patton 
application in order to produce appropriate readout 
functions corresponding with the respective phase con 
ditions. These readout functions then may be applied 
to appropriate utilization means, such as recording 
and/or data processing systems such as computers, 
from which desired information may be derived. 
Turning now to FIG. ll, there is disclosed a system for 

controlling the operation of a rotary valve transmitter 
110 driven by induction motor 11 to continuously inter 
rupt the ?ow of drilling liquid within the drill pipe in 
order to produce an acoustic signal of substantially 
?xed frequency and phase. 
Phase coherency is maintainted in the acoustic signal 

by phase-locking the rotation of induction motor 111 to 
a stable clock 12. Phase-lock is accomplished by a con 
trol loop comprised of clock 12, a tachometer 15, pulse 
generator 16, phase error detector 118, summing ampli 
?er 20, and voltage controlled motor speed control cir 
cuit 22. The tachometer 15 together with pulse genera 
tor to produce pulses at a rate which is twice the sonic 
frequency produced by the rotary transmitter 10. The 
output from the clock 12 is a series of pulses whose rate 
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is twice the desired output frequency from the rotary 
transmitter 10. Pulses from the pulse generator 16 and 
from the clock 12 are applied to the phase error detec 
tor 18 which measures the relative time occurrences of 
thepulses. Should these pulses from the pulse genera 
tor 16 have a time occurrence or phase relationship 
other than de?nitive of the desired sonic phase, an 
error signal is applied by way of the summing-switching 
ampli?er 20 to the motor speed control 22 to change 
the speed of the induction motor 11, thus, to bring the 
system into what is referred to as a “phase-lock mode.” 

Sensible information concerning measured downhole 
conditions can be transmitted by the drilling liquid to 
the surface by changing the phase of the signal gener 
ated by the rotary transmitter 10 employing an encod 
ing or telemetry mode known as phase-shift keying. 

In employing such a mode, data, usually in analog 
format, is received from a plurality of downhole detec 
tors, D,, D2, D3 . . . UN, and applied by way of a multi 
plexer 24 to an A/D converter 26. The output of the 
A/D converter 26 is applied to parallel to serial con 
verter 28 which arranges the data in a serial binary for 
mat. 
As more fully explained in the aforesaid Patton appli 

cation, the multiplexer 24, the A/D converter 26, and 
the encoder 28 are synchronized and otherwise under 
control of the clock 12 and a counter 30, the latter 
being essentially a divider which establishes outputs 
having different pulse rates to enable proper operation 
of the aforesaid components. One such train of pulses 
is applied to the converter 28 to establish data bit inter 
vals, or, otherwise stated, intervals during which a data 
bit is to occur. The data bits are serially applied to a 
transmitter control 32. The transmitter control 32 is ef~ 
fective by way of the switching ampli?er 20 to disable 
the phase-lock control and to apply a programmed 
function to the motor speed control 22 to change the 
speed of the motor. The change in speed may be either 
by way of deceleration or acceleration. In the embodi~ 
ment being described, we choose to accelerate the 
speed of the motor with the programmed function. 
Upon the occurrence of a predetermined amount of 

phase shift in the acoustic signal generated by the ro 
tary transmitter 10, transition phase-shift detector 34 
generates a control pulse applied to the transmitter 
control 32. This terminates the application of the ?rst 
programmed function and effects the application of a 
second programmed function which preferably is of a 
?xed time duration to again change the speed of the 
motor to return it to the predetermined value but with 
180° shift in the phase of the acoustic signal. If the ?rst 
program is utilized to accelerate the motor, then the 
second program obviously will be utilized to decelerate 
the motor. And of course the converse is true. 

