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METHOD AND DEVICE FOR Mar . 1992 , G01 N 27 / 87 . The device contains numerous 
MULTI - SENSOR ELECTROMAGNETIC sensors located on the circumference of a casing string in 
DEFECTOSCOPY OF WELL CASINGS one plane . The sensors consist of cores and magnetic paths 

separated by a non - magnetic spacer or air clearance , and of 
TECHNICAL FIELD 5 coils with outputs . The magnetic flux through defects is 

higher than that through undamaged areas , which is the main 
A group of inventions related to geophysical well logging , criterion for defect detection . 

in particular to magnetic imaging defectoscopy of well The drawback of this device is that it can be used to detect 
casings including magnetised ones , that can be used to only large defects . Moreover , its design requires a large size 
identify and classify defects in production and intermediate 10 of the device . Therefore , it can only be used in large 
casing and tubing strings in oil and gas wells . diameter pipes , for instance , in gas pipelines . 

There is an electromagnetic method , known from the U . S . 
BACKGROUND ART Pat . No . 7 , 960 , 969 , Schlumberger Technology Corp . , pub 

lished on 14 Jun . 2011 , IPC E21B 47 / 08 , for the electro 
There is a known electromagnetic module , MTT of Son - 15 magnetic measurement of the physical properties of pipes 

dex , to identify defects in tubing strings ( Magnetic thickness using a device containing multiple transmitting and pick - up 
tools - MTT . Leading Oilfield Technology . Sondex , p . 10 , coils connected so that they form multiple measuring 
http : / / www . sondex . com ) . The MTT consists of one exciter devices designed to be placed and moved in a pipe . Physical 
coil and 12 miniature magnetic sensors , mounted on the properties are measured at multiple positions in the pipe . 
inside of bow Springs . The generator operates at three 20 The essence of this known method is as follows . A magnetic 
frequencies . The signal amplitude and phase at the pick - up field is generated in the object under study by current pulses 
coil depend on the amount of metal surrounding a sensor . through an exciter coil . The response of this field is recorded 

The drawback of this known logging tool is that , while it in the tool ' s memory as the time dependence of the EMF of 
can identify defects in one tubing string or an interval of the output signals from uncompensated sensors placed equidis 
casing string after withdrawal from tubing , it cannot distin - 25 tantly from one another on the cross - section circumference 
guish between defects on the inner and outer sides of a of the casing pipe under study . Then , the recorded signals are 
string . Moreover , this logging tool cannot see hole - type processed to identify defects on the cross - section circum 
defects less than 15 mm in diameter . ference of the casing pipe under study . 

There is a known device that can identify defects and This solution is the closest in its technical essence to the 
perforations in pipe strings . The downhole electromagnetic 30 proposed group of inventions . The main drawback of this 
defectoscope includes a housing , an exciter coil with its known solution is that the magnetic field response is mea 
magnetic axis being aligned with the tool ' s axis , and a sured by a measuring device that cannot measure the 
pick - up coil with its magnetic axis being perpendicular to response signals of the secondary electromagnetic field if 
the tool ' s axis ( RF patent No . 2215143 , published 27 Oct . most response signals of the primary electromagnetic field 
2003 , E21B49 / 00 , GO1N27 / 90 ) . In this known device , an 35 are simultaneously compensated , because it contains , among 
alternating current is fed into the exciter coil to generate loop others , uncompensated sensors only . This narrows the 
eddy currents in the surrounding steel pipe , and those , in dynamic range of the magnetic field ' s response signal for 
turn , induce an EMF in pick - up coils . As the pick - up coils small defects , which makes their detection impossible and 
pass by defects in the pipe string , characteristic changes in decreases the resolution . 
the magnetic field are observed . 40 Thus , state - of - the - art analysis shows that the known tech 

The drawback of this device is its inability to distinguish nical solutions cannot ensure detection of small defects , 
between defects on the inner and outer surfaces of a pipe . such as 3 - 5 - mm holes , in casing strings . Moreover , small 
Moreover , a defect can be detected if it is in close proximity defects , such as holes larger than 15 mm in diameter , can be 
to the pick - up coil . detected if they are in close proximity to the sensor . 

