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3 Claims. (C. 340-8) 
This invention pertains to a monitoring system and 

more particularly to a system which is designed to monitor 
a device and its associated circuit as it is being installed in 
an oil well or the like. 
Many devices are semi-permanently installed in the bot 

tom of oil wells and the like for determining various 
physical properties. For example, pressure and tem 
perature transmitters are installed in the bottom of oil 
wells and connected to surface recording equipment by 
a connecting cable. As these devices are being installed 
in oil wells they receive considerable mechanical shock 
and thus often times either the device or its associated 
cable is damaged. In some installations the downhole 
instrument is connected to the surface equipment by a 
single insulated cable strapped to the side of the produc 
tion tubing string. Normally the damage is not dis 
covered until after installation is completed and an at 
tempt is made to obtain information such as downhole 
pressure or downhole temperature from the device which 
has been installed. Since the damage is not discovered 
until after the installation is completed and the rig has 
been removed from the well considerable expense is in 
volved in retrieving the device, correcting the trouble and 
reinstalling it. The cost involved is readily apparent 
when it is remembered that the average oil well in the 
United States is on the order of 7,000 to 10,000 feet deep 
and heavy equipment is required to retrieve the produc 
tion tubing string. 

Accordingly, the principal object of this invention is 
to provide an automatic monitoring system which will 
continuously monitor the installation of a downhole de 
vice and its associated circuit and periodically indicate the 
condition of the device and its circuit as the downhole 
instrument is being installed. 
A further object of this invention is to provide a small 

compact automatic monitoring system which audibly in 
dicates the condition of the downhole device and its as 
sociated circuit during its installation in the wellbore with 
out requiring either manual attention or observation. 
The above objects and advantages of this invention are 

obtained by providing a device which will periodically in 
terrogate the downhole device and its associated circuit 
and receive a return response indicating the condition of 
the downhole device and its circuit. The response of the 
device to the interrogation is amplified and passed through 
an audio speaker so that an audible sound or ringing will 
be obtained. Thus, if the device is interrogated at set 
time intervals an associated audible sound will be pro 
duced. The people associated with the installation will 
only be required to listen for the audible sound and not 
required to check or initiate any tests in order to deter 
mine whether the device and its associated circuit is in a 
satisfactory operating condition. 
The above objects and advantages will be more easily 

understood from the following detailed description of a 
preferred embodiment when taken in conjunction with 
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2 
the attached drawing showing a schematic diagram of 
this invention as applied to a downhole pressure trans 
mitter. 

Referring to the attached drawing, there is shown a 
downhole pressure transmitter 10, a pulsing circuit 11 and 
an amplifying circuit 12. The downhole pressure trans 
mitter may be of any design such as the one illustrated 
and described in the applicant's copending application, 
Serial No. 731,328, filed April 28, 1958 and now Patent 
Number 3,062,052. This type of transmitter utilizes a 
vibrating string whose frequency varies with pressure. It 
is interrogated by drawing the string to one side by means 
of a coil and armature and then releasing the string, the 
vibrations of the string inducing an alternating signal in 
the coil. This invention is designed to periodically test 
the operation of the downhole pressure transmitter 10 
and the cable 4 in order to ascertain that it is in a satis 
factory operating condition during its installation in a 
Well. The surface equipment generates a periodic pulse 
which is transmitted down the cable 4 to interrogate the 
transmitter 10 and then audibly reproduces the transmitter 
response. The surface equipment also audibly reproduces 
the interrogating pulse thus indicating that the surface 
equipment is operating satisfactorily and has actually 
transmitted a pulse to the transmitter 0. 
As shown on the drawing, the pulsing circuit 11 utilizes 

a variable resistor 20 in series with a fixed resistor 2 
and a capacitor 22 as a resistance capacitor circuit for 
determining the period between individual pulses. The 
variable resistor 20 and fixed resistor 21 are in series 
with a second fixed resistor 27 which forms part of a 
second resistance capacitance circuit. The resistance ca 
pacitor circuit is coupled by means of a lead 25 to the 
positive side of a battery 23 whose negative side is ground 
ed at 24. Thus, the capacitor 22 will be charged ex 
ponentially to a final voltage which is determined by the 
reakdown voltage of the diode 26. More particularly, 

the diodes 26 and 32 are four-layer, two terminal semi 
conductor devices. The diodes 26 and 32 have the par 
ticular quality of acting as a switch in that they remain 
open and exhibit a relatively high resistance until a pre 
determined voltage level is exceeded at which level they 
break down and exhibit a relatively low resistance thus 
acting as a switch. In a particular circuit the resistances 
20 and 21 have a value of approximately 50,000 ohms 
and the capacitor 22 a value of 100 microfarads, the 
resistance 27 having a value of approximately 80 ohms, 
and the diode 26 having a breakdown voltage of 30 volts. 
Thus, the capacitor 22 will be charged until it reaches a 
voltage level of 30 volts at which point the diode 26 
will break down and the capacitor discharge through the 
remainder of the circuit to the ground 24. If the resist 
ance 20 is provided with a suitable range one may ob 
tain a charging time for the capacitor 22 on the order of 
10-15 seconds and thus the period of the pulse may be 
varied between these limits. 

