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(54) INSPECTION APPARATUS (71)   We,  SouTHwEsT   REsEARcH  the pipes
together to form the pipeline, and INSTITUTE, a Corporation organised and
of the area immediately adjacent the butt existing under the laws of the
State of welds where defects are most likely to occur Texas, United States
of America, of 6220  because of the stresses placed on that area 5 Culebra
Road, San Antonio, Bexar County, of the pipe during welding and handling 55
Texas 78284, United States of America, do  operations.  An  example  where
such hereby declare the invention for which we  periodic inspections are
required is on pray that a patent may be granted to us. pipelines used in
nuclear powered electrical and the method by which it is to be per-
generating stations and other installations 10 formed, to be particularly
described in and  using nuclear reactors, where substances 60 by the
following statement: -         that are dangerous to the surrounding This
invention  relates to  inspection  environment are likely to be handled and
techniques preferably using ultrasonics for transported. objects such as
pipes for example of metal,   The butt weld itself is circular, substan- 15
and in one of its aspects to an ultrasonic  tially uniform, and fixed in
location. For 65 inspection system including novel apparatus  this reason,
various techniques have been and methods for. tracking and recording
provided by the prior art to automatically the location of an inspection
probe relative  inspect the butt weld and provide tracking to a fixed
reference point or area on the  and the recording of information concern-
20 object being inspected. In another aspect ing the location of the
inspection probe and 70 of this invention it relates to such apparatus  the
condition of the weld at any point along and methods for use with a manual
inspec-  it and at any time during the inspection. tion probe being used to
inspect, for  However, the most accurate way to inspect example, the area
immediately adjacent the  the area immediately adjacent the butt weld 25
transverse or butt weld joining two pipes  (ie., about six inches on either
side of the 75 to form a pipeline.                    weld) is to use a
manual inspection probe Pipe for use in pipelines for transporting  and to
inspect this area manually under the volatile or contaminable fluids, or
other control of a skilled operator. This is be- substances that are
potentially dangerous or cause the use of automatic inspection tech- 30
harmful to the environment around the  niques to inspect this area is
generally corm- 80 pipeline, is generally  meticulously  in- plicated by
the fact that it is usually neces- spected prior to installation and actual
sary to peel back insulation or dig around useage.  This inspection (which
may be  the area to be inspected, so that the use of made by use of
ultrasonics) includes in- relatively bulky inspection equipment util- 35
spection of the wall of the pipe, the longi- izing motors and gears
necessary for auto- 85 tudinal or seam weld along the length of matic
operation is difficult. Furthermore, the pipe, and the transverse or butt
welds  automatic inspection techniques have not joining adjacent pipes
together to form the  proven to be as effective as manual inspec- pipe
line. While these inspections are neces-  tion with a skilled operator who
can slowly 40 sarily expensive and time consuming, they  scan and examine
the area of potential 90 are necessary to meet various industrial defects
with special care which is more codes and governmental requirements relat-
difficult to accomplish with an automatic ing to the production and
installation of inspection probe. such pipeline. During installation of the
One of the difficult problems in using 45 pipeline, it is, in many cases,
either buried  a manual inspection probe, which generally 95 in the ground
or wrapped with insulation  follows no preset path of movement, is making
subsequent and periodic inspection  providing tracking information
concerning of the whole pipeline difficult. In many  the location of the
probe with respect to a installations, however, periodic inspections  fixed
reference point, such as the butt weld, 50 are required of the butt welds
connecting at any given moment during the inspection  100    



2                                        1599450 operation. This
information is necessary in  surface of a body to gather inspection data
order to be able to correlate the informa-  concerning  the  body, two
spaced-apart tion received concerning the condition of  emitters carried by
the probe, at least two the pipe with the actual location of the  signal
receiving means secured in a linear 5 condition on the pipe. It is possible
for  spaced-apart disposition on a support mem- 70 the operator to
continuously observe a  ber which is adapted for mounting said read-out
device (such as a chart or scope)  signal receiving means around a curved
indicating the condition of the pipe as it  surface in a linear array in a
fixed position is being inspected and to manually stop  with respect to a
reference point on said 10 the operation and mark the location of the  body
to receive signals from said emitters 75 probe on the pipe when a problem
area is  and to supply, -upon receipt of said emitter indicated. However,
it is much more desir-  signals, output signals to electronic circuitry
able for the operator to be able to make  for determining the position and
orientation his inspection scan without interruption  of the probe on the
surface, said electronic 15 and to have tracking information, which is
circuitry comprising a plurality of travel 80 correlated with the
information concerning  time circuits adapted to determine, for any the
condition  of  pipe,  automatically  position of the probe on the surface,
the recorded for future study and reference. respective travel times of an
emitter output While a number of prior art patents dis-  signal from each
of the emitters to the two 20 close systems for indexing and positioning
signal receiving  means closest to  that 85 an ultrasonic probe on a
workpiece at a  emitter. desired location or along a desired path,   The
present invention also provides a none of these references disclose methods
method of tracking and recording the loca- and apparatus for determining
the location  tion of a randomly positioned inspection 25 of a probe that
is randomly moved about a  probe in a system providing for the inspec- go
workpiece to: provide for automatic and  tion of an object having a curved
surface, continuous recording of information rela-  comprising the steps
of: securing on the tive to that location.                    curved
surface in a known position a sup- Thus, the primary object of this inven-
port member which carries an array of, at 30 tion is to provide apparatus
and methods  least, two  spaced-apart signal receiving 95 for providing for
tracking and recording of  means; generating a plurality of tracking the
relative location of an inspection probe  signals from a pair of
spaced-apart emitters with respect to a fixed reference point on  carried
by the probe, receiving the tracking an object being inspected, so that the
signals by means of signal receiving means, 35 manual inspection operation
can be carried  determining the travel times of the tracking 100 out
without the necessity of the operator  signals from  each of the emitters
to the continually making and correlating inspec-  two closest of the
signal receiving means. tion and tracking information during the    The
data concerning this location of the operation.