There is a method and a device to inspect objects , 45 
including pipes , using moving sensors , known from the U . S . DISCLOSURE OF INVENTION 
Pat . No . 5 , 233 , 297 ( Atlantic Richfield Company , published 
3 Aug . 1993 , IPC GOIN 27 / 72 , GO1N 27 / 82 , GO1R 33 / 12 , The general objective of the group of inventions and the 
GO1B 7 / 10 ) . The device contains an active region with a required technical result to be achieved through their use is 
transmitting element and at least one pick - up element ( sen - 50 the development of a new method and a tool for electro 
sor ) . The transmitting element is connected to a pulse magnetic defectoscopy of casing pipes as well as enhancing 
current source that generates a magnetic field and is , in turn , the informativeness and resolution of measurements and 
connected to a microcontroller . The active region is in close increasing the sensitivity to small defects in casing pipes . 
proximity to the walls of a surveyed object , so that the The aim of the group of inventions and the required tech 
sensors touch its walls and are equidistant from one another . 55 nical result are achieved due to the fact that the electromag 
The active region moves along the object and the transmit netic multi - sensor defectoscope for surveying casing pipes 
ting element induces a pulsed current in the object ' s walls . contains a source of the electromagnetic field in the form of 
The sensors detect the currents induced in the object ' s walls a central exciter coil designed to transmit current pulses 
after every current pulse and transmit the received signals from a pulsed current generator , a system of measuring 
for processing . Then , these data are interpreted to determine 60 elements placed on bow Springs to be forced against the 
the thickness of the object . The object ' s wall thickness is inner surface of a casing pipe , and a unit for signal record 
determined by comparing the received signal with the ref - ing , control and data processing connected to the system of 
erence one that is generated using an object of known measuring elements through communication lines , and that , 
thickness . The drawback of the device is that it measures according to the invention , the system of measuring ele 
only local pipe wall thicknesses . 65 ments designed to record signals proportional to the longi 

There is a device for downhole casing control known tudinal component of the electromagnetic field consists of at 
from the Author ' s Certificate No . 972895 , published on 23 least three compensated sensors , each equidistant from one 
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another on the circumference of the cross - section of a casing BRIEF DESCRIPTION OF DRAWINGS 
pipe so that they ensure reliable detection of defects within 
its surveyed section . Each compensated sensor contains two The essence of the group of inventions is illustrated by 
co - axial pick - up coils with magnetic moments that have drawings . 
equal absolute values and opposite signs , one of them at the 5 FIG . 1 shows a longitudinal cross - section of an electro 
same time being an uncompensated sensor , and with their magnetic multi - sensor defectoscope placed in a casing 
magnetic axes being parallel to the central longitudinal axis string . 
of the defectoscope . FIG . 2 shows a layout of pick - up coils of a compensated 

Each compensated sensor is placed near the inner surface sensor , where M , and M2 are relative magnetic moments . 
of a casing pipe and symmetrically to the central exciter coil . “ i 10 FIG . 3 shows a diagram of sensors of the defectoscope 

The communication lines of the sensors with a signal being equidistant from one another along a circumference of 
recording , control and data processing unit are placed in a cross - section of pipe in one plane . 
flexible , highly temperature and pressure resistant and BEST MODE FOR CARRYING OUT THE hydrogen - sulphide resistant protective housings , preferably 15 INVENTION with spiral winding . 

