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DOWNHOLE INDUCTIVELY COUPLED 
DIGITAL ELECTRONIC SYSTEM 

FIELD OF THE INVENTION 

This invention relates to data and power communication 
between a Surface location or Station and a well tool in a well 
bore, and more particularly, to a System for transmitting 
power from a Surface location to a downhole well tool or 
tools and for Selectively communicating data Signals 
between the Surface location and a well tool for selective 
retrieval of data from a well tool. 

BACKGROUND 

AS oil field technology advances, there is a need to have 
one or more parameter measurement tools on a more or leSS 
permanent or Semi-permanent basis located in a well bore. 
The tools typically are desired to measure parameterS Such 
as pressure, temperature, fluid flow and density. Because 
Such tools utilize electronicS and have other components 
which may require attention from time to time, the tools can 
be made to be retrievably Set in Side pockets located along 
the well String. Alternatively, tools can be installed on a 
non-retrievable basis. Thus, the tools can be retrieved as 
deemed necessary from time to time. 
A side pocket or Side pockets or retrievable tools are 

respectively coupled by a single wire conductor cable to 
equipment at the Surface location. In each side pocket is an 
inductor coupler component (usually a probe member) 
which receives an inductive coupler component located in a 
socket of the well tool. At present, the well tool obtains its 
electrical power from internal DC batteries. Data commu 
nication is effected via the conductor cable. 

It is desirable to eliminate the requirement for non 
retrievable electronics in the well tool and to communicate 
data from a well tool by Supplying the power and commu 
nication data on a common conductor cable. Since the 
inductive coupling components basically define a 
transformer, the power and data communication functions 
must be accomplished with AC Voltages and currents which 
are impressed upon a conductor cable line. The difficulty 
with this approach is that the power frequently should be as 
low as possible So that reactive currents in the conductor 
cable line are minimized. At the same time, data communi 
cation frequencies would like to be as high as possible to 
prevent undue restriction of data communication rates. 
These requirements present a conflict because choosing a 
power frequency too close to the communication frequen 
cies will result in separation difficulty for low level current 
modulation communication frequencies in the presence of 
the high level power frequency. Secondly, Separation of the 
address voltage frequencies (for different tools) from the 
power frequency becomes a significant problem downhole 
because of limited Space and power available to implement 
Sophisticated frequency filters. 

The modulation and detection Schemes used to implement 
the present invention addresses both of these issues and 
result in Simple, highly reliable, Simultaneous communica 
tions and power with the operating frequencies relatively 
close to one another. 

SUMMARY OF THE PRESENT INVENTION 

In the present invention, at a Surface location, a power 
Source with a Selected frequency is utilized to Supply AC 
power via a conductor cable to one or more downhole 
inductor coupling component(s). A downhole well tool(s) 

15 

25 

35 

40 

45 

50 

55 

60 

65 

2 
with a cooperating inductor coupling component has a full 
wave rectifier which Supplies operating DC power for the 
well tool. A well tool configured for use with the present 
invention includes a parameter Sensing means for Sensing 
preSSure, temperature, fluid flow or density which Senses the 
parameter and develops a digital Signal as a function of the 
Sensed parameter. The digital signal measurements are 
Stored in an addressable gate array unit and are output when 
addressed in a current modulation transmission mode. 

Also in the well tool is a level detector which senses the 
rectified output of the rectifier and detects an amplitude 
modulation of the rectified output signal for providing a 
digital address to the well tool gate array logic unit. 

Hence, the downhole tool obtains DC power from a 
rectifier and detects an address signal modulated on the 
power frequency. 
At a Surface location, a discrete digital address for a given 

well tool is provided by a Frequency Shift Keying (FSK) 
communication signal which is impressed upon the power 
frequency. FSK frequencies of 600 and 1200 Hz are 
adequately high for data purposes and, of course, Separate 
the 0 and 1 bits of a digital Signal. 
The amplitude modulation of the FSK communication 

Signals on the power frequency is automatically demodu 
lated by the power rectification in the well tool so that all that 
is required is to Separate the modulation frequency from the 
power frequency ripple. This is accomplished by a filter 
capacitor Selected So that the ripple frequency amplitude of 
the rectified Signal is significantly Smaller than th modula 
tion frequency amplitude. A level detector then rejects the 
Smaller amplitude ripple frequency and follows the larger 
amplitude modulation. 
At the Surface location the power frequency is Selected as 

an exact multiple of the modulation frequencies (4.8 Khz) 
which minimizes the possibility of introducing a DC signal 
component into the line frequency. 