probe, as well as inspection data from the 40   Another object of this
invention is to  probe, can be continuously recorded in the 105 provide
such apparatus and methods which  field and at a later date fed into a
digital can also provide information concerning  computer for processing
and correlating to the yaw or angular orientation of the in-  provide a
permanent and useful record of spection probe.
the inspection. 45   Another object of this invention, is to   In the
preferred embodiment of this in- 110 provide at least in its preferred
forms, such  vention illustrated herein, airborne sound apparatus and
methods for use in an auto-  waves are generated by two spark gap matic
data processing system  for storing   transmitters located on or near
opposite and reading out and correlating the loca-  sides of the inspection
probe to provide the 50 tion of the inspection probe at any point in
radiant energy tracking signals.  The re- 115 time with the condition of
the object being  ceiving means includes an array of two or inspected at
that location.               more (six are used in the preferred embodi-
Since the inspection after installation of  ment illustrated) microphones
mounted on the butt weld and area adjacent it must  the object being
inspected at a fixed and 55 take place in the field, and the space pro-
known distance from a reference point on 120 vided about the pipe may in
some cases be  the object (such as the butt weld referred limited, a
further object of this invention  to, or the location of the microphones
them- is to provide for apparatus and methods  selves can be the reference
point).  The which satisfy the above objects while also  spark gaps are
alternately and periodically 60 providing for portable operation, in remote
pulsed and resultant signals picked up by 125 and inaccessible areas, and
operation in  each of the microphones.  Means is also relatively confined
spaces.               provided for detecting the relative times of
According to the present invention there  arrival of the tracking signals
at each of 



is provided an inspection system compris-  the microphones after they are
generated, 65 ing a probe adapted to be moved over the  and the time of
arrival of the two first sig- 130    1599450
3 nals is determined, as well as the identifi  ment of the front panel on
the control cation of which pair of microphones re- apparatus employed with
this invention; ceived the first two signals. This informa-   Figure 7 is a
schematic view of another on is then read out on a display device
embodiment of this invention for providing 5  and also stored either on a
mechanical tracking and recording information of the 70 recording device or
in a digital computer. location of the inspection probe; The time of
arrival of the information    Figure 8 is a schematic diagram of the
received can be utilized to determine the  apparatus of Figure 7; and ..
distance by triangulation from the active    Figure 9 is a schematic
diagram of the 10 microphones and the spark gap generating  electronics
employed with the apparatus of 75 the tracking signals, and thus the
distance  Figure 7 in order to provide the desired from the spark gap to
the weld or other  tracking and recording information. reference point.
This information, which is    Referring now to Figure 1, a pipeline P
continuously obtained and stored during  is illustrated as including two
pipes Pl and 15 the inspection operation, can also be auto-  P2 joined
together at their ends by a butt 80 matically correlated with ultrasonic
data  weld W. The present invention is provided .obtained at the same time.
for the purpose of inspection of the area A An alternative embodiment for
generat- on. each side of the butt weld W  which ing and receiving the
tracking signals is  may be. for example, six inches on either 20  also.
illustrated in which optical tracking  side of weld W. In order to provide
for 85 signals are utilized. Of course, it is con-  inspection of this area
a hand-held inspec- templated that other types of radiant energy  tion
probe 10 which includes an ultrasonic signals may also be employed with the
transmitting transducer 11 is provided. As present inventions.
is well known in the art, the inspection 25   The form  of signal
generating, signal   probe 10 may include separate transmitting go
processing, signal displaying, and signal and receiving transducers so that
ultrasonic recording apparatus used with this inven-  waves are emitted
from  the transmitting tion may take many different forms. This  transducer
and echoes are received from is also true with respect to the ultrasonic
flaws or other discontinuities by the receiv- 30 subsystem utilized with
the present inven- ing transducer, or a single transducer as 95 tion.
illustrated may be provided for both the This disclosure includes, for
purpose of  transmitting and receiving functions. As is illustration of the
preferred form of this in-  also well known in the art, the transducer .