In the system described, the mode of telemetry is 
phase shift keying nonreturn to zero. In such a mode, 
the phase of the signal produced by the rotary transmit 
ter will be changed only upon the occurrence of a “1 ” 
bit; therefore, the transmitter control 32 will initiate 
the above-described operation only upon the occur 
rence of a “ 1 ” bit from the converter 28. Nonreturn to 
zero may also be implemented in response to the occur 
rence only of a “0” bit. However, it is moreconven 
tional to employ the “1" bit for effecting the phase 
change. 
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The Pulse Generator 16 and The Phase Error Detector 
18, FIG. 2 
Referring now to FIG. 2 there is shown further details 

concerning the pulse gnerator 16 and the phase error 
detector 18. The pulse generator 16 receives the output 
of tachometer 15, a sine wave shown in FIG. 4 as the 
wave train a, and treats it to produce at the output of 
pulse generator 40 two series of complementary pulses 
e and f whose rate is equal to twice the frequency of the 
sonic signal produced by the rotary transmitter 10. The 
pulses e and f are produced in the following manner. 
The output a from the tachometer 15 is applied to a 
full-wave recti?er 42 whose output, the wave train b, is 
negative going. The type of full-wave recti?er utilized 
is commonly referred to as an absolute recti?er which 
will utilize an operational ampli?er such that the recti 
?cation is essentially absent of distortion. The wave 
train b is converted by way of pulse generator 44 to a 
series of pulses 0 whose repetition rate is twice the fre 
quency of the tachometer output. The pulse generator 
utilized in the practice of the present invention can be 
described as a comparator or level detector which pro 
duces an output only when the input is between zero 
and some predetermined negative value of the wave 
train b. In the system employed, the tachometer output 
had a frequency of exactly 15 times the frequency of 
the sonic signal generated by the rotary transmitter 10. 
Accordingly, in order to produce the desired pulse rep 
etition rate for the pulses e, that is, twice the actual 
sonic frequency, it is necessary to divide, as by utilizing 
the divider 46, the pulses c by a quotient of 15 to pro 
duce a train of square waves d. The pulse generator 40 
responds to the trailing edge of the square wave d to 
produce the pulses e. 
Using a pulse generator and a clock which produce 

pulses at twice the frequency of the acoustic signal has 
many advantages. The phase lock is necessarily auto 
matically in one of two phase states. A phase state 
change is implemented by adding one tachometer pulse 
to produce a 180° phase change. Also a phase state 
change need only be targeted to 180° i 90°, then 
phase-lock is automatic at 180°. 
As a practical matter, it may be possible to design a 

tachometer whose output frequency will be twice the 
sonic frequency of the rotary transmitter. In such an 
event, it is obvious that there would be no need for the 
divider 46 or for the pulse generator 44 and that other 
means could be devised and utilized in conjunction 
with the pulse generator 40 to produce the desired 
pulse train e. The pulse generator 40 responds to pulses 
d to produce a second train of pulses f having the same 
repetition rate as the pulses e. 
The pulses e, f, together with the pulses g from the 

clock 12, are utilized by phase error detector 18 to 
maintain the phase of the acoustic signal, generated by 
the transmitter 10, substantially constant with respect 
to the pulses g. If any two pulses e, f occur at a point 
in time which is precisely at the midpoint between the 
occurrence of two consecutive pulses g, then the pulses 
e, f will be exactly 180° out of phase with the pulses g. 
For this condition the error signal e ¢ , applied to the 
motor speed control 22 (FIG. 3) by summing switching 
amplifier 20 will be zero. For any other phase differ 
ence d> besides 180°, an error signal will be generated 
proportional to 180° — d). A correction frequency pro 
portional to the error signal described above is applied 
by motor speed control 22 to induction motor 11 to 
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change its speed in a direction (increase or decrease) 
which reduces the phase error. 
Phase error detector 11% consists of set-reset pulse 

generator 5%), flip-flop 52, integrator 54, sample and 
hold 56, and ampli?er and function generator 60. The 
clock pulses g are applied to set~reset pulse generator 
50 which produces two trains of complementary pulses 
j and k. At the onset of pulse j, ?ip-?op 52 is set to a 
logic “1” (10 volts). For the duration of pulse k, 
integrator 541» is reset. Pulse 2 produced by pulse gener 
ator dill resets flip-flop 52 to a logic “0” (zero volts). In 
this manner pulses j and e determine the time flip~flop 
52 remains in the logic “i” state. The output of flip 
?op 52, h, is a constant amplitude pulse whose width 
is directly proportion? to the phase difference between 
pulses j and e. Pulses j have a frequency of exactly twice 
the desired acoustic signal frequency. Pulses e have a 
frequency exactly twice the actual acoustic signal fre 
quency. The output of flip-flop 52, h, is applied to inte 
grator 54l which is reset by pulse k and begins integrat 
ing signal h at the termination of pulse k. At the onset 
of pulse k, h is set to 10 volts by pulse j which is coinci 
dent with pulse k. The output of integrator 54 is a nega 
tive-going ramp, m, until 11 is reset to zero by pulse 2. 
Upon the occurrence of pulse e, the integrator output, 
m, remains at the attained negative voltage since its 
input has been reset to zero. 
The value of the negative voltage at the integrator 