Data transmission is effected by a well tool current 
modulation means which modulates the power current as a 
function of the data being transmitted by the well tool in 
response to the address Signal. At the Surface location, a 
current demodulation transforms the current Signals into 
digital signals representative of the well tool Signals. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic representation of a well bore 
application of the present invention; 

FIG. 2 is a Schematic representation of Side pocket with 
a well tool; and 

FIG. 3 is a schematic illustration of the present invention. 
DESCRIPTION OF THE INVENTION 

Referring now to FIG. 1, a Schematic representation of a 
well bore 10 traversing earth formations 12 is illustrated. 
The well bore 10 includes a cemented liner or casing 14 and 
a production tubing String 16. The production tubing String 
16 may have a number of Spaced apart Side pocket mandrels, 
two such pockets 18.20 being illustrated. A side pocket 
mandrel is constructed and arranged to retrievably receive a 
well tool 21 for measuring downhole parameterS Such as 
pressure, temperature, density and fluid flow (See FIG.2). A 
well tool 21 contemplated by the present invention utilizes 
an inductive coupler which includes an interfitting pocket 23 
on a well tool and a probe 25 in a Side pocket mandrel. 
Inductor coils provide for Supplying power and coupling 
digital data Signals from a well tool to a conductor wire 22 
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which extends to a Surface location. Heretofore, electronics 
have been incorporated within the pin inductive coupler to 
allow DC power voltage to be used on the cable, these were 
not retrievable. In the present invention, the power Supply 
can be located at the Surface location and both power and 
data communications can be implemented on a common 
communication carrier. 

An objective of the present invention is to provide the 
capability to Supply power and Simultaneously communicate 
digitally with one or more downhole gauges or well tools 
which are connected by means of inductive couplers to the 
Same cable. Since inductive couplers are essentially 
transformers, all functions must be accomplished by means 
of AC voltages and currents impressed on the communica 
tion carrier line. 

In the application of the present invention, (See FIG. 3), 
each well tool 24.26 (shown in dashed line) is coupled by an 
inductive coupler component 28.30 to an inductive coupler 
component 32.34 in a side pocket mandrel 32a, 34a (shown 
in dashed line). At a Surface location, an AC power Voltage 
is supplied by an oscillator 40 via a modulator 42 and line 
driver 44 to apply AC power to all of the inductive couplers 
on a communication carrier or cable 48. Each well tool 24.26 
is configured electronically to wait in a Standby or Sleep State 
until addressed by a frequency shift keying (FSK) signal 
from the Surface location. Also at the Surface location and in 
the communication line 48 is a signal detector 46 which has 
an inductive coil coupling 50 to the communication line or 
cable 48. 

With a long cable it is desirable to choose the power 
frequency to be as low as possible So that reactive currents 
can be minimized. At the same time, choice of the commu 
nication frequencies should be as high as possible to prevent 
undue restriction of data rates. Ordinarily these requirements 
are in conflict because choosing a power frequency too close 
to the communication frequencies will result in Separation 
difficulty for the low level current modulation communica 
tion frequencies in the presence of the high level power 
frequency. Secondly, Separation of the address Voltage fre 
quencies from the power frequency becomes a significant 
problem downhole because of limited Space and power 
available to implement Sophisticated frequency filters. 

In the present invention, the modulation and detection 
Systems overcome these problems. Communication frequen 
cies in the range of 600 and 1200 Hz are adequate for most 
data transmission purposes. By using a power frequency 
which is two octaves higher at 4.8 Hz, both the power and 
communication frequencies are able to operate without 
interference. 

AS discussed above, a well tool System is dormant until 
addressed by a discrete FSK communication Signal. The 
address Signal, which is unique for each well tool, is sent 
downhole by means of Voltage modulation of the power 
frequency (as opposed to impressing it on the communica 
tion carrier in addition to the power frequency). The advan 
tage of this choice is that the power frequency is used as a 
carrier and demodulation automatically takes place in the 
well tool through the rectification necessary to generate DC 
power. A full wave rectifier 52 is shown in the well tool 24. 
All that is required to Separate the modulation frequencies 
from the power frequency is the judicious Selection of the 
filter capacitor 54 So that the ripple frequency amplitude is 
Significantly Smaller than the modulation frequency. 
A discrete address modulation frequency is input at the 

surface location by a CPU unit 56 which is programmed to 
Superimpose an FSK communication signal on the Voltage 
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4 
frequency. In the well tool, a level detector 58 is designed to 
reject the Smaller amplitude ripple in the rectified Signal and 
to follow the larger amplitude modulation. Also it should be 
noted that the full wave rectification also results in a ripple 
frequency that is double the power frequency. This means 
that the communication frequencies are now Separated from 
the power ripple frequency by three octaves instead of two, 
resulting in easier Separation. 

It is essential that no significant DC component be intro 
duced into the power Signal driving the line Since this could 
cause over and under shoot on the wave form. This effect 
could occur by Switching amplitudes of the power frequency 
(due to modulation) in the middle of a cycle and then 
Switching back at a different point of the cycle (even though 
multiple cycles may have passed). This is avoided by 
choosing the power frequency to be an exact multiple of the 
modulation frequencies (4.8 KHZ is an exact multiple of 1.2 
KHZ and 0.6 KHZ). Further refinement could also be added 
by Synchronization of the power frequency to the commu 
nication frequencies, but this is not necessary. 