vention, a complete ultrasonic inspection  11 is connected to the necessary
electronics 35 system including the ultrasonic data sub-  for causing
generation of the required ultra- 100 system, the tracking data subsystem,
and  sonic waves and detection of echo signals, the signal display, storage
and processing  such  as illustrated  in more  detail in subsystem. This
disclosure is not, however, FIGURE 4. Details of the ultrasonic in-
intended to be limiting to the specific  spection transducer and its
instrumentation 40   system or apparatus disclosed.          form no part
of the present invention and, 105 This invention may be put into practice
of course, may take many forms. in various ways and a number of specific
In order to provide information con- embodiment will be described to
illustrate  cerning the location of the probe 10 during the invention with
reference to the accom-  the scanning or inspection operation, at 45
panying drawings, in which like reference  least one source of radiant
energy is 110 numerals are used throughout to designate  mounted on or in a
fixed relationship to the like parts, and in which:-              probe to
periodically produce tracking sig- Figure 1 is a perspective view in eleva-
nals which may be detected and translated tion illustrating two sections of
pipe joined  into information concerning the location of 50 by a butt weld
and showing the apparatus  the probe with respect to the weld W. As 115 of
this invention mounted on the pipe;    illustrated in FIGURES 1-3, it is
preferred Figure 2 is a side view of the apparatus  that two such sources
12 and 13, which of Figure 1;                           may be spark gaps
for generating air borne Fgure 3 is a schematic diagram illustrat-  sound,
be mounted on the opposite sides 55 ing the arrangement of the components
of of the probe 10 and be spaced an equal 120 the system of Figure 1;
distance from the transducer 11. Figure 4 is an overall block diagram of
Each of the spark gaps 12.and 13 may an ultrasonic inspection system
according  be actuated by pulses 12a and 13a received 



to the present invention;               from a double pulse generator 14 to
emit 60  Figure 5 is a perspective view of the  and transmit airborne sound
waves in the 125 various hardware components utilized with  vicinity of the
weld W  which function as the present invention to provide for a corn-
tracking signals. While the present inven- plete inspection and recording
operation at tion is illustrated by the use of spark gaps a remote
location;                      to generate or launch the airborne waves, 65
Figure 6 is a view showing one arrange-  many other types of sources of
radiant 130    4                                       1 599 450
40 energy may be utilized for this purpose. cumference of the pipeline is
encircled by For example, ultrasonic surface waves in-  the strap 16. In
the embodiment of this stead of airborne waves may be generated  invention
illustrated six microphones are or, as illustrated with respect to FIGURES
utilized, however, it is to be understood 5 7-9. optical signals may be
generated and  that this number can be varied as long as 70 utilized for
tracking signals in accordance  a sufficient number of microphones are with
this invention. In actual practice it used so that they can be placed close
has been found that the use of airborne  enough together to insure that a
tracking sound waves as the tracking signals is pre-  signal from either
one of the spark gaps 12 10 fered over the use of surface waves be-  or 13
will be received at all times by at least 75 cause the airborne sound waves
are less  two of the microphones no matter where susceptible  to
interference  from  noise  the probe 10 is located in the area of generated
at the interface between  the  interest A. On the  other hand, the micro.
material being inspected and the receiving  phones should  be spaced
sufficiently far 15 transducers used with the surface waves, as  apart so
that the time of arrival of any 80 well as other forms of interference.
How-  signal from spark gaps 12 and 13 is dis- ever, surface waves may be
useful for use  tinctive enough at each of the microphones in the present
invention under certain con-  to permit use of only two signals from the
ditions, but their use is less preferred.  bank of microphones M1-M6 to
determine 20   The spark gaps 12 and 13 can be alter-  the location of the
respective spark gaps. 85 nately fired in sequence at, for example,
During use of the present invention the about two milliseconds apart, and a
repeti-  belt 15 is mounted on the pipeline P at a tion rate of, for
example, one pulse every  fixed and known distance from the weld W. 100
milliseconds for each spark gap. When  As illustrated in FIGURE  3 when the
25 each spark gap fires it creates a sharply  spark gap 13 is actuated, it
will emit air- 90 rising airborne wave which can be detected  borne
tracking signals (a traveling wave by a microphone or similar means.
front) which are the signals received re- In addition to the sources of
radiant  spectively by each of the microphones Ml- energy  described, this
invention further  M6. The tracking signals are represented 30 requires
receiving means for detecting the  in FIGURE 3 by the distance R1 to R6. 95
tracking signals from  the radiant energy  Each one of the microphones
M1-M6 is sources and translating the information re- connected to a six
channel receiver 17 ceived from them into information propor-  which is
also connected to the double pulse tional to, or directly indicating the
distance  generator 14 to receive a sync signal to 35 between the
transducer and a fixed point. from the generator each time one of the 100
For example, in the embodiment of this  spark gaps. 12 and 13 is pulsed.
The re- invention illustrated in FIGURES 1 and 2  ceiver 17 also includes a
plurality of flight the butt weld W  may be a fixed reference  time
circuits which measure the time from point, so that it is convenient to
locate the  the receipt of the sync signal to to the .40 transducer along
the length of the pipeline  arrival of the first two of the tracking 105 P
at a distance with respect to the butt signals received, and provides the
outputs weld. Also, in order to further identify the  T1, T2 and PRID for
each of the spark - location of the transducer about the circum-  gaps 12
and 13 as shown in FIGURE 3. ference of the pipeline it is convenient to
The T1 output of the flight time circuit is 45 locate it with respect to a
reference point the flight time to the microphone nearest to 110 along
the-length of the pipe, such as the  the spark gap being located, and T2 is
the longitudinal seam weld or the center line of  flight time to the second
nearest micro- the pipe. An important feature of the pre-  phone.  The
pair  identification  signal sent invention  is that the tracking signals
(PRID) identifies the microphone pair that 50 and the information derived
therefrom can  is closest to the spark gap being located 115 be
continuously provided and recorded dur-  and their order of closeness. ing
an inspection operation even though the    The flight times, T1 and T2, are
used to probe movement is at random.             compute the distance from
the spark gap 



As illustrated in FIGURE I the means  to the microphones. Using these
distances, 120 55 for receiving the tracking signals from the  the position
of the spark gap relative to the 120 spark gaps 12 and 13 includes a
plurality  weld W  can also be computed. The pre- of receivers or
microphones Ml to M6  cision of this computation depends. in part, which
are mounted on a belt or harness 15.  on the precision with which the
micro- The belt 15 includes a strap 16 for securing  phones have been
located relative to the 60 the belt 15 about the pipeline as illustrated
weld W.                            125 in FIGURE 2. By way of example, the
FIGURE 4 illustrates the total system number and arrangement of microphones
that was developed, fabricated, and tested may be such that approximately
1/3 of the  to utilize the present invention in associa- circumference of
the pipeline is covered by  tion with an ultrasonic system using a hand- 65
the belt 15 and the remainder of the cir- held inspection probe.  As
illustrated in 130            65    1 599450       5 FIGURE 4 the receiver
17 includes a six  M6 received the first signal. channel acoustic signal
amplifier l7a, and    In order to permit on line evaluation of the flight
time circuit includes a time of  the positional information received, and
arrival detector 17b.  Thus, the signals  computation of the position of
the respec- 5 which have traveled the distance RI to R6  tive spark gap, an
analog computer can be 70 are amplified and conducted to the time of
provided for use in the system of FIGURE arrival detector 17b which also
includes a  4, or data can be recorded for later pro- -voltage comparator
circuit, a channel pair  cessing in an analog computer. Where the selection
circuit and a pair of time to digital computer is connected on line as
shown in 10 converters 17c each of which includes a  FIGURE 4. signals TI
and T2 can be 75 counting circuit.                       converted to
analog form by a digital to The voltage comparator circuit marks  analog
converter 20 and fed to such an the time of arrival at the instant the
ampli-  analog computer 21. The signal PRID is fied signal voltage exceeds
a set threshold  also fed into the analog computer 21. The 15  voltage. As
soon as two times of arrival analog computer 21 uses these inputs to 80 are
marked, all other channels are inhibited, compute the coordinates of each
spark gap the active pair of microphones is identified,  12 and 13 which
may be referred to for and the order of signal arrival is also noted.