output is directly proportional to the time h remained 
at 10 volts and therefore is proportional to the phase 
difference between j and e. Pulse f is coincident with 
pulse 2 and is applied to sample-and-hold 56. For the 
duration of f, sample~and-hold 56 samples the sum of 
m and a reference voltage provided as shown by a 
source of do (illustrated as a battery). The reference 
voltage is selected to be equal and opposite in sign to 
the integrator output for the condition where pulses j 
and e are exactly 180° out of phase. Sample-and-hold 
56 inverts the sign of the sampled sum of its two inputs 
producing error signal n. Signal n will be zero when 
pulses j and e are 180° out of phase; however, for any 
departure from this desired phase relationship, n will be 
a positive or negative voltage proportional to the phase 
error. The output of sample-and-hold 56, n, is applied 
to amplifier and ramp generator 6th. in the phase~lock 
mode, hill is a unity gain inverting ampli?er whose out 
put is denoted by e 07>. Signal e #3 , in the phase-lock 
mode, is applied to summing switching ampli?er 64 
(FIG. 3) which inverts e qt» producing output 0 which 
is applied to motor speed control 22. In this manner 
phase error detector 118 produces a bipolar error volt 
age e 1b which is effective in changing the motor speed 
in such a manner as to substantially establish and main 
tain the desired phase relationship between pulses j and 
e. 

Note that phase error voltage e d, is constant during 
the interval between two consecutive pulses f 
producing a constant frequency signal which is applied 
to the motor. Error voltage e a is updated every half 
cycle of the acoustic signal during the occurrence of 
pulse f. Sample-and‘hold circuit 56 samples the phase 
error for the duration of f and upon the termination of 
f holds the sampled value until the occurrence of the 
next consecutive sample pulse f. Each updated sample 
of the phase error is immediately (no ?ltering) effec 
tive in changing the frequency of the motor drive 
power. 
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6 
High gain is incorporated into this control loop to 

provide rapid phase lock of the acoustic signal —— a few 
sample periods. The gain of the phase error detector 18 
(volts/degree) can be adjusted by changing the RC 
time constant of integrator 54» or by changing the gain 
of sample and hold 56. The proper gain depends on the 
gain of motor speed control 22 (Hz/volts), characteris 
tics of induction motor 1 1, and other system properties. 
The optimum gain is best determined empirically. 
Summing Ampli?er 20, FIG. 3 
By the means previously described, the phase of the 

acoustic signal is maintained substantially constant 
when the system is in the phase-lock mode. Referring 
to FIG. 3, further details of the summing switching am 
pli?er 20 are shown. When the system is in the phase 
lock mode, the motor is under control of two functions. 
One of them is a constant voltage designated as —E,; 
which is applied by way of resistor 6:2 to the input of 
summing ampli?er ML The other is the phase error 
voltage :e d which is applied from the output of am~ 
pli?er 60 (FIG. 2) by way of resistor 65 and normally 
closed switch 66 also to the input of the summing am 
pli?er. The sum of these two signals is inverted and pos 
itive signal, +53 ie 4) , is applied. to motor speed con 
trol to maintain the phase-lock condition. The motor 
speed control is effective in changing the speed of the 
induction motor 111 by changing the frequency which 
is applied to the motor. The frequency applied to the 
motor is linearly related to the voltage produced at the 
input to motor speed control 22 by summing ampli?er 
6d, increasing with increasing voltage and vice-versa. 
The voltage 13,, is selected to provide approximately the 
correct frequency. 
Upon the occurrence of a data pulse, and in this in 