In the well tool 24, once the tool is addressed and awake, 
it provides an output of data. The data output is obtained in 
an established manner by using a current modulation means 
60 to modulate the power current drawn in the communi 
cation carrier cable as a function of the data Signal. At the 
Surface location, the coupler 50 Senses the power current and 
a signal representative of the current drawn by the line is full 
wave rectified by a rectifier 64 at the surface location. The 
modulation is then Separated from the ripple frequency by a 
multi-stage active digital filter 66 because its level is too low 
to use the discrimination technique employed downhole. 
Again, this task is easier because of the frequency doubling 
effect on the ripple frequency. The signal is processed in a 
CPU 68 and Supplied to a recorder means 70. 

In Summary, the communication frequencies are always 
used to modulate the power frequency. In the case of 
communication downhole from the Surface, this is done by 
amplitude modulating the power frequency Voltage level. A 
Similar thing happens when data is Sent uphole from the well 
tool, Since the well tool does this by modulating the current 
it draws. This automatically amplitude modulates the power 
frequency current Supplied from the Surface So that this 
Signal can be demodulated in the same manner as the Voltage 
Signal from the Surface. The carrier (power frequency) is 
effectively removed by rectification and the communication 
Signal is recovered. 
What is claimed is: 
1. A System for providing data and power communication 

between a first Surface location and at least one instrument 
located at a remote location over a common wire conductor 
including: 

at Said first Surface location, 
means for generating AC power at a given power fre 

quency 

means for impressing a discrete digital address on the 
power frequency by modulation frequencies, 

means for demodulating the current of the AC power for 
deriving digital Signals representative of function of the 
operation of the instrument generated at Said remote 
location; 

at Said remote location, 
receptacle means having a first inductive coupler 

component, 
instrument means receivable in Said receptacle means and 

having a Second inductive coupler component which 
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cooperates with Said first inductive coupler component 
for transferring AC power, 

means in Said instrument for rectifying Said AC power to 
provide a rectified Signal output which provides oper 
ating DC power which has amplitude modulation as a 
function of the discrete digital address, 

means for detecting amplitude modulation of the rectified 
Signal output and providing a digital address, 

logic processor means in Said instrument responsive to 
Said digital address for controlling the operation of Said 
instrument, 

current modulation means in Said instrument for modu 
lating the power current as a function of the operation 
of the instrument, and 

Said power frequency being an exact multiple of Said 
modulation frequencies. 

2. The system as set forth in claim 1 and further including 
more than one remote location where all the locations are 
connected to the common wire conductor each remote 
location has receptacle means having a first inductive cou 
pler component, instrument means received in Said recep 
tacle means and has a Second inductive coupler component 
which cooperates with Said first inductive coupler compo 
nent for transferring AC power, and has means in Said 
instrument for rectifying Said AC power to provide a recti 
fied Signal output which provides operating DC power 
which has amplitude modulation as a function of the discrete 
digital address, and further has means for detecting ampli 
tude modulation of the rectified signal output and providing 
a digital address, and Still further has logic processor means 
in Said instrument responsive to Said digital address for 
controlling the operation of Said instrument, and also has 
current modulation means in Said instrument for modulating 
the power current as a function of the operation of the 
instrument, and Said power frequency being an exact mul 
tiple of Said modulation frequency, and 
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the logic processor means at each of Said other locations 

being responsive to a different discrete digital address 
whereby Said locations may be selectively operated. 

3. The system as set forth in claim 1 or 2 wherein a remote 
location within a well bore traversing earth formations and 
Said receptacle means includes a Side pocket mandrel and 
Said instrument means includes a preSSure gauge. 

4. The system as set forth in claim 1 wherein the discrete 
digital address is a FSK communication signal. 

5. The system as set forth in claim 4 wherein the power 
frequency is 4.8 Hz and the modulation frequencies are 1.2 
KHZ and 0.6 HZ. 

6. A method for communication AC power and data 
Signals over a common wire conductor between a Surface 
location and at least one instrument located at a remote 
location where the instrument at the remote location is 
retrievably located in a receptacle and the receptacle and the 
instrument have cooperating inductive coil components for 
the transfer of AC power from the surface location to the 
remote location, and where the instrument has a capability 
of converting AC power to DC power and has a logic 
processor responsive to a discrete digital address for oper 
ating Said instrument and further has current modulation 
means for modulating the power current as a function of the 
operation of the instrument, the method including the Steps 
of: 

Selecting the location to be operated from the Surface 
location and generating a discrete digital address for the 
logic processor of a Selected instrument at Such location 
by impressing a discrete modulating frequency on the 
power frequency for operating Said Selected instrument, 

at Said Surface location, detecting current modulation 
from Said instrument for obtaining a representation of 
the operation of the instrument. 

7. The method as set forth in claim 6 wherein more than 
one locations are Selectively actuated for obtaining a repre 
Sentation of the operation of the instrument. 
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