purposes of identification as the "L" and These last two items of
information con-  "W" coordinates.  "W" is. defined as the 20 stitute the
PRID data (a 4-bit byte) that is  perpendicular distance from the
centerline 85 passed to a display panel and to a computer  of the weld W to
the spark gap, in question, as hereinbefore  explained.  The  pulse  and
"L" is defined as the distance along a signals tl and t2 are the outputs of
the time  line parallel to the centerline of the weld- of arrival detectr
17b that signal the  ment from an established reference line to 25  arrival
times of the first and second signals, the spark gap. The generated
voltages, 90 respectively from microphones M1 to M6. representing
magnitudes of W  and L are The pulse [err] is generated within the double
impressed upon Y  and X  inputs of an pulse generator 14. and its leading
edge is  oscilloscope or storage scope 22 connected closely coincident with
the firing of a spark  to the output of the analog computer 21. 30 gap. The
counters in the time-to-digital    When the computation of the desired 95
converters 17c start counting on receiving  coordinate information for
either spark gap [err]. The first counter stops on receiving t1, is
complete, the analog computer 21 sends and the second, on receiving t2. The
a "print" command to the storage scope 22 counters are  preferably  8-stage
binary  causing it to display a dot on its screen 23. 35 counters driven by
a clock with a period  The dot will remain on the screen until it 100 of 3
microseconds. The output of these  is erased py pushing on erase button
(not counters represents the flight time of the  shown) on the front panel
of the oscillo- acoustic pulse from the spark gap to the  scope. The
storage scope 23 is calibrated two nearest microphones. The time repre-  so
that there is an established correspond- 40 sentations are, consequently,
8-bit numbers  ence between the X-Y screen coordinates 105 in which the
least significant bit corre-  of the screen 23 and the W-L weldment sponds
to 3 microseconds. These binary  coordinates. As further position informa-
time representations are indicated by - out- tion is received by the
system, the positions put signals T1 and T2 from the converters  of both
spark gaps are displayed on screen 45 17c as shown in FIGURE 4.
23. and, as the search unit is moved, two   110 Signals T1 and T2 are time
multiplexed  loci of dots are drawn on the screen to in a data display
multiplexer 18 connected  indicate this movement. The skew angle to the
outputs of  the converters 17c and  or yaw  of the search  unit is readily 



are displayed on a position data display  apparent and can be reasonably
well esti- 50 panel 19 in 3-digit octal numbers using  mated from the
relative positions of the 115 LED (light emitting diode) type readouts
dots on the screen. 19a and l9b. The readout 19a displays the    In the
event that the computer is not position information for the first received
connected on line as described, signals T1, signal from microphones Ml to
M3 and  T2 and PRID  can be interfaced/ with a 55 the readout l9b the
second received signal. magnetic -recording device for storing the 120 In
addition to the numeric display of T1  positional information for later
processing and T2, there are five LED indicators (1. 2. and computation
along with the ultrasonic 3, 4, 5), generally represented by the refer-
information generated during the inspection ence numeral 19c, on position
data display  operation. 60 panel 19 that indicate which pair of micro-
The ultrasonic data subsystem  of the 125 phones Ml to M6 were the first to
receive  embodiment of this invention shown in the acoustic tracking
signal. Another LED  FIGURE 4 consists basically of a conven- indicator
(represented  generally by  the  tional ultrasonic instrument 24 for acting
reference numeral 19d) indicates which  on the echo signals S received from
the 65 member of the pair of microphones M1 to  transducer 11 to provide a
video display 130    6                                      1 599450 of the
echo signals on a scope 25, and a  gathering cycle, the received
ultrasonic means for converting the video signal it signal is sampled in
100 places and 100 produces into a sequence of digital num-  data words are
loaded into the FIFO bers. The ultrasonic instrument 24 may be  memory. 5
modified from the conventional arrangement   The 128 x 8 FIFO memory 29
accepts 70 to provide for proper synchronization be- data from the A-to-D
converter 27 until it tween the instrument and the digitizing cir- is full.