stance a serial binary “ 1 ” bit, the phase of the acoustic 
signal will be changed to a second phase state by the 
initiation of the generation of a programmed function 
which will change the speed of the motor. Where a bi 
nary mode of transmission is being utilized, the second 
phase state will differ from the ?rst phase state by 180°. 
To change the phase state, the motor may either be ac 
celerated or decelerated. With this understanding of 
the options available, the following description will 
concern itself with the mode wherein the speed of the 
motor is ?rst accelerated and then decelerated to 
change the phase. in this operation, having accelerated 
the motor there will be generated thereafter and upon 
occurrence of a predetermined phase shift in the acous~ 
tic signal a control pulse which will be effective to initi~ 
ate operations which will be effective to decelerate the 
motor and return it to the predetermined constant 
speed but with the phase of the acoustic signal changed 
by 180°. Thereafter and until the occurrence of another 
binary “1” bit, the motor will be under control of the 
phase~lock loop. 
Implementation of the 180° phase shift is accom 

plished in the following way, described‘ with reference 
to FIG. 3 which shows further details of the transmitter 
control 32 and transition phase shift detector 1% with 
associated waveforms shown in FIG. 5. A binary “I” 
bit represented by the waveform u is applied to a transi~ 
tion start pulse generator '70. This generator, which 
may be a monostable multivibrator, produces a pulse v 
initiated by the trailing edge of the waveform u. The 
leading edge of the pulse v triggers a transition control 
?ip-?op 72 which produces a square wave x having a 
time duration in which the phase change or shift is to 
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occur in the acoustic signal. The onset of the square 
wave x initiates several functions. One of them is imme 
diately to disable the phase-lock loop as by disconnect 
ing the circuits of block 60 and, in the speci?c embodi 
ment described, to convert the ampli?er function of 
block 60 to a function generator. At the same time, the 
switch 66 is opened. The onset of the square wave x is 
also applied to a gate 74 whose output y changes to a 
logic “0”. Upon the occurrence of this change in y to 
a logic “0”, normally open switch 76 is closed. The out 
put from the block 60 (FIG. 2), now a function genera 
tor, is applied by way of resistor 78 and switch 76 to the 
input of the summing ampli?er 64 to begin the acceler~ 
ation of motor 11 by way of motor control 22. ' 
The motor will continue to accelerate until a prede 

termined shift in the phase of the acoustic signal oc~ 
curs. At this predetermined shift in phase, preferably at 
about 90° or greater, the control function applied to the 
summing ampli?er 64 will be changed so as to deceler 
ate the motor and return it to its phase-locked speed 
and phase. The determination of the attainment of the 
predetermined shift in phase at which time the charac 
ter of the control function is changed is accomplished 
in the following manner. 
Transition Phase - Shift Detector 34, FIG. 3 
We have found that there is a relationship between 

the phase-lock speed of the tachometer l5 and the in 
stantaneous speed of the tachometer which can be de 
tected and is a direct measure of phase shift. More par 
ticularly, it can be shown that a measure of phase shift 
can be obtained by comparing a voltage representative 
of the speed of the tachometer in the phase-lock mode 
with the integral of the difference between that voltage 
and a voltage representative of the instantaneous speed 
of the tachometer. When the integral voltage together 
with the voltage representative of phase-lock speed at 
tain equality, (or some fraction thereof), a speci?c 
phase shift has been attained. The amount of phase 
shift required to produce the equality can be shown to 
be determined by the RC characteristics of the integra 
tor being employed. Therefore, by establishing the 
amount of phase shift desired, it is necessary only to es 
tablish the appropriate constant for the integrator. 