The aim of the group of inventions and the required Casing Pipe 1 accommodates Electromagnetic Defecto 
technical result are also achieved due to the fact that the scope 2 with Housing 3 containing the longitudinal Induc 
method of electromagnetic multi - sensor defectoscopy for tive Exciter Coil 4 of the tool , co - axial with Pipe 1 , and four 
surveying casing pipes , in which an electromagnetic field is 20 Compensated Sensors 5 and 6 contained in a housing ( not 
generated within the surveyed section of a casing pipe by shown in the drawings ) and placed on the inner side of 
current pulses , response signals of this electromagnetic field Non - Magnetic Bow Springs 7 ensuring that Sensors 5 and 6 
are measured in the intervals between excitation pulses are forced against the inner surface of Casing Pipe 1 ( FIG . 
using a system of measuring elements , the signals are 1 ) . Sensors 5 and 6 are placed on the inner surface of Bow 
transmitted into a signal recording , control and data pro - 25 Springs 7 to minimize their wear during operation due to no 
cessing unit , and that , according to the invention , mainly the friction ( abrasion ) between them and the wall of Casing Pipe 
response signals of the secondary electromagnetic field are 1 . Sensors 5 and 6 are equidistant from one another along the 
measured , and most response signals of the primary elec circumference of the cross - section of Pipe 1 in one plane 

( FIG . 3 ) . Because FIG . 1 is a cross - section of Defectoscope tromagnetic field are compensated , while recording the time 
dependence of the output EMF of the signal of the system of 30 system of 30 2 in Pipe 1 , only two sensors , 5 and 6 , are seen in it . Actually , 

the number of sensors can be larger but not less than three . measuring elements . The number of sensors cannot be less than three to locate The response signals of the electromagnetic field are defects on the circumference of the cross - section of Pipe 1 measured by at least three compensated sensors , each con in one plane with enough detail . The number of Sensors 5 taining two co - axial pick - up coils with magnetic moments a i magnetic moments 35 and 6 depends on the diameter of the surveyed Pipe 1 . The that have equal absolute values and opposite signs . larger the pipe diameter , the larger number of sensors must The measured parameter is the differential EMF , induced be in the defectoscope to ensure a sufficiently high prob 
in the pick - up coils of each compensated sensor , and the ability of finding defects in the surveyed casing pipe section . 
variation of the maximum value and sign of the time The longitudinal inductive Exciter Coil 4 is aligned along 
dependence of the compensated sensor ' s output EMF is used 40 the central Longitudinal Axis 8 of Defectoscope 2 . The 
as one of the indications of defects in a casing pipe . magnetic axis of the inductive Exciter Coil 4 is directed 

The distinctive feature of the proposed group of inven - along the logging tool . The compensated Sensors 5 and 6 are 
tions is a new method of multi - sensor electromagnetic placed right in the middle of Exciter Coil 4 for their best 
defectoscopy to measure , primarily , the response signals of compensation in a solid - wall ( defect - free ) casing pipe . 
the secondary electromagnetic field , while compensating 45 Each of Sensors 5 and 6 contains two co - axial Pick - Up 
most response signals of the primary electromagnetic field , Coils 9 and 10 ( FIG . 2 ) . One of Coils 9 and 10 is , at the same 
and a new multi - sensor electromagnetic defectoscope , time , an uncompensated sensor for additional determination 
including a redesigned system of measuring elements allow - of thickness distribution along the circumference of the 
ing the measurement of mainly response signals of the cross - section of Pipe 1 in one plane . Because Compensated 
secondary electromagnetic field generated by an inductive 30 ctive 50 Sensors 5 and 6 are placed right in the middle of Exciter Coil 
exciter coil excited with periodic current pulses of preset 4 , a pair of coils in each of them is precisely compensated 
duration . The system of measuring elements records signals in the solid - wall ( defect - free ) Casing Pipe 1 ( FIG . 1 ; also 