The number of data gathering cuitry and for buffering the received ultra-
cycles that can be accomodated depends, sonic output. When the ultrasonic
trans- of course, on the number of samples per 10 mitter is ready to be
pulsed, the instrument cycle. During test and evaluation of the 75 24 sends
a READY signal to the ultra- model of the FIGURE 4 embodiment of sonic
digitizer controller circuit 26 which  this invention, two cycles were
commonly initializes all elements of the digitizing sub- accomodated. After
the FIFO memory is system and returns a sync pulse signal to  full, it
remains idle -until it receives a print 15 the ultrasonic instrument.  On
receiving  data command initiated by the operator 80 the sync pulse, the
ultrasonic instrument through a panel switch (not shown). The transmits an
ultrasonic signal and subse- print data command starts a data readout
quently detects the return echoes.  The  cycle during which the FIFO memory
sends received ultrasonic  signal derived  from  all of its data, in a
sequence of 8-bit bytes, 20 these echoes is passed on to an analog-to- to a
D-to-A converter 21. An 8-bit binary 85 digital (A-to-D) converter 27
connected to  counter in the memory 29 counts the data the output of the
ultrasonic instrument 24. bytes as they are -being sent, and the digital At
some selected time after transmitting  output of the counter is also sent
to the the ultrasonic pulse, a HOLD signal is sent D-to-A converters. One
converter converts 25 by a three-stage delay generator 28 to the  the data
byte to an analog voltage. This 90 A-to-D converter 27. This signal causes
appears as the Y output of the D-to-A the A-to-D converter 27 to capture
the  converter. Another converter converts the amplitude of the received
ultrasonic signal output of -the binary counter into an analog existing at
that instant and to convert it voltage.  This appears as the X  output. 30
into a -digital number. When this conver- The X and Y outputs of the D-to-A
con- 95 sion is complete, the digital number is sent verters are connected
to the corresponding as data to a FIFO  (first in, first out) inputs of an
X-Y plotter 32. Thus, the memory 29 and a LOAD signal is also sent digital
data stored in the FIFO  memory to cause the FIFO  memory to store the  are
converted into an analog display. This 35 data.
display is a reconstruction of the received 100 This sequence of data
gathering events  ultrasonic signal that is digitized and stored follows
each ultrasonic pulse.  For pur- in the FIFO memory. poses of explaining
the specific embodiment   In field use of the ultrasonic system of this
invention shown in FIGURE 4, a  described, it may be desirable to provide
40 data gathering cycle is defined as a fixed  for on line recording of the
ultrasonic in- 105 number of ultrasonic pulses, each followed  formation
for future read out and process- by a sequence of data gathering events. On
ing to avoid the necessity of bringing addi- the' initial sequence of
events, the HOLD  tional hardware to the field. In general 



signal follows the ultrasonic pulse by an  those components inside the
dotted line A 45 interval of time established by 'the instru- in FIGURE 4
need not be utilized in the 110 ment operator through the time delay selec-
field if some sort of permanent recording tors 30 in the delay generator
28. On each  device is. used to store the positional and succeeding
sequence. the interval of time  ultrasonic  data  for  future  processing.
between the ultrasonic pulse and HOLD is  FIGURE  5 illustrates a typical
system 50 automatically lengthened by a fixed incre- employing this
invention for field use and 115 ment. Therefore, for example, on the tenth
includes a recorder 40 for recording the sequence, the interval is nine
increments  positional and ultrasonic data obtained for longer than it was
on the first sequence. later processing, and an auxiliary position The
repetition of the sequence continues  display device 41 for displaying on a
scope 55 until a fixed number of sequences have  42 the positional data
received during the 120 been accomplished. This number is also  inspection
operation. The components of established by the operator through the  this
system illustrated in FIGURE 4 are time delay selectors 30. In a model of
the  otherwise contained in the unit 43 which FIGURE 4 embodiment actually
built and  displays the positional data on the read out 60 tested, the time
increment was chosen to  devices 19a and l9b and the ultrasonic data 125 be
0.4 microseconds so that, if the operator  on the scope 25. set the time
delay selectors 30 to give a    FIGURE  6  illustrates  the  preferred
digitized span of 40 microseconds, this  arrangement of the front panel 44
on the setting would establish the number of unit 43 which can be utilized
to control 65 sequences at 100.  Thus, for each data  operation of the
system  of FIGURE  4, 130    1599450                                      7
along with display of positional data, while  that the same optical
receiver and electronic also providing for a permanent record of amplifier
may be used for both LED's, with the various operating parameters involved
the signals being separated by appropriate in each  inspection operation.