In carrying out the foregoing in the system of the 
present invention the waveform b from the output of 
the fullwave recti?er 42 is applied to the input of a ?rst 
?lter 80. The amplitude of waveform b is linearly pro 
portional to the motor speed. This ?lter has a relatively 
short time constant and is provided primarily to remove 
ripple present in the waveform b. The output of the ?l 
ter waveform p representative of the instantaneous 
speed of the tachometer, is applied to a ?lter-and-hold 
circuit 82 and to one input of the differential integrator 
84. The integrator 84 is normally disabled or in a reset 
mode. The filter 82 has a long time constant ( T= RC 
= 0.2 sec, ideally a time like 1 baud) or otherwise is a 
low-pass ?lter which essentially ignores rapid fluctua 
tions that may occur at its input. Therefore its output 
q is essentially a constant value representative of the 
average speed of the'motor during the time ?lter and 
hold 82 functions as a ?lter. As will be seen below, ?l 
ter and hold 82 functions as a ?lter only while the 
motor is in the phase-locked carrier mode; conse 
quently, its output is, at all times, representative of the 
phase-locked speed of the motor. 
Upon the onset of the square wave x, the integrator 

84 is enabled. The ?lter 82 is disconnected from the 
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8 
input waveform p and placed in a hold position such 
that its output q will remain constant and will be unaf 
fected by the expected change in the value of p 
occasioned by the acceleration to take place in the 
speed of the tachometer. 
The output from the integrator 84 is the integral of 

the difference between the voltages q and p. The inte 
grator output waveform r is shown in FIG. 5 to rise to 
a value identi?ed as the trip point. At this moment the 
value of the voltage r has equaled the value of the volt 
age q and the output of comparator 86, s, changes from 
a logic “ l ” to a logic “0”. This triggers pulse generator 
88 producing a control pulse r. The occurrence of the 
pulse t', is always at the time when the measured phase 
shift is the predetermined desired value. This measured 
phase shift is independent of changes in the operating 
characteristics of the tachometer due to wear, pressure, 
temperature, or any other condition. This is by reason 
of the fact that any changes in voltage output from the 
tachometer will apply equally to both voltages being 
compared for the establishment of the trip point. 
Transmitter Control 32, FIG. 3 
At the time occurrence of the trip point, the function 

applied to the summing ampli?er is changed to begin 
decleration of the motor. This is accomplished by ap 
plication of the pulse t to a deceleration start ?ip-flop 
90 whose output aa changes from a logic “ l ” to a logic 
“0”. Output 011 is applied to the input of the gate 74. 
The gate 74 is a NAND gate. With a logic zero, wave 
form aa at one input and a logic “1”, input x, at the 
other input, its output immediately goes to a logic “ l ”. 
The output, square wave y opens the switch 76 and dis 
connects the input of the summing ampli?er 64 from 
the function generator 60 (FIG. 2). 
The onset of the negative-going square wave aa is ap 

plied to a decleration time control pulse generator 92 
whose output, a negative-going square wave z, is ap 
plied to switch 94 to initiate the second part of the pro 
grammed function necessary to bring the acoustic sig 
nal back into phase lock at a phase shift of 180°. The 
pulse generator 92 is a monostable multivibrator hav 
ing a predetermined astable time. It also produces a 
second pulse bb which is applied to a transition stop 
pulse generator 96. At the end of the astable period of 
the pulse generator 92, the square wave bb changes to 
a logic “0” and the transition stop pulse generator 96 
responds to produce the pulse w. The pulse w is effec 
tive to change x back to a logic “0” and aa to a logic 
“ l ”, whereupon the gate 74 will cause its output to re 
main at a logic “ l”, maintaining the switch 76 open. 
The pulse w, in carrying out these functions, is applied 
to the deceleration start ?ip-?op 90 to change its out 
put aa from a logic “0” to a logic “ l ”. Pulse w is also 
applied to the transition control ?ip-flop 72 to effect 
the change in the logic state of the waveform x. With 
the return of the waveform x to a logic “0”, the switch 
66 is closed and the circuits in block 60 are recon 
nected to the output of the sample-and-hold block 56 
(FIG. 2). Additionally the function of the block 60 is 
returned to that of an ampli?er. In addition the integra 
tor 84 is reset and the ?lter-and-hold circuit 82 returns 
to a simple ?lter status. 
While the present invention is useful with many con 