After the diode 26 breaks down and permits the ca 
pacitor 22 to discharge through the remainder of the 
circuit, the capacitor 31 will be charged to the break 
down voltage of the diode 32. The capacitor 31 is in 
series with the resistance 27 and thus forms a second 
resistance capacitance circuit. The capacitance 31 is con 
nected to the ground 24 by means of leads 44 and 45. 
The diode 32 is selected so as to have a lower break 



3. 
down voltage than the diode 26; 20 volts being a reason 
able value for the example described above. Also, the 
resistance 27 and capacitor 31 should be chosen to give 
a reasonably short charging time for the circuit; 5-10 
milliseconds being a suitable, value. As the capacitor 
31 charges the exponentially increasing voltage will ap 
pear as a pulse at the point. 33 having a 5-10 millisecond 
duration. This pulse is coupled to the center conductor 
40 of the logging cable 14 by means of a current limit 
ing resistor 30, the lead 34, diode 35 and lead 36. The 
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pull stage being coupled to a speaker 61 through an out 
put transformer 60. As shown, the transistors of the 
audio amplifier may be supplied with power from a single 

O 
diode 35 should be selected to have a certain threshold voltage on the order of one volt or the like. 
The shield or outer conductor 41 of the logging cable 

14 is connected to the ground 44 by means of lead 42. 
A second diode 43 is disposed in the opposite direction 
to and parallel with diode 35 in order to provide a 
path to ground for the decreasing portion of the pulse 
as will be explained below. . . . . . . . . . 
When the above-described pulsing circuit is operated 

by closing the switch 37 on the battery 23 the capacitor 
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22 will charge as described above until the breakdown - 
voltage of the diode 26 is reached. This voltage level 
is approximately 30-volts for the example given above 
and is reached in approximately 10-15 seconds depend 
ing on the setting of the resistance 20. This voltage of 

when the diode 26 breaks down. When the diode. 26 
breaks down it permits the capacitor 22 to discharge 
through the remainder of the pulsing circuit to the ground 
24, thus charging the capacitor 31. As capacitor 31 
charges it will generate an exponentially increasing volt 
age pulse at the point 33 having a substantial instantane 
ous return to zero when the breakdown voltage level of 
the diode 32 is reached. This pulse will be transmitted 

25 
course will have an exponential form well known in the . 
charging of a capacitor and a sharp decrease to Zero 

:35 
through the diode 35 in a substantially unaltered form 
to the downhole pressure transmitter 10. It is desirable 
to use a pulse which has an exponential wave form on 
its forward side and a steep wave form on its back side. 
in contrast to a square wave pulse.for actuating the 
downhole pressure transmitter 10. This results from 
the fact that the pressure transmitter 10 utilizes a vibrat 
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ing string and if the string was pulled sharply to - one 
side through the use of a pulse having a square wave 
shape the string would vibrate in the displaced position 
and in case it was released by the square wave pulse 

battery 57 if so desired. . . 
From the above description it can be appreciated that 

this invention has provided a simple pulsing circuit which 
utilizes all solid state elements to generate periodic pulses 
for interrogating the pressure transmitter 10 and for con 
necting cable 14, as the pressure transmitter is installed 
in a well. The use of solid state elements results in a 
very reliable device which has relatively low power re 
quirements. Furthermore, the period of the pulse may 
be varied over a relatively wide range through the use 
of the variable resistance 20. Also the pulse supplied 
for interrogating the pressure transmitter 10 has an ex 
ponentially increasing forward side which insures that 
the audio signal generated by the vibrating string of the 
pressure transmitter will have a uniform amplitude. 
Finally, the audio amplifier 12 will audibly reproduce 
both the interrogating pulse supplied to the pressure 
transmitter as well as the audio signal. from the pres 
sure transmitter. Thus, the person installing the pres 
sure transmitter will first hear the interrogating pulse and 
an instant later the pulse of the pressure transmitter. If 
the interrogating pulse is not heard it indicates that the . 
pulsing circuit is : malfunctioning, while if the interro 
gating pulse is heard but not the audible signal from the 
pressure transmitter, it would indicate that the cable cir 
cuit 14 or the pressure transmitter 10 is malfunctioning. 