In  the  timing in the electronic processing unit. 5 blocked area 45
displays 19a and 19b can    The  optical system  used  with  the 70 be
provided along with a pair identification  apparatus of FIGURE  7 is
illustrated display 19c. The position number for each  schematically in
FIGURE 8 as including of the two transducers (referred to as L and  an
infrared light emitting diode 112 such W in FIGURE 6) can be displayed for
the  as a Texas Instruments TIXL 16A, which two microphones receiving the
first two  can emit approximately 50 mW of radiant 75 tracking signals
energy at 950 nm over a [err] steradian field The lower left-hand corner 46
of the  of coverage. An infrared bandpass filter panel 44 provides for
programming and  115 is provided ahead of a lens 116 to read-out of
parameter data that may be  block visible room light. A short focal 15
programmed onto the tape providing a per- length 8mm projector lens 116
(for example, 80 manent record of the inspection. A para  19mm FL, f/1.6)
is provided to image the meter select switch 47 is provided in order LED
onto the position sensitive detector to permit the various parameters of
inspec-  114.  Each detector 114 is preferably a tion, including an
operator identification  two-axis unit manufactured  by United 20 code to
be manually selected and stored. Detector Technology (PART No. SC-10), 85
Thumb wheel switches 47a or similar de- and provides vertical and
horizontal volt- vices may be used for actual programming  ages V1, V2, H1
and H2 which can be of the parameter 4ata. The boxed in por- processed to
yield the vertical and hori- tion 48 in the lower right corner of the
zontal components of the incident beam 25 panel 44 may include a plurality
of switches angle received from the LED 112 and 90 or control knobs for
controlling the ultra-  113. sonic inspection conditions.            One
embodiment of apparatus for pro- Referring now to FIGURE 7, another cessing
the output of the detector is illu- embodiment of this invention is
illustrated  strated in FICRE 9. The primary re- 30 in which optical
signals are employed as quirement for the signal processing elec- 95 the
tracking signals. For this purpose, at tronics is the removal of the
influence of least one omni-directional, infrared, light the amplitude of
the impinging optical emitting diode (LED) is fixed to an ultra- beam  from
the  position  measurement. sonic inspection probe 110. It is preferred
Because the outputs of a position sensitive that two such diodes 112 and
113 be em- detector include both amplitude and posi- 100 ployed in order to
determine the yaw or tion information, the amplitude component angle of
inclination of the inspection probe. must be removed or normalised for the
Also, a plurality of optical angular measure- position measurement to be
valid. This 



ment devices 114 are placed around the  was accomplished by employing a
high 40   pipe on a support member 15, the exact accuracy automatic gain
control which elec- 105 number of the devices 114 employed being
tronically requires the sum of all outputs dependent upon the size of the
pipe and  of the position detector to be constant. the height of the LED's
112 and 113 above  With the sum held constant, the two vertical the pipe
surface. Each of the devices 114  signals V1 and V2 and two horizontal 45
is capable of measuring the angle of incid- signals H1 and H2 are
differenced to yield 110 ence of light emitted from each of the  the
position voltage. It has been found LED's 112 and. 113. Thus, the outputs
of however, that linearity of the output is the two adjacent detection
devices 114 can  greatly improved by performing the sum- be combined and
used to triangulate the  ming and automatic gain control operations 50
position of the LED emitting the light, and  independently on the vertical
and horizontal 115 thus the position of the transducer in the outputs.
Several other electronic process- probe 110.
ing techniques would work equally well, Several methods may be employed to
including those which perform an analog distinguish which LED is being
detected  division to remove the amplitude com- 55  when a two-LED system
is used. These  ponent from  the position data.  These 120 methods include:
(1) the use of LED's schemes typically divide the difference by with
different optical wave lengths and the the sum, effectively normalising the
ampli- use of appropriate filters on the receivers; tude component (2)
modulating the LED's at two different   In operation of the optical
tracking 60 frequencies with the signals being separated  system of FIGURE
7, each of the LED's 125 by the appropriate electronically tuned re- 112
and 113 are preferably modulated at ceivers; and (3) the preferred method
of audo frequencies (for example, about 200 time multiplexing the LED's so
that one  Hz) to allow  the use of AC coupled, LED is on when the other is
off. This actively tuned preamplifiers for the de- 65 third method has the
particular advantage  tector outputs. This technique reduces the 130    8
1 599 450                                     8 effects of ambient lighting
conditions and    The number of detectors 114 required to also provides the
possibility of filtering to  instrument a typical installation can also
produce an extremely clean signal with an  be varied. It is possible that
as few as excellent signal-to-noise ratio (>50dB) and  four detectors,
equally spaced around the 5 high stability.  The 200 Hz carrier fre- pipe,
would be sufficient, with eight de. 70 quency  was chosen  as  a
convenient  tectors being an example of the number of frequency well
removed from any multiple  detectors that would be used although more of 60
Hz; however, any  convenient or less could be used. Factors affecting the
frequency up to several tens of kilohertz  number of detectors required
include the 10 can be used.                             maximum  field of
coverage required of 75 Each of the outputs. VI. V2, Hi and H2, each
detector (a function of the minimum of each detector 114 is conducted to
one  source-to-detector distance), the diameter of the four preamplifiers
117 which are  of the pipe, and the height of the LED connected at their
outputs to a multiplexer  above the pipe's surface. 15 118.  The four
preamplified signals are    There are also several practical methods 80
time multiplexed onto a common line 119  of mounting the detectors 114 to
the pipe. and fed to the X input of a four-quadrant One method is to
construct a strap-on belt analog multiplier 120. The output of multi- with
replaceable  links.  This chain-like plier 120, containing the gain
conditioned  structure could accommodate various size 20 signals, is fed
into a demultiplexer 121  pipes by simply interchanging links with 85 which
detects and separates the four signals. different lengths which have been
pre-cut The outputs of the demultiplexer 121 pro-  for different standard
size pipe diameters. vide four DC levels which are summed and  The
detectors would be mounted on short compared to a fixed reference voltage
in a  link sections so that they may be used 25 summation and error
amplifier 122, and the  with any of the spacer links. This method 90 error
voltage generated is fed back to the  would have the advantage that the
spacing Y input of the analog multiplier, thereby  of the detectors around
the pipes would be effecting the closed loop AGC. This method  a function
only of the pre-cut links, and of simultaneously gain controlling a num-
therefore, could be made quite accurate and 30 ber of different signals
(i.e., multiplex, gain  repeatable with a minimum  of operator 95 control,
demultiplex) has the particular ad- alignment. vantage that the gain
control element (in    While it is preferred that the source (or this case
an analog multiplier) conditions  sources) of radiant energy be located in
the 



each signal in exactly the same manner, inspection probe as illustrated in
FIGURES 35 without regard to the transfer characteristics  3 and 7, two or