trol functions for accelerating or decelerating the 
motor 11 to change the phase of the sonic signal, we 
have found a function which is particularly useful in ef 
fecting a 180° phase change in the sonic signal in a min 
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imum of time. The characteristic of this function is 
represented by the waveform 0. It comprises an initial 
step function followed by a linear ramp. The step and 
ramp are chosen to increase the applied frequency in 
such a manner that “slip” between the applied fre 
quency and motor speed is near optimum to give maxi 
mum acceleration. The ramp continues until the trip 
point is reached whereupon the voltage is immediately 
dropped to another predetermined step value and held 
for a predetermined time period as is represented by 
the astable period of the deceleration time control 
pulse generator 92. 
The Generations of the Linear Ramp Function 0, FIG. 
3 
The generation of the function 0 is accomplished in 

the following manner. Function 0 is the output of sum 
ming switching ampli?er 20. Summing switching ampli 
?er 211 is basically an inverting adder with switchable 
inputs which can be weighted by proper selection of the 
feedback resistor and input resistor ratios. Appropriate 
inputs are selected by means of FET analog switches 
66, 941 and 76 which are controlled by transmitter con 
trol 32. It will be recalled that at the beginning of the 
transition period the switch '76 was closed. At this time 
voltage of approximately +2 volts at the output of oper 
ational ampli?er 64} is derived by way of the voltage 
source, —EB, and resistors 100 and 63. This represents 
the onset or the initial step portion of the waveform 0. 
To this is added the linearly rising ramp function gener 
ated by the circuits of block 611. At the occurrence of 
the trip point, the switch 76 is immediately opened and 
switch 94 closed whereupon the voltage applied to the 
input of the summing ampli?er immediately drops to a 
new value determined by the -—E,, input and the values 
of resistors M12 and 63. This voltage is maintained over 
the astable period of the pulse generator 92, at the end 
of which the control of the motor is returned to the 
phase-lock loop wherein switches 76 and 941 are 
opened and switch 66 closed. The variations in the 
value of the voltage 0 represents the presence of an 
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error voltage from the phase-lock loop and the rapid ' 
return to phase lock by the system. 
The Circuitry of Integrator 5d Sample-and-I-Iold 56 and 
Function Generator 6%, FIG. 6 
The circuit which performs the function of trans 

forming the block 611 (FIG. 2) from ampli?er to ramp 
generator and back again is illustrated in FIG. 6. The 
circuit includes integrator 54», sample~and~hold circuit 
56, and the ampli?er and ramp generator 60. The inte 
grator 541 includes an operatonal ampli?er 110. The 
waveform h is applied to its input. The output m is ap 
plied by way of resistor 112 to a summing point 114 of 
the sample-and-hold circuit 56. A voltage derived by a 
voltage dividing network comprised of resistors 116 
and 118 is applied to the summing point by way of re 
sistor 1211. This voltage is of opposite polarity from the 
output of the integrator and has a value equal to that 
which the integrator should have if the clock pulses and 
the tach pulses are exactly 180° out of phase. With the 
switch 122 closed, the circuit 56 is in a sample mode 
and samples the difference in the voltages applied to 
the summing point 114. With the switch 122 under 
control of the waveform f open, the circuit 56 is in a 
hold mode and its output, waveform n, is applied to the 
circuit 611. 
With operation in the phase-lock mode, the circuit 

60 is an ampli?er. At this time the waveform x is a logic 

45 

55 

65 

16 
“O” and is applied to the switches 12d and 125 which 
are closed. Switch 126 is also closed by reason of the 
fact that the closed switch 125 connects its control 
point to ground. With the capacitor 129 being shorted 
by closed switch 124, it can immediately be seen that 
the circuit is a unity-gain inverting ampli?er operating 
upon the input voltage n which is applied by way of re» 
sistor 130. Unity gain is achieved by having the feed 
back resistor 131 equal in value to the resistor 134). 
While in this con?guration, a voltage is being applied 
from the IS-volt source, by way of a resistor 132 which 
is very much larger than the feedback resistor 131. 
Hence any input that might be applied by way of resis 
tor 132 can be ignored because the gain of the ampli 
?er is essentially zero due to the relation in the sizes of 
the resistors. 
Upon the initiation of the transition interval, that is, 