30 Therefore, the invention audibly indicates both the func 
tioning of the pulsing circuit and the pressure transmit 
ter and associated circuit. 
While but a single embodiment of this invention has 

been shown and described in detail it should not be 
limited to the details described but only to its broad spirit 
and scope. 

: I claim as my invention: 
1. A system for monitoring the installation in a well 

bore of a vibrating string device capable of measuring 
a physical characteristic, said system comprising: a cable 
coupling the device to the surface of the well, a pulsing 
circuit located at the surface and having a first capaci 
tance resistance circuit having an adjustable time con 
stant, said capacitance resistance circuit being coupled 

45 
on the inward half cycle of its vibration the subsequent 
signal would have a greatly diminished amplitude. 

ing voltage pulse since the string is slowly pulled towards 
the magnet thus preventing its vibration until it is re 
leased by the breakdown of the voltage pulse. 
The voltage pulse transmitted over the cable 14 rises 

to a maximum value and then falls to zero. The diode 
35 blocks the path to ground for the falling pulse and 
thus the pulse tends to charge the cable 14 due to its 
capacitance. 
path to ground is provided by inserting diode 43 in 
parallel with and in opposite direction to the diode 35. 
This path through the diodes 43 and 32 will permit the 
falling signal from the cable 14 to be bypassed to the 
ground 24 and thus maintain the cable relatively free of 
any charge. 
to ground it isolates this ground path for the low ampli 
tude return signals from the transmitter because of its 
threshold voltage and, thus the two diodes 35 and 43 

This . . . 
difficulty is avoided by using the exponentially increas 

Even though the diode 43 provides a path 
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To prevent this buildup of a charge a 
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65 
act as a switch to couple the pulsing circuit to the cable 
14 during the pulsing period and disconnect it during 
the receiving period. . 
The signal from the transmitter 10 is coupled to the 

audio amplifier 12 through a blocking capacitor 50. The 
audio amplifier 12 is provided with three single stages 

a second static device having a predetermined break 

70 

formed by transistors 51, 52 and 53 and a push-pull out 
put stage formed by transistors 55 and 56. The output 
of transistor 53 is coupled to the push-pull output stage 
through a transformer 54 with the output from the push 75 

to a second capacitance resistance circuit through a first 
static device having a predetermined breakdown volt-: 
age; said second capacitance resistance circuit having a 
relatively short time constant and coupled to ground 
through a second static device having a predetermined 
breakdown voltage; said second capacitance resistance 
circuit being coupled to said cable through a diode to 
transmit: the pulse produced by said second capacitance 
resistance circuit; to energize the device said cable in . 
addition being coupled to an amplifier and audio repro 
ducing means located at the surface to reproduce both 
said pulse and the response of the device. . . . . . . 

2. A system for monitoring the installation in a well-. 
bore of a vibrating string device capable of measuring . 
a physical quantity, said system comprising: a cable cou-. 
pling the device to the surface of the well, a pulsing 
circuit located at the surface and having a first capaci 
tance resistance circuit having an adjustable time con 
stant, said capacitance resistance circuit being coupled ... 
to a second capacitance resistance, circuit through a first 
static device having a predetermined breakdown voltage; 
said second capacitance resistance circuit having a rela 
tive short time constant and coupled to ground through 

down voltage; said second capacitance resistance circuit - 
being coupled to said cable through a first diode to trans 
mit the pulse produced by said second capacitance re 
sistance circuit to energize its device; said cable in ad 
dition being coupled to an audio amplifier and speaker 
system located at the surface to reproduce both said : 
pulse and the response of the device and a second diode : 

  

  

  

  



3,136,975 
5 

disposed in parallel with but opposite to said first diode 
to provide a path to ground. 

3. A system for monitoring the installation of a de 
vice in a wellbore comprising: a cable coupling the de 
vice to the surface of the well, said device supplying an 
audio frequency signal when interrogated by a pulse of 
sufficient magnitude; a pulsing circuit including a first 
means for generating a periodic pulse having a preset 
repetition rate, a second means energized by the pulse 
of said first means for generating a second pulse capable 
of interrogating the device; unidirectional circuit means 
for coupling the second pulse to said cable and another 
circuit means coupling the response of the device to an 
amplifier means whereby the device is interrogated and 
both the second pulse and audio frequency signal from 
the device are audibly reproduced. 
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