more receiving devices can 100 of the gain controlling element.         be
mounted on the probe and a source (or With the sum constant, the two
horizontal  sources) of radiant energy can be located and two vertical DC
signals are differenced  on the pipe at a fixed distance from the in
amplifiers 123 and 124 to obtain the  weld or other reference point. This
arrange- 40 corresponding vertical and horizontal out-  ment, however, is
less preferred although 105 put voltages 125 and 126. Active low-pass  it
has worked successfully in connection filters (not shown) may be connected
to  with experiments by Applicants using sur- the outputs of the amplifiers
123 and 124  face waves for the radiated energy tracking to reduce high
frequency noise. By use of  signals. 45 the imaging lens 116 and ahead of
the    As should be apparent from  the fore- 110 detector 114, the outputs
from the ampli- going, the present invention provides for fiers 123 and 124
will be a function of the  the generation of accurate positional infor-
angle of -incidence of the beams of light mation identifying the location
of an in- from the sources 112 and 113, and this in-  spection probe at any
time during inspec- 50 formation, after analog processing. can pro- tion
for processing and recording, and for 115 vide the position information for
each LED  in-field use during inspection. The infor- 112 or 113, and this
information can be  mation obtained may also be provided for digitized for
final processing in a computer.  subsequent use in a data processing system
Several variations of the above described  analyzing the ultrasonic
inspection data. 55 method exist. For example, the detection    WHAT WE
CLAIM  IS:                   120 heads may be made sensitive to either
1. An inspection system  comprising a planar angles or compound angles. If
the  probe adapted to be moved over the sur- area to be inspected is
precisely defined and  face of a body to gather inspection data consists of
a regular cylindrical surface, concerning  the body, two  spaced-apart 60
such as pipe, a planar angular detector  emitters carried by the probe, at
least two 125 would be sufficient to unambiguously define  signal receiving
means secured in a linear the transducer position. A more generally
spaced-apart disposition on a support mem- used (and more complex) solid
angle device  ber which is adapted for mounting said would be required for
use on irregular or  signal receiving means around a curved 65 undefined
surfaces.                      surface in a linear array in a fixed
position 130    1 599 450 effects of ambient lighting conditions and    The
number of detectors 114 required to also provides the possibility of
filtering to  instrument a typical installation can also produce an
extremely clean signal with an  be varied. It is possible that as few as
excellent signal-to-noise ratio (>50dB) and  four detectors, equally spaced
around the 5 high stability.  The 200 Hz carrier fre- pipe, would be
sufficient, with eight de- 70 quency  was  chosen  as  a  convenient
tectors being an example of the number of frequency well removed from any
multiple  detectors that would be used although more of  60  Hz; however,
any  convenient  or less could be used. Factors affecting the frequency up
to several tens of kilohertz  number of detectors required include the 10
can be used.                            maximum  field of coverage
required. of 75 Each of the outputs. VI, V2, H1 and H2,   each detector (a
function of the minimum of each detector 114 is conducted to one
source-to-detector. distance), the diameter of the four preamplifiers 117
which are  of the pipe, and the height of the LED connected at their
outputs to a multiplexer  above the pipe's surface. 15 118.  The four
preamplified signals are    There are also several practical methods 80
time multiplexed onto a common line 119  of mounting the detectors 114 to
the pipe. and fed to the X input of a four-quadrant One method is to
construct a strap-on belt analog multiplier 120. The output of multi- with
replaceable  links.  This chain-like plier 120, containing the gain
conditioned  structure could accommodate various size 20 signals, is fed
into a demultiplexer 121  pipes by simply interchanging links with 85 which
detects and separates the four signals. different lengths which have been
pre-cut The outputs of the demultiplexer 121 pro-  for different standard
size pipe diameters. vide four DC levels which are summed and  The
detectors would be mounted on short compared to a fixed reference voltage
in a  link sections so that they may be used 25 summation and error
amplifier 122, and the  with any of the spacer links. This method 90 error
voltage generated is fed back to the  would have the advantage that the
spacing Y input of the analog multiplier, thereby  of the detectors around
the pipes would be effecting the closed loop AGC. This method  a function
only of the pre-cut links, and 



of simultaneously gain controlling a num-  therefore, could be made quite
accurate and 30 ber of different signals (i.e., multiplex, gain  repeatable
with a minimum  of operator 95 control, demultiplex) has the particular ad-
alignment. vantage that the gain control element (in    While it is
preferred that the source (or this case an analog multiplier) conditions
sources) of radiant energy be located in the each signal in exactly the
same manner, inspection probe as illustrated in FIGURES 35 without regard
to the transfer characteristics  3 and 7, two or more receiving devices can
100 of the gain controlling element.        be mounted on the probe and a
source (or With the sum constant, the two horizontal  sources) of radiant
energy can be located and two -vertical DC signals are differenced  on the
pipe at a fixed distance from the in amplifiers 123 and 124 to obtain the
weld or other reference point. This arrange- 40 corresponding vertical and
horizontal out-  ment, however, is less preferred although 105 put voltages
125 and 126. Active low-pass  it has worked successfully in connection
filters (not shown) may be connected to  with experiments by Applicants
using sur- the outputs of the amplifiers 123' and 124  face waves for the
radiated energy tracking to reduce high frequency noise. By use of
signals. 45 the imaging lens 116 and ahead of the    As should be apparent
from  the fore- 110 detector 114, the outputs from the ampli- going, the
present invention provides for fiers 123 and 124 will be a function of the
the generating of accurate positional infor- angle of incidence of the
beams of light mation  identifying the location of an in- from the sources
112 and 113, and this in.  spection probe at any time during inspec- :50
formation, after analog processing, can pro- tion for processing and
recording, and for 115 vide the position information for each LED  in-field
use during inspection. The infor- 112 or 113. and this information can be
mation obtained may also be provided for digitized for final processing in
a computer. subsequent use in a data processing system Several variations
of the above described  analyzing the ultrasonic inspection data. 55 method
exist. For example. the detection    WHAT WE CLAIM  IS:
120 heads may be made sensitive to either    1. An inspection system
comprising a planar angles or compound angles. If the  probe adapted to be
moved over the sur- area to be inspected is precisely defined and  face of
a body to gather inspection data consists of a regular cylindrical surface,
concerning the body, two  spaced-apart 60 such as pipe, a planar angular
detector  emitters carried by the probe, at least two 125 would be
sufficient to unambiguously define  signal receiving means secured in a
linear the transducer position. A more generally  spaced-apart disposition
on a support mem- used (and more complex) solid angle device  ber which is
adapted for mounting said would be required for use on irregular or  signal
receiving means around a curved 65 undefined surfaces.