the time at which we desire to change the phase of the 
sonic signal, the waveform x changes from a logic “0” 
to a logic “1.” Upon the occurrence of a logic “1”, 
switch 124!» as well as switch 125 are open. The opening 
of switch 125 disconnects the control point 127 from 
ground and a negative voltage is applied by way of re 
sistor 1341- to open the switch 1.26. Accordingly, the 
input of the circuit 60 is disconnected from the output 
of the sample-and-hold circuit 56. With the switch 124 
open, the circuit 60 now becomes an integrator having 
applied to its input a voltage from the 15-volt source by 
way of the resistor 132. Accordingly, there is produced 
at the output of the circuit 66 a negativeqgoing ramp 
function which is applied to summing switching ampli 
?er 20 producing the ramp portion of function 0 in 
FIG. 5. 
At the end of the transistion interval the waveform it 

returns to a logic “0” and the function of the circuit 60 
is returned to that of an ampli?er. 
Filter-andHold Circuit 82, FIG. '7 

Details of the filter-and-hold block 552 are illustrated 
in FIG. 7. Circuit 82 includes an operational ampli?er 
136 having waveform p applied to its negative input by 
way of resistor 138 and normally closed switch 140. 
The switch 140 is closed during the phase-lock mode 
by reason of having applied thereto the waveform x 
which is in a logic “0.” With resistor M2 and capacitor 
1414 in its feedback loop, the operational ampli?er rep 
resents a low-pass ?lter whose output is the waveform 
q. I‘Jpon the initiatiori?gf the transition mgde, the 
waveform-x changes to a logic "1i‘?ii?iéFdpeng'éw?éii 
146. This immediately disconnects the input of the op 
erational ampli?er 136 from the waveform p, and with 
only the capacitor 1% in its feedback loop the opera 
tional ampli?er assumes the function of a hold circuit 
and maintains the last value of waveform q at its output. 

The various switches 122, 125, 124 and M6 referred 
to in the foregoing description are provided by FET P 
Channel Transistors which are the 2N3993 type. 
Switch 126 is a 2N4857 N-Channel FET. 
What is claimed is: 
1. In a logging-while-drilling system including a 

motor which drives an acoustic generator at a predeter 
mined speed for imparting to well liquid an acoustic 
signal having phase states representative of data de 
rived from measured downhole conditions, a data en 
coder, the improvement comprising: 
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means responsive to the occurrence of a data pulse 
for generating a programmed function applied to 
said motor to change the speed of the motor, 

means for generating a control pulse upon the occur 
rence of a predetermined phase shift in the acous 
tic signal caused by a shift in motor speed relative 
to said predetermined speed to terminate the appli 
cation of said ?rst programmed function, and 

means responsive to said control pulse for generating 
a second programmed function of ?xed time dura 
tion applied to said motor to again change the 
speed of the motor to return it to said predeter 
mined speed but with a shift‘ in the phase of the 
acoustic signal. 

2. The system recited in claim 1 further comprising: 

a motor control circuit including means for maintain 
ing the speed of said motor constant at said prede 
termined speed and in a constant predetermined 
phase relation to local clock pulses. 

3. The system recited in claim 2 wherein said motor 
control circuit includes: 
a tachometer producing tachometer pulses repre 
senting the speed of rotation of said motor, and 

means for producing an error voltage representing 
the difference in phase between said tachometer 
pulses and said local clock pulses. 

4. The system recited in claim 3 further comprising: 

means for sampling said error voltage each tachome 
ter period, and 

means for applying the sampled error voltage directly 
to said motor to change the speed thereof. 

5. The system recited in claim 3 further comprising 
a pulse generator responsive to said tachometer pulses, 
said pusle generator producing pulses at a rate which 
is twice the frequency of said acoustic signal produced 
by said acoustic generator, the output of said pulse gen 
erator being compared to said local clock pulses to pro 
duce said error voltage. 

6. The system recited in claim 1 further comprising: 

means for generating a phase lock signal representa 
tive of said predetermined speed of the motor, 

speed changing means responsive to the occurrence 
of a data pulse for changing the speed of said motor 
to change the phrase state of the acoustic signal, 

means for generating an instantaneous signal repre 
sentative of the instantaneous speed of the motor, 

a differential integrator, said phase lock and said in 
stantaneous signals being applied to said differen 
tial integrator to produce an integral signal repre 
senting the integral of the difference between said 
predetermined speed and said instantaneous speed, 
and 

means for comparing said phase lock signal with said 
integral signal to produce a control signal when a 
speci?c phase shift in said motor speed has been 
attained. 