shows Coils ' Symmetry Axis 11 ) . Coils 9 and 10 are that are proportional to the longitudinal component of the connected in anti - phase mode , i . e . with magnetic moments electromagnetic field . This enhances the informativeness of 55 being equal in value but opposite in sign , for precise measurements and , at the same time , increase the sensitivity compensation of the primary magnetic field in the solid - wall to small defects . Additionally , the redesigned system of ( defect - free ) Casing Pipe 1 . The magnetic axes of Coils 9 
measuring elements contains a combination of compensated and 10 are parallel to Central Axis 8 of Defectoscope 2 , 
and uncompensated sensors , which enhances the resolution which allows measuring the longitudinal component of the 
and allows the detection of magnetic field inhomogeneities 60 response of the secondary magnetic field . Coils 9 and 10 are 
caused by even small defects ( for instance , a hole larger than compensated so that Sensors 5 and 6 in the absence of 
3 mm in diameter ) in metal casing strings , including highly defects induce the minimum EMF at the output of the 
magnetised ones . Additionally , the redesigned system of measuring circuit , while the sensors are additionally dec 
measuring elements allows , after the recording of signals ompensated near Defect 12 , which substantially changes the 
and their processing ( measured data processing ) , the distin - 65 output EMF . This allows the detection of magnetic field 
guishing between defects on the inner and outer pipe sur inhomogeneities caused by even small defects ( for instance , 
faces , which increases the informativeness . holes larger than 3 mm in diameter ) in metal casing strings , 
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including highly magnetised ones . The parameters charac - Specifically , pressure - resistant housings made of non 
terising the size and geometry of defects are the amplitude magnetic low - conductivity material — for example VT3 - 1 
and shape of the time dependence of the output EMF of the titanium or BRB2 bronze can be used as Housing 3 and 
sensor ' s signal ( response from a pipe with defects ) . It should housings for Sensors 5 and 6 . 
be noted that the active regions of each of Sensors 5 and 6 5 The device for multi - sensor electromagnetic defectoscopy 
are located near the butt ends of their coils and near the butt of well casing strings may additionally contain an adapter 
ends of the core of Exciter Coil 4 . for reading - out information , an independent power supply 

Sensors 5 and 6 are connected to the signal recording , and other components . 
The device for multi - sensor electromagnetic defectoscopy control and data processing unit 14 ( FIG . 2 ) through com 

munication lines . The communication lines of Sensors 5 and 10 of well casings can also be used for defectoscopy of metal 
6 with the signal recording , control and data processing unit pipes in other systems , such as gas lines , water lines , etc . 

Possible implementations of this group of inventions are 14 are placed in flexible , highly temperature and pressure not limited to the above - described options but , on the resistant and hydrogen - sulphide resistant protective hous contrary , comprise various modifications and alterations 
ings , both straight and with spiral winding ( not shown in the 15 within the scope and spirit of the patent claim . 
drawings ) . These requirements are defined by the defecto The invention claimed is : scope ' s operating conditions . 1 . An electromagnetic multi - sensor defectoscope for sur 

The device operates as follows . veying a casing pipe , the defectoscope comprising : a central 
Electromagnetic Defectoscope 2 is placed in Casing Pipe exciter coil configured to produce an electromagnetic field 

1 . Periodic current pulses of preset duration are passed 20 according to current pulses from a current pulse generator , 
through Exciter Coil 4 from a current pulse generator ( not a system of measuring elements placed on bow springs to be 
shown in the drawings ) . The differential EMF induced in forced against the inner surface of the casing pipe , and a unit 
Pick - Up Coils 9 and 10 of each of Sensors 5 and 6 by eddy for signal recording connected to the system of measuring 
currents generated by electromagnetic field decay in the elements through communication lines , wherein the system 
surveyed casing due to magnetization current pulses of the 25 of measuring elements , arranged to capture signals propor 
axial Exciter Coil 4 is measured in the intervals between tional to a longitudinal component of the electromagnetic 
excitation pulses . It should be noted that the signals of the field defined along a central longitudinal axis of the defec 
secondary electromagnetic held are measured , while the toscope , comprises at least three compensated sensors , each 
signals of the primary electromagnetic field are compensated equidistant from one another along the circumference of the 
due to equal magnetic moments of the coils of the compen - 30 casing pipe so that each sensor ensures reliable detection of 
sated Sensors 5 and 6 . Signals received from Sensors 5 and defects within its surveyed section , wherein each compen 
6 are transmitted to the signal recording , control and data sated sensor contains two co - axial pick - up coils with mag 
processing unit 14 , in which the variation of the maximum netic moments that have equal absolute values and opposite 
value and sign of the time dependence of the compensated signs . 
sensor ' s output EMF of a signal of each of Sensors 5 and 6 35 2 . The electromagnetic multi - sensor defectoscope accord 
is an indication of Defect 12 in Casing Pipe 1 . During ing to claim 1 , wherein one of the two co - axial pick - up coils 
operation , Defectoscope 2 moves along Pipe 1 . The passage of each compensated sensor is further configured as an 
of Defectoscope 2 from one diameter of Pipe 1 into another uncompensated sensor connected to the unit . 
does not prevent or degrade measurements due to non - 3 . The electromagnetic multi - sensor defectoscope accord 
magnetic Bow Springs 7 of special design allowing the 40 ing to claim 1 , wherein the magnetic axes of the two co - axial 
adjustment of their deflection depending on the diameter of pick - up coils of each compensated sensor are parallel to the 
Pipe 1 and due to the placement of Sensors 5 and 6 on the central longitudinal axis of the defectoscope . 
inner surface of Bow Springs 7 . 4 . The electromagnetic multi - sensor defectoscope accord 

Thus , the redesigned system of measuring elements can ing to claim 1 , wherein each compensated sensor is placed 
measure the signals of the secondary electromagnetic field 45 near the inner surface of the casing pipe and symmetrically 
generated by an inductive exciter coil , while recording to the central exciter coil . 
signals that are proportional to the longitudinal component 5 . The electromagnetic multi - sensor defectoscope accord 
of the electromagnetic field . Moreover , the redesigned sys - ing to claim 1 , wherein the communication lines of the 
tem of measuring elements contains a combination of com - sensors with the signal recording unit are placed in flexible , 
pensated and uncompensated sensors and allows the detec - 50 highly temperature and pressure resistant and hydrogen 
tion of magnetic field inhomogeneities caused by even small sulphide resistant protective housings . 
defects ( for instance , a hole larger than 3 mm in diameter ) 6 . The electromagnetic multi - sensor defectoscope accord 
in metal casing strings , including highly magnetised ones , ing to claim 5 , wherein the signal recording further provides 
which , together with the above - mentioned distinctive fea - control and data processing . 
tures , enhances the resolution and informativeness of mea - 55 7 . The electromagnetic multi - sensor defectoscope accord 
surements while increasing the sensitivity to small defects in ing to claim 1 , wherein the system of measuring elements is 
casing pipes , i . e . ensures achieving the claimed technical placed on an inner surface of the bow springs . 
result . Additionally , the redesigned system of measuring 8 . A method of multi - sensor electromagnetic defectos 
elements allows , after proper processing of measured data , copy for surveying casing pipe , the method comprising : 
the distinguishing between defects on the inner and outer 60 generating a primary electromagnetic field within a surveyed 
pipe surfaces , which also increases the informativeness . section of the casing pipe by current pulses , measuring 

The claimed group of inventions for the method and response signals of the primary electromagnetic field in 
device of multi - sensor electromagnetic defectoscopy of well intervals between excitation pulses using a system of mea 
casing strings can , in both general and particular cases , be suring elements , and transmitting the response signals into a 
implemented using known materials , components and mod - 65 signal recording unit , wherein the response signals are 
ules employed for electromagnetic defectoscopy of casing compensated from the system of measuring elements by 
strings . using compensated sensors which each contain two co - axial 
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pick - up coils with magnetic moments that have equal abso 
lute values and opposite signs . 

9 . The method of electromagnetic multi - sensor defectos 
copy according to claim 8 , wherein the response signals of 
the electromagnetic field are measured by at least three 5 
compensated sensors . 

10 . The method of electromagnetic defectoscopy accord 
ing to claim 9 , wherein a differential EMF , induced in the 
pick - up coils of each compensated sensor , is measured . 

11 . The method of multi - sensor electromagnetic defec - 10 
toscopy according to claim 10 , wherein the variation of the 
maximum value and sign of a time dependence of each 
compensated sensor ' s output is used as an indication of a 
defects in the casing pipe . 

12 . The method of multi - sensor electromagnetic defec - 15 
toscopy according to claim 9 , wherein one of the two 
co - axial pick - up coils of each compensated sensor is further 
configured as an uncompensated sensor connected to the 
unit . 

20 * * * * * 