surface in a linear array in a fixed position 130    1 599 450 with respect
to a reference point on said    6. An inspection device according to any
body to receive signals from said emitters of the preceding claims wherein
the probe and to supply, upon receipt of said emitter  includes at least
one ultrasonic transducer. signals. output signals to electronic circuitry
mean  for periodically pulsing the trans- 5 for determining the position ad
orienta-  ducer to emit ultrasonic waves, and ultra- 65 tion of the probe
on the surface said elec-   sonic signal receiving and processing means
tronic circuitry comprising a plurality of including means for receiving
echo signals travel time circuits adapted to determine  from  sad object
being inspected and for for any position of the probe on the surface,
acting on the received echo signals to pro- 10 the respective travel times
of an emitter  vide inspection data concerning the body in 70 output signal
from each of the emitters to  the area being inspected. the two signal
receiving means closest to    7. An inspection system which according that
emitter.                           to any of the preceeding claims wherein
2. An inspection system according to   the emitters provide airborne sound
signals 15 claim 1 wherein the array includes at least and each of said
signal receiving means 75 three spaced-apart, signal receiving means
includes a microphone. and the electronic circuitry includes means   8. An
inspection system according to for determining the identity of said closest
claim 7 wherein the emitters are spark gap pair of signal receiving means
transmitters. 20  3. An inspection sysm  according to    9. An inspection
system  according to 80 claim 1 or 2. wherein the electronic circuitry  any
of the claims 1 to 6 where the emitters further includes computing means
adapted  provide optical tracking signals and the to derive from output
signals of the travel signal receiving -means are light sensitive 



time circuits signals representative of the  detectors. 25 position of each
of the emitters on said 10. An inspection system according to 85 surface
and means for presenting a visual claim 9 wherein the emitters are light
emit- display of said emitter positions         ting diodes. 4. A  system
for inspecting pipe lines    11. An inspection system  according to
comprising a probe adapted to be moved  any of the preceeding claims in
which the 30 over the surface of the pipe line to gather electronic
circuitry includes means for de- 90 inspect  data concerning said pipe
line; riving from said output signals digital num- two spaced-apart
emitters carried by the  bers representative of the positions of the
F probe. an array of two or more, spaced-  emitters and means for
displaying the apart, signal receiving means adapted to be  digital
numbers. 35 mounted on said pipe line by means of a    12. An inspection
system substantially as 95 belt to which said signal receiving means
hereinbefore described with reference to are secured and which, in use,
encircles the  and as illustrated in the accompanying pipe line, in a fixed
position with respect drawings. to a butt weld.on said pipe line, said
signal   13. A method of tracking and recording 40 receiving means being
adapted to. supply, the location of a randomly positioned in- 100 upon
receipt of said emitter signals. output spection probe in a system
providing for signals to electronic circuitry for determin-  the inspection
of a object having a curved ing the position and orientation of the
surface, compnsing the steps of:  securing probe on the pipe line. said
electronic cir-   on the curved surface in a known position 45 cuitry
comprising a plurality of travel time  a support member which carries an
array 105 circuits adapted to determine, for any posi- of. at least, two
spaced-apart signal receiv- tion of the probe on the surface, the re- ing
means; generating a plurality of track- spective travel times of an emitter
output ing signals from  a pair of spaced-apart signal from  each of the
emitters to the  emitters carried by the probe, receiving the' 50 two
signal receiving means closest to that tracking signals by means of signal
receiv- 110 emitter and computing means adapted to  ing means, determining
the travel times of derive from the output signals of the travel the
tracking signals from  each of the time circuits signals representative of
the  emitters to the two closest of the signal position of each of the
emitters with respect receiving means. 55 to the center line of the butt
weld.       14. A  method according to claim  13 115 5. A system according
to claim 4 includ- where the array includes at least three sig- ing three
or more spaced-apart signal re- nal receiving means and including the step
ceiving means and the electronic circuitry  of determining the identity of
the two includes means for detming identity of closest of the signal
receiving means. 60 said closest pair of signal receiving means.   15. A
method of inspecting a pipeline 120    10
1 599450                                       10 using a  randomly
positioned  inspection  having a curved surface substantially as probe by
means of the steps set out in  hereinbefore described with reference to 10
claim  13 or 14 and further including the  and as illustrated  in the
accompanying step  of positioning  the signal receiving  drawings. S means
on the surface of the pipe line at a known  distance  from  and
substantially          KILBURN & STRODE. parallel to a butt weld of the
pipe line.           Chartered Patent Agents, 16. A  method of inspecting
an object           Agents for the Applicants. Printed for Her Majesty's
Stationery Office by The Tweeddale Press Ltd., Berwick-upon-Tweed, 1981.
Published at the Patent Office, 25 Southampton Buildings, London, WC2A 1AY,
from  which copies may be obtained.    