7. The system recited in claim 1 wherein said means 
for generating a programmed function comprises: 
means for initially applying a step voltage to said 
motor control circuit, and 

means for adding a linearly increasing voltage to the 
step voltage. 

12 
8. The system recited in claim 7 wherein said means 

for generating a second programmed function com 
prises: 
means for, upon the occurrence of said predeter 

5 mined phase shift, immediately reducing the volt 
age applied to the motor control circuit to a lesser 
value, and 

means for continuing the application of said voltage 
of lesser value for a predetermined time where 
upon the acoustic signal will have attained another 
predetermined phase state. 

9. In a logging-while-drilling system including an 
acoustic generator for imparting to a well liquid an 
acoustic signal having a constant frequency, the 
method of momentarily changing the speed of said 
motor to effect a change in the phase state of the signal 
comprising: 

accelerating said motor, 
measuring the change in phase of said acoustic signal 
caused by the changing motor speed, and 

stopping said acceleration when the measured 
change of phase is a predetermined phase shift 
which is less than the desired change in phase. 

10. The method recited in claim 9 wherein the step 
of accelerating comprises: 

initially applying a step voltage to a motor control 
circuit, and 

adding a linearly increasing voltage to the step volt 
age. 

11. The method recited in claim 10 wherein the step 
of stopping the acceleration upon the occurrence of 
said predetermined phase shift comprises: 
immediately reducing the voltage applied to the 
motor control circuit to a lesser value, and 

continuing the application of said voltage of lesser 
value for a predetermined time whereupon the 
acoustic signal will have attained another predeter 
mined phase state. 

12. The method recited in claim 9 wherein the de~ 
sired change in phase is 180° and the predetermined 
change of phase is more than 90°. 

13. The method recited in claim 12 wherein said pre 
determined change in phase is approximately 90°. 

14. In a logging-while-drilling system for use in a 
wellbore ?lled with liquid and having an acoustic gen 
erator for imparting to the liquid an acoustic signal 
whose frequency is proportional to the speed of a 
motor driving the acoustic generator, the improvement 
comprising: 
a motor control circuit, 
means for maintaining through said motor control 

circuit the speed of the motor constant at a prede 
termined value and in a constant predetermined 
phase relation to local clock pulses, 

means responsive to the occurrence of a data pulse 
to disable the aforesaid means and to apply to said 
motor’ control circuit a programmed function to 
change the speed of the motor in a ?rst direction 
to change the phase state of the acoustic signal, 

means responsive to a predetermined change in the 
phase state caused by change in the speed of said 
motor to terminate said ?rst programmed function 
and to apply a second programmed function to 
change the speed in a second direction, and 

means for enabling said maintaining means following 
a predetermined phase change to again obtain said 
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constant speed with the acoustic signal having un 
dertaken a phase change of 180°. 

15. ln a logging-while-drilling system wherein the 
drilling mud stream is continuously interrupted to gen 
erate acoustic signals having multiple phase states rep 
resentative of a measured downhole condition and 
wherein the frequency of interruption is determined by 
the rotation of an electrical motor, a system responsive 
to a measured data condition for rapidly changing the 
speed of the motor to in turn change the phase of the 
acoustic signal comprising: 
means for initially applying a step voltage to a motor 
control circuit, 

means for adding a linearly increasing voltage to the 

10 

25 

35 

45 

55 

60 

65 

14 
step voltage, 

means for detecting the amount of phase shift in the 
acoustic signal caused by a shift in motor speed rel 
ative to said predetermined speed, 

means for, upon the occurrence of a predetermined 
phase shift, immediately reducing the voltage ap 
plied to the motor control circuit to a lesser value, 
and 

means for continuing the application of said voltage 
of lesser value for a predetermined time where 
upon the acoustic signal will have attained another 
predetermined phase state. 

* >|< * * s: 